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Editorial Views. 
Coil Losses. 

THE short notes by Mr. R. M. Wilmotte 
in E.W. & W.E. for May and June, 
and that by Mr. S. Butterworth in 

this issue, attract attention to one of the 
most important problems in wireless, which 
is also one of the most difficult : that of the 
losses in, or " effective resistance" of, a coil. 

There has been great confusion for a long 
time as to the point of view from which to 
regard these losses, but it seems to be 
clearing up now, although the process has 
hardly vet spread far from the laboratory. 

Roughly speaking these losses may be 
divided into three sections : Losses from the 
resistance of the wire to the main current 
passing through it ; losses from the resistance 
of the wire to currents induced in neigh- 
bouring turns and other conducting objects 
by the main current (the " eddy current " 
losses) ; and losses due to the solid insulating 
matter necessary to support the coil (the 
" dielectric losses"). 

It appears to be fully established now that 
for coils of reasonably good design working 
at 200-1,000 meters, the most important 
losses are those due to eddy currents. At 
extremely long waves the actual resistance of 
the wire itself preponderates, while at extra - 
short waves the dielectric losses become 
important. We must confess that we 
ourselves have been inclined to over -estimate 
the importance of dielectric losses at medium 
frequencies (the broadcast band for example). 
This is because it is extremely difficult to 
separate eddy current losses from dielectric 

losses experimentally, while as a rule the 
special precautions taken to diminish the 
latter (careful spacing of wires, etc.) also 
diminish the former. 

There is, however, one possible method, 
as shown by Mr. Butterworth in this issue : 

The eddy current losses in a given coil 
depend simply on the currents in near 
turns, while the dielectric losses depend on 
the voltage between near conductors. If we 
keep the same current in all turns, but vary 
the voltages between near turns by altering 
the order of the turns in the circuit, we get 
a change in the dielectric loss from which 
could be calculated approximately the total 
dielectric loss. 

Perhaps the most important point for the 
general user to realise is that the choice of 
wire dimensions should be governed (as 
regards all but long -wave coils) almost 
entirely by eddy -current considerations. The 
D.C. resistance, or even the H.F. resistance 
of a similar length of wire straightened out, 
is not really relevant to the case. 

It is unfortunate that the mathematical 
analysis involved in working out formule 
for these eddy -current losses is to the 
ordinary wireless enthusiast very advanced. 
Since, moreover, it still leaves the dielectric 
losses unknown, few of the " practical " 
men have as yet given to the eddy -current 
calculations the attention they deserve. 
This is undoubtedly a mistake. Apart from 
anything else, the comparison of calculated 
eddy -current losses with measured total 
losses for a wide range of coils should give 
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sufficient information about the remaining 
dielectric losses to allow an empirical formula 
to be found for them, in which case the design 
in advance of the best coil for given conditions 
will become possible. 

It happens opportunely that an investi- 
gator who has for. years specialised in the 
subject, and is regarded as one of the great 
authorities on it, has now completed tables 
by which the design of coils of most types 
for low eddy -current losses becomes a matter 
of simple arithmetic. We have recently 
carried out a series of measurements on 
various well-known receiving coils, with the 
object of checking this method against 
experimental results. The comparison is 
not yet completed, but if all goes well we 
hope to publish at an early date the method 
by which even a beginner can design a coil 
to fulfil any given conditions with lower 
losses than anything at present obtainable 
on the market. 

The Tuning of Multi -Stage Sets. 

An interesting point came up to us for 
decision not long ago in connection with 
the design of a supersonic set. As most of 
our readers are aware, many such sets use 
an intermediate amplifier of which the 
intervalve couplings are practically un - 
tuned, or at any rate very flat, except for one 

6 

at the beginning or the end which is of the 
nature of a very sharply tuned loose coupling. 

The question then arose as to which was 
preferable : one very sharp and several 
untuned stages : or several " fairly sharp " 
stages, the overall selectivity being the same 
in each case. The only way to solve it seemed 
to be to calculate out the resonance curves 
in each case, and on doing so some quite 
interesting results were found. It is hardly 
necessary to give the calculation in a special 
article, since it is in no way out of the 
ordinary. The result shows that, for an 
equal ratio of tuned current to that at a 
frequency well " off -tune," the set with 
several equal stages gives a curve with a 
flatter top and steeper sides than that with 
one extra -sharp stage. It is therefore the 
superior for supersonic work on telephony, 
where one needs a flat-topped curve to - 
include the side -bands. On the other hand, 
a concentration of selectivity in one or two - 
super -efficient circuits is valuable for cases 
where we wish to amplify an unmodulated 
input of single frequency. 

In American supersonic practice, it is 
common to refer to such a single sharply - 
tuned coupling as a " filter." It should be 
realised that on this side of the Atlantic the 
word " filter " is used especially for circuits 
giving a flat-topped resonance curve. It is 
therefore singularly inappropriate in this 
case, and should not be used in this country. 
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Aerial Tuner Design. 
(CONCLUSION) . 

[R141 

By W. B. Medlam, B.Sc., A.M.I.E.E., and U. A. Oschwald, B.A. 

Case III. --Effect of parallel capacity in a 
crystal circuit. 

The existence of optimum values of 
parallel capacity for low values of the 
inductance in the case of a crystal circuit 
is well shown by the curves in Figs. i6 
and 17. In these diagrams crystal current 
is plotted against inductance for a number 
of different values of added parallel capacity. 
The results were obtained by setting a 
parallel condenser to a fixed value (shown 
by the figure, indicating µF, against each 
curve) and retuning on the series condenser 

55 

50 

40 

30 

20 

0 
25 50 75 100 0 /25 

Fig. 16. 

o 

t 
`\ 

s8 
+ 

-> 

9 
O la. 

Òp 
P -1 D 

__ n __ _ 

àâ 
/50 

`v 

as the value of L was altered by stripping 
turns off the A.T.I. The curves in Fig. 17 
refer to a perikon crystal with one pair of 
4 000 ohms phones in series with the crystal ; 

those in Fig. i6 refer to the same crystal 
but with the phones shorted. 

It will be noted that with low values of L, 
the crystal current is increased by parallel 
capacity so long as this capacity does not 
much exceed its optimum value. Also, as 
the inductance is increased, the amount of 
parallel capacity required to give the maxi- 
mum current steadily decreases until, for a 
certain value of L, the best results of all are 
obtained with no parallel capacity. If L is 
still further increased the crystal current 
drops, as was shown in Figs. 8 and 9. The 

variation of optimum crystal current with 
parallel capacity is shown separately in 
Fig. 18. 

Effect of Parallel Capacity in a Valve Circuit. 

The family of curves in Fig. 19 illustrates 
the effect of parallel capacity in the case of a 
valve circuit. In this diagram values of the 
voltage across the A.T.I. are plotted against 
L. The figures against the graphs give the 
values of parallel capacity in microfarads. 
These curves exhibit the same general 
characteristics as those in Figs. i6 and 17 ; 

that is, they show that both the optimum 
voltage and optimum inductance increase 
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as the value of parallel capacity is reduced. 
The variation of optimum voltage with 
parallel capacity is shown in Fig. zo. The 
scale values of parallel capacity are those 
obtained from the readings of a condenser 
connected across the A.T.I. Hence they 
do not include the unavoidable capacities 
of the valve and the A.T.I. itself. Thus; 
the real zero of ,the capacity scale is a little 
to the left of the marked zero. 

Optimum values of L and K, taken from 
the curves in Figs. i6, 17 and ig, are plotted 
separately in Fig. 21. 

