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i Electrlclty and Magnetlsm? (Part 1)

by ";_Ca'rhoc_le Ray AP : :
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" duce them, and of course the electrical

Vo= A—*Rldlng on an electron-"'a relatlvustlc approach"to the nature of magnet:sm

3 b . = .y
" From 2 literary quiz: Whrch book ntle has have seemed ‘most unhkely at the tlme, as . - electncrty 'In radi¢ waves amovmg electnc'
: been chosen by the largest number ‘of electric currents needed “battéries to.pro-- . . field is. creahng a moving magnehe ﬁeld-‘

_duction to .
the more advanced and difficult treatises),

‘ners”, ete.,

T

> - authors?

My guess would be _“Electrrcrty and' g

Magnetism®, For this purpose I think we
might be allowed to mclude all those who,
cither to display their striking originality or:

_ possibly their sense of priorities, ‘chose

“Magnetism * and .Electricity”. These un- -
.. adorned titles have appeared on the covers
. 'of quite a’large number of different books,

and if we added (as well we might) those

really vain atiempts to disguise the essen-
tial -samengss of the subject matter by such ™ -

expressions as “Elementary. . .. .”, “Intro-
2 (a favourite devrce for

“Short Course,on..~. %, % . . .for Begin-
the total - would be qmte
forrmdable ot

Why is it that these two'thmgs are as -

inseparable . ‘bacon and eggs or

Morecambe. and ‘Wise?" Or rather, have K
‘become so? For both were well known . ,
separately for thousands of years as curious

but unconnected 'phenomena. During all

* that time electricity was noticed, as
.mysterious. atiractions and repulsions, and .

even sparks, when certdin substances (such,

"as amber—Greek: elekiron) were rubbed

together., This was what we call static
electricity—the

g _segregation of " ‘imlike -
" charges. - Current - electricity came much
later and at first was not identified. as .
" having_ anythlng to dp with it. Magnetism--
was , noticed in the naturally-occurring =
‘.‘lron-beanng inineral lodestone, and ‘was: |
' named after the A€gean districtof Magnesra,
where lodestone was found It topwag’an

L

affair of attractions and ‘repulsions, and -

when magnetism and static electricity began 3

to be. studied scientifically (17th and 18th-

centuries) it wds found that they conformed .
to similar laws, notably the laws ofi inverse.-
‘ ,squares

Meanwhile, current electncrty had been

discovered, and in 1820 .0Oersted estab- -
lishéd the first link-up by showing that - -
" electric currents produced magnetic effects.. .
" .Ampére, with prophetic insight, surmised
that the magnetic effects of lodestoné and -
other permanent miagnets might also be due -

to electric currents, on a sub-microscopic
scale within the magnet material. (This,
though mutch later it proved to be true, must

" nature of matter was then unknown.)

Faraday tried to perform the reverse

experiment, to. produce ‘an ¢lectric current
© bya magnet: He was unable to do this w1th

& stationary ‘magnet, but in 1931 he made. °

the .discovery that an electric current could
"be produced by a moving magnet, and in

- 5o doing he laid the foundation stone of

- électrical engineering, He also did quite.a
bit towardsproving that current electricity
is just static electricity in motion, so that
they are essentially the same thing. ’

The link between -electricity and mag- -
netism was tightened when Moxwell pro--

duced = his “famous equations defining

electromagnetic waves. More recently, ina * "
_ television broadcast, the. late Sir Lawrence

"Bragg remarked that magnetism is elec-

_ tricity looked at sideways. And so we come -

“to the question: Are electricity: and mag-
netism closely related but fundamentally

separate things? Or are they two aspects

of one thing, and if so what thing?

Does it matter? Scientifically it certainly”

does, and even. people who have no interest
-in ‘science that is - just- theoretical and
academic must -admit that today’s useful

.things have come out of yesterdays'

: abstract theory. Scientific progress‘is often
made - by ‘putting together “isolated facts

and finding that they ' fit, like a jigsaw -

. puzzle, .into some general de51gn Newton
-made -a big" step forward when he found

Law of Umversal Gravitation, This seemed

“to-be one' of those things® that had - to be-

“accepted as fundamental, rather than fol- .

" lowing from something eIse But “Einstein
. (of whom more anon) came along with
‘his General Theory.of Relativity, in which

. gravitation was a side effect. The. rest of his -
" life be was searchmg fora strll more umﬁed -

desrgn. -
‘Much in all those books on Electrrcrty
. and Magnetisni is devotéd to expounding

'

‘the relationships_between the two things, .

"They' appear as equal partners in a.beauti- ‘

fully symmetrical system of mutual support.

- Qersted showed that (What ‘was later dis- =

. covered to be) moving electric charges

,caused’ magnetrsm, ‘and -Faraday showed

that movmg or varymg magnetrsm caused o

e L
‘that a.lot of pieces.fitted together intoa ~ .’

and the moving magnetic field is creating

" the moving electri¢’ field, and who'is to say -

which comes. first or- s the more .

" fundamental? -

‘The most significant_ thmg that both do ; =
is:to produce forces: Thelodestoneattracted
iron filings, and the rubbed amber or glass .-

_ atﬁ'acted pith balls or bits of paper. These

forces %re independent of matter between -

*. the attracted’ bodles they.occur even across - -
: empty space... Whlch is very mystenous ;
- indeed.

We fry to dlsgulse our rgnorance by"

*saying that the forces aré due to electnc,.

and magnetic fields: But while that i is, con- -
venient for -discussing the facts it ‘adds .
nothing to knowledge.’ Although _electric
and magnefic fields (and forces) are similar

" to one another in many respects, there are.

some essentral dliferencee Y

o<—————d—-—>o
q-1'- e L%

’ erg l.q, and q; representstwo eleclnc o

charges concentrated at points. The force

. between Ihem is proportranal r0g; qz/d .

The startmg pomt is Coulomb’s law, .

: whrch says that two.isolated point charges,
-qr- and g, in_Fig. 1, separated by distance

d, exert a force onone another proportlonal :

2 a‘ . .‘g'
qlqz n s

E If the charges are of the same SJgntheforce L

repels them from one- another' Af unlike, it
attracts. Although there are nio ‘such t.hmgs
as point charges electrons and even positive. -
ions-are very close approxrmatlons to them.- .
-Fromr the- prmcrp]e that the toial force .
on a. charge is- the vector sum of all those'. .
acting, one can work out the forces between

‘other. &onfigurations of charges, sich as .

paraliel.j'plates. JFor convenience it.is all -.

" done in terms of the fields that are said to
" surround - charges. One- isolated point or

spherical charge has a radial field; parallel -
plates have a uniform field; etc: The force
on a point charge in"an electric field is pro- .~

“portional to the strength of the chiarge and
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-the.- mtensrty of the field (wrthout the L
: = _observmgthesethmgs N

1 started writing this article if in November :

1962, No; I didn’t forget about it orloseit. -

charge)

Theoretically” there is a counterpart of N

Coulomb’s Jaw in-magnetism, but it suffers

- the. serious: disadvantage that in practice -

there is nothing even approximately like an.

. isolated magnetic pole at a point. However, ,
, one gets magnetic fields of the same shapes .

* as electric fields, and theforces work on the
_sameprinciples.

