


Modulation

A pure radio signal (acarrier”) does not convey any
Information by itself. ltmust be changedn some
manner such that a listener can reverse the matidic
process and recover the information.

Theprocess of imparting information onto the carrier
Is calledModulation.

Modulation is achieved bghanging the presence,
frequency, amplitude or phaseof the carrier wave.

The process afecovering that information is called
Demodulation or Detection.




Telegraphy

Simplest method of modulating a signal.

A key is used tdurn the carrier on and off Iin
accordance with thklorse Code.

Dits are one time unit in lengtahsare 3 time
units in length.

Commonly known a€ontinuous Wave (CW).



Advantages of Continuous Wave

* Very narrow signal compared to other modes.
Cansqueeze many signalsito a small part of
the spectrum.

 No “accent” to hinder communications. CW iIs
actuallyits own languagewith many
abbreviations and “Q” signals.

« CW can“punch through” underdifficult
conditions where other modes might have
difficulty.



How to Send CW

Old style key (called &straight key” ) Is still used by
many.

Many useelectronic keyers,which automatically
make the Dits and Dahs.

Some people udeeyboards and computerdo key the
transmitter. These methods can also “read” the CW
anddisplay it on the screen.

Mechanical ‘bugs” can make the Dits, but the Dahs
are still made manually.

Leave betweed50 to 500 Hz separatiometween
your frequency and acontact in progress.
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Amplitude Modulation

e Changes thenstantaneous poweln the radio
wavein time with a modulating signal.

 Thestrength (amplitude) of thearrier signal
IS made tovary In accordance with thaudio

signal.
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Peak Envelope Power (PEP)

 Theaverage powerdelivered to the antenna
transmission lingluring one RF cycle,at the
highest crestof themodulation envelope.
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AM Signal Quality

Overmodulation canseriously distortan AM signal.

If overmodulated, thaegative signal peaksvill cut
off the carrier, resulting inserious distortionand the
appearance afpurious frequencies.

Ensure Microphone GaimMic Gain) and Automatic
Level Control ALC) are set as directed by the
manufacturer.

More Is not necessarily better!
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Mixing Signals Together

* \Whentwo signalsaremixed together, the
result isfour signals:

— Theoriginal two signals;

— Thesum of thetwo original signals; and

— Thedifference between théwo original signals.
 Example: A carrier signal at 3.8 MHzs

modulated by a 1000 Hz tone (0.001 MH2).
What are the resulting signals?




Mixing Signals Together

* The output Is 1000 Hz (not a radio frequency
our radio can transmit on so we can ignore
It), 3.8 MHz, 3.799 MHz, and 3.801 MHz

A

Amplitude

Frequency
>

3.800

3.799 3.801
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Sidebands in an AM Signal

The two new RF frequencies are called
Sidebands.

At 100% modulation, thpower in each
sideband is equal #4 that of the main carrier.

Instead of a single 1000 Hz tone, Imagine a
range ofAudio Frequenciesfrom 300 Hzto
3000 Hz(0.3 KHz to 3 KHz)...

Such a range of Audio Frequencies could
represent Auman voice.



Sidebands in an AM Signal

Thetwo resulting range of frequenciesone above
and the other below the original carrier frequerzcy,
called theUpper Sideband (USB)and theLower
Sideband (LSB).

Thesetwo sidebandscarry thesame information.

Note thatto hear the original audioon the receiver’s
speaker, théwo sidebands must mixwith the
original carrier signal.

The resultingsum and difference signalsvill be In
the Audio Frequency range.




Sidebands

Graphical Anatomy of an AM Signal vs. SSB

Copyriahd 2000 RLUSHH

Fundimental Carrier Center Frequency
(Suppressed for 558)

4 3 kHz SSB AF & RF Bandwidth »§« 3kHz SSE AF & RF Bandwidth »
- 6 kHz AM RF/ 3kHz AM AF 3

The RF bandwidth of a given AM signal is twice that of its audio
bandwidth, unlike SSB where RF & AF bandwidths are equal.




Can We Improve AM?

