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1 INTRODUCTION

_ 1.1 Radlo

o ThlS is a very general term which covers a very wide field of
commumcatlons Whether we are thinking of radio telephones,
radio navngatlon or radlo broadcastlngO, we are baswally con-
cerned with® the transmission of information by means of elec-
tro-magnetic waves. R

When a pressure wave passes through air we have a sound
_wave and we can demonstrate the vibration of the partlcles of the
medlum air, through which it travels. Slmllarly a sea wave is
at:compamed by the transfer of energy over large dlstanoes by
the circular movement of water partlcles

It is therefore difficult to think of a wave which requxres

no medium — one that can pass through a perfect vacuum.

People who could not aecept such a situation postulated a myth- o

ical medium — the aether But it had to@ Be given fantastic

properties, and we are beQer w1thout it®. TR
Let us start tﬁen by ghowmg how an electric oscillation i in

a ClI'Clnjf can give nse to@?t electro-magnetic waves and then how

these waves can be made to carry, mformatlon
e

(D Whether we are thinking of radio telephones ...: whether |84
RUSREND, TRR: “TEANBAXRLE, ... ® be concerned
with: R A, ® Similarly a sea wave ... particles. Wi%2%: “FRih
FAHMFHFRRES, BREACMERROEBLT RAHRE." @
had to (+ E¥EHiA): B AER. ® and we are better without it:
Eit, RAIREBREEAI. ® give rise to: 5|, i,



1.2 Electromagnetic waves

It was shown that a circuit containing inductance (L) and
capacitance (C) can resonate. " When it does so® energy transfers
itself rhythmically from being magnetic, when a large current is
surging round the circuit, to electrostatic, when the current has
momentarily ceased and the capacitor is fully charged. The
frequency of resonance of such a circuit is given by the expression

f=— 1 __

2wy (LC)

Thus a circuit consisting of two or three turns of wire round the
thumb connected a-
cross two new pence

cycles per second (hertz).

separated by an insu-
lating piece of paper
would® resonate at

1. A simple tuned circuit about 100 million
cycles per second (100 MHz) — see Fig. 1.

By applying the known laws of electricity and magnetism,
Maxwell® in 1864 showed mathematically that such a circuit
should radiate electromagnetic waves with a speed of 3 x 108
metres per second (7 times round the world in one second). That
this speed was also the speed of light led him to® believe that light
itself was an electromagnetic radiation.

It was some time later in 1872 that Hertz was able to® detect

@ When it does so: does RREFT4 AT NI resonate, XA M4
Cf: 5 TR 1 8- 3011 i @ would: FoREREF AN, B4 &...0
BA, BEKERKE, @ Maxwell: BRliH/R, REHRERK (1831
1879), @ led ... to: (... H78E..., ® was able to (+ i)
REfs,
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the existence of such waves in the neighbourhood of@ an oscillat-
ingcircuit. Marconi® realised the great potential of electromag-
netic transmissions and so strikingly demonstrated their power
in the transmission of a signal across the Atlantic® in 1901.

Since those days the transmission and reception of e.m.
waves® has found many important applications; from naviga-
tion of ships and aircraft to the control of lunar buggies from the
earth. The range of frequencies employed now extends from
16 kHz to many gigahertz (1 GHz == 10° Hz) — even higher if
the frequency of the laser is to be included (500 000 GHz).

In this chapter we will deal with® three major categories
of radio transmissions:

Radio communication: where we desire a person to person
(or person to lunar buggy) relationship, the simplest here being
a radio telephone conversation.

Radio pavigation: where, for example, a pattern of radio
transmission from fixed stations allows accurate position-find-
ing on the sea and in the sky.

Radio broadcasting: where a widely radiated transmission
intended for® reception by possibly millions of people, provides
‘information, education and entertainment’.

