COMPONENTS

Nick Wheeler outlines
~skin effect and describes
‘why it is irrelevant at

audio frequencies.

veryone involved with electronics will

have heard of skin effect. And most will

know that it has the effect of increasing
the effective resistance of a conductor as sig-
nal frequency increases. This is due to the cur-
rent flow being increasingly concentrated on
the outer surface of the conductor.

The effect can be so pronounced that in
some cases a thin-walled mibe is as effective as
a solid conductor. Silver plating and the use of
oxygen-free copper are commonly used to
reduce the effects of skin effect,

Silver plating reduces resistance of the con-
ductor skin while oxygen-free wire has a frac-
tionally lower resistance than the standard-
quality option. Oxygen-free cable can be
simulated by simply increasing conductor
cross section. The diameter increase necessary
to do this is so small as to be negligible.

Note that effective resistance, as referred to
above, is also known as ‘rf resistance’. It is an
ohmic effect, and nothing to do with reactance.
It’s operation can be detected thermally,
What causes skin effect?

Consider a conductor made up of many

strands of thin uninsulated wire, and carrying -

an alternating current. Current flowing through
any single strand produces a field which cots
through the bulk of the surrounding conduc-

Current distribution
across a 2mm conductor
at various frequencies
demonstrates skin effect,

Distance from axis

Table 1. Effect of frequency on rf resistance
in two wires with different diameters.
Frequency Wire diameter
(Hz) 2mm 0.2mm
10 1 1
100 1 1
1k 1 1
10k 1.085 1
100k 2626 1
M 77 1.095
— 10M 238 2626
100M 74.7 77
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Skin effect

tors. In effect, these conductors form shorted
turns as they are in intimate contact.

Currents flowing in the shorted tums oppose
that flowing in the specimen sirand, but those
currents have to go somewhere. Ii is easy to
show that they concentrate on the outer sur-
face of the conductor bundle, or in the case of
a single large conductor, on the surface.

Fields assoclated with the outside surface
intersect less conductor material. As a result,
the opposition to current flow is less on the
surface, which is where it then flows. This
effect depends strongly on increasing fre-
quency and — because of the larger cross-sec-
tions involved — with increasing sizes of solid
or uninsulated stranded conductors.

Stranded versus solid conductors
Imagine a conductor comprising 55 uninsu-
lated strands of 0.1mm diameter copper, such
as RS356-167. This has a copper cross-section
of 0.43mm? and an equivalent solid diameter
of 0.74mm. :

At high kilohertz and megahertz frequen-
cies, this cable performs very much the same
as 228WG solid, with a diameter of 0.7 1mm
which has, as predictable from theory, frac-
tionally less rf resistance. A conductor made
up of 13 strands of enamelled 36SWG,
amounting to a cross-sectional area of
0.425mim?, as opposed to the 0.43mm? of the
55 uninsulated-strand wire, has about half the
f resistance at frequencies in the 1 to 2MHz

region. This is, I think, as high as you need to

consider if you are interested in audio.

Note that these principles are not new, They
have been known and applied since the earli-
est days of radio, in the form of Litz wire.

The facts

It is a matter of simple scientific fact that — to
three decimal places — a conductor of 0.2mm
outside diameter has negligibly more rf resis-
tance at 100kHz than its dc resistance. What
this means is that, up to this frequency, the
current distribution is uniform across the con-
ductor cross-section, thereby making oxygen-
free copper and silver plating irrefevant for
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audio work.

At 1MHz the 1f resistance is up by 9.5%,
where silver plating and so on really do start
to be useful. On the other kand a conductor
of 2mm outside diameter has 2.625 times the
tf resistance, compared with dc resistance, at
the significantly low frequency of 10kHz.

Figure 1 from reference 2, illustrates this,
and Table 1, from the same source, sum-
marises some experimentally derermined
data. Of course, if a conductor of very large
cross-section is used, the dc resistance, and
consequently the if resistance, will be low in
comparison with the highly variable
impedance of the loudspeaker load.

Dormestic twin-and-earth cable of adequate
cross-section may well be the most cost-
effective route!. In terms of power loss, of
resistance is irrelevant in audio applications.
Whai matters is that the low output
impedance of a good amplifier may not be

~seen as effectively damping hf loudspeaker

fransients.

in summary

What this boils down to is that cables made up
of many strands of thin uninsulated wire offer
no advantages over the same cross-section of
solid wire, except mechanical flexibility.
Separately insulated multistrand cable can
offer genuinely superior performance.