From the previous diagram, it is evident that each
sideband contains the same information.

As well, why transmit thearrier if it contains no
Information ?

We are als@ccupying twiceas much of th&F
spectrum as we need by using an AM signal.

If we couldeliminate oneof thesidebandsand the
carrier, might we not also be able amplify only

what we needo amplify, thereby putting more power
Into what is actually required at the other end?



Let’'s Suppress the Carrier...

* We couldsuppress the carrierandput the
power into the two sidebands — this is called
Double Sideband Suppressed Catrrier.

o It still has two sidebanddhowever, each
carrying thesame information.

e The resulting signal also still takes tyce the
space required,meaning thatewer signalscan
share thesame amount of spectrum.



Let’'s Get Rid of a Sideband Also!

* One of thesidebandscan also bsuppressed
while still retaining all the information
Imparted onto the signal.

It doesrit matter which sideband Is suppressed.

 The result ISSingle Sideband Suppressed
Carrier (SSBSC).

It is more commonly calle8ingle Sideband
(SSB).




Single Sideband

o If the lower sideband is suppressed, the result is
Upper Sideband (USB). |
i\

3977 KHz 3980 kHz

o If the upper sideband Is suppressed, the result Iis
Lower Sideband (LSB).

LSB

3977 KHz 3980 kHz



Advantages of Single Sideband

« Avallablepower is concentratednto one sideband.

* Transmitted signalis muchnarrower than an AM
signal.

e Overall, SSB is up t8 times more efficientthan an
AM signal.

* The price to pay Is that SSHrcuitry Is more
complexthan AM, both in the transmitter and in the
receiver.



Notes on SSB

LSB is used or160, 80 and 4Meter bands.
USB is used orall other bands.

Amateurs specify thearrier frequency when
describing their operating frequency, even though n
signal is actually transmitted there!

Although SSB dates to the 1930s, Amateur interest
didn’t start until the 1950s.

It gained popularity steadily, and by the 1970s e
standard voice modeon theHF bands.




Freguency Modulation (FM)

* In Frequency Modulation, thefrequency of
thecarrier Is varied in accordance with the
variations in the modulating signal.

 Theamount by which thecarrier frequency Is
raised or loweredfrom i1ts normal value Is
called theDeviation.



Frequency Modulation (FM)
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Notes on Frequency Modulation

 Themaximum deviation of an FM communications
system must bdefined in advance- this is thel00%
modulation point.

 Under-deviation results in weak:thin” audio.

e Over-deviation will cause the audio to lmlistorted,
and will splatter onto adjacent frequencies. It may
also break up. To correct this, hold the microghon
further away.

 FM is known forclear, high fidelity audio and
Immunity to static, as well aCapture Effect.



Capture Effect

o Capture Effectis a phenomenoassociated with FM
reception in whichonly the stronger of two signals
at, or near, the same frequenayl be demodulated.

 The capture effect is defined as twmplete
suppression of the weaker signat the receiver
limiter (if it has one) where the weaker signalad n
amplified, but attenuated. When both signals are
nearly equal in strength, or are fading indepengentl
the receiver magwitch from one to the otherand
exhibit picket fencing.



Amateur Radio FM

« Hams uséNarrow Band FM (NBFM), which
has anaximum deviation of 5 KHz. The
maximummodulating frequency should be3

KHz.

e Total
not al

e Most

Commercial stations use 75 KHz.

pandwidth required i1s16 KHz, soFM Is
owed on HF bands EXCEPT 10M.

-M Is found on theM and70cmbands.



Phase Modulation

 Phase Modulationis similar to FM, but instead
of changing the frequency of the carrier, the
phase Is changedhstead.

 Phase Modulation is generated by a
reactance modulator connected to an RF
power amplifier!

e This is the only question | can find about Phase
Modulation on the question bank!



Digital Modes

Digital refers to a set of points that haway 2
values— on/off, 1 and O, up or down etc.

In Amateur Radio, this generally refers to
computer to computer, or at leasterminal to

terminal systems.

