G4EGQ RAE Course EVOLUTION OF THE SUPERHET Lesson 7A

In the beginning there was the Crystal Set...
The wanted frequency is "tuned in" by

the variabl e capacitor in the parallel
DronG (48t 3Tal)
/p.uLm.

tuned aerial circuit. The di ode detects \ DETECTON

this mnute signal. But the signal can l\lf .

only be heard on the headphones. Tumng _I_ Ean
C 1w T —J— Proves

Add an Audio Anplifier -to make it |ouder | Eanmy

The detected signal is anplified so & T

that it is sufficient to operate a

| oud speaker. \/ R
But this does not i mprove the r\! fmptifier Lssp
a
sensitivity of the crystal set.
Spearen
Add a Radi o Frequency Anplifier

Both the aerial circuit and Radio
Frequency Anplifier are tuned to the

want ed frequency. The two tuning

capacitors are or the sane spindle and
are known as Twi n Ganged Capacitor.
But even this does not nmake the

recei ver very sensitive

Add MORE RF Anplifiers.

The receiver now has several RF

anplifiers and is called a TRF(Tuned

L]
Radi o Frequency) receiver. [
A
by
/Sm Gows |
ZarncTsi. *

IE Al anplifier stages are tuned to

the frequency of the wanted signal &

it is uses a six gang capacitor!
But there can be problens..... T T
In theory, to further increase the sensitivity of the receiver, nore RF anplifiers could
be added. But there is a problem if any of the signal fromthe output of the last RF
stage is able to get back to the aerial circuit, the receiver wll oscillate. This
is the result of positive feedback arid it nmeans trouble. An oscillating receiver
actual ly beconmes a transmitter and will interfere with anyone in the vicinity who is

trying to listen to the sanme frequency.

How can Positive Feedback be prevented : -

El THER 1) by very careful screening of each RF anplifier stage in
the TRF receiver.
OR 2) by changi ng the frequency of the wanted signal so that the final
frequency will not be the same as that arriving at the aerial circuit.

But renenber- every RF stage in the receiver has to be tuneable.

Each of their tuned circuits has to be connected to a nmulti-gang vari abl e capacitor.
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G4EGQ RAE Course EVOLUTION OF THE SUPERHET Lesson 7A
A TRF receiver is not a practical solution to the design of a sensitive, reliable,
short-wave receiver. The answer has to be both frequency changi ng & high gain
anplification. A high gain, tuneable anplifier is inpractical, but all is not |ost.
It is, however, feasible to design an anplifier on or around a single frequency.
Each stage is "fix tuned" and an external ganged tuning capacitor is no |onger

necessary. This, & screening neans that the feedback probl ens are avoi ded.

A high gain anplifier - waiting for sonmething to do!

But what is the use of a high anplifier tuned to just one frequency? Does it nean that
only one station can be heard? In fact the frequencies nmost commonly used by these
anplifiers are not allocated to any transmitters. This is by design so that

the anplifier, as it stands, receives no stations at all. This nmay seemrat her

poi ntless.. read on.

The secret is:Be Converted. The frequency of the 'wanted' station is converted to that
of the high gain anplifier. It is then detected in the normal way. The resultant

audio is then anplified to feed the | oudspeaker.

DETELTOR Buers L
Dionw i PIER, D
FREQ :wn BN QpEnkE N
P
ENANSES > oo, "—‘I-{ > _)_I l ’
How i s the Frequency Changed?
The short answer is - by mxing one frequency w th another.
A
Two frequencies, A and B are fed A ——lMixER

——3
into the nixer. B -7 g:j;;

As well as the two input frequencies the output will contain:
t he SUM of the input frequencies. I1E (A + B)
and the DI FFERENCE between the two input frequencies IE (A - B)

Putting in actual figures instead of A and B should nake things even clearer.

The output of the mixer will contain 8“‘”-1-2.—?.- il _,” LS

both 11 M and 5 Miz as well as the Sl

original 8 Mz and 3 M. 3:-\“.1

And here is another exanpl e:

Take a second | ook at these figures O Mte —3] miver 'L g
and then |ook back at the previous S e
exanple. A very inportant principle My

I's evol ving..
Al 'though the inputs are different one of the outputs (5MHz) is the sane in both

exanpl es.
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G4EGQ RAE Course EVOLUTION OF THE SUPERHET Lesson 7A
What happened?
The 8MHz input went up by 1Mz to 9MHz. The other i/p also changed by 1MHz but there
continued to be an output on 5 MHz. This principle of mxing enables one of a range of
frequencies to be received and anplified by the high gain fixed frequency anplifier. The
preci se frequency recei ved depends on the actual frequency injected into the second

i/p of the mxer. The anplifier in this exanple would be designed to operate at 5MHz.