It is interesting to see whether results 
such as those in Fig. 21 are calculable 
on purely theoretical grounds by appli- 
cation of the formulæ given above. 

B2 
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Taking Equation (IV.), and writing the 
coefficient of w2L2 as a, we have 

aw2L2+2olCs.coL--I=o 
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In the case of the valve, the grid -filament 
resistance, R, under the test conditions, was 
of the order of 7 X Io4 ohms. On 360 
metres w=5.2 x Io6, and w2= 27.4 x 1012. 
Taking an aerial resistance of 72=40 ohms, 
we have 

7 x Io4(r +40) 
We have to calculate L for a series of 

values of parallel capacity, K3. Suppose we 
make K8 = .0001 IX =10-10 F. Then 

.233 a= 

a- I -- . 767 x Io20K32 

7 x Io4(r+4o) 
We have now to choose a value of the coil 

resistance r. The high frequency resistance 
of the coils used in these tests was about 

2 ohm per microhenry over the range we 
are considering. As the value of L is not 
known we must first assume a reasonable 
value of r and calculate L. Then we have 
to correct r to agree with this . value of L, 
finally recalculating L. 

As a trial we will take 200 microhenries 
for the A.T.T. for which r=2 Xzoo=4o ohms. 

Substituting this value of r we get 
a -.04 x Io_6 

and L=177 microhenries. 
As L is lower than anticipated we must 

reduce the value of r. An inductance of 
175 microhenries gives a corrected value 
of 7=35 ohms. 

The corrected value of 
a = 4.44 X Io- 8 

and that of L=175 microhenries. Thus. 
the change in r has produced no appreciable 
alteration to L. 

Proceeding in this manner, giving various 
values to K,, we obtain the results shown 
in Table IT. 

TABLE II. 

K3 (µF) L 

0 
000 0I 
000 02 
00o I 
000 2 
000 25 

670 
515 
420 
175 
xo6 
87 

These results are plotted in Fig. 22. 
The curve is in very close agreement with 
the corresponding experimental curve shown 
in Fig. 21, reproduced as the dotted line in 
Fig. 22, after allowing for 251./.µF stray 
capacity, considering that the values of the 
resistances taken in the calculations are only 
approximate. 

We will next check a point on the lower 
crystal curve of Fig. 21, say for a parallel 
capacity of .000 2µF. The resistance of 
the perikon crystal used in these tests was 
between 15 000 and 25 000 ohms. Taking 
an average value of R=2o 000 ohms, and 
a trial value of coil resistance of 9 ohms, the 
value of L works out to 68 microhenries. 
The experimental value from Fig. 21 is 
75 microhenries, or 76 microhenries after 
allowing about 30 µµF for stray parallel 
capacities. 
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Variation of Optimum Value of L with Wave- 
length. 

We have not had an opportunity of 
carrying out any experiments to determine 
the best value of L for wave -lengths greater, 
than 365 metres, so that the following 
conclusions are based only on theoretical 
grounds, and require experimental con- 
firmation. 

If we assume the parallel capacity to be 
low, Equation (VIII.) shows that wL is 
constant, provided that the various resis- 
tances remain unchanged on altering L 
and w. 

Thus, if the wave -length (A) is doubled, 
w will be halved, and L will have to be 
doubled. The aerial capacity required to 
tune this value of L will also have to be 
doubled. We have roughly, then, that for 
maximum efficiency both L and the aerial 
capacity must be equally increased with A. 

In the case of a valve of low self -capacity, 
operated with plenty of negative grid bias 
to maintain a high value of R, and used in 
conjunction with a tuning coil of minimum 
self -capacity, the optimum value of L will 
be in the neighbourhood of 36o micro - 
henries on 36o metres, which suggests the 
very simple relation 

L (microhenries) = A (metres). 
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aerial capacity (K) required to tune 
value of L will be 

K (µF) = 28 x io_e A (metres.) 

and 
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For a crystal circuit the corresponding 
relations are 

L (µH) = s A (metres). 

K (µF) = 84 X io_° A (metres). 
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Fig. 20. 

The above simple formule must be taken 
as giving only a rough idea as to the best 
value of L on long waves. To obtain an 
accurate estimate a number of corrections 
have to be applied. 

(a) On long waves the inductance has to 
be more concentrated, giving greater self - 
capacity. This tends to lower the optimum 
value of L. On the other hand, the general 
formula shows that the effect of the self - 
capacity becomes smaller as A increases. 
For example, in one numerical case, a 
parallel capacity of 25 cm. altered L by 
26 per cent. on 36o metres (for a valve), 
but only by 3 per cent. on 3 000 metres. 

(b) As the number of turns on the A.T.I. 
are greater, its resistance will be higher. 
The effect of increased coil resistance is to 
increase L. 

(c) The aerial resistance will be higher, 
in general. 

Correction (a) tends fo reduce the optimum 
value of L and (b) and (e) tend to increase 
it. As the effect of (b) predominates we 
should expect to find that the simple 
formule given above lead to values of L 
which become more and more on the low 
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side as X is increased. If this is so it is 
a fortunate result, for then the aerial capacity 
required to give the best possible results 
will not increase so fast as is indicated 
above. For example, the simple formulae 
indicate an aerial capacity of 3 00o metres 
of about 000 8µF for a valve, and about 
002 5µF for a crystal set. In favourable 
situations, using a cage aerial, the former 
value may be obtainable, but a P.M.G. 
aerial having a capacity of 002 512 would 
be something of a curiosity. 

Effect of Aerial Capacity. 
On long waves, then, no per cent. results 

may not be obtainable on account of in- 
sufficient aerial capacity, and we have to 
decide whether it is better to tune on the 
inductance only, or to tune with a parallel 
condenser. 

Some idea of the relative efficiencies of 
these two arrangements on long waves may 
be obtained by considering a numerical 
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example. Suppose we have an aerial of 
capacity 000 25µF (K,), and we tune it to 
3 000 metres (w='628 X Io6) using various 
values of inductance and parallel capacity. 
The resonant voltage rise across the A.T.I. 
is given by Equation (I). This equation 

may be put in a simpler form for the purpose 
of this calculation as the aerial capacity, 
K., is to be kept constant. 

From the resonance condition, 
w2(Ka H-Ka)L=I, 

we have 1-w2K,L = w2K.L 
Hence we may write w2K,L in place of 

q in Equation (i.), givir.g 
E, wK. 
E. 

w2K42rr + R + 
w L2 

showing that for a fixed value of K., E1 
increases indefinitely as L is increased. 
Thus plain inductance tuning cannot be 
improved upon in such a case. To com- 
plete our numerical results we will take 
r, =15 ohms, r = 4o ohms, and R = io5 ohms 
for a valve. Substituting these values, 
together with those of K. and w, in Equation 
(26) gives 

.. (26) 

E1_ 1.57 
E, 

=04 - I o14 X =o-e 
L2 

By giving L a series of values we obtain 
the values of E,/E, shown in Table III. 

TABLE III. 

LµH. Ka (µF) 

IOr00 
5600 
3 730 
r 000 

O 

'000 2 
oo0 42 
'002 

r38 
rr5 
8.88 
1'43 

The above results show that parallel 
capacity leads to loss of efficiency, a 000 514F 
parallel capacity reducing the grid -filament 
volts by about 5o per cent. For the case 
of a crystal circuit we will take R=5 coo 
ohms, leaving other values unaltered. This 
gives 

E, 1.57 
E,-2 I.o14 X Io -e 

L2 

The maximum value of E,/E, approxi- 
mates to 78 as L is increased and K, is 
reduced, but the loss of voltage due to a 
given parallel capacity is very much less 
than in the case of a valve. The damping 
may be so great with a low resistance crystal 
that there may be no resonant voltage rise 
across the A.T.T. 
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We have shown that on 3 00o metres, 
with the given values of resistance, the 
best we can do with the 000 25µF aerial 
is represented by E1/E8=13.8 for the valve, 
and El/E.-=-78 for the crystal. As we 
increase the aerial capacity the value of 
E1/E, (for a given parallel capacity) in- 
creases until the optimum capacity is reached. 