Characters are coded with aeries of 1’s and
O’s calledbits.

A series o8 related bitsis called abyte.



Digital Coding

* A byte could have up t@56 different values(28 = 2 x
2X2X2X2X2X2X2).

* The rate of signalling Is called thaud, which
Indicates thaaumber of signal changes per second.

* One signal changeould carrymore than one bit of
Information, so a signal at 2400 baud could reflect a
data transmission rate of 9600 bits per second for
example.



Digital versus Analog

Noise(static) isless of a problenmbecause information
hasonly 2 levels.

Characters can becodedwith additional information
calledparity bits — the number of “1” bits in a
character is always odd or even as specified by the
coding system.

Receive systermonfirms the parity of the byte, and
will know If there Is a discrepancy.

Sometimes the byte can berrected, or are-
transmissioncan be requested.



Radio Teletype

Thefirst digital mode used byAmateurs.

Bits know agnark andspace mapped to two
different frequencies,usually/0 Hz apart.

Thisfrequency differenceis called theshift.
Transmitted a60 words per minute.




Baudot Code

« Usesb bit groups, so only32 unique
charactersare possible (.

* |In order to include the alphabet, numbers and
special characters, tltede set Is used twige
with an “upper” and “lower” character used to

switch between the two sets.
e Baud rate is 45.5



Baudot Code
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Teletype Set



RTTY Transmission

e Transmission is ahifted carrier, where the
carrier rests on the mark frequency, and Is
shifted 170 Hzto thespacefrequency.

 To minimize interferencewith adjacent
stations, try to stag50 to 500 Hz away.

 UselLSB for RTTY , regardless of the band.



RTTY Transmission

Mark frequency is 2125 Hz, Space Is 2295 Haway
from the frequency displayed by the radio’s reajlout

Somesystems willkkey the transmitter directly,
alternating directly between the mark and spadas T
Is calledFSK (Frequency Shift Keying).

Most Hams use eomputer soundcardconnected to
themicrophone input of the radio.

Two tones corresponding to mark and space, et
to the mic input when the radio Is keyed. This Is
calledAudio Frequency Shift Keying (AFSK), but iIs
Indistinguishable from FSK.




RTTY Tuning Aid




Packet Radio

Computer to computer modethat once was the most
popular digital mode, particularly on 2M.

Data Iis bundled intgacketsof information.

A Terminal Node Controller (TNC) is used to
connect the radio with the computer.

VHF Packetis sent atL200 baud.
HF Packetis sent aB00 baud.

Uses 8-bit ASCllcode (American Standard Code for
Information Interchange).
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Packet Radio

Stations are linked by tHeonnectedmode, ensuring
that packets are re-transmitted If not receivegery.

Each packetrequires artAcknowledgement”.

You cansee what traffic is being sentwithout being
connected by using th&onitor” mode.

Repeaters calleDigipeatersare used toeceive, store
and re-transmit packetsin order to extend the range,
sometimes into aetwork of digipeaters.

Theprotocol used to transmiPacket datais called
AX.25.



Automatic Packet Reporting System

 An Amateur Radio-based system feal time tactical
digital communications of information of immediate
value In the local area.

 Now theprimary use of Packet Radio.

» Displaysposition, weather info, announcements etc.
In an unconnected broadcast manner.

* Retransmitted usindigipeatersand thenternet.
 Maps are anntegral part of the system.
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AMTOR

 Amateur Teleprinting Over Radio.
 Rarely used today.

e For the testMode A uses Automatic Repeat
Request (ARQ) protocol and is normally used
for one-onr-one communications after contact
has been established.



Phase Shift Keying 31 (PSK 31)

 Themost popular HF digital modeat present.

It combines the advantages of a simyaeable
ength text codewith a narrow bandwidth

phase-shift keying (PSK)signal using DSP
techniques.

e Uses asimple interfacebetween theadio and
computer sound card.

» Excellent low power capabillities.