A sinple Superhetrodyne Receiver for the 1.8 to 2 M1z band

\meﬁ_m FTURED T BOPLEIED
Y-8

This design is known as a Heskiy

-8 Pl -
Super het - (heterodyne is " [ 8“ D ‘DE‘T[ECTOI. D [':]

- AUDID Lovh
anot her word for mxin L
9) e et arPuFiEh.  SPEAKEL

E LELS - 1-635 ik

The aerial circuit is connected to one i/p (called local oscillator) is connected to
receiver is actually tuned by this oscillator. Superhets for this band woul d often use
an |F anplifier at 465 kHz.

Thus, to tune signals in the range 1.8 to 2.0M#z have to vary from 1. 335 to 1.535Mz.

A closer ook at the IF Amplifier
This is the heart of the receiver.

ofp

It usually conprises two or three [J
IFT

anplifier stages. Each stage is

corrected to the next via an RF 1l

TWO STAGELE

transformer designed to pass A just W

a narrow band of frequencies. . AHPLIF'ER
fr D
The actual bandwi dth shoul d
suit the type of signals that are to be received:
Mbde Bandwi dt h
Mor se 200Hz
SSB 3KHz

Amat eur AM 6kHz
Broadcast AM 15KHz.

Unl ess the receiver is intended to be very specialised it is best to choose the w dest

bandwi dt h. The narrow ones can then be achieved by switching in narrow |.F. filters.

But watch your inmage!

As seen earlier a mixer has both "sunt and "difference" frequency outputs.

This, unfortunately, means that there are two frequencies that can mx with the | ocal
oscillator and give rise to the sane Internediate Frequency. In other words the
receiver will cover both 1.8 to 2.0 MHz and 0.87 to 1.07 KHz at the sanme time. The
latter is a part of the Medi um Wave broadcast Band!

There is very little chance of picking up a top band fix station when it has to
conpete with Radio | or LBC. ..
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G4EGQ RAE Course EVOLUTION OF THE SUPERHET Lesson 7A
How to elimnate your inage
Qovi ously, the inmage of the wanted frequency, or "Second Channel"” as it is sometines
called, has to be overcone. This is done by adding a tuned Radi o Frequency

anplifier between the aerial and the m xer stage.

The RF stage is Y Toweo RE Ameuirien

tuned by a B

capaci tor "ganged" 3 5&_ % 7o Ik &m{:\i&"&f
to the LO tuning J_ : Tergcron,
capaci tor. - —_— sp Ausie STRsEs

In a superhet there are no feedback problens as a result of using a ganged

capacitor as the sections are now operating at different frequencies.

The Radi o Frequency Stage
The RF stage, with its parallel tuned circuit, has the typical

response curve.

( umu);umg Jand shmy oo ( iﬂMl)

If the LOis tuned to 1.535 Mt i cob AaThia\220 YouzIean
sHM AT

the RF circuit wll be centred on I ]

2 MHz. The RF tuned circuit wll | |

pass the 2 Miz but not the inmge | |

at 1.07 M. k’"lhun.;-}-;ﬁiawn.n.:-ﬁ

At these frequencies it does not matter that the RF stage does not have a narrow
bandwi dth as the image is about half of the wanted frequency.

Incidentally, the inage is always two tinmes the IF away fromthe wanted frequency.

Al'l the problens are now sol ved. .

Not quite! The RF stage elimnated the inmage of the 2 MHz signal successfully.
But how well does the idea work for higher frequencies?

Take, for exanple, a receiver designed for 29 Miz.

99 mhz
To receive 29VMHzt he LO woul d be on Craspag o) KX

Branfier
28.535Mz. The inmage will be28. 07MVHz. EE ; By D D(]
(This is LOIF}

Locar 98535 Miw

CgtiLLnton

The Tuned Circuit in the RF Anplifier.

At these higher frequencies the RF tuned IMAGE

WANTED

FR EavENCY msauan\*
. . A A . 29 mu
anplifier is less efficient at elimnating 2807 MH= M
»

I
the i mage. At higher frequencies the inmage \I | ‘
actually comes within the pass-band of the !
tuned cct. At 2MHz the image was approx 1MHz. I
IE half (509 of the wanted frequency. :
However, at 29 MHz the image is

26.07WMHz. In other words, the image is just

3% fromthe wanted frequency. 2[8 29 3 0
What about the inmmge, again! MR Z
At higher frequencies the wanted frequency and

its image are so close together that they are not adequately separated by the RF stage.
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G4EGQ RAE Course EVOLUTION OF THE SUPERHET Lesson 7A
The answer - ensure a nuch greater frequency difference between them renenber the
difference is always "two tinmes" the IF . The problemis therefore solved by having a

hi gher Internedi ate Frequency. The frequency chosen is usually either 9 or 10.7 Miz.