The absolute optimum value of L, given 
by Equation (VIII.) for zero parallel capacity, 
works out to 3 73o microhenries for the valve, 
and 835 microhenries for the crystal, neces- 
sitating aerial capacities of 000 67µF and 
oo31.&F respectively. The corresponding 
voltages from Equation (IX.) are E1/EE= 
213 for the valve, and 4.76 for the crystal. 
Thus the optimum aerial increases the grid - 
filament voltage about 50 per cent. and the 
voltage across the crystal about sixfold. 

Effect of Coil and Aerial Resistances. 
In measuring the effect on the grid - 

filament volts of the size of wire on the 
A.T.T. many experimenters make their 
measurements using a fixed value of induc- 
tance. The results obtained in this way 
may give quite a wrong impression as to 
the real effect of the resistance, and, numeri- 
cally, the results are of little value as they 
depend on the particular values which w, 
L and R may have during the test. This 
is clearly shown from Equation (VII.). For 
example, if the inductance is considerably 
overwound-as might happen if the experi- 
ment is carried out on a small aerial-so 
that w2L2/R is large compared with (r -Fr 1), 

the voltage across the A.T.I. will be largely 
independent of the gauge of wire, and the 
experimenter will come to the conclusion 
that the gauge of wire does not matter 
much. Another experimenter, choosing a 
low value of L for his tests, will find that 
the gauge of wire is of considerable impor- 
tance, for when w2L2/R is made small com- 
pared with (r -Fr,), the volts vary inversely 
as (r -f -ri). 

To obtain consistent results it is necessary 
to take an inductance -voltage curve for each 
gauge of wire, so as to enable the optimum 
values to be located in each case. 

Assuming the parallel capacity to be small, 
Equation (IX) shows that, with the optimum 
value of L, E1 cc I/O -fn. On long waves 
the coil resistance r will be large com- 
pared with the aerial resistance r1, and 
E1 will be inversely proportional to ./r, 

thus, wire of the lowest possible resis- 
tance is indicated. On very short waves, 
where r 1 is likely to be several times greater 
than r, the latter becomes of less importance. 
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In fact, on 10o metres, if the coiled resis- 
tance of the A.T.T. is made as high as 1 ohm 
per microhenry, the voltage will be in the 
region of 70 per cent. of that which would 
be given with an A.T.I. of zero resistance. 
The extra resistance, without doing much 
harm, adds to the stability of the circuits. 

In conclusion, we may perhaps point out 
that there is a snag in crystal testing similar 
to that dealt with above in connection with 
resistance tests. In an aerial test two 
crystals gave currents of 26o and 15o micro - 
amps respectively, with their optimum 
values of inductance on 2L0-that is 
current ratios of nearly 2 to 1. On testing, 
with the same crystal adjustments, on an 
overwound inductance the currents were 
22.5 and 23 microamps respectively. In 
this case any current ratio between 2 to 1 

and unity could be obtained by a suitable 
choice of inductance. 

APPENDIX A. 
Relation between the E.M.F. induced in an 

aerial and the power absorbed. In this paper 
it is assumed that the E.M.F. induced in an 
aerial is practically independent of the 
power absorbed, over the range covered by 
various resonant circuit conditions, and we 
present the following experimental results 
in support of our assumption. 
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Method 1.-By connecting our aerial 
directly to earth through a Duddell thermo- 
galvanometer, as shown in Fig. Ia, we have 
been able to measure the current, I, due to 
the E.M.F., E, induced by 2LO's trans- 
mission. If the aerial constants are K, L, 
and r, and the resistance of the instrument 
is r1 we have 

E=IN(r+ri)2 -f-( K-wL 
and the power W = I2(r \-Fri). 
The power was varied over a ange of about 
70 to r by altering the value of r1 from 4 to 
400 ohms. For the calculation of E it is 
necessary to know accurately the K, L and 
r of the aerial. We are certain of our 
measured values of K and L, but the 
measurements of r by different methods give 
results which are not at all in agreement. 
However, the desired relation between E 
and W may be obtained without it being 
necessary to know the aerial r or L by the 

following modification of the 
method. 

Method 2. -Retaining the 
galvanometer in the earth lead, 
an inductance and variable 
condenser of low losses were 
connected in the aerial circuit as 
shown in Fig. za. The gal- 
vanometer deflection was read 
for a series of values of the 
series capacity K1i above and 
below and passing through the 
tuning point. Let the aerial 
constants be K, L and r, the in- 
strument resistance r the self - 
capacity of the A.T.I. k, and 

Fig. Ia. its inductance L1. For the 
whole circuit, the capacity will 

)2 

be K+K1+k; the inductance L +L1 

the resistance r -{-r1. 

The total reactance 

X-w KKl k] 
w(L } L1) 

LK+KI -{ 

and 

Let the series capacity at resonance be K0, 
then 

w(L-}- Li) - I 
w r KK° 

-}- k] 
K -I- K° 

Hence, the total reactance may be written as 

X- I I 
wr I +k-j_w r° +k KKK -- Kl LKKKK -}- ° 

Denoting the total circuit re- 
sistance by R (=r+r1), and 
the induced voltage by E, 
then the current I is given by 

I= E 
./X2+R2 

The deflection d of the gal- 
vanometer used in this test is 
proportional to I2, thus 

I = ad 
where a is a constant deter- 
mined from a D.C. calibration. 

Combining the last two 
equations and squaring both 
sides gives 

E2 a2d-X2+R2 

whence 
E2 

(d) =X2+R2 a2 
Fig. 2a. 

Now, on plotting i/d against X2 a curve 
will be obtained if E varies with d (and 
thus with the power absorbed), but a straight 
line will result if E be constant. So long 
as numerical values of E are not wanted, 
values of d and X only need be known, and 
X involves the measurement of two capa- 
cities (K and k) only, and the use of an 
accurately calibrated condenser for KI and 
K°. 

Numerical results of one test using this 
method are given in Table Ia. Por this test 
the circuit constants were : K = 3.9 x 
k = Io µµF, r1= 4.25 ohms, L = 17µH, 
L1=zooµH (approx.). For the galvano- 
meter I=163v'ó milliamps. 

The relation between X2 and lid is shown 
graphically in Fig. 3a. The scales marked 
on the diagram refer to the points indicated 
by X's, the point corresponding to the 
observation d=4.7 being omitted. To bring 
in this observation the points are re- 
plotted to one -fifth of the marked scales. 
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These latter points are shown by dots. 
Thus the dot and the X marked A represent 
the same values, i.e., i/d=o5, X2=21304. 
Within the limits of experimental error the 
points lie on a straight line on either scale. 
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cover a power ratio of about 3 00o to I. 
From this set of results we calculate that 
R = 37 ohms and E _ 12 volt. Observed 
values of d and K1 are plotted in Fig. 4a. 

In a test using Method I the galvano- 
meter current was 319 
microamps with a heater re- 
sistance of 197 ohms. Taking 
the aerial resistance as 27 ohms 
gives a circuit resistance of 
224 ohms. The circuit induc- 
tance was about 27 microhen- 

a 

`A 

A 

0 5000 10000 15000 

x2 
Fig. 3a. 