B0-EF-0L) 00°LO30) 4549 ‘QKl| ZH 0'E301 | deus k) s "H-w 2320d "2y o4

| - wesbosd 439907 Jn0A uo aul

CETL A ALLYHS DY (3iemyos

XMW ££2 wnhuad Dd andwo)

[eulula) apownyy 450 ¢-21d 5335 Jjeuiulay |g-45d
I6uj, puequ] |3-€ ££-84 [92)14 (RUUUY

(05056-S1 POOMUIY J12AIIISURT |

:dmas uoneys |£1 35d s8IJLIEra S!Syl

..... BSNIRIIS Ul 213y} uonduasap

s b1 ao1u Inos 10} uauy 1u

OS50 | Yyoleas | asEg _ ‘HLE _ e=1111=r] _

]

wd |l | 2 | pues |youdis | nua | €3 | £ | @3 | LEED

deH afbyuo] mai ¥% epol wp3 A
uedibiq - 02¥LYN=F




Sound Card Modes

 The Introduction osimple interfacesbetween
computers and radios hessolutionized
Amateur Radio digital modes.

 As new modesare developed, they can be
downloaded freeof charge.
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Sound Card Modes

PSK31
WSJIT

RTTY
Hellschriber
MT63

Throb
MFSK16
Etc. Etc. Etc.



Slow Scan TV (SSTV)

 Unlike commercial TV which requires up to 6
MHz of bandwidth SSTV transmits pictures
using thesame bandwidth as an SSBoice

signal (2.7 KHz).

 Thecostis therate at which pictures are
transmitted — it take8 seconds/framdor the
fastest mode, and up 1@ seconds/framdor

more detailed, colour pictures.



Fast Scan TV

More frequently called\TV (Amateur TV).

Uses the samd TSC format that regular (non-
HD) TV uses.

Because of thbandwidth requirements, it Is
limited to the 70cm band and higher.

ATV Repeaters can be found in the 903 MHz
and 1.2 GHz bands.

Video signal is AM, while audio i1s FM.
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Signal Bandwidth

* Any modulated signaloccupies dinite spacein the
EM spectrum called itsbandwidth.

 The EM spectrum iIs @aluable, finite, resource.
 In order of bandwidtlinarrow to wide):

- CW 100 Hz wide 150 — 500 Hz spacing
— RTTY 250 Hz wide 250 — 500 Hz spacing
— SSB 2.7 KHz wide 3 KHz spacing

— FM 15 KHz wide 15 KHz spacing
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Transmitters

e A transmitter must accomplish the following:
— Generate RF energyat the desired frequency;

— Superimpose informationon the radio waves (ie:
modulate the signal).

— Increase the strengthof the signal as required
(amplify the signal).
— Radiatethe RF energy via an antenna.



CW Transmitter

| 1 1 1

Master | | priver |, Power | I Antenna
Oscillator Buffer Amplifier
Power Telegraph

Supply Key




CW Transmitter

| 1 1 1

Master | | priver |, Power LI Antenna
Oscillator Buffer Amplifier
Power Telegraph

Supply Key




Master Oscillator

ProducedRadio Frequency (RF) energy.

Highly stable oscillatorthat produces RF at a low
evel.

Built to resistdrift — unintended frequency
variations — and so is electrically and mechanically

stable.

Drift can be caused Wheat, vibration, power
fluctuations etc.

Oscillator I1s often aub-harmonic of the desired
transmit frequency.




CW Transmitter

| 1 1 1

Master | |' Driver |_, Power |} Antenna
Oscillator Buffer Amplifier
Power Telegraph

Supply Key




Driver Buffer

 |solatesthe Master Oscillator from thePower
Amplifier (PA).
 Necessary tprevent variations in the output

load of the PA from affecting thetability of
the Master Oscillator.



CW Transmitter

| 1 1 1

Master | | priver |, Power | I Antenna
Oscillator Buffer Amplifier
Power Telegraph

Supply Key




Power Amplifier

« Takes low level RF signafrom the Buffer
stage anémplifies it to 100 watts or more to
feed the antenna.

|t Is possible to key the Master Osclllatoto
key the transmitteljut that can cause key
clicks, chirp etc.