Coming now to the link-up, we note that
*. a magnetic field has no effect on a station--

" ary charge, but directly the charge moves

it experiences 'a force. That is because a.

. moving charge (usually oneof many forming .

- a- procession called an electric current) .-
génerates a magnetic field, which reacts -

~with the magnetic field already -there, just:
‘as” the electric fields of g; and g, react on
" one another. So if two charges move relative
", to-one another they experience forces due

to both -electric and magnetic fields. This

makes things rather- comphcated But in-
-practice ‘we are inferested in . moving
charges most often- when they are currents
in wires or some othet conductor. Here
*gach movmg negative charge {electron) is.
exactly offset eléctrically by a posmve
". charge fixed in the structure of the wire.
~So the wire as a whole is electncally neutral,
and the forces that current-carrying wires
. exert on one another are wholly magnetic.
Correspondmgly, ‘when magnets' move
.they cause electric fields. We rely on this
very heavnly, asitis the prmcrple on whlch
power statlons work. . . .

Frg 2 Two pomt charges at B and C are
- .moving  relative to one another. The
" accounts given of this state of affairs by
: . -observers B fixed to B, C fixed to C, and
. A stationary at A, disagree fundamentally.

In trying to.summarize Electricity and
"Magnetism 'in a few,pa'ragraphs I have
: omitted to specify just what is meant by

“moving®. Take the two “moving?” charges,

! B and C in Fig 2. So far as an observer 4
- is -concerned they are both moving, but’ it
-observer B happens to'be travelling along

‘ wlth one of them he will say it'is at rest and
“only the other charge is moving. So his
- charge can’t be causing a magnetic field,

: so it can’t affect or be affected by the other
.-charge. magnetically: A disagrees totally -

with this, Observer C travelling with the
_ other charge -agrees with B so, far -as the
" absence ‘of any ‘magnetic reaction is con-
- cerned, -but disagrees flatly.-with him-on
which chargeé.is causing the.magnetic field
-that all three agree is present. -
. It should be clear from this example that
unul we can sort out this problem the study
" of Elgctricity and Magnetism is futile.
. -One thing we can say deﬁnltely is that
the 'velocities of " charge-cafrying: and

’ magnet-eérrymg‘ ‘objects, and' the kind -
" (electric-or Magnetic) and strength .of any- -

field present depend on the state of motion

e

. either in the mathematical -stratosphere .

. equipped - with. -means for - ]
-strength and 'direction’ of electric field (E)
and magnetic field (H) or, more likely, .

of a vast magnet (Fig. 3) which maintains

or non-motlon of the mstruments used for

I've been trying all this fime (or and offl)

to answer the title giiestion without letting -
* down .those ‘kind peopie who tell me they "

can uriderstand most of what I write. All
the treatises I could find on the subject were

or were too vulnerable to the persistent

questioner. Even riow I fear you may find

Ihave just added to'the number of thege.
Imagine that there .are two observers,
measuring

magnetic flux density B, which is equal to

-pH, p being the local permeability, They

are operating in the gap between the poles

.

[

Fig. 3. Two observers, O and'0', are .

- measuring electric and magnetic fields . -
between the poles of an extensive magnet. -
- O is moving along direction x with
velocity v relative to O: They too

disagree over their findings:’

a uniform B vertically upward. Observer

.0 is stationary relative to the magnet, but
¢ is moving away from him with constant. .
_velocity v. As fields are three-dimensional,

the observers need to agree on their “frames -

of reference”, having x, y and z axes all

‘mutually at nght angles as shown. ‘And to

make things as simple as possible x, " and
z' are parallel to x, y and z, arid O’ is mov-
ing along x which is in the same line as x'.

O reports that there is a positive B along-

his positive z axis, none along x or y, and
no E at all. ¢ reports the same with one

exceptron Hisy' axisis cuttmg the magneue .-
flux. "The well-known . electrical engineers®. -

generator rule predicts an_e.m.f. e equal to

_ Bvi, where [ is the length of a conductor

cutting the flux. But the é.m.f. is theresult
of a field E equal to: efl, which exists by
virtue of the motion in B, whether there i§
a conductor or not, So O finds an electric

. field along the y' axis,:and Fleming s right-

hand rule tells us that it will be negative
a]ong +y'. Inhis shorthand he would say
Ey,=—¥B,

- O, smce the, counterpart of Eis H,

—va

If there was also an electric field along the '
same axis, E,, detectable by O, the total

E} would be E, —vpH, . And if there was a

magnetrc ﬁeld H and also an E,, by the

LTI

- scientific

which gives us

same arguments we would be able to say

: | BLEtwH, . st
: But any magnetic component alongx would .
_ mot be cut by movement in_that: drrectron,‘ C

50 E. would bethe same ‘as: E if any.
Puitin g all these together we get :
. B=EsE=E—vH,; -

“ B —E +va m

Next we ask O’ for a magnetic report.
Having already considéred the possrble
existence of an electric ficld specified in

,magmtude and direction by E,, &, and
"E., we must be prepared to hear that o .
finds his movement through such a-field.
- causes ‘magnetic effects unknown to O.

Suppose, for-example, that the lower pole-
piece 'was .charged positively and the

upper one .negatively, so that there was a,

positive .E,. O’ wonld have reporied this,
along with anything due to cutting' a y
component of magnetic field, as in (1)
But, unlike-0, he would see the + and —
charges nioving past him in the -—x'

- direction. So far as he-was concerned they
would be electric currents, and the cork-

screw rule tells us- he. would see a mag-
netic field due to these currents, along-the
y' axis. Reference tothe textbooks would
confirm the Q' report of a magnetic field

.equal to reE, along the +y axrs, € beirig

the local permittivity. This is .in addition

. t6. any H, noted by O. Similarly, auyE—‘:‘ 3

would grve rise to a magnetic field — ve E,

along z besides any H, noted by O. But -

the existence of an electric field dlong x is
not seen by O as a current, so B, =H,,
Puttmg these together we have
FH=H,; H=H+veE,;

H —H veE 2

(D and (2) together are a complete for-
mula for .predicting how any combination

-of fields we see will look to someone else

moving . away from us  with constant
velocity v. If he happens to be moving

towards us, that is°covered by a negative -
. value. of v. And if his movement is not
‘along or parallel to our x axis, then all

we have to do is reorient both our frames

_ of reference so that he is. .
After that achievement we - may be' o
tempted to .put it away for (improbable)-
future reference; But if .we have the true
insisténce” on cross-checking -
- everything, we (O) will change places with

0" and solve our set of equations (1) and

- (2) for E and H, to see how our observa:

tions E' and H’ will look to the new Mr O.