As the slope of the two lines is the same it 
is evident that the point for which I/d=21 
and X2=93 15o (shown at B on the lower 
line) lies on the upper line produced to 
about four times the length shown. If 
there were an increase in the induced E.M.F. 
when the power absorbed by the aerial 
were reduced, the points in Fig. 3a would 
lead to a curve which was concave to 
the X2 scale. There is no evidence in these 
results of such a curvature, and if it exists 

TABLE IA. 

I 
KKl X d z 

KK: Kl - Xs - µµF K+Kl , -+k Ohms. mm. d µµF K -1-1C1 
Ohms. 

190 1277 I 4065 -208.7 42 600 10 10 
170 I 186 1505.7 -1092 II 924 33 03 
166 I x65 I 530'6 - 84'3 7100 65 015 3 
162 1144 1 556'5 - 58'4 3 411 113 008 85 
158 1 123 1 583'2 - 31'7 1005 230 004 35 
153 1 099 1 6149 0 0 400 002 5 
148 1072 16519 + 37 1369 200 '005 
146 1 062 1 666.4 + 51'5 2 652 125 008 
142 1 041 1 697.6 + 827 6 840 6o 016 7 
138 1019 1 730'6 +115.7 13 390 30 033 
130 975 1 801.2 +1461 21304 20 05 
110 858 2 020.1 +3052 93150 4.76 21 

Off curve. 

it is to such a slight degree that it would 
not affect any of our results based on the 
constancy of the induced E.M.F.-especially 
as we require the E.M.F. to be constant 
only for comparatively small changes of 
power. The extreme observations in Fig. 3a 

20000 25000 

ries, made up of 17 microhenries 
for the aerial and an estimated 
io microhenries for the wiring 
of the circuit. Thus the in- 
ductive reactance on 365 
metres = 139 ohms. Capacity 
reactance of the aerial = 496 
ohms. The impedance of the 
circuit 

=ß(224)2-F(496-139)2=421 ohms. 
Hence E = 319 X 1o_° X 421= 134 volt. 

This result is somewhat higher than that 
given by the other method, but in the 
calculation we are not sure of the figures 
given for the aerial resistance and the stray 
inductance. While an error of 2 or 3 ohms 
in the aerial resistance makes but little 
difference to the result in this case, the 

400 
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e 200 
13 
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inductance of the wires to the galvanometer 
(which had to be set up some 12 ft. from 
the lead-in and earth wires) was important. 
The figure of io microhenries for this 
inductance was calculated from the area of 
the loop ; and the effects of an iron motor 
frame within a few inches of the loop had 
to be ignored. Had the stray inductance 
been 20 microhenries the value of E wou'd 
come out to I15 volt. 

APPENDIX B. 

Equivalent Load Resistance of Receiving 
Circuit. 

(i) Input resistance of valve circuit.-The 
magnitude of R is fairly easily obtained 
experimentally for a given valve working 
under given conditions ; but it is quite 
another matter to give quantitative data 
applicable to all cases, owing to the large 
variation of R with the circuit conditions. 
Its value at a given frequency depends upon 
the H.T. voltage and filament current, the 
grid -current, the inter -electrode capacities 
of the valve, and the nature of the anode 
circuit.* It also depends on the type of 
valve holder, the layout of the wiring, and 
the dielectric loss of the material on which 
the input terminals are mounted. In 
addition there is a shunt loss resistance 
associated with the self -capacity of the 
A.T.I., although with properly designed 
coils this resistance may be made much 
higher than that of a valve under working 
conditions. 

Oscillator 

cue 

G fy E 

Fig. Ib. 

The method used for measuring the input 
resistance is shown in Fig. i b. The valve 
under test is connected across the condenser 
of a resonant circuit loosely coupled to an 
oscillator. The voltage across the condenser 
(indicated by a thermionic voltmeter V) 
varies according to the load produced by 
the valve. For calibration a series of high 

* J. M. Miller, Bulletin Bureau of Standards, 
No. 5351. 

resistances R were substituted in place of 
the valve under test, and the resistance 
required to bring down the reading of the 
voltmeter to the value obtained with the 
valve in circuit is taken to he the equivalent 
input resistance. Each of the resistances 
used in this calibration consisted of a single 
straight line of platinum deposited on mica. 
These resistances were suspended from two 
stout bare wires mounted on the condenser 
terminals, so that no extra dielectric loss 
resistance was added to the circuit with 
the resistance R. This precaution was 
found to be necessary with the higher values 
of R. The results of tests on an R -type 
valve are given in igs. 2b to 4b, and Table 
In. The peak value of the voltage across 
the condenser, when unloaded except for 
the voltmeter, was kept constant in all 
these tests at 2.2 volts. it = 365 metres. 

The curves in Fig. 2b show the 
general effect of H.T. and negative bias on 
the input resistance. Observations for the 
marked curves were taken with a constant 
anode load of 35 000 ohms (the resistances 
used here were those used in the calibration 
test. They are non -inductive and have 
a sell -capacity not greater than iµµF). 
Filament current 65 amp. A load of 

35 000 ohms was chosen as it was approxi- 
mately that load giving the maximum loss 
and minimum value of R. The input 
resistance at the working H.T. voltage for 
amplifying is seen to be below 15 000 ohms 
with no bias, and about 20 000 ohms with 
-3 volts bias. Although the input resis- 

tance increases with 
the bias for a given 
H.T. voltage, there is 
no advantage to be 
gained by increasing 
the bias much beyond 
the peak value of the 
input voltage, owing 
to the reduction in R 
due to the necessary 

increase in H.T. counterbalancing the in- 
crease due to the extra bias. With anode 

. loads under i 000 ohms the input resistance 
with the correct grid bias and H.T. s,oltage 
for amplifying was found to be of the order 
of 300 000 ohms. The unmarked line in Fig. 
2 b shows the variation of R with H.T. for 
the valve used as a grid -leak rectifier, with 
a constant anode load of 8 000 ohms (self - 
capacity iµµF). The input resistance is 
seen to be about 75 000 ohms with 70 volts 

_ _ 
-2. 
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H.T. With a suitable condenser across the 
anode load of the detector valve the input 
resistance would be considerably higher 

I 

! ' 

f 

m 

0, 

vs 
.4. % 

so 4es 
2 
ev* 

Bes. 
rs 

50 100 

H.T Volts. 

Fig. 2b. 

/50 200. 

than this figure. Results obtained by vary- 
ing the anode resistance are given in Table I. 
(col. 2) and in Fig. 3b. The curves show 
clearly the existence of a " worst " anode 
resistance from the point of view of input 
load. If the capacity reactance between 
plate and filament is large, the resultant 
resistance due to this worst anode load and 
the internal resistance of the valve in 
parallel with it is equal to the reactance 
of the plate to grid capacity. This point 
is further illustrated in Fig. 4b, which 
shows the general effect of filament current 
on R. The observations were taken with a 
plate load of 35 000 ohms and 90 volts H.T. 
The minimum input load resistance occurs 
near the working filament current of 65 
amp in this case, because the worst plate 
load of approximately 35 000 ohms was 
previously determined with this particular 
current, and this same load was used in the 
filament current test. 