2 BASIC IDEAS

First, however, we must look more closely at the basic aspects
of the transmission and reception of electromagnetic waves.
At its simplest this could mean a torch directing a beam of light

@® in the neighbo(u)rhood of: ££...BhBE; k&), @ Marconi: I3[
B, BIcHh %z (1874—1937), @® the Atlantic: X%, @ em.
waves: clectric magnetic waves gz, & deal with: ;5. ©
intend for: 4t...Hif5,




(e.m. waves) into someone’s eye (the receiver). If we take a

circuit consisting of a ¢Qil and a capacitor (Fig 2), and produce

Qs g—_—l large electrical oscillations with-

) in it (we will deal with how this

&———-——-T happens later), then we can

sense the presence of the mag-

2. The oscillations in a tuned  netic field by putting a torch

circuit may cause a nearby  pylb, in series with® a loop of

famp to glow wire, into the coil. The bulb
lights up®!_

The presence of the large oscillating electric field can be sens-
ed with a neon bulb®. Just bring it up to® one terminal of
the capacitor and it glows pink. Even a short distance from this
circuit almost no effect can be observed. The reason is that the
electric and magnetic fields are too closely related to® the coil
and capacitor; we need to open things out® to let e.m. waves
escape.

A very open form of oscillatory circuit consists of a vertical
rod of metal above the centre of a large metal plate (Fig. 3).

electric field — aerial current
>
/I

\ \ energy

} in here
/
1
.y A
metal plate

3. A tuned circuit which radiates electromagnetic waves
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@ in series with: 5. . FBBELHb, ® lights up: R X, ® a neon
bulb: 04T (%), @ bring ... up to: £...3| 3, ® related to (i)
. HBER. ® need to open things out: BWEITHRLETH.
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In the rod, the current is surging up and down and this produces
a circular magnetic field; this is the inductive part of the ‘circuit’.
The voltage between the rod and the metal plate produces the
electric lines of force as in a capacitor, and it can be seen that
the magnetic lines and electric lines are at right angles®.

Electromagnetic waves radiate very easily from this circuit
and can be detected with a bulb at a fair distance — a few feet
at any rate®, depending on the power of the transmitter (Fig.
4). We have of course® constructed an aerial. In practice
we use the earth itself instead of @ a metal plate.

|
|

energy in -
————

|
%
L
1
!

4. The guarter wave-length aerial

The detector bulb is also connected in the centre of a metal
rod — the receiving aerial, because it is a fact that the aerial which
radiates best also receives best®. This acrial picks up® the
electric component of the e.m. wave when it is parallel to the
transmitting aerial. If we rotate the receiving aerial to be right

@ at right angles: RE fi. © at any rate: X B P, ®
of course: 4R, @ instead of: i A&, ® because it is a fact ... re-
ceives best: XR—ABERIBEND, EENTHEEH “that” sl eRME
W EZRRIEATXEEH “which” 8| g iE M. TiEk: “W@A
FRE,RMABRFHRE, BUBLEF. picks up: HiH.,
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angles to the transmitting aerial the bulb goes out®. We say
the transmitted wave is vertically polarized, i.e.® the electrical
vibrations are in a vertical plane.

For good radiation the transmitting aerial should be about
1/4 of a wavelength long, (A/4).

Let us see what this means for wavelengths employed in
the medium frequency band. If an e.m. wave has a frequency
of one megahertz it takes one microsecond to go through one
cycle. In this time, how far has the wave gone? It travels 3 x
10® metres per second so that in 1 us it must have travelled 3 x
102 m or 300 m. This is said to be the wavelength, i.e. the dis-
tance an e.m. wave travels through space in the time of one cycle®.

The wavelength of a | MHz transmission is thus 300 metres.
A good aerial for this frequency would need to be 75 metres (about
225 ft) high.

The ‘magic’ relation between frequency and wavelength
which we have in effect® derived is frequency (f) X wavelength
(M) = 3 x 108 or if frequency is in megahertz

f. A=300.

3 RECEPTION

By the time® the e.m. wave has travelled some miles from
the aerial, spreading out into almost a hemisphere as it goes,
it becomes very weak and will no longer® light a bulb! It needs
amplification before it can be detected.