For example, .we pick cut’ from (1)"
. : E’—E——qu : s W

and from it rmmedlately get. .
. E —E’+va —_— 3

Then, to deal with H, we ple out from (2)
H’ =H,—veE,

H= H’+VEE

. and substrtutmg this in (3) we get

—E’+va'+v EE,
So .
. E(l v*pe) E"+va’
and . :
+yuHl

_)'79_6 @

If we- are m empty space, K. a.nd € will -

be p; and e,,, the permeabrhty and
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permrttmty of * spaee, { or the
*“Constants as ‘one ought to call them, (For-
-our tomfort, almost the same values apply-
Tto arr) One of therr basrc relat1onsh1ps is,

po Eo _%I !

e bemg the speed of light in space. So we. :

. can substitute (1—%/c*) fof A=v?pe).
Either. way, this result isvery drsturbrng,

"When sve changed places with 0" we saw -~

- O moving with velocity —v along our.axis .
" x', Working out the equations for E and-

" H as we did for E' and H' from pos1t1on
: @ wé would expect thern to be the same

except for the reversal in sign of v and the.
mterchange of dashed and undashed letters.
. That is indeed’ true of (4) except for the

" " every equatlon mvolvmg v. But it oughtn’t
to! There is-a downright -contradiction

between the restilts of solvmg equations- ;
.. {1) and (2) to give-E and "H in terms of -

"E’ and -H', which gives us the intruder
“every tfime,-

a we derived those for F' and H'. ]
This is  quite -mad and lmpossrble'

Unless perchance the value of the infruder

turns. out to, be 1. But it only is when

Sp=0! Admrttedly any- practrcal velocity

even up to“rocket speeds is so much less

than the . spead of light that the’ dis- -
- crepancy 'would séem to be negligible. But. "

there oughtn’t to be anmy discrepancy.

‘between what G sees-of O" and O sees of .

rd

" :O; apait from the reversal of pl . 3 O

At léast we caf get nd of the lack of

balance between the sets of equatlons, M .
. -and (2), and their £ and H counterparts if, "
~we split the intruder into two equal‘parts

by taking its square root and attachin‘g this’

to all the equations. For, convenience we -

.. -can give thrs half—mtruder a smgle -
‘symbol, ¢ , ‘  ng s
o . ﬂ= 5

- o c’- . B Ry

+

Then our orlglnal (1) and (2) become -

Ei=E; B0, ~ SuH); Ei=B(E f-viH) }
H.=H, H=p, HveE,); Hi=f(H,—veE) 16

-simultaneous equations or by reversidg

the sign of-y to take account of the re-

. versal of viewpoint, we get a set corres-
pondmg to (5), with the factor B in the
same places

-That gives - them a nice symmemcal

- appearance, bif how can we Justrl‘y the
insertion. of #-when it has no place in the

_well-tried laws ofe]ectro-magnetlc1nduct10n .

' Whrch we used to arrive at {1) and (2)? ?*

It must be admitted that we are not the
first people ‘to- puzzle over ‘this. As long .

ago as 1895:the physicist Lorentz had
reached the conglusion that,_the Taws of.
- electricity and magnetism needed to.be

. supplemented “by "B before the estimates .~
made by observers in. motion relative to -

’ one another could be reconciled.

" This was one of the pieées that Emstem

put together a few years-later-to compose

hxs Speclal (or Restncted) Theory of )

space” .

" Blectron -in- Electronics”,
‘,Scroggle Chap. 10, (Butterworth -1965).

© 1B,
- fagtor ~ (1 —? p,,e,,) or 1. (1=y%e?);. We . -
wrll find this same factor mtrudes‘ into .

N “and  deriving. the inveise |
" equanons for E and H in the same way as .

s

Relauvrty Veloc;ty-lrs of ‘course length
 divided by time, ‘and Einstein showed that
the behaviour of ‘Nature could ‘hot be

.accounted for
quantitiés length; time and mass were,
as hitherto .assumed, independent. of their.

relative motion: You : .can, hardly expect :

me. 10 insert a complete: treatise ‘on this -
rather mvoIved subject: right. here, but
there .is" a simple explanation in “The
by M. G.

The main results are:

(1). Bodies moving relatwe to - the
observer. appear to him to have ‘shrunk
-in the direction of motron by the factor-

relative to .dn -observer appears to him -
. longer by the factor G than it does toan

.- observer movmg with it. .
(3) A’ movirig mass appears. B tzmes ]
" greater. than the same mass at rest relatlve

‘.

to'the obiserver.

‘any “absolute” status, all have equal
- status, so 'while observer A sees B’s . space-

. zshrp has shrunk in- the. direcfion he i§

going; according to (1) above, -B. notices

. . exactly the same thing about A’s. Assum- °
. ing théy have jdentical models, each sees .
" the other’s ship is-shorter -and heavier

'than his own and his clocks run slower.

- All very well, you may say, but aren’t - :
we- moving at .rather’ high -velocity away

from -our’ question . of which -comes first,

. the electric egg or the magnetic chicken? -

- Well, frankly, 1no.. We shall be needmg
Lorentz -Einstein : before Wwe've . finishied.
‘Meanwhile it may encourage us on our
way ‘to note- that. we already " have an

answer 'to the: title question.” It is-the -

very basis of relatlvrty ‘that no frame of -
reference has “any * higher .status than .

. another; in- othér .words, all velocmes are

'relatrve—there can be no fixed pomt
from. whichi to reckon; absolute velocrty

7 So ‘although in Fxg 3. Mr-0 says there is

ne electnc field, Mr O says there is,:and -

both are equally ‘right. - Although there- .

fore it is in practice convenient.to have

. .. . the separate names “electncrty” and “mag
and if we derive from these their E andH .
counterparts, either by solving the above )

netism™, they- are parts of one whole, in,
the way Bragg meant..

- As to priority, electricity must be a hot

_favourite. Electric charges are thing$ that
are there and can be manipulated-one by

"~ one. Unlike' those apparently absolute

things, length time and mass, electric -
charge- is absolute and: unaffected by
velocrty or anythmg else; Tt needs no
. magnetic or other- actlon to brmg rt mto
existence. .

How “about electrrc power generators, o

which depend ‘on moving’ “magnets? Well,
it is true’ that .they need these for
separating -already exrstmg charges of
_opposite sign. But it is not.the only way.of _

doing that—there are - such - things .as .

_batteries. arid raprdly—taken-off nylon
underwear—and anyway the ‘magnets rely
wholly - on electric currents in’ the. first
-place. Even Jpermanent magnets . owe
their magnetrsm to. mternal cIectrlcal
'actron e e

exactly if the basw-

) The tune mterval between two ¢
events’ occurring ‘in' a system’ in motion

(4) Because no frame of reference has "

-'i§ a slimmer volume .

- 8o we .can conc]ude that eIecMr:gty is |
ﬂne fundamental thmg and magnetrsm a
by product 2 :

‘Can ‘one go" éyen further than that and
say that the two things are the.same—
-the forces- that- pull magnets together
“and activate' magnetic compasses and pull -

* electric motors ‘round (or, in the case of

- Professor Eric Larthwarte strarght along)
are identical’ with the electrostatrc forces
that  draw " pith balls and’ gold leaves’
together in eIectroscopes and make the

‘ raprdly—taken—_off vest behave as if it was

trymg to- ‘et back on aga1n‘7 = .
This - seems obvmusly going too far,
-if- it were ‘so, how is it thdt one can-
distinguish between. electric and rnagnenc ’
~fields?  An- electrically: charged droplet
placed in an electric field is urged theteby. .,
into . motion, but if placed'in a° magnenc
- field it takes no notice. .~ °
“This ~ dehcately poised state ot' our' 3
. inquiry is perhaps the right moment-at .