(2) Equivalent resistance of crystal circuit. 
-Before giving the results of high frequency 
resistance tests on crystal circuits it may be 
helpful to outline the action of the various 
parts of a crystal circuit supplied with a 
modulated H.F. voltage. The circuit is 
shown in Fig. 5b. It contains four elements 
likely to affect the equivalent resistance, 
namely, the forward effective crystal resis- 
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tance r,, a resistance r and inductance L 
representing the phones, and a shunt capa- 
city K. First, if K be omitted, and the 

TABLE In. 
Grid bias -6 volts. Fil. 65 amp. 

Anode 
Resistance 

(Ohms x Io3). 

Input Resistance (Ohms x Io3) 

H.T. 90 volts. H.T. 200 volts. 

o 
2 

3 
5 
6 
8 

IO 
25 
56'4 
75 

131 
530 

425 

190 

65 
54 
37 
40 
45 
56'5 

I20 

18o 
130 

58 

35 
2I 
21 
22'5 
25 

phones have no self -capacity, the reception 
of telephony would be impossible, and only 
a minute rectified H.F. current could flow 
through the circuit if L had its normal 
value. Thus some parallel capacity, which 
may be wholly or partly provided by the 

50 

o 

90 Vclts 

200 Volts. 

50 /oo 

Anode resistance (ohms x woo) 

Fig. 3b. 

/50 
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phones themselves, is necessary. From con- 
siderations given later it would appear that 
the necessary capacity in µF should exceed 
T/r, where T is the time in µ-secs. of one 

G.J 

55 
55 60 65 70 

Filament current (amperes) 

Fig. 4b. 

cycle of the H.F., and r is the phone resis- 
tance in ohms. Thus, for 2 000 ohm 
phones on 30o metres (T=io-e secs.), K 
should exceed 1/2 000=000 5µF, and on 
3 00o metres, the minimum value of 
K=10/z 000=oo5µF. To be on the safe 
side the capacity should be made equal to 
twice the value calculated as above. If a 
microammeter A, Fig. 5b, is included in 
the phone circuit it will be found that its 
reading increases rapidly as K is increased 
to the value 77r, and then increases more 
and more slowly as K is further increased 
beyond this value. In an actual test we 
have found that an increase in K from 
oor to 2oµF (with 2 000 ohm phones* on 
365 metres) made no measurable difference 
to the reading of A, and also had no notice- 
able effect on the load produced by the crystal 
circuit. But the large value of K killed the 
L.F. current through the phones. Turning 
now our attention to L, we have found 
that the magnitude of the pure inductance 
-from zero to ioo henries-has no notice- 
able effect either on the reading of A or on 
the load resistance of the circuit. The L.F. 
current, however, decreases continuously as 
L is increased. Thus, the equivalent resis- 
tance R depends only on r and r1, and 

curiously, it is often less than either the 
D.C. or the A.C. resistance of the crystal 
circuit, and may be less than the phone 
resistance alone. In explanation of these 
results, we may suppose the crystal to pass 
no reverse current, so that, during the forward 
half -waves of the applied voltage, current 
starts to flow through the crystal at the 
instant the applied voltage exceeds the 
voltage of the condenser, and "stops at the 
instant the applied voltage falls to the 
same value as that of the condenser. As the 
average condenser voltage is usually an 
appreciable fraction of the supply volts, 
the active period of the crystal is less, in 
general, than half the H.F. period. Thus, 
current gets through the crystal in gushes 
lasting only, say or I of a period. The 
current through r, on the other hand, is 
continuous throughout the cycle. As the 
same quantity of electricity, per cycle, 
flows into the condenser through the crystal 
as flows out of it through r, it follows that 
the average crystal current during the 
active portion of the cycle must be 3 or 4 
times the steady current through r, and the 
actual crystal resistance will be corre- 
spondingly lower than its value when carrying 
the same current as the phones. As regards 

the phone resist- 
ance r, this does 
not really enter 
into the circuit 
as a resistance : 

it merely controls 
the mean voltage 
of K, which in 
turn regulates 
the flow of cur- 
rent through the 
crystal. For ex- 
ample, if r is 
increased, the 
rate of leakage 
from K is re- 
duced, and the 
voltage of K will 
be higher than 

Fig. 5b. before at the end 
of the cycle. 

Thus, crystal current can flow only during 
a smaller fraction of a cycle ; it starts later 
and ends earlier in the cycle. It may be 
noted that, if the crystal is an imperfect 
rectifier, the imperfection will have more 
harmful results than is apparent from a 
D.C. test, for reverse current flows during 

V 
V 
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the whole of the reverse half -cycle and also 
during the commencement and end of the 
forward half -cycle while the condenser volts 
exceed the instantaneous value of the 
supply voltage. That is, reverse current 
flows for, say, to of a cycle. In addition, 
the maximum value of the reverse voltage 
is the sum of the condenser voltage and the 
maximum value of the supply volts, instead 
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four different input voltages. Also, at the 
same time, a D.C. test was made on the 
crystal circuit. The D.C. voltages, E, re- 
quired to send the sanie current, I, through 
the circuit are shown in the fourth column. 
The input, phone and crystal powers are 
shown in columns (9), (io) and (ii), re- 
spectively. In all cases the capacity across 
r was ooiµF. 

TABLE IIs. 

(i) (2) (3) (4) (5) (6) (7) (8) (9) (io) (1x) (12) (13) D.C. Resist. 172 
V I s E R E VI 31,1 P1=- P=r12 Pc=P,-P lc 

Volts. µ Amps.' Ohms. Volts. Ohms. _! x,o6 Volts. Volts. R µ Watts. µ Watts. er 0 µ Amps. 
µ Watts. 

'375 200 30 21 1500 1050 oo6 244 93'7 1.2 92'5 
76 189 2 030 '593 3 400 3 140 38 23 170 72 98.1 

1.03 270 4 030 90 4 65o 5 300 68 207 228.5 116.5 112 
1'48 I 154 8 o30 1.46 6 750 9 460 1.24 188 325 190 135 
1.67 j 146 IO 100 1.68 7 64o II 5oo 1.47 178 366 213 253 102° 515 
26 I00 60 147 2 200 1 470 006 I22 30.7 0.6 30.1 
375 95 2 060 317 3 boo 3 730 175 104 39 14.8 24.2 
485 78.5 4 oEo 467 4 900 5 950 319 096 48 25 23 
-67 71 8 060 733 7 000 10 300 '572 '087 64'2 40'6 23'6 
77 68 Io 130 843 8 000 22 400 .689 083 74 46.2 27.8 102° 240 
-185 50 60 217 2 850 2 340 003 061 12 0.15 11.8 
-26 44 2 060 '193 3 85o 4 400 09 054 17'5 4 13'5 
32 41 4 060 267 5 coo 6 500 166 o5 20.5 6'77 13'73 
405 37 8 060 .427 7 25o 11 300 -298 045 22.6 I09 II.7 
458 35'9 10130 '477 8400 13300 '364 '044 25 12.9 12.1 112° 1x5 
.125 20 to 077 2 200 3 850 0012 024 7'2 0.024 7-2 
-,6 18 2 0E0 113 3 600 6 300 .037 022 71 065 6'45 ,8 16.8 4 0E0 4 000 8 500 .068 021 8x I.13 7.0 
23 15 8 060 Igo 5 goo 12 700 I2I .0x8 9.0 x8 7-2 
-26 14.2 10 130 217 7 900 25 300 '144 017 8.6 2.02 6.6 134° 38 

of the difference between these two voltages 
as in the case of the forward current. The 
maximum reverse voltage may easily be 
three times the maximum forward voltage. 

