THE SUPERHETERODYNE RECEIVER

A superheterodyne radio consists of four main parts, an
oscillator, a mixer, an intermediate frequency amplifier, and
a detector. The signal picked up by the antenna and the
oscillator signal are fed into the mixcr, where the oscillator
and signal frequencies are mixed. The output of the mixer
consists not only ol the signal and oscillator [requencies,
but frequencies of the sum and difference of thesc frecquencies,

An intermediate frequency ampliflier strengthens signals
of a certain [requency (conventionally 455 kc) and eliminates
all others, The output of the mixer of a superheterodyne re-
ceiver is fed into the I.F. (intermediate frequency) amplilier.
If any one of the outputs ol the mixer happen to have a [requency
of 155 kc, it is amplified by the I.F. amplifier and fed into the
detector,

The detector is usually a diode, which changes the I.F,
signal into D.C. The strength of this D.C. depends on tLhe
strength of the I.F. signal; both change with the strength
of the original signal., The varying D.C. can be used to
run an earphone or an audio amplilicr.

The radio in this project has a 455 ke I.F. amplilier that
has too much regeneration. The I.F. amplifier oscillates weakly.
This oscillation mixes with the carrier frequency of the 1.F.
signal at the detector. The output contains not only the pro-
gram material, but also a very annoying squeail.

This project is built on two printed circuit boards and
contains six transistors.



THE SUPERHETERODYNE

Receiver
ATOMS AND RADIO PARTS

Radios have become very commonplace in Juir socizty, They have
become so commonplace that we often forget that there was a time when
there were no radios,

To understand how radios work, and the shortcomings of this radio,
we must first understand the atom,

Everything arounid wo1 L3 composed of atoms., The air, this paper,
everytiaing, Atoms are composed of very many particles. The most importantc
o»f these are the proton, the neutron, and the electron, 3oma2 of thesc
particles have a charge, Some have weight.

Whait Is a charge? Have you ever walked across a carpet, touched
gomathing metal and gotten shocked? Before you touched the metal you
had a charge.

There are two kinds of chary:, positive and ncgative. These charges
exert force on siuilar and opposite charges by either attraction or
repulsion. Like charges repel, opposite charges attract (just li%ke magnets).
Protons are positively charged, electrons arz negatively charged,
and neutrons have nec charge,

To menasure the weight or mass of particles, it is necessary to nave
a unit of weight., Pounds and grams are much too big. A wmocse
appropriate unit is a unit with the weight of a protoa, the atomle

unit. Following is a chart showing the charges and w2izht of particles:



Particle Charge Weight

Proton Positive (=) 1l atomic unit
Neutron None 1l azom!~ unit
Electron Negative (-) 0 {weight of

Little significance}

Suppose we bring a preoton and an electron close to =ach other,

Because they have opposite charges, they attract each other. 1Instead of
meeting, they orbit each other. The proton, being much heavier, stays
(about) in one place and the electron swings around it., This orbiting
system is similar to the earth and the sun, with the electron being the
earth, and the proton being the sun, This system is the hydrogen atom--
the simplest atom, Wormal 1ylrogen contains no neutrons,

Protons and neutronsa, when near each other, have & very strong
attraction for each other., If we shoot a neutron into hydrogen, the
naetteron will joln the proton in the center of the atom. We now have
heavy hydrogen.

The center of an atom is called its nucleus. The nucleus contains
all of the atom's protons and neutrons, Atoms are named by the number
of protons in the nucleus,

Suppose we adl another proton to the nucleus. Now the nucleus has
two protons, and one neutron, The attraction of the protons to the neutron
keeps the protons from repelling each other, Because it takes two negative
charges Lo neutralize two positive charges, the atom attrachs some
neighboring electron Into orbit around tha nuci=us. This is an uncommon
type of helium atom, Most helium contains two neutrons,

Hiow can a nucleus with more than one proton hold together? The protons

repel each other, so the nucleus should explode. But because neitrons and



protons have a strong attraction for each other, the repulsion is overcome,
To hold together, a nucleus must have about the same number of neutrons
and protons.

The number of protons in a nucleus determines e mumbe~ 0of electrons
orbiting: 2 protons, 2 electrons; 5 protons, 5 eclectrons; 103 protons,
103 electrons.

Ta the helium atom, the two orbiting electrons are ahout the sane
distance from the nucleus,.

Suppose we add a third proton, the required number of neutrons, and
a third electron to the helium atom, We now have a lithiun agfom,

Instead of taking an orbit, the same distance £rom the nucleus as
the other two electrons, the new aleciron takes an orbit considerably
further away from the nucleus than the two old electrons, This electron is
loosely held becausc it is further away from the nucleus than the other
two and it is shiclded from the electric field of the nucleus by the innter
electrons, That means a small amount of energy can eject this clectron
into space,

The orbit levels that electrois take are called shells. There are
many shells of zlzctrons in heavy atoms.

Here is a chart to show what cach shzll can hold Gn electrons):

Shell No. 1 2 3 4 5
No, Electyons 2 g 3 10 8

(This approximation of shell capacities is good cnough,
so there is no need to explain subshells).