@ goes out: MK, ® i e. (id est (BTIE): BRE: BE2,
® an e.n. wave ftravels through space in the time of ome cycle:
XR—AEEM, RRXFERIA that £ which b7 Wb feRiE, BILAEY
¥, TTLARR: “BEEE—-REMHRAELZRMER, @ in effect:
%k ® by the time: Bixkt, EXANEIBZEIHERRIEM,
® no longer: 1H; EF,
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Furthermore there are normally e.m. waves of many fre-
quencies from transmitters all over the world® falling on our
receiving aerial and usually we want to receive only one at a time®.
This can be done by using a tuned circuit to discriminate between
the wanted signal and all the unwanted ongs. We do this by using
a circuit like the one in Fig. 5.

\1 aerial
B
many em.
waves
PO
% L d desired
7C signal
O

5. A tuned circuit can select one
frequency from the many falling in
the aerial (Note the symbol for a
variable capacitor)

All the weak oscillations set up in the aerial due to® the dif-
ferent transmissions falling on it are injected into the tuned
circuit. But only the frequency which has the same frequency
as the LC circuit produces any appreciable voltage across (GOX

By varying C we can ‘tune in’® any desired frequency.
Once we have got a good amplitude signal from the e.m. wave
we wish to receive, we can easily detectit. Of course if two trans-
mitters are operating on the same frequency we shall receive them
both together unless we can discriminate between them by using
a directional aerial.

@ all over the world: 5 % ib; AR, @ one at a time: —&
-4 ® due to: 1. @ across C: % C §47ikd. ® tune
tn: R4, WL,



4 MODULATING

If a transmitting aerial radiates a constant amplitude e.m.
wave it conveys little information to the receiver except that®
it, the transmitter, is on!

The simplest way of sending information is to switch the
transmitter on and off® so that a series of ‘dots and dashes’ are
transmitted — the morse code® for example. This is a very
common method of communicating between ships at sea, but it
does require the operator to ‘read’ the code.

Any process of superimposing some pattern on the contin-
uous e.m. wave which allows information to be carried is called
modulation. We say the carrier wave is modulated. To modu-
late a carrier wave all we need to do is to vary a property of the
wave in 3 controlled way®. Thus, if we vary its amplitude we
produéé ampii/tude modulation (a.m.), if we vary its frequency
we produce frequency modulation (f.m.), and if we vary its phase
we have phase modulation (p.m.).

5 TRANSDUCERS

Before we look at the processes of modulation we need to
pause and see how sound (speech for example) can be transform-
ed into an electrical signal and how this signal can be converted
back into sound. Devices which convert one form of energy

(acouzstic in this case) into another (electrical) or vice versa® are
YAT )

@ except that: B...DL5b, @ switch ... on and off: . . H:ER
Fe i @ the morse code: H/r¥fhi, @ in a controlled way: % ¥
it ® or vice versa: [t ZirA.
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called transducers. g—lere the appropriate transducers are micro-
-»®hones and loud-a)eamers or earphones. 3%

" sound
waves

The simplest microphone consists of a thin metal diaphragma
pressing against carbon granules
gr P

3 A current (from a battery)
diaphragm

2050
E,%gg output
Sl ” signal
voltage

6. A simple carbon microphone

air
pressure

normai

note: ‘middle C' 256 Hz

AN

atmospheric
pressure

current
in circuit

dc. current

time

1
‘—556- se€c

electrical analysis

in absence
of sound

time

7. A microphone converts fluctuating air pressure
into a fluctuating voltage of the same waveform



flows through the granules (Fig.6). When sound waves fall on
the diaphrag & oves 71{1 and out at the frgg'lixency of the sound

r;‘i. . K,
waves, alterniatively compressing and releasing the granules.
This varies the resistance of the circuit and so the current in the
circuit varies in step with® the sound wave (Fig.7). The trans- 2%
former used in Fig. 6 is used to pass on® the 9.&1 part of the current

without the do. $AE  oa 10 ¥

*

2 #in
The simplest ‘reverse transducer’ is the headphone,where

the alternating current from the microphone_flows in coils with

$*Soft iron cores attached to a per:fnanent maénet, NS (Fig. 8).
The magnetism of the cores, varied by the signal, adds to® and
subtracts from the permanent magnetism, and this causes the
soft iron diaphragm to move in and out.

soft iron
soft iron
diaphragm
magnet aphrag
NTEIRRRY
A
o—t—A
glectnca! -~ sound
input waves
signal
V
. A €
s A\

8. The principle of the earphone, which converts
a fluctuating current into sound waves

Returning now to modulation — the problem is to modulate
a carrier wave with the microphone output (the electrical analogu’et&‘é

@ in step with: 5...(%i{8)—%, @ pass on: Eit, ® adds
to: ¥ jn,
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of the original sound) and to recover the analogue at the distance
receiver; and then to reproduce the original sound with an ear-
phone or loudspeaker.