- which, as Réginald Bosanquet Would say,

. to take -the break. Be with us in ‘Part 2-
‘to see the answer-to the question, how °
is it possible to_hold that things. which-
-can be distinguished are the same. '

P

o

slxereursAgo :r‘f‘

: ,’ The leader page of the September 1914 1ssue

voiced a. problern which. has recently become a
_ - familiar . one_ again but for'a differetit' reason.
“Our. readers will, notice: that. the present;ssue
. due to the anticipated. -
shortage of printing paper, whrch is one of the -
consequences of the war,”
Elsewhere in the -issie the war. occnsrona]ly
sank into the hackground KX.G., relatmg,hls

. experiencés with a kite aerial, “Found fhat.a-

. two-foot kite would take with ease a 36-gauge.
. 600-foot .aerial -in a normal wind and keep it
there without any trouble.A stouter -aerial is-

" somewhat better, but has the disadvantage of

requlrmg a larger. kit€, and should a gust of =~
_wind raise the. kite suddenly there is a danjer -

* of its soaring off with the receiving set.”

Finally, who can argue with the unfathom-
able depths of wisdom which concluded a piece
on psychology and- telegraphy “In conclusron,
the sub-consciciis mind may be likened fo the .
phonograph. The 1mpressron made- upon the
wax record has a conscious source, and from
~ the récord: it. s reproduced mechamcally” :

7 Pardon"

Correctlons e

“Electronic lgmhou tecllmques” In the artlcle
‘of_ the above title | m‘ our Iuly issue the-address .
_ given for Futuré ‘Teematics in' reference No. 6«
should be 4 Arkwright Road, Launton In-

B dustrial Estate, Blcester Oxon s

"In the article “Coloursound System" by TR

_Penketh, May 1974, pin 4 of the first amphﬁer )

© o in Flg 7 shiould be connected to line 10 not 9
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A short artlcle on the baslcs of transmlssmn Imes, mcludmg a derlvatlon of several equatlons..
- Construction details will be of interest to anyone considering bulldmg circuits in stripline form.
The title is based on a suggestion by Francis Crick, recordeéd in the book The Double Helix, by -
James Watson, that- he would write-a book on Fourler Transforms for the non-mathematlclan to
be entltled Fourier Transforms for the Birdwatcher”. . - .

v

of the line, a wavefront will propagate
down the line at a speed and with an
. attenuation determined by thé propagation ,
con_stant The current flowing into the e

"For many . years considerable effort has . 4
been ‘devoted by the electronics industries

. and . research - laboratories. throughout-.- -
g the ‘world to developing and perfecting -

" transmission systems capable of handling - - | line is-simply the voltage divided by the. o
.the rapidly - increasing -communications » . - o characteristic impedance. If we now apply‘ i vt
" traffic.. Britain, -France, America and | . - a- sinewave to this line, two points- - ..
.~Japan amongst -others are = developing’ b - I - separated by a distance x will haveaphase~ < B 7 AN
- . systems. which will operate on overmoded difference between them of 27zx/A,atany. '~
. TEy,; circular “waveguides ~in- the range — instant of time; 1, is the wavelength inthe = .
~ +30-130GHz, the intermediate frequencies ‘transmission line at the applied frequency. -
for this equ1pment lying in ‘the range .. There will also-be an attenuation in ampli-
1-5GHz. This is.a compromise between .tude. These two components are combiried’ ’f

. the bandwidth needed to cope with pro- - . by stating - that the wave propagates as
e, where yY=a-jB, e="" is the attenua- -
tion - component, a measured in Nepers/
metre and .e~#* is' the phase vanatlon,

'+ jected . rates- of digital transmission per
channel -and ‘the rapidly i mcreasmg costs of
. amplifiers as the frequency is raised.

- .Japan has chosen 'a starting frequency of : s . o .- | 2n/A;radians/metre. . .
4GHz whereas Britain has chosen 1.25GHz. Fig, 1. Transmission line methods of = | "~ - _Fig. 2 shows an example of aforward
" ‘Many -of the techniques involved at these | construction (a) stripline, (b) triplate,. : propagatmg wave, and a wave travelling in
lower frequencies have applications in the () coaxial. - .. the reverse direction due'to a generator at: o
" Radio Amateur bands at 23cm and above | | - : . i the opposite end of the line which wil - -
which. at present are little used. The - ' progress as e”. Due to these two waves we .. . ¥~ -§:
frequency range quoted -is conveniently '_ < & % ) will have-a .total voltage and-current at -~ = ' .°
, covered by stripline or microstrip, the . : o . any.point on the line given by o
lower - freqitenicy being limited" by size. o ' R T e s F SR
considerations of the distributed elements, V=V +§_ "+ V_.el - & A —'{
. the upper by losses which can rise rapidly i : IpZy=V,e " — V_e™ ... (10) . IR
with, -the substrate materials ‘available for = | TR e backward - _ N
amateur use at a reasonable price: - The voltage measured across the lineisin - .
Fig. 1 shows the method of construction Fig. 2. Forward and backward reﬂected . . the same sense for both waves, whereas - . f
of three types.of transmission line which; | waves on a transmission line. . the current ﬂowmg is of opposite sense. ’
' may be used at these frequencies; triplate - | o : For our purposes we can usually neglect {
and -coaxial lines have the disadvantages ~ | =~ - » ’ - the attenuation of the line and consider
that-thé final circuit -form is relatively . |- - - ) ' only the phase variations. D e
. permanent; not-easily adjustable and diffi- . . cm R - ’ - In the Appendix the impedance has - =~ ;=
- cult for moiinting discrete .components.. LT ' . g e been derived | at, the input-to a line * g‘

None. of -these disadvantages apply to .
strlplme and for this reason' it has been Ly
-cliosen " as *the transmission medium.. In: -
.. addition;.- its. ‘construction is compatible

_terminated by an -arbitrary load. From

this we will consider four conditions of 55y
" termination which are of further interest. .~~~ {
Fora correctly termmated ling - - e »

with printed circuit techriques which are | - Na : .f A : e £
alreadyfamlhartomanypeople - # z —Z -z —Z o, e B . S
~.A transmissior line may be characterized’. Fzg 3. Simple means OffO" mmg GPOWB" L7, S0 _ AR~
: by two quantities, impedance and pro- | SPII“‘”' ' R e forashort-mrcthL =0, Z,N——_]Zotanﬁx,

_pagation .constant. These can be under-"~ |, - - - . : o
. stood by considering- an infinite. length of | - g ST L A | .,(for an open mrcmt&_m, ZN _JZO cotﬁx ST
lme On applymg a voltage to-one’ end,: - \ — e e e / _ -andlfﬁx—nlz Zm o/Zr, g, > # g
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Rldrng on an electron a relatlwstlc approach to the nature of magnetlsm

.

t?y{'Cathode Ray"” _' v

Last month we asked whether electnolty
and magneusm were . two separate but
related _things or just two faces of one
‘thing and if so what thing. We discovered
that what to .one _experimenter was a
wholly” electric * field was ~seen - {(quite”
- correctly) by another to be accompamed :
.by a magnefic field. -And vice- versa.
. The cause of the disagreement was the
fact that' the .observers concerned were -
" moving relative to one another. And

‘when, -using the ordmary textbook laws "~

of electricity and.magnetism, -we worked
out a set of equations for converting the
_ electric and magnetic field specrﬁcatlons
. .4t one position to those at another in
relative motion, we found a discrepancy,
which could only be-elithinated by intro--

‘ducing into both séts of equations a factor 2

we denoted by B (some people call it ),
equal to « g ;

. 3
1t
]

in which v -is -the - relative velocity of ‘

motion and ¢ the velocity of light and
radio waves in space.