Summing up, we find that the load resis- 
tance of a crystal circuit does not depend -at least to any appreciable extent -on K 
and L ; that while it depends indirectly on 
r, the ohmic value of r is not a part of the 
load resistance ; and that the actual crystal 
resistance r, during its active period must 
be taken as the value corresponding to a 
current several times greater than the 
steady phone current. 

Experimental results obtained with a 
galena crystal are given in Table IIs. The 
A.C. test was made on 365 metres, the 
equivalent load resistance R being deter- 
mined by the method of substitution de- 
scribed above. Measurements of R, the 
A.C. voltage, V, supplied to the crystal 
circuit, and the steady current, I, through 
r, were made with five different values of 
r. These measurements were repeated for 

Comparing columns (3) and (5) it will be 
seen that the equivalent resistance of the 
whole circuit is about equal to the phone 
resistance, r, when the latter is 4 coo ohms. 
The value of R is less than r when this 
exceeds 4 Ooo ohms, and is greater than r 
when this is less than 4 0OO ohms. 

"Regarding the necessary value of K, the 
average voltage, V i, across K is evidently 
given by the expression 

Vi = rI x ro -e 
The quantity of electricity in coulombs 
drawn from the condenser in one cycle 
(neglecting reverse crystal current), EQ = 
I.T x io -12, where T =period of the H.F. 
supply in is secs. The average change in 
condenser volts, W,, due to this quantity 
Q, is given by 

âV1- ZQ IT x'0-6 
K x io -6_ K 

where K is in F. 
In order that the condenser may not run 

dry before the end of the cycle, and thus 
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starve the phones of D.C., we should make 
y,>ay1* 

i.e. rl X Io -e> IT x io -93 

K 
i.e. K>T 

In the present test K =.001µF , T=1.22 
µ secs. Thus, we do not get the best 
results unless r> I'22 f COI i.e., > 1220 
ohms. This condition holds except for the 
cases in which the instrument alone, of 
resistance 3o or 6o ohms, was in circuit. 
In these cases the inductance of the instru- 
ment probably reduced the current below 
the value it would have attained had the 
correct value of K been used. Values of 
V1 and W1 are tabulated in columns (7) 

and (8) of Table IIs. It will be noted that 
W, 1 is only about 12 per cent. of V 1 when 
r=io 000 ohms ; and apparently exceeds 
V 1 only in the particular cases mentioned 
above in which the instrument alone was 
across K. In these cases W, does not 
really exceed V 1. As K is insufficient to 
store the full quantity of electricity passing 
through the crystal the excess flows directly 
through the impedance of the instrument. 

The time interval during which the 
crystal is active and the average crystal 
current during this interval may be approxi- 
mately estimated in a number of ways. 
Probably the most direct method is to 
determine the instants at which the supply 
voltage rises above, and falls below, the 
condenser voltage. Assuming a sine wave 
of supply voltage,t the maximum input 

* W1 is the average and not the maximum 
voltage change. Thus, to be on the safe side, K 
should be made equal to twice the calculated 
minimum value. 

t A discontinuous load, such as that provided 
by a crystal circuit, might be expected to cause 
distortion of the applied voltage wave. We have 
some experimental evidence that such is not the 
case. The crystal load appears to diminish the 
amplitude of the applied voltage wave without 
affecting its wave form. The amplitude is reduced 
to the same value in both halves of the wave. 
The evidence on which these statements are based 
cannot be given here. 

I.41 V' 
and the angle, a°, during which the crystal 
is active, will be 

612 EXPERIMENTAL WIRELESS & 

voltage is I.41 X R.M.S. voltage V, and the 
instantaneous voltage 

e=r4iV sin wt 

Assuming the fluctuation of condenser volt- 
age, W1, to be small compared with V5, 
the crystal current starts and finishes when 
V1= e, i.e., at instants given by 

wt=arc sin V, 

a=180-2 arc sin v1 r41V' 

I` 
Values of a° and are given in the last 
two columns of Table IIB. The peak values 
of crystal current work out to somewhat 
over four times the steady phone current I, 
and the average values are, roughly, three 
times I. 

if we take the smallest value of arc sin V 1_ 
V 

in degrees. In the present test this formula 
is applicable, with any degree of certainty, 
only to the cases in which r = Io 000 
ohms. With smaller values of r the magni- 
tude of WI was too large compared with 
V1 (owing to the low value of K). When 
W, is large the crystal current starts and 
also finishes earlier in the cycle, and the 
active arc may be somewhat different from 
that given by considering the average 
value of V1. 

Knowing the active period t of the crystal 
the average crystal current, L, is calculable 
from the equation 

IT 

An Acknowledgment. 
In our last issue we published two 

photographs of the new wireless instal- 
lation at Basle (Switzerland) Aercdrome, but 
omitted to mention that both the trans- 
mitting and receiving plant were by Marc oni's 
Wireless Telegraph Co., Ltd. The photo- 
graphs also were supplied by Messrs. Marconi. 
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The High -Frequency Copper Losses in 
Inductance Coils. 
By S. Butterworth, M.Sc. [R382 *1 

IN the issue of E.W. & W.E. for May, 
various writers have made suggestions 
as to what is the correct basis upon 

which to design inductance coils suitable for 
reception throughout the broadcasting range 
of wave -lengths, and the general impression 
gathered seems to be that the main losses in 
these coils are due to the imperfections of 
the dielectric surrounding and supporting 
the wires, spacing being resorted to in order 
to reduce these losses. 

Now, although adequate spacing will no 
doubt reduce these losses, yet it will be shown 
that with a reasonably good dielectric these 
losses contribute only a small amount to the 
total resistance even when the turns are 
fairly close together. The reason why a 
proper spacing brings about a considerable 
reduction in resistance is made clear by a 
short consideration of the copper losses in the 
coil. 

If first we consider an inductance coil 
through which a low frequency alternating 
current is passing, the main loss in the coil 
is that due to the direct current resistance 
of the wire, and everything is to be gained by 
making the section of the wire as large as 
possible, that is, by winding the coil closely 
with thick wire. 

But in addition to this loss there is another 
copper loss. Each turn is situated in the 
magnetic field due to all the remaining turns, 
and since this field is alternating, eddy 
currents are induced in the turn in question 
in exactly the same way as the eddy currents 
induced in neighbouring metal objects. The 
losses due to these eddy currents differ from 
those due to the main current in that they 
increase with the diameter of the wire, 
while the ordinary D.C. resistance diminishes 
as the diameter of the wire is increased. 

Now, if the frequency is increased the 
eddy current losses grow more rapidly than 
those due to the main current flowing in the 
wire, and a stage is reached when they 
become the predominating factor in the 
alternating current losses. It then becomes 

profitable to diminish the section of the wire 
(keeping the same total winding space and 
number of turns, so as to hold the inductance 
constant) as a considerable reduction of eddy 
current loss may then be obtained, which 
more than counterbalances the resulting 
increase in the main current loss. The 
minimum copper loss is obtained when the 
diameter of the wire is such that the two 
losses are about equal. This diameter will 
of course depend upon the frequency for 
which the coil is to be designed. 

It is possible to obtain formule for the 
two types of copper losses. Thus, four 
years ago, the writer published formule for 
calculating the copper portion of the resist- 
ance of single layer solenoids and disc coils 
which are applicable for all wave -lengths 
exceeding about three times the natural 
wave -length of the coil and for any solenoid 
having a length not greater than its diameter. 