Supposz we have an atom of sodium which has 11 protons and 11 clectrons.
Shell 1 is full with 2 electroas, shell 2 is £all with 8 electrons, and

shell 3 contains only | electron, Becausc of the shielding of the inner




electron shells, this electron is very looszly held,

Both lithium and sodium have only one outer electron, which is
loosely held. Any atom with fcw electrons in the outer shell will have
loosely held elcctions,

On the other extreme, chlorine 1s an atom with 17 protons and 17
electrons, 1Its first two shells ar= full, its third shell nearly so.
Not only does chlorine have a very strong hold on 1ts own electrons, but
wadnr proper conditions, it can bring another electron into 1ts orbit,
Any atom with a shell nearly full will try to complete 1ts shell by
absorbing electrons,

Why Jdo some matcrials conduct electricity? Suppose we have a bar
of solid copper. Copper is a metal with loosely held electrons. 1f
we put a voltage on this bar by removing electrons from one end of the
zar, and adding electrons to the other end, the extra wclectrons on the
electron surplus end will bepgin moviag toward the electron deficieat
end, Inevitably, they will collide with copper atoms, Their energy is
simply transferred to a loose electron of the copper atom, This electron
is ejected from the copper atom with the same speed and direction as the
colliding elactron. The colliding electron, having no energy to escape
from the copper atom, is abscorbed. The cjected electron collides with
another copper aton and so on. In this way electrons are moved very
rapidly across the copper bar.

What happens if we try to move =zlectrons through a material with
tightly held outei electrons? Electrons begin to move from negative to
nositive as before. When an electron collides with an atwm, it bounces

off, or it may even by absorbed. The tizhtly bound electrons cannot be



ejected easily. Little or no current flows,

What happens 1if you mix a substance with loosely bound clectrons "L,"
with a substance with a -ightly bound, incomplete outer shell "T"?
Electrons(s) aée transferred from atom L to T, L being positively
charged from the loss of electron(s) and T belng negatively charged from
“he gain of electron(s) are attracted to each other., We aow havc an
ionlc salt, This kind of bond is called an electrovalent bond.

Another type 0of reaction might take place under conditions discusses
in the last paragraph. The electron transfer begins as hefore, This time,
there isa't enough force to complete the electron transfer, The atoms,
being attracted to this electron are bounded together. This is called
sharing of electrons, Elcctrons are always sharcd in pairs. This
type of bond is called a covalent bond, Also if two atoms have equal
attraction for each other's =lectrons, a covalent bond may be formed.

That meaas an atom may form a covalent bond with another atom of its
own type,

Suppose we place two conducktlng metal plates next to each other, connect
a wire to cach plate, and insert an insulating (non-conducting) material
between them ("A: below), This device is called a capacitor. A battery
is a source of electricity. It is like an electron pump. Tt pumps
electrons from its positlve pole (+) to 1ts negative pole (-), 1If a
capacitor is connected to a battery (V"B above, clectrons from the
negative p51e of the battery flow into P;, making it negati;ely charged,
The negative charge of P; repels electrons in P, which flow down the
wire to the positive (+) pole of the battery. As electrons accumulate
in P; and leave P,, P; begins to repel incoming electrons and P, attracts

ocutgoing electrons, Soon, Chese forces exactly equal the electrical






prassure of the battery and no current flows. The capacitor is now
charged,

Suppose we remove the batitery from the circuit and connect the
capacitor's wires togeiher (YC" below). Electrons from P, flow into
the wire and into Ps. Soon P, runs out of excess electrons, and 92
receives cnough electrons to fill its electron shortapc, and cursrent
stops flowing,

We have seen that a capacitor does not conduct DC {current that
flows in one direction), Can a capacitor conduct AC? (Current that
switchas direction periodically). When the AC voltage is pus®hiag,
current begins to flow, éharging the capacitor ('D'" ahuve). 3efore
the capacitor is completcly charged, the voltage reverses, pushing
current through in the other direction ("E' above), chérging the
capacitor in the opposite direction. We can sce that a capacitor docs
condict AU, The capacitor is an important part of radios. Capacitancge

3 measured in micreofarads,

|

The resistor is another imporcant part of radios, The symbol for
a resistor is listed in thna symbols index on the display board. In
following fignres 1 will refer to resisteors with this symbol,

It is easy to explain resistors and thelr properties by thiaking
of an electric current as water running through piping. Yoltaze 1s the
pressure behind the water, and current or amperage is the amount of
water. A resistor in our waizar pipe modoel will be a narrowing in the
pipe. An clectrica! rasistor is usually made of carbon or thin wire,
but we will use its symbol,

"A" above is a drawing of a resistance and a water pump, The
water pump is supplying a certaia amwount of water pressure. This
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pressure i3 pushlng a certain amount of water through the pipe system

{per time unit), 1t seems reasonable that if wc double the water

pressure, the amount of water flowing through the system will also double
(per time unit}, It secms reasonable that the ratio pressure/amount of wat.r
flow will always rcmain the same, provided the resistaace remains the

same.

In "B" pipes are replaced by wire, water is replaced by electrons,

a narrow plipe is replaced by a resistor, and the water pump is replaced
by a battery. But the characteristics are the same,

Voltage (