This was very interesting, because by a
simple approach to the problem through
well-known elementary Electncrty we, dis-

covered the: necessrty for what is also.the -

essential factor in the Lorentz transforma-
- tions relating Tlength, mass and time in
Einstein’s .Special. Theory of Relativity.

This * theory, implausible’ though it may

appear, was the only_escape from certain
discrepancies that exist if one assumes -
that these basic quantities are the samie .
for all. One of these discrepancies we

found for ourselves in electro-magnetism. .~

Another, is the fact- that the speed of

- light in space (¢) is found to.be dlways -

the same, regardless of-the velocity of
the measuver of of the source of the light.
This seem$ as nonsensical as if a person

" trying: to-stand up in a racing car, and -

another motionless on -the track, both
-reported identiéal: wind velocities. - But:
it is an experimental fact. And we have -
found that the factor 8, ‘which defines the
effects of motlon on .length, mass and
time, does the same for electrrc and
magnetrc fields. - —
Suppose we have two cathodc—ray
tubes side by side. The dotted lines in -
Fig. 4 represent the two rays .or beams

wires. electrons *

= SoA

h 4

-Fig. 4. The continuous and broken lines
represent respectively. the wire and cathode

. Tay parts of two parallel circuits. Some

curious results are obtained when the
electric and magnetic, forces between- -
cireuits are calculated in d{'ﬂ'erent.lvays;

consrstmg. of streams of electrons rrrovmg

- from Teft to right, This is-happening in-a

part “of each tube between anode and

~ sereen at-the same potentlal so the velo- -

city, v, of thé electrons is constant. The .
charge on one electron is e (1.6 X 10-19
coulombs) so, if there are i electrons per
metre length of beam, the current' (D), being*
the total charge passing a ﬁxed pomt pet
second, is nev amps.

Now consider the wires - carryrng th1s
current to the cx. tubes. They have been
‘laid parallel to one another "at the same
distance apart {d) as the electron beams.

- These  wires are -electrically. neutral or

uncharged because for every “electron -
there is a proton formmg & fixed part of
the structure of.the wire. So the negative °
and posxtwe charges 2xactly cancel out.
So there is no coulomb or electric force
betwéen the wires.

 The textbooks teil us,. however, that -
because of the magnetlc .interaction_ of "
currents two parallel wires carrying cur-

rent in the same direction wrll attract one*

another with a force equal to

uien) . ? newtons -
per’ metre of ~
Znd 2”d wire, . © - P '(6)

u being the local permeability,- normally .

o 4 .
uz newtons per metre -
2med -

€ bemg "the local permrttmty, normally

the “electric space constant” e,. So there

will be & tug-of-war between these forces.

It is easy to predict which will win. “Thé

2rr €p d oIJo

So, lookmg agam at (7) we see that the

ratio of magnetic 0 - electric- forces ds .

eapov We noted last nionth that Eolo=

1/c? ¢ being the speed of light; so- the ratio -

is v’/c" The electrons can riever move as
fast as ¢, so, the électric repu1s1on always

@ |

|

i
i

“magnetic attractlon (6) can be arranged as-

wins. Fven in a hrgh-voltage c. tubg vis

much less than ¢, so ¥?/c? is a very small

- - fraction, and the total or net force s nearly -

. all electric. . J

Combining the expressions for the sepa-

be writtenas
e » ]
- = 8
ere,,d('_ cz) @

If the term in brackets looks famrhar it is
because it is closely refated to-the relativity

" factor, f, which we have just repeated

from Part 1. So yet another version of
the net force per metre is

-1 //32 .
2me,d

. which we can Wwrite more briefly still as -

the 1‘magnetlc space constamt”,” p; Al =

though the electrons in the-beams are

-travelling enormousty faster than those'in

the wires, they are much more ‘widely

-spaced, and as I is obviously the same at

all points in the circuit we.see that ney
is the same in both places. So the beams
too will be magnetically attracted. And
they would consequently deflect them-
selves towards-one another, were- it not

that here there are no protons to neutralize ~

the = negative ° charges of "the- electrons.
Bemg of like sign, the beams will repel

one dnother, and the textbooks tell us
that this force is- \

20,

k being the electric part of the force. Un-

less v=0, j. is always greater than 1, so we
see that the net force (though positive,
showing conventionally that the électric

repulsion prevails over.the magnetic at-’

-. rate forces. we see that the total force can

traction) is.less than if only “the électric -

force operated.

So here we have turnmg-up yet againl-~
We originally saw it creeping into the

situation where we found that what to one
observer was-a purely electric field was to
another observer in“relative motion a mix--
ture of electric and magnetic fields. Then
we noted .that. it was the essential factor

" in the Special Theory of Relativity. And

now ‘we have used textbook “Electricity
and Magnetism” to find that our two

tlectron. beams acted on one another with

a mixture of electric and magnetic fields
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‘fand forces. But when we jumped on.to an
\electron, 8o that -all the electrons were

'(to, “us) . starding still, there were no
‘electnc currents, so. no magnetism, and

the only force was what we are now call-

ing (for short) . Back in the lab., we were

- aware of the beam currents and the conse-’

" quent magnenc force, kv? /2.

So here we have a discrepancy between

the force between the beams as measured

tat .rest in the lab. (electric® repulsion,

slightly offset by, magnetic attraction) and
as measired by someone -moving with the
electrons, which to him are not a current,
so_magnetism doesn’t enter in and the

*,

 electric force is on its own.

But we have been using ordinary text-

: book formulae for these things, all innocent
.- of relativity, So we naturally suspect that

“w

this - ‘discrepancy is another .of those
encountered vwhen Einstein is 1gnored The'

. discovery - that the discrepancy is g*

makes the suspicion a virtual certainty.

So let us take account of relativity..

T <] @ 2] 3
oY 5 o+ o= -
T -

HE
d e cx:—i-E ] .
E o

] . @ 8 2] 5]

B B 8 —> e—.. 85—

Fzg 5. This is an idealized model of the
paraliel wirves in Fig. 4, showing the
prolons & and electrons ©.

lTig. 5 shows a sort of.simplified model -

of the electric charges in a short section
of the parallel wires. The charges are

_assumed (o be distributed along each wire

with a density » (of each kind) per metre.

So the charge per metre is +ne. The pro-

tons or positive charges, being parts of

- the wire, are fixed. The electrons are

supposed to be moving to the right with
velocity v. (So the current, by cenvention
flowing to the left, is equal to nev.) Without
relativity one would say that as there are
equal numbers of positive and negative

charges on each wire it is clectrically

neutral, so there is no net electric field or

force between them, But because the elec-

trons are movmg relative to the protons,

.we do have to take account of relativity.
. Let-us divide the force per'metre into four

parts:” .

