The Super-Heterodyne
Receiver

Note that the heterodyne receiver would be an excellent
design if we always wanted to receive a signal at one
particular signal frequency (@, say):
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No tuning is required!

Moreover, we can optimize the amplifier, filter, and detector
performance for one—and only one—signal frequency (i.e., ;).

Q: Couldn't we just build one of these fixed-frequency
heterodyne receivers for each and every signal frequency of
Interest?



A: Absolutely! And we sometimes (but not often) do. We call
these receivers channelized receivers.
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A Channelized Receiver




But, there are several important problems involving
channelized receivers.

- They're big, power hungry, and expensive!

For example, consider a design for a channelized FM radio.
The FM band has a bandwidth of 108-88 = 20 MHz, and a
channel spacing of 200 kHz. Thus we find that the number of
FM channels (i.e., the number of possible FM radio stations)
IS:

20 MHz
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Thus, a channelized FM radio would require 100 heterodyne
receivers!

Q: Yikes! Aren’t there any good receiver designs!?!

A: Yes, there is a good receiver solution, one developed more
than 80 years ago by—Edwin Howard Armstrong! In fact, is
was such a good solution that it is still the predominant

receiver architecture used today.

Armstrong's approach was both simple and brilliant:

Instead of changing (tuning) the receiver hardware to
match the desired signal frequency, we should change
the signal frequency to match the receiver hardware!




Q: Change the signal frequency? How can we possibly do
that?

A: We know how to do this! We mix the signal with a Local
Oscillator!

We call this design the Super-Heterodyne Receiver!

A super-heterodyne receiver can be viewed as simply as a
fixed frequency heterodyne receiver, proceeded by a
frequency translation (i.e., down-conversion) stage.
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A Simple Super-Het Receiver Design




The fixed heterodyne receiver (the one that we match the
signal frequency to), is known as the IF stage. The fixed-
frequency o, that this heterodyne receiver is designed (and

optimized!) for is called the Intermediate Frequency (IF).

Q: So what is the value of this Intermediate Frequency .,
?? How does a receiver design engineer choose this value?

A: Selecting the "IF frequency” value is perhaps the most
important choice that a "super-het” receiver designer will
make. It has many important ramifications, both in terms of
performance and cost.

* We will discuss most of these ramifications later, but right
how let's simply point out that the IF should be selected such
that the cost and performance of the (IF) amplifier, (IF)
filter, and detector/demodulator is good.

Generally speaking, as we go lower in frequency, the cost of
components go down, and their performance increases (these
are both good things!). As a result, the IF frequency is
typically (but not always!) selected such that it is much less
(e.g., an order of magnitude or more) than the RF signal
frequencies we are attempting tfo demodulate.

* Therefore, we typically use the mixer/LO to down-convert
the signal frequency from its relatively high RF frequency to a
relatively low IF frequency. We are thus interested in the
second-order mixer term |w. — ,,|.



As a result, we must tune the LO so that |0, — w,,| = w-—that
is, if we wish to demodulated the RF signal at frequency o,!

For example, say there exits radio signals (i.e., radio stations)
at 95 MHz, 100 MHz, and 103 MHz. Likewise, say that the IF
frequency selected by the receiver design engineer is fzr =
20 MHz.

We can tune to the station at 95 MHz by setting the Local
Oscillator to 95-20=75 MHz:
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Or, we could tune to the station at 103 MHz by tuning the

Local Oscillator to 103-20=83 MHz:
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Q: Wait a second! You mean we need to tune an oscillator.
How is that any better than having to tune an amplifier

and/or filter?

A: Tuning the LO is much easier than tuning a band-pass
filter. For an oscillator, we just need to change a single
value—its carrier frequency! This can typically be done by
changing a single component value (e.g., a varactor diode).



Contrast that to a filter. We must somehow change its center
frequency, without altering its bandwidth, roll-off, or phase
delay. Typically, this requires that every reactive element in
the filter be altered or changed as we modify the center
frequency (remember all those control knobs!).
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GOOD PAY RADIO WORK

MANY R. 1“ 1. TRAINED

MAKE 35 o 75AWEEK

1f you're dissatisfied with small pay — v\mk
that's getting you nowhere—lay-offs and un-
certain income — here's an opportunity that's
too good to miss. At the cost of only the
time it takes you to mail the coupon, you can
get my big FREE book, “"RADIO’S
FUTURE AND YOURS."” This book tells
how you can learn at home to make more
money almost at once in Radio — whether you
want to make Radio your life's work, or use it
to pick up an extra £5 to $20 a week in your
spare time.