6 AMPLITUDE MODULATION (A.M)

Here all we do is to vary the amplitude of the carrier wave
agcording to the amplitude of the sound signal. To detect this
at the receiver, after it has been amplified a little, we use a circuit
like Fig. 9.

input '_D'—T

Tl

9. A diode detector circuit for demodulating an amplitude
modulated signal

output
¢ volts

AAA

=

0

B

Ifa ;’t&egay signal is applied to this circuit a d.c. voltage ap-
pears across CD. If however the signal amplitude is changing
because the signal amplitude is modulated then a ‘changing d.c.’
is obtained across CD which follows the amplitude of the signal.
The voltage across CD is as shown in Fig. 9, i.. the original
signal with a d.c. component. And so to the earphone.

7 FREQUENCY MODULATION (F.M.)

Here we vary the frequency of the carrier ac&?@'ng to the
amplitude of the sound signal. The simplest way of doing this
is to use a special capacitor as a microphone. It is not usually
done like that, but it gives us the basic idea.

11



one plate is a thin diaphragm

sound waves
—_— C L g fm, output

energy supplied
from tube or transistor

10. Frequency modulation can be simply achicved by using
a capacitor microphone as a variable capacitor in a
tuned circuit

In Fig. 10 we have a tuned circuit maintained in oscilla-
tion by some active device (tub ({ transistor). The frequency
of the oscillation is as usual® detefmined by the LC circuit values,
but in this case the capacitance C fluc uates a8 one of its plates
(which is a thin microphone diaphragm) vibrates under the
influence of sound waves. Thus the frequency of the oscillations
fluctuates to an extent® determined by the amplitude of the sound
waves. The‘ ugmodulated frequencyi‘ cig,t is oscillation is of
course the resonant frequency of the tuned circuit when no sound
waves are falling on the microphone-cum-variable-capacitor.
In the presence of sound waves this frequency swings above and
below its unmodulated value.

Here then is our frequency modulated (f.m.) carrier which
can then be amplified and radiated from an aerial.

Detection is a bit more complicated than for a.m., and in

® as usual: B, %, ® to an extent: £ —EBE L,
12
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voltage
across
tuned
circuit

—

|
§

L Qudio
output

J'l

: : g s
tm. input -}- E

1
]
1
1
1
1
H -
t

I

1

- HE -
A 8 resonant frequency
frequency

11. A tuned circuit may be used as a frequency to amplitude
convertor; but it is not really satisfactory
practice rather more so®. The simplest way is to employ a tuned
circuit which is slightly ‘off tune’® to the 2i‘ncoming f.m. carrier
(Fig. 11). As the carrier frequency swiﬁg?s between 4 and B
the output from the circuit swin%s Eeigveen C and D. Thus the
. . . . \ ‘ . 0
variations in frequency of the inComing f.m. carrier have resulted
in corresponding variations in amplitude of this carrier, and these
amplitude variations can be detected as in the a.m. case above.
Phase modulation has a very close affinity with® f.m. and
will not be dealt with here,

8§ AM. AND F.M.

Generally, interfggéflw — from lighting or electrical machines
— produces amplitude distutbances on an e.m. wave passing
by®. Because the amplitude of an f.m. carrier is not carrying
information, such interference has very little effect on the received
signal. This is not the case with an a.m. carrier, where all such

@ and in practice rather more so: X@&—A 3P| T4, Ap 4T de-
tection is, so ft# complicated, WiFXH: “TWREFRFEHME LH07,
@ off tune: Z:i¥%; Eif, @ has a very close affinity with: Hi... 740
&, @ pass by: M. Fhidx,
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