(a) Between the two lots of protons
(++)

- (b) Between the lower lot of protons

- . and the upper lot of electrons (+ —)

(c) Between the upper lot of protons

and the lower-lot of electrohs(—+)

(d) Between the two lots .of electrons
Eorce (+ +)isa repulsmn, sois +k
Force (+ =) is'an attraction, so is —&
Force( +) is an attraction, so is —k

All 'these are’ as seen by the fixed pro-
tons, or by ourselves usmg smtable lab.

: gear..

No question can arise about (+ A,
because all the, charges concerned are-at
rest refative to.us. But what about the
moving electrons;” doesn’t some relativity
correction. have to'-be made where they
‘are- involved? However that may be, the

essential fact is that in our “frame of

reference” (callit 'S) all the electrons pass

_the protons simultaneously, so they 1 must

be spaced the sameé. distances apart, so _
their charge densxty must be the samé
as that of the protons and the normal
calculation for & holds good. Wé see that
the net result of all three forces (a) to (c)

is —k.

Calculation of the last one, (—=), is
different though. To éstimate this force

. we have to,.run anngsuie the electrons,
in their frame (S"), where they are station- _ -

ary and we can apply the electric force
¢quation qu1te normally, 'so long as we use
dimensions that appIy in S’. The only
factor in k that is subjéct to relativity. is
n, the number of electrons per metre. (d
is at right angles to the direction of
motion, so is unaffected.) The rest of k,
e-/27re,,d -we can abbreviate for con-

- venierice to p: We shall distinguish the

electric force of repulsion between the two
sets ‘of electrons in S” as /7, and the elec-
tron density here as n’. ' '
It might seem reasonable to argue that
as the protons in S see the moving elec-
trons. spaced the same as themselves

- (because the coincidences in distance also

coincide in- time) the electrons in $' see
the (to "them) backward-moving protons
coinciding likewise and.- the spacings
therefore equal. And before Einstein this

- argument certainly would have been un-

assailable. Even now most people find it
obvious -that if two events, such as
electrons . passing’ protons, occur exactly

" simultaneously (as seen, say, by some-

one stationed midway between- the two
events) they must* be simultaneous, full
stop. But Einstein showed that they are
not simultaneous so far as anyone in
relative motion is concerned. So if, having
checked that when we are stationary -
relative to the protons the electrons coin-
cide momentarily with them simultaneously
all along the line, we transfer from S to
S’ by moving along with the electrons,
we find that this is no longer so.

The first thing that we notice when we
settle down in our new .abodé is that the
protons are moving past with velocity

.—7. And because distances in a moving
. system (in this case S) are reduced by

the factor 1/8, according to Lorentz, the
protons look closer together than they did
when we were in' S. And therefore there
are f3 times more of them per metre. But

that observation is really quite irrelevant, =

for we have done with the protons now

- and must conceritrate exclusively on the

. (a) inS
3 D T @ ]
-V 8-—» S [SX=3 S—
G
B
1]
-Pat—

—T 0 0 =0 0 5
e B

()

Fig. 6. Insystem S, in which the wires in

. -Fig. 5 are stationary, each wire looks the
same as in Fig. 3, (a). Butin spstem §', ~ -
_ in which the electronis are stationary, each

wire looks as at @). : -

- Je=f —(?1') P* (—)zp—n _p(l—_)—

- Being negative it is conventionally a force

- actually
. because one- could distinguish between *

S =) e -~
in3 =

]
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electrons We see. these ‘standing, stlll so
their distances "apart are, not* subject to*

'_: Lorentz contraction. But they were so
sub_]ect in S, so we can now say that in

§' the dlstances beétween electrons are
decontracted, -Or - -expanded. So. there are’
fewer electrons per metre. Because the

distances between them are 8 times greater. -
than in S, the number of them péer metre

must be Il,b' as‘many as in S:In symbols,
n’—n/ﬁ Fig. 6 shows & piece ‘of one. wire,

- as it appears in S and in 5",

Because the electrons are standmg Sl:lll
il S* we can ‘use the standard equation, ..
for the repulswe force per metre between
the two wires Wwithout any relatmty comph—

-cations. In our abbrevxated form it'is

Ji=eyp
Having taken that in, we get back into
S. 1t is a principle of the theory of rela-

] t1v1ty that the laws of nature are the same

in all inertial systéms, which means systems
that are not acceleratmg ar deceleratmg
So :

~

k(l—?-)

Ifwe add this to the sum of the three forces -
(2) to (c), which. we found to be —k, we
get as the sum of all four forces

Yo (revy’ e b P

i
— K=z, 0 — ]
¢ 2md - 2md

of attraction: In fact, this is.the standard
formula (6) for the magnetic force of
attraction between two parallel wires
spaced d metres apart and each carrying
a current 1 in the same direction. But from_
the way. we arrived at it, # is a pz.rrely
electrical force, due to an inequality in
the: balance ‘of positive and negative
charges in the wirés. when both dre carry-
ing current and ‘account is taken -of
relativity—which we found we had to'take
into_account last month in order to make
sense of our assessments of fields existing
in relatively *moving systems, on a basis
of schoolbook Eléctricity.

We also noted for+future attention the
voice of the sceptic who declared that’
magnetic - forces couldn’t possibly * be
the same: as electric “forces

them by experiment. In particular,-an
electncally charged . droplet floating in
space is attracted by 'an opposite electric
charge, but is -totally unaffected by the
strongest magnetlc field.. We now see that,

this argument is . fallacious. - The- reason -
" the charge doesn’t respond to the “mag-

netic” field is that it is stationary therein,

. so it'sees an exact balance befween the
. posntwe and. negatlve electric charges in.

the wires energizing the imagnet, even’

though one_lot of them is in motion. But
directly the droplet itself moves it is in_... -
* another frame of reference and sees an—,

inequality of: charge” and - therefcre an -

-electric ﬁeld which_ deﬁects “it from its / N
. path.. ;

The title’ questxon,

then, he'/ ‘_

Eoe
o

v

)
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T - answered by the conclusxon that “magnet—

ism” can be -accounted for by purely -

" electric attraction and repulsion. Of course,

5 this conclusion ‘has been reached only for
ong - simple case—para]le] Wwires carrying.

equal currents in the’ same diréction—

but the principle is the main' thing, The

F‘_  same demonsl:atlon can be very easrly-_'
. adapted t& -cover currents flowing in oppo-

site’ directions, giving a force of opposite
. sign, "repulsion. It+is only a little more
~ complicated -to mclude unequal currents.
Jdri this .case there- are ‘two different
: electron velocmes,l say- v and and
.instead of »?.in the numerator we get v
This shows that there is no force if etther
current is zero. It is notlceably more.
difficult to deal. wnth charges moving along -
non-parallel paths, and if you want to 80

Electricity via- Relativity” by W. G. B.
Rosser, Chap. 3 (Butterworth, 1968} 3
Having discharged (if that is the right

- word) my brief, I ‘might now be expected

: to conclude the whole session and release

3 you to read more interesting parts of this’

issue, But you might just find it worth

-while- to -tarry’ yet a few minutes while

together we do some’ rather remarkable
‘arithmetic, ’ 2

. In our Fig, 4 the current in each. clrcult
" will probably be less than 1mA, and the .

forces between beams and wires admit-

- tedly small. So let us take an example

See

*able; say 1 amp flowing" in each wire

. having a cross-sectional area of lmm?, We
p know the currént is equal to rev. Any book -
- on electricity will tell' us e=1.6X10-%
1 ~—=mmcoulombs: And some books.will tell usthat
in copper there are roughly 10° movable
eiectrons per ‘cubic. metre; Tn a metre of

. our wire the volumei is 10~¢ cubic metres,

so 7 is.10%. From nev=1, then, v i§
. ]/(1023 X16X 10"9) or about 6.3 X 10~

metres ‘per second,. or -0.063 millimetres
} . per sécond. Compared with which, asnml
: seems to be in a‘tearing hurry.