A 28 to 30 MHz Superhet Receiver using an |F of 10.7 M

TUuNED RF g @
; ; SMELLE  DETECTOR "
The image is now2l. 4Miz STRAE mixen,  Lom LT Loup
SPEAKER
i -
fromthe wanted signal. D __‘WD "{ D_{:ﬂ
The RF stage now has no i
Pubig
difficulty in picking out P20 M, WANTED RrnPLFLEN
: ey Loent OscrctaTon
the wanted signal and ~B:
g (ﬁ.s Br6 ™, ImagE) 193219 3 Ml

elimnating its inmage o

But a high IF is not the answer to everything

The choice of a high intermedi ate frequency overcones the i nage probl embut unless an
expensive crystal filter is used the receiver is no longer sufficiently selective.
Alow IF, with its narrow bandw dth, gives good selectivity.

A high IF, on the other hand, ensures that the inmage is elimnated,
In other words, each have their advantages.
The solution is obvious - use both high and low I Fs

Thi s doubl e- conversi on superhet uses a high IF followed by a low IF. This provides very

good i mage rejection and good selectivity over a wi de range of frequencies.

TURGRLE
‘:f Ampeicien, 154 Mixen Lot TF Amp. 8k Mixep and IF Amp -
EYeiTon,
N | D N i |> N D
G w0 I
\ W Ls
, 1047 MM, 465 Khy, Dot
== ' B pLiFien,
F
E IU:“Q.LE ¢ (;:SE'PN-.
& CONTTOLLED
\F anﬁk 1- I\A [NT418
] £ DSt LEToM ogLILLfTON

The signal is anplified by the tuneable RF anplifier and then mxed wth the first
local oscillator to produce the first IF 10.7 MHz. The real purpose of the 10.7 Mz
IF anplifier is to prevent "image frequency" problens. It is then converted to ~65

kHz by the second mixer. As both IFs are, of course, fixed frequencies the second
LOis also fixed. The second LOw Il be either 10.7 + 0.465 or 10.7 - 0.465 Miz and is

a crystal controlled oscillator.

The heart of this mobre conplex receiver is still the high gain 465 kHz anplifier.

Bef ore answering these questions please read the RAD O
RECEI VERS chapter in your Radi o Amateurs Exam nation Manual .
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G4EGQ RAE Course EVOLUTION OF THE SUPERHET Lesson 7A
You will also find it necessary to dive into the RAE Manual section on Licence

Condi ti ons and Receivers for sone of the answers.

7al What is the function of a detector ?
7a2 What is the purpose of AGC ?
7a3 State an advantage of a TRF receiver.
7a4 Draw the bl ock di agram of a superhet receiver giving a short
description of howit works and how it overconmes the problens of a TRF receiver.
7a5 What is the advantage of using a H GH i nternedi ate frequency ?
7a6 What is the advantage of using a LOWNinternedi ate frequency ?
7a7 A mixer circuit has two inputs- One of these inputs is fed wth a 6M&z
signal and the other is connected to a 4MHz oscillator.
State at least four frequencies that will be present at the output of the m xer.
7a8 Wy is it necessary for the |.F. (I'ntermedi at e Frequency)
anplifier to have tuned circuits or filters ?
7a9 What is a BFO and why is it necessary when receiving Morse or single-
si deband transm ssions ?
7a10 To which part of a receiver is the signal strength nmeter wusually connected ?
7all In a superhet receiver why is it an advantage to have sone
control over the selectivity of the IF anplifier ?
7al2 What is meant by the expression a "ganged capacitor" ?
7al3 What is the difference between a detector and a discrimnator ?
7al4 What is the function of a crystal calibrator when fitted to a receiver.
(Look in RAE chapter on Test equipnent)
7al5 When is it permtted to transmt recorded nessages?
7al7 What does the Amateur License stipulate with regards the station receiver.
7al9 There is a segnent of an Amateur Band that may not be used in in a certain area of
the UK. Which band of frequencies are concerned?
7a20 Describe the operation of a sinple noise limter that could be used in a radio
receiver.
7a21 Sone receivers use two internedi ate frequencies...\Wy?
7a22 What is distortion?

Renmenber that long essay type answers are not necessary
- Just a few sentences in nost cases.

- The actual examis, of course, nmultiple choice. AEQQ
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