“RADIO IS GROWING BY LEAPS
AND BOUNDS"

says Radio Craft Magazine, It has forged a-
head even in depression years. Where only a
few hundred men were employed a short time
ago, thousainds are employed today, Where
afew years ago a hundred jobs paid $35 to $75
a week — there are thousands of such jobs to-
day. And more new jobs being created all
the time — full time jobs and spare time jobs.
Get my book and sce how casy it is to learn
at home for this good-pay work.

R. T. I. TRAINING IS “SHOP TRAINING”
FOR THE HOME

It comes to you right from the Radio Industry
—right out of the factories where Radio sets
and other vacuum-tube devices are made. It
was pl-umed and prepared for you by big radio
engineers IN these factories, most of whom
are the Chief Engincers of these great Radio
plants. And NOW these same engineers are
actully supervising R-T-I Training. Which
means that trained the R-T-1 way, you'll be
trained as the Radio Industry wants you
trained — just as the Radio Industry, itself,
would train you if it was doing the job.

4 BIG WORKING OUTFITS INCLUDED
These are probably the biggest and most ex-
pensive Waorking Outfits ever included witha
home-training Course. You use them to build
up testing equipment — to :xP:run:nl with —
to do actual Radio work, 1t's Shop Training
for the home.

SOUND PICTURES, P. A. SYSTEMS,
PHOTO CELLS, TELEVISION, ETC.
ALL INCLUDED

Radio service work is just the starting point in
R-T-I Training., From there we take youup
through the very latest developments in Radio,
and then on into the new and larger field of
Electronics—Sound Pictures, Public Address
Systems, Photo Cells, and Television, This
feature alone makes R-T-I the outstanding
home training in Radio.

YOU GET “‘QUICK RESULTS™

C. E. Head, 431 Third St.. Alexandria, La., says:
“Made my first money aysafter starting your
training — cleared $14.
Frank E. Klemann, Lisle, TIL.. “rlles
my pay in less lh.m six months,”
Harry L. Stark, Wayne, Ind., writes: “Now
making three tim uch money as Iwaswhen
I started your training.”

AGE OR LACK OF EDUCATION
NO HANDICAP

You don't have to be a high school graduate.
It isn't necessary that you should have finished
the grades. My Training in Radio isso simple,
zo easy, and zo practical, that it offers every
man, reg::d]zss of age, education, or previous
experience, the chance to get out of a small-
pay, no-future job, into good pay, big future
work in Radio.

YOUR MONEY BACK IF YOU ARE
NOT SATISFIED

That's my way of doing business. And I'll

“Doubled

RADIO and
TELEVISION

INSTITUTE
HOME TRAINING

. . . say these 30
Leading Radio

Manufacturers
. . and they are

talking to YOU

AMERICAN TELEVISICN
ARCTURUS TUBES
BALKEIT ¢ BRUNSWICK
CAPEHART
CLOUGH-BRENGLE CO.
CROSLEY e CLARION
DeFOREST * ECHOPHONE

FADA e GREBE ¢ HOWARD

HAMMERLUND ¢ HICKOK
INTERNATIONAL
RESISTANCE CO.

KENNEDY & KOLSTER s LYRIC

MAJESTIC e PHILCO
RADIO PRODUCTS CO.
SANGAMO ELECTRIC
SENTINEL e SHELDON
SILVER-MARSHALL coO,
STEWART-WARNER
STROMBERG-CARLSON
UNIVERSAL MICROPHONE
ZENITH

MAIL COUPON FOR
MY FREE BOOK

Get your copy of “Radic’s
Future and Yours' today.
It tells yoa about Radic's
amazing cppomunitics, It
describes my Course.
tells what R. T. L. stud. s
are dolng and making.
FREE. Clip, sign and | mll
coupon RIGHT NOW

give you that agreement in writing — an
agreement to refund every penny of your
tuition if, on completion of my Training,
you are not entirely satisfied.

INVESTIGATE!
Training is different. Find out why R-T-I
Trained men get “Quick Results" and “Big
Results”.
“‘Radio’s Future and Yours™.
is free.

Send today for my big book
The book

RAY I SMITH, Preddens
Radio & Televislon Insitue, Chlcago

r
I
)
1
I
| B
Learn why R-T-I :
I
1
1
1
1
1
1

RADIO and TELEVISION INSTITUTE, (R. T. L}
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Ray D. Smith, President, 1
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A 1934
advertisement
enticing "men” to
enter the
glamorous and
lucrative field of
radio.