"Seeing that the-effects of relatmty can
normally be neglected even at supersonic
- jet speeds, can it seriously’ be maintained

that velocities of .this minute order can
- result in forces sufﬁc1ent to drive electric
- motors? We found the'ratio of “magnetic”

néutralizing effect. of the protons this
would apply to the wires too, The ratio of

_ forces would be (6.3 X 10‘5 )2/(3 X 103 )2 ;
T or4.4x10-%1 ’ .
. This' figure begins to Iook less utterly
mmgmﬁcant if we take the trouble to work.

well by now that it is k, or.? & [2me  d.
n is,roughly 10%; e.is 1.6X10-7, €, is

"0.01'metre (i cm). Then the force is 4.6 X
. 10% newtons. Or 46,000,000,000,000,000
xms! It is to this that the 4.4x107%
* ===atio-has to be- -applied.-So the “magnetlc
force turns out to be anappreciable2 X 10~
newtons, or 2'dynes"Which is the same as
you would get -by: using the traditional
- formula *for -electrical .attractlon between
“-' parallel wires (equation 6). " E

-

“into. this I suggest “you study “Classical -

where the force should be quite appreci— ]

" silicon

to electric force between the beams to be -
vfe?, and were it not. for the ‘charge-

out the unneutralized electric force per -
_ ¢ metre of wire in our example. We know.

. nearly 9% 10-1%; and let us suppose d is -

ATTENUATION (dB/km)-
. 3
T

Low—lnss optlcal fi hre

has resulted-in recent dramatic reductions

siderable expenditure and effort in labora-
tories in this country, as well as abroad,

' Interest .in the potentlal use of 0ptlcal‘
fibre waveguides in-the telephone network,

" _in fibre-attenmation. Theére has heen con- -

which ‘has “produced -silica-based fibres.

with remarkably low losses of around -
2dB/km. Groups at Standard Telecom- -
runication Laboratories, ‘Bell Telephone . -

Laboratories and Corsiing Glass Works

produce an optical guiding striicture,

-~ have used either germania or boric-oxide - )
- to modify the properties of silica to

However, a research team led by Pro--

fessor W. A, Gambling at Southampton
University has produced a new. type ‘of

fibre' with similarly Jow losses but based:

- on an entirely different: and unexpécted

material. The process by which the fibre .

- is made is also new and has almost entirely
"eliminated -thé sharp ‘ absorption bands, -

associated with “water” impurity in the

glass, that have affected most ‘other fibres. .
-~ This- new solid-core fibre has extremely -

low loss over the entire wavelength range
0.4 to lIym with minimum values of

neodymium laser wavelengths.

- 'The fibre has a core material comprising
a phosphosdlcate (P, 0;/8i0,) glass.con-
tained ini a pure silica cladding." At first

LI

"'2dBfkm at “the gallium arsenide- and . -
. time. It is still- the .best liquid-core fibre

sight, this is an unlikely combination since .

-glasses -do not exist in- bulk form having

such a: phosphosxhcate composition, The -

big advanfage is, showever, that. the. addi- -
tion of phosphorus pento:ude to silica -

does mnot increase -the . absorptmn ‘and .
" scattering losses as, is- the case with some
of the additives " (eg, germania,. titania) -
- used by other workers. Further phosphorus
is an abundant element, easily avallable p
- and relatively cheap. ’

To produce the phosphosxheate glass

& new ftechnique comprising “controlled

chemical-vapour deposition has been
devised. The starting materials are purified
fetra-chloride” and phosphorus
oxychloride, which- are vaporized, mixed

with oxygen and passed. through -a tube of '

“silica cladding. glass, The tube containing
the flowing gas mixture is traversed through
‘a fibre-pulling furnace which is operated
at an -appropridte temperature. Simul-
.taneous oxidation and fusion occurs so

- that o . clear phosphosnhcate ‘glass "is
" deposited on' the “inner. surface.: A suit-

able “thickness is obtained in about one
hour. The cqrrrposite'tube is then collapsed
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+ developed
: fumace Operatmg temperature, which can
" be in .excess of 2,200°C, is monitored by
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and drawn into a fibre usmg a spec:ally- -
- graphite - resistance-heated .

-a thermocouplé to allow accurate control

- and tepeatability. The fibres typically. have

a core- diameter of 50pm, an overall
diameter of 150pm and are drawn in

Tlengths of about 1.2km, Numerical aperture

can be vaned up to 0.18 or more as

..desired by control of the relative concen-

tration of phosphorus pentoxide in the
core. Either a uniform, or a graded
refractive index ‘can be prowded in: the
core.

- Even though the loss a]ready achieved

- is extremely low it has been- shown that
. the phosphosilicate, core’ material is' -
- capable of further improvement: It is confi-

dently expected thit.a transmission loss of

. about 1dB/km will be achieved w1thﬁ1rﬁ1er

purification of the starting materialsr
-In" addition to ultra-low loss the fibres °

exhibit very low values of pulse dispérsion

and-are capable. of bandwidths' of more

' ethan a gigahertz over lengths-of. 1km.

~ It will be recalled that two. years ago
the Southampton group announced .a
liquid-core -fibre. having the lowest loss
(5dBfkm) for.any type of fibre at.that

that ‘has been produced anywhere and a .
1km length was used to give the ‘world’s
first transmission of 4 live colour televxsnon
programme by the BBC.. =

Sixty Years Ago

From Wireless World Qct. 1914 .

The Amateur’s Wish e

Alas, Poldhu! thy blaring bugle nofe a
Which oft at midnight pleased my list’ning ear;
And Clifden, too, thy mighty waves which float .

- Five miles apart, wide wafting signals-clear,

For me are gone, My ’phones no longer sing .
The music which was prompted by your sparks_

", Nor can they tell, if still ye nightly fling

Abroad, meteorologrcal remarks. -
My watch ticks on, unchecked; I cannot fix * .-
Its hands to Greenwich time, and set it right,
For Paris purring, “tas” and *“tuts™ and ““ticks”,
Ne’er reach my ears. My aerial’s gone from snght,
Gone Cleethorpes’ mystic messages that thrill,
Abpd'turn my thoughts tc men, and shlps, and
might.
Gone, too, Madrid, whose plamtwe whlstlmg
shrill

- I've heard, with stra.mmg ears, across the night.

My jigger lies; with coils and aerial-lead
In tight-packed drawer; it can no longer slide

.+ To tune, helped in its work, to let me read

.Far signals, by condensers on each side.
-Sliall T complain? No, never! From it far, -

Such hobbies now mist al aside be laid

Since I have heard the “ta-te'ta-te-ta”
. My country sent to call e to her aid.