* A simpler option is to key the Driver Buffer
and/or buffer stage.




CW Transmitter

| 1 1 1

Master | | priver |, Power | I Antenna
Oscillator Buffer Amplifier
Power Telegraph

Supply Key




Key and Power Supply

 TheKey Is essentially ann/off switch that
controls when th&F energyis applied to the
antenna.

 ThePower Supplyprovides thes/oltages
required by the transmitter. For solid state
equipment this is usualli3.8 VDC, though some
radios need 24 VDC for the Power FETs that
make up the PA. Tube gear neéds VAC for
thefilaments and variousigh DC voltagesfor
theplatesandscreens.



AM Transmitter

Variable Frequenc
Frequency [ Buffer — q_ ney
. Multiplier
Oscillator
|
Speech | | Modulator |__,|] Power
Multiplier Amplifier

I !

Microphone Antenna




AM Transmitter

Variable Frequenc
Frequency [ Buffer — q_ ney
: Multiplier
Oscillator
|
Speech | | Modulator |__,|] Power
Multiplier Amplifier

I !

Microphone Antenna




Variable Frequency Osclllator

 TheVFO has replaced the Master Osclllator In
the CW transmitter. It could have been used In
the CW transmitter, or any of the transmitters
described here.

 Instead of a fixed frequency, It caary over a
range of frequencies.

 TheBuffer isolates the VFOfrom the
Frequency Multiplier stage.




AM Transmitter

Variable Frequenc
Frequency [ Buffer —> q_ : y
. Multiplier
Oscillator
!
Speech | __,| Modulator |, Power
Multiplier Amplifier

I !

Microphone Antenna




Frequency Multiplier and PA

 TheFrequency Multiplier multiplies the
frequency generated by the VFO to bring it to
the desired frequency.

 ThePA amplifiesthe RF signal delivered by
the Frequency Multiplier, but has other duties as
well In an AM transmitter.




AM Transmitter

Variable Frequenc
Frequency [ Buffer — q_ ney
. Multiplier
Oscillator
|
Speech | | Modulator || Power
Amplifier Amplifier

[ !

Microphone Antenna




Microphone and Speech Amplifier

 TheMicrophone produces #ow output voltage,
generally in the range offaw tens of millivolts.

o |t i1samplified by theSpeech Amplifierto the level
required by the modulator.

* In general, the audio for all Amateur AM, SSB &tid
transmitters is processed so that the modulate@psw
contained in the most useful region, typicaB0 to
3000 Hz. (Note that thereis a typo in your book.)



AM Transmitter

Variable Frequenc
Frequency [ Buffer — q_ ney
. Multiplier
Oscillator
|
Speech | | Modulator |__,|] Power
Multiplier Amplifier
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Modulator

 TheModulator changes thamplitude of the
RF signalto vary in accordance with tlepeecr

characteristics.
* The output of thérequency Mu

tiplier stage

and theModulator arecombined in the PAto
create thdinal signal, which is delivered to the

antennaandradiated.




FM Transmitter

| Speech Master
Microphone |- Amplifier — Modulator |- Oscillator
Antenna |+ Power L Frequency

Amplifier Multiplier




FM Transmitter

| Speech Master
MICFOphone _, Ampliﬁer — Modulator |- Oscillator
Antenna |+ Power L Frequency

Amplifier Multiplier




FM Modulator

e Sometimes called Reactance Modulator, the
output from the Modulator Is applied to the
Input of the Master Oscillator to vary Iits
frequency.

 Theamount of frequency variationis

genera
genera
desirec

lysmall, so the Master Oscillator Is
ly operated at a fraction (say/8f the
frequency.



FM Transmitter

| Speech Master
Microphone |- Amplifier — Modulator |- Oscillator
Antenna |+ Power L4 Frequency

Amplifier Multiplier




Frequency Multiplier

 Theoutput from theMaster Oscillator Is
doubled and tripled as required tproduce RF
In thedesired range.

e This stage also acts a®affer for theMaster
Oscillator.