More recently, Professor Fortescue has 
given corresponding formule suitable for 
deeply wound inductance coils, which are 
applicable over a wide range of frequency. 
Unfortunately these formule only hold for 
coils having a winding length which is 
greater than the overall radius, so that the 
usual type of commercial wireless receiving 
coil is not included. The writer however 
has, for his own use, calculated the necessary 
factors for these shorter. coils, and has 
generalised Professor Fortescue's formule so 
as to be applicable over the same range of 
frequency as the single layer coil formule 
referred to above. He hopes to be able to 
publish this generalisation when sufficient 
confirmatory or contradictory experimental 
evidence has accumulated. 

It may be stated, however, that the 
formule have been tested by comparison 
with the measured values in the case of a 
well-known series of commercial inductance 
coils for which the inductances ranged from 
8o to 2 00o microhenries, and it was found 
that the calculated copper losses lay between 
82 and 92 per cent. of the measured Iosses at 
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wave -lengths for which the coils are normally 
used. 

As regards single layer coils, considerable 
experimental evidence is available, and in 
the great majority of cases the ratio of copper 
loss to total loss in a resonating circuit 
containing a good quality air condenser is 
between 0.7 and 0.9. A few comparisons 
have also been made in which the measured 
resistance did not include any condenser loss, 
and these gave agreement with observation 
within the probable order of accuracy of 
measurement. 

The evidence therefore is all in favour of 
design which aims at making the total copper 
loss a minimum. Since there is a correct 
diameter of wile to make the copper loss a 
minimum, it is useless to suggest an alteration 
in this diameter in order to bring about a 
reduction in the already small dielectric loss. 

In the issue of E.W. & W.E. referred to 
above, Mr. R. M. Wilmotte contributed an 
excellent article on the Parasitic Losses in 
Inductance Coils, and gave a short table of 
measured resistances for a single layer 
coil at a wave -length of Soo metres. 
Although these measurements were primarily 
intended to illustrate the effect of reducing 
the quality of the dielectric, yet they supply 
sufficient evidence to emphasise the real 
proportion of copper to other losses when 
the dielectric is in a normal condition. We 
append here the data necessary for the 
present analysis. 

Coil.-Single layer wound on square frame of 
7.5 cm. side. 

Turns. -3o. 
Winding pitch.-I.5 mm. 
Wire diameter.-o.711 mm. No: 22 S.W.G. 
D.C. resistance.-o.4o5 ohm. 
Inductance.-Not stated, but found by known 

formule to be about 77 microhenries. 
Self capacity.-Not stated. 

MEASURED A.C. RESISTANCE AT 300 METRES. 

Condition of 
Insulation. 

Type of Insulation. 

Bare. D.S.C. Enamel D.C.C. 

Dry .. 
Wet .. 

1.58 
1.68 

1.58 
2.09 

1.61 
I.71 

1.64 
4.09 

This coil has a remarkably low resistance 
for its inductance and the length of wire 
employed. 

Except for the fact that the coil is square, 
the specification conforms almost exactly 
to the coil I recommended in my paper on 
single layer coils, viz.: that the coil should 
have a winding length something less than 
its radius and a winding pitch twice the 
diameter of the wire. No one, apparently, 
has hitherto troubled to test this out. It is 
seen that the winding pitch of Mr. Wilmotte's 
coil is nearly the correct one, while, since the 
equivalent circular coil has a radius of 4.26 
cm. and the winding length (3o X 0.15) is 
4.5 cm., the coil length is somewhat greater 
than its radius. However, since the varia- 
tions of resistance are very slow in the 
neighbourhood of the minimum conditions 
an exact fulfilment of the conditions is 
unimportant. 

We can estimate the magnitude of the 
copper loss in the coil by calculating the loss 
in the equivalent circular coil. The writer's 
formula for the A.C. (copper) resistance of 
single layer short solenoids with the wires 
well spaced is 

R'=R{1 
+F+(3.29+b)--DzG} 

where R' is the A.C. resistance, 
R is the D.C. resistance, 

is diameter the wire, 
D is the winding pitch, 
b is the coil length, 
a is the coil radius; f is the frequency, 

and F and G are tabulated functions of 
dv. . 

For the stated frequency and diameter of 
wire 

I+F=3.08, G=1.27. 
The equivalent circular coil (that is, the 
circular coil having the same winding length, 
turns, and inductance) has 

a=4.26, L=4.5, 
while d=o.711, D=1.5. 
Inserting these values in the formula we 
find that the total A.C. copper resistance is 
4.32 times the D.C. resistance. 

Now the equivalent circular coil requires 
a shorter length of wire than the square coil 
and its calculated D.C. resistance is 0.343 
ohm. Hence the A.C. copper resistance is 
1.48 ohms. 

This estimate .is admittedly approximate, 
but when we remember that the A.C. resist- 
ance of the wire of the square coil when 
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straightened out would be 1.18 ohm, the 
above value cannot be much too great. 
There is therefore only about 0.1 ohm left 
to account for when the coil is dry. 

It is unfortunate that Mr. Wilmotte did 
not state the self capacity so that an estimate 
could be made of the power factor and self 
capacity corrections given in his formula. 

Mr. Wilmotte's method of illustrating the 
effect of the dielectric on the losses by 
applying moisture is interesting, but a much 
more powerful method may be applied which 
has the advantage that the dielectric may 
be studied in its normal dry condition. The 
method consists in winding the coil in a 
number of separate sections, of which the 
ends are brought out and connected in various 
ways so that in all cases the current circulates 
in the same direction round the coil, but the 
potential difference between contiguous sec- 
tions may be varied. By this means the 
self capacity, and therefore the dielectric 
losses, may be subjected to large variations 
while the inductance and copper losses remain 
practically constant. 

The writer constructed a single layer coil 
of this type some years ago and the following 
experimental results may be of interest. 
The coil was wound on a waxed wood former 
of 17.5 cm. diameter to a total length of 6.7 
cm. with (in the following tests) No. 24 
S.W.G. D.C.0 wire. The total number of 
turns was 102, and the coil was broken at 
the centre into two sections having 48 and 54 
turns respectively. The free ends were 
brought out to two extra terminals. Calling 
the normal terminals of the coil A B and the 
central terminals C D, it was found that when 
the terminals C D were shorted and the 
terminals A B used as the current terminals 
so that the coil was working in its normal 
manner, the inductance was 2070µH, the 
self capacity 11µµF, and the resistance at 
a wave -length of 1 730 metres was 11.7 ohms. 

When, however, the terminals A B were 
shorted and the terminals C D used as the 
current terminals, so that the full potential 
drop in the coil was thrown across contiguous 
turns, the inductance was still 2 o7oµH, but 
the self capacity rose to 93µµF and the 
effective resistance to 36 ohms. 

In this case, the proper formula to apply 
in order to correct for self capacity and 
dielectric loss is 

Effective resistance-R'-{-w3L2CP 
(I - «AL C) 2 

where w is 27r times the frequency, L is 
the inductance, C the self capacity, P the 
power factor of the dielectric and R'the A.C. 
copper resistance. Now the theoretical formula 
makes the copper resistance equal to 8 ohms. 
This may be a slight underestimate as the 
coil is rather closely wound, but as we are 
concerned with the difference between the 
two cases this does not matter. Multiplying 
the measured effective resistances by the 
value of (1-w2LC)2 appropriate in each 
case and then subtracting 8 ohms, the 
portion of the resistance unaccounted for is 
3 ohms in the normal and 13 ohms in the 
abnormal case. The difference, Io ohms, is 
due to the power factor of the added self 
capacity, and is accounted for by a value of 
P equal to 0.023, which appears quite normal 
for this type of dielectric. As regards the 
coil when used in the normal manner, if we 
assume that the whole of the normal self 
capacity is due to distributed condensers 
having the above power factor, the dielectric 
loss cannot contribute more than 1.3 ohms 
to the measured resistance at this frequency. 