And.so instead I'm tuning up a gun,
And learning how to shoot, to march, and wait
‘With hope, to help:in things which can be done

- By those who-turn to drilling rather late.

And if Pm called away to leave my home,” - .
Should 1, before I go, just take a peep
To see that all within my wireless room .

" Is right, I know this thought will on me creep. °

“When peace -again-doth reign,'and war is done,

God grant my “pliones may-sing of victory

In notes that spell the words of England’ -
tongue, ’

* Sent out by British hands on Norddeich key.”

Aylmer A Lla.rdet.




British satellite laumch ’

The second model of Britain’s Skynet 1I,
the first operational communications
satellite to be built outside the USA or
Russia is due for launch ' from Cape
Canaveral in November by a Ther-Delta

rocket. Coupled with this in Britain’s space

" achievements is the scheduled launch of
UK 5,-the latest scientific satellite in the
collaborative programme with NASA.
This advanced X-ray satellite carries ex-
periments provided by British and American
researchers, and is designed to carry out the
most comprehensive invéstigation yet
initiated into X-ray sources in deep space
including phenomena which might explain
the existence of “black holes™ in space.

Skynet IO. This satellite w1ll carry
British defence communications over an
area from the UK to the Far East. It will
replace. the smaller, US-designed and built
- Skynet I satellites. Skynet II is built in the
form of a eylindrical drum with solar cells
covering the entire curved surface. It
measures approximately 78in long with
a diameter of 75in, Launch weight is
about 9601b. 3

Transfer of the satellite from its original
highly elliptical orbit into synchronous
orbit will be achieved by firing a solid fuel

Skynet IT undergoing check-out at the
Marconii Space and Defence Systems’
.. Portsmouth spacecraft factory. '
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apogee motor contained in the satellite. The
complete satellite -will be spin-stabilized
at about 90 revolutions per minute from the

" time second-stage burning ceases. How-~

ever, once in synchronous orbit the com-

" munications antenna will be- de-spun and
: . controlled . to point constantly at -the
Earth.

‘During the initial manoeuvres and up to
the time of its final positioning, the
satellite will be controlled through. an
almost omnidirectional aerial system
consisting .of an array of cavity-backed
dipoles operating at S-band and mounted in.
a single strip around the complete circum-

- ference of the satellite. Once the synchro-

nous orbit has been achieved and the satel-
lite has been turned into the corréct posi-
tion related to the Barth, a single horn
antenna mounted on the spinning axis of
the Satellite can be brought into use to
provide the main communications furiction
of the satellite. This, antenna, whose beam-
width is sufficient to cover the entire visible
portion of the Earth’s surface, will be
mechanically de-spun_ and aimed at the
Earth’s centre. The S-band multi-dipole
aerial will then be used to monitor all the
functions of the spacecraft and to transmit
commands to it. ;

UK'S. This all-British satellite was scheduled
for launch by a US “Scout” rocket from
an ojlrig-type: platform situated -three
miles off the coast of Kenya. It is the first
British satellite to carry a core store system
for processing experimental-data before it
is transmitted to the ground and will also be
the first British scientific satellite fo use
pulse code modulation for the telemetry
link, UK 5 will carry a scientific payload

-of six X-ray experiments into a near, equa-

torial orbit and should remain operational
for at least one year. The experiments on
board the satellite are designed to locate
cosmic X-ray sources, including pulsars,

- and to measure their spectra, period, vari-

ation and polarization. The experiments are
as follows: méasurement of X—ray sotrce
positions and a sky survey in-the energy
range 0.3 “to 30keV, University College
London; sky survey in the range 1.5 to

"20keV, University of Leicester; study of

the - spectra of individual sources in the
2 to 30keV range, Mullard; measurement

"~ of the polarization of X-rays from 1.5 to

8keV, University of Leicester; study of
sources of high energy X-rays up to 2MeV, -
Impenal College, London, an all sky moni-
tor in the energy range 3 to 6keV; Goddard
Space Flight Centre.

The results of the .six experiments will

be fed in digital form through an interface
unit into a data storage system. This will -

store the information gathered during each
orbit and then transmit it to the ground as
the satellite ‘passes overhead the receiving
nétwork. Commands will be transmitted
from the ground providing instructions to
the spaéecraﬁ: and its experiments for data
collection in'the next orbit,.-

don -
Skynet II was designed.s? s 4ilt for the

& ipace and, -
Defence Systems Ltd_Z Fsoprime. .-
contractors for U’_ ;

Wireless World, Octoteth

Supernova probe

The United States and: Great Brltam areto -

undertake a’ joint rocket mission next June
to aim an'X-ray telescope at the remnarts of
a distant supernova. The project calls for’
the. launch of a British Skylark sounding
racket from the Woomera Rocket Raﬂge in,
Australia towards the Puppis A supernova
remnant, an. object of 1ntens1ve study for
several years.

A supernova can originate in alarge star
at the end of its life when the final collapse
is a cataclysmic event that generates a
violent explosmn, blowing the innards of the
star out into space. There the material
mixes with the primeval hydrogen of the
universe. Later .in. the  history of the
galaxy, new stars can be formed from this

mixture. Censequently, the study of rem- -

nants of exploded stars such as Puppis A

could provide important information on -

the evolution of stars and galaxies.
- A Wolter type 1 glancing incidence X-

“ ray telescope designed and built by NASA
will be used in conjunction with a high -

resolution position sensitive detector
invented and developed by the Mullard
group. The combination will permit struc-
tural details of the regions responsible for

soft X-ray emission of Puppis A to .be

studied with high resolution..
- Puppis A, the subject of previous study
by soundmg rockets and the Copernicus

: - (OA0-3) satellite has been found to be one

of the brightest soft X-ray sources in the
sky. Telemetered data .from the Skylark

experiment will provide two-dimensional - "
images of the X-ray-emitting regions of.

Puppis A which can be compared with pre-
vious observations to develop more pre-

cise models of the supernova phenomenon.

' More abont Apollo-Soyuz

The joint space-venture-between the USA
and Russia which involves the in-orbit

docking of the Apollo command module

with a Soyuz spacecraft is planned for
launch on July 15, 1975 (see Space News,

. August 1974, p287) Duririg the mission;
", the crew -will ‘donduct important” new"

technological and .medical experiments.
Atmospheric ‘experiments will be conduct-

~ ed using a new technique for measuring™

constituents which are too chemically re-

active to measure directly with a mass
spectrometer. This will be accomplished - - -
by sending an optical signal from the com- -

mand service module to a reflector on the

'Soyuz vehicle. The signal will be bounced
back and scanned in the Apolio spacecraft .-
to study the effects of the sun on atomic

oxygen and nltrogen at” orbital altitudes.

- Also included is an experiment in electro-
- phoresis processing. An electric field is used

to separate hvmg cells and other biological
materials from a flowing medium without
decreasing their activity in near zero
gravity conditions. -

Successful demé
stration’ by the Apolio-Soyuz test prOJeD -

could lead to further development of space
electrophoresis .in shuttle missiohs, as a
tool for medical research-and therapy and
contribute to such fields as 1mmunology
and caricer: research
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