SSB Transmitter

RF
Oscillator

Balanced
Modulator

Y

Sideband
Filter
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Speech
Amplifier
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l

Variable
Frequency
Oscillator

Linear
Amplifier




SSB Transmitter

RF
Oscillator

Balanced
Modulator

Y

Sideband
Filter

Microphone{—

Speech
Amplifier

l

Mixer

Antenna

l

Variable
Frequency
Oscillator

Linear
Amplifier




Balanced Modulator

« A Balanced Modulatoris fed with arRF carrier and
anaudio frequency, but passes only the/o AM
sidebandswhile suppressingtheoriginal RF carrier.

o For example, If th&F carrier is 500 KHz, and it is
mixed with an audio signal @tKHz, the output 12198

KHz in the lower sideband, arid2 KHz in the upper
sideband.

Power

498 502 Frequency



SSB Transmitter

RF
Oscillator

Balanced
Modulator

Y

Sideband
Filter

Microphone{—

Speech
Amplifier

l

Mixer
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l

Variable
Frequency
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Linear
Amplifier




Sideband Filter

e TheSideband Filter selects thelesired
sideband.

* In the previous example it woufrhssthe
frequency bandfrom 500.3 to 503 for USB,
and497 to 499.7 for LSB.

e Theoutput from the filter is a&Single Sideband
Suppressed Carriersignal.
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VFO and Mixer

 TheMixer will mix the inputs from the
Sideband Filter and theVFO to generate the
desired transmit frequency.

 TheMixer will generate the sum and
difference of the two frequencies, and the
desired signal Is selectedhile the other Is
filtered out.




Mixing to Generate Transmit Signal

 |If the output of the Sideband Filter stage is centered on

500 KHz (0.5 MHz),anc

we wish to operate In the

40M band (7.0to 7.3 M

Hz), then we will neefiaO

operating over the range 6/ to 6.8 MHz.
6.5 MHz + 0.5 MHz= 7.0 MHz
6.8 MHz + 0.5 MHz = 7.3 MHz

* Note thatfrequency multiplication cannot be used to
generate the desired transmit frequencyassing an
SSB signalthrough a@requency multiplier would

causesevere distortion.
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Linear Amplifier

ThePA of anSSB transmitter must be linearto
avoid causinglistortion and splatter.

A linear amplifier will increase the power of an
amplitude modulated signal without causing such
distortion.

If the speech amplifier, mixer or linear amplifier are
overdriven,‘flat-topping” may occur. This can lead
to interference with adjacent stationsand even your
neighbour’'s TV.

TheMicrophone gain MUST Dbe correctly set —
Increasing mic gain does not increase the outpwepo



Transmit / Recelve Switch

Theantennalis usuallycommonto both the
transmitter and receiver, so we need a method to
keep thenigh power from thetransmitter out of the
sensitive input of theecelver.

T/R Switch can be eithemechanical (relay)or
electronic (switching diodes).

It switches the antenndetween the TXmtr and RXer,
and may alsground the RX input on transmitting, or
turn the TXmtr off when receiving.

Usually built-into modern transceivers.






SEES

R
92
ABC1-B6 '
2 IFe4031F Ju0 YD WoUF pantaa( — w_w_ ¢ andu] wg
Y93IMS ¥-1 Meel S
121 rmrfl 5
18" LBBEFLT Al
£9 WR b 2 IE-
ED>—— e WY 3
HMa|a it
24 BN
= i o o (el Bl
20
EEGETS. R S 5e1]
ED4d He'e S
™~ 7
DY, — Kl H Dr——+—<@7=0d s8]
B1% 151 LBEPRI LEBFNT LBBEENT
J9paLr 1] Ll 10
= w:_._m_E
le1xe sunjetutw SJ4N HNERT 11V eyink
a"
Elﬁl
_ H21 >



AT R
el
fikin :_,.:—

i

i r*“?_ ﬂ_"" _ﬁ“
AETEERREEL “““

|
it
“: ..r._T
"

il
HH

—

——— = W T

.

p

——
—
—m