A Marconi A.D.6 telegraph and telephone 
transmitter and receiver as installed on 

an: Imperial Airways' Machine. 
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It will be noted that if we assume the 
power factor of the dielectric to be invariable 
with frequency, the dielectric loss introduces 
into the resistance a term varying as the 
cube of the frequency. Now the writer, 
although he has met with experimental 
formula involving square roots, first powers, 
and squares of frequency, has never met an 
experimental analysis which requires a power 
of the frequency as high as the cube. We 
are therefore forced to assume either that 
the power factor diminishes with frequency 
or that the dielectric losses are unimportant. 
The former assumption seems to be ruled 
out in view of the experimental evidence on 
dielectric losses quoted by Mr. Wilmotte. 

The case is different if the coils are used 
at frequencies getting near to the resonance 
frequency of the coil, as then a considerable 
fraction of the total current will pass along 
the capacity paths, but a receiving coil is 
very seldom required to be used at such 
frequencies. 

Practically the whole of the criticism 
launched against the utility of the copper 
loss formule turns out on examination of the 
experimental evidence offered to apply only 
to the case of large transmitting coils, where 
by reason of the .greater volume of copper 
employed the copper losses are reduced to 
a negligible figure. The evidence given in 
this paper should be sufficient to show that 
for receiving coils of the sizes usually em- 
ployed the copper losses are the predominant 
factor unless the insulation is rankly bad or 
the current is led through the coil turns in 
an obviously unsound order. Advice on the 
choice of the dielectric and on the order in 
which the current shall pass through the 
turns is very desirable, but " design " is only 

beginning and not complete when these 
points have been settled. The forma?e 
referred to above enable a complete scheme 
of design to be worked out and a very close 
estimate to be made of the resistance for an 
inductance coil of the type used in reception. 
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Low -Power Experiments at 6QB. 
By L. H. Thomas. 

A record of some rather remarkable results achieved. 

THIS article has been written with the 
object of encouraging those readers 
who despair of getting satisfactory 

results from a transmitter because they have 
no A.C. available and cannot run a generator. 
It is also intended to show that some really 
useful work may be done although conditions 
seem almost hopeless. 

[R401.22 

The writer cannot possibly obtain an A.C. 
supply, on account of a contract held by 
the gas company, and as the " den " is at the 
top of the house, a generator, or even a 
T.V.T. -unit would be very inconvenient. 
The first experiments were therefore con- 
ducted with an input of .15 watts from 6o 
volts in pocket -lamp batteries. With an 



aerial 70 ft. by 28ft., very badly screened, 
and an ordinary " water -main" earth, 
reports on the C.W. were received from a 
distance of zo miles, although the aerial 
current could not be read with a 0.5 amp. 
H.W. meter. 

This was encouraging, so the H.T. was 
increased to about 150 volts (36 pocket - 
lamp batteries in all). With this, using the 
reversed feed-back circuit with extremely 
inefficient inductances, an aerial current of 
.14 amp was obtained, the valve used being 
a French " R " with its filament slightly 
overrun. A report was immediately re- 
ceived from Paris reporting C.W. signals 
R3 on one valve. 

At this the writer determined to see how 
efficiency could be increased, for if Paris 
could be reached with an input of 1.2 watts 
and everything as inefficient as it was 
humanly possible to make it, better things 
might obviously be hoped for! 

First, a counterpoise was erected. It was 
seven feet high, and a diagram is shown (Fig. 1). 
The situation is not exactly ideal. The 
aerial current was increased and the trans- 
mitter rendered much more stable by this 
arrangement, although the capacity of the 
aerial system was increased. 

The next step was to dispose of the old 
inductances, which were wound on 8 in. 
cardboard formers with 7/22 copper. Two 
helices were therefore wound with -312» in. 
copper strip on ebonite crossbars, and put 
into service. An enormous increase resulted 
from this reduction of the tuner losses, and 
the space occupied by the transmitter was 
reduced by about 70 per cent. 1 Up to this 
point the circuit in use was still the reversed 

70 R. 
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Aeri 

CounterpoiSe -50 k 

Fig. 1. 

feed-back ; but the Hartley was now tried, 
and it seemed to be better suited to the 

radiating system. The circuit was now as 
shown in Fig. 2. 

The R.F. choke was an ancient duolateral 
coil of relatively high self -capacity, and yet 
it gave better results than any of the numer- 
ous single -layer coils specially wound for 

006 R.F. 

Fig. 2. 

the purpose. The grid -leak was the second- 
ary of a power transformer. 

The next event of interest was the burning - 
out of the French " R," which obviously 
disliked 6 volts. As there was a test arranged 
for that night, a feverish search was made, 
which resulted in the use of a D.E.R., with a 
filament voltage of 2.5. This gave an aerial 
current of .26 amp on 1.3 watts input, 
and is still in use. The writer has not yet 
succeeded in finding its saturation point, and 
its emission is still perfect although it has 
had 600 volts (from a spark coil) on its plate. 

Reports on C.W. transmissions were now 
received from Luxembourg, Italy, Denmark 
and Sweden, and many N. British amateurs 
worked. The H.T. was then increased once 
more to 25o volts, and with this voltage, 
and a plate current of 15mA (making 
an input of 3.75 watts) and the same D.E.R., 
a report was received from Brooklyn, N.Y. 
This has been fully confirmed, and the signals 
are stated to have been received at R4 on 
a superheterodyne. The time was 22.30 
GMT, and the wave -length 150 metres. 
Finnish 2NCA also reported signals from 
6QB as R8 on the same night. 

In conclusion, the writer is always glad of 
reports from any distance, as the power used 
here has never yet exceeded 4 watts-and is 
never likely to 
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The Perfect Set. 
Part X : More about Reflex Circuits. [R342'4 

A detailed examination of a typical reflex circuit which embodies the results of experiments over a long period. 

IN our last part we made some general 
remarks about reflex circuits. This 
month it is proposed to deal in detail 

with one typical circuit : that shown last 
month, and illustrated again, in slightly 
fuller detail, in Fig. i herewith. 

We will deal with it bit by bit, giving, as 
far as possible, reasons for any definite 
values assigned to the components. This 
circuit is shown, as an example, for two 
valves, but may obviously be extended to 
more, and altered in various ways without 
change in principle. 

A 

öööóóti 

grave disadvantages : the bias obtained is 
often insufficient ; and every change of 
filament heat also alters the bias, whether 
this is desired or not. It is much better 
practice to do as we have done here. 

Secondly, though it is not really a matter 
of the filament circuit itself, the H.T. is 
connected to filament negative, not positive, 
the negative side of the filament being a 
regular " omnibus " lead taking all returns. 
This is a great practical convenience, and 
also makes it simpler to work from the 
characteristic curve of the valves used. It 

(Th 

Fig. 1. 

Taking the filament circuit first, there are 
only two noteworthy points. Firstly, the 
filament rheostats are in the positive lead- 
in our opinion the only place for them. It 
is a favourite device of the semi -skilled to try 
and avoid a grid battery by putting the 
rheostat in the negative lead, but it has two 

D -1 'G 

9+Fil. 
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o b 
Output 

H.T. 

has the minor disadvantage of needing two 
or three volts extra of H.T. battery, but we 
regard this as by far the lesser of two evils. 

In the aerial circuit the first point for 
consideration is the value of the condenser A. 
It will be seen that the connection of the 
earth to filament negative (a great help to 