It would be prohibitively expensive to make
up a coaxial cable of which the outer braid
was composed of insulated wires, commoned
at each end, and with an insulated multi-strand
inner, but this must be the ultimate cable. W
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Reference

1. Speaker Cables, C. Bateman, EW Feb 1957

2. Services Textbook of Radio Volume | HMSO
1956.

Skin deeper

The following is an extract
from reference 2.

Current density in this wire
is iA/cm?. Current A flows
through an area 8A on the
axis of the wire and grows,
creating magnetic field H.
Through any radial section of
the wire, such as ABCD, flux
due to H is growing, resulting i
in an emf between A and D
along the axis, and from C to

the outside of the wire. C

B on the outer side. This emf flux growing
tends to reduce curent flow-

ing along the axrs.and I——
increase that flowing along L——— D C

Skin effect. Any change in current along the axis causes induced voltages which oppose
this change along the axis and promote if in the outer regions.

iBA growing

~Halcyon Electronics
Off-Air Frequency P_roduc’:ts

WE HAVE AN EXCELLENT CHOICE
OF QUALITY, FULLY GUARANTEED

RS e

We manufacture arange of Oﬂ-A:r Frequency producis
including frequency standards, sources and disciplined
standards including GPS, Customised units also available

Precigsion Frequency Source
1kHz to 16MHz sinewave output, 0.0001Hz resclution,
Easily seftable via decade switches,
VCXO backup as standard
Off-Air Freguency Standard
1MHz, 5MHz and 10MHz, outputs,
Options include Sinewave, Signal inhibit and Audic Warning
- CIRCGLE NC: 128 ONREPLY CARD

We ara well known for our quality new and used test
equipment. Our list is extensive, ranging through most
disciplines. Call for details

_CIRCLE NO. 129 ON REPLY CARD

" Halcyon Electronics

423 Kingston Road, Wimbledon Chase, London SW20 BJR'.

_ Phone':01 81 542 6383 Fax 0181 542
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USED TEST EQUIPMENT
OSCILLOSCOPES OSCILLOSCOPE CALIBRATORS
TEKTRONIX 455 Real-Time Scope.. BRADLEY 192 Volt<Time/Pulse Edge ......£400
TEKTRONIX 475 Real-Time Scope..

TEKTRONIX 475A,Real-Time Scope
H.P1725A 275MHz Real-Time Scape ..
MEGURO MO 1254A 50MHz
Real-Time Scope ... ...£200
HAMEG HME&05 60M1—lz le Timc Scupe £250

DIGITAL OSCILLOSCOPES &

DS0 ADAPTORS

H.P54501 A 100MHz Digitising Scope......... £1400

YOKOGAWA DL1200 4 Channel 100MHz,
Digitising Scope £1000

THURLBY Digital Storage Adaptor DSAS24 £250

SIGNAL GENERATORS

TEKTRONIX 3G3503 Level]ed Sine Wave
Cignerator £700
TEKTRONIX PG506 Calibratior Generator . £850
FARNELL LFM4 Sine/Square Wave .............£50
GENERAL TESTERS

POLAR TONEOHM 700 oo £40
MULTIMETERS

SELECT TEST AVO w38
TAYLOR AVOD £35
AVO Fet Tester TT1E7 s £83

Please call for stock availability and details. Carriage for uniis over £200 is
£12. Carriage for units under £200 is £8. VAT to be added to the total value of
the order. User manuals are supplied if possible. Used equipment guaranteed.

TELEPHONE: 01492 580080 FAX: 01492 580081
19, FFORDD SAM PARI, CONWY MORFA INDUSTRIAL ESTATE,

CONWY, N. WALES LL32 8HH.

RMEX ELECTRONICS LTD.

POWER SUPPLIES
BRANDENBURG Skv Supyly ....
VARECO 2A 30v Variable PSU .

TEST BRIDGES

MARCONI Universal Bridge TFIH0.............£100
EX-DEMO STOCK,

{12 MONTHS GUARANTEED),

EXCELLENT CONDITION ACTIVE PROBES
ARMEX FSP 560 500MHz Switchable,

{xixi) £350
ARMEX FP 500 S00MHz (%10) ..orovovevsrer £250
BRAND NEW AND BOXED

DIFFERENTIAL PROBES,
(WITH 12 MONTHS GUARANTEE})

GOULD PB57 100MHz, 400v. x 10100
GOULD PBS4 300MHz, 6v. x1/x1{}

BARGAIN BASEMENT

SANGAMO S82 Current MEIST ..vveeecsiiniane £20
TEKTRONIX 106 Square Wave,
Sigral Generator .. - i £50

TEKTRONIX 191 Consums Arnphmde
Signal Generator
VARIOUS DYM'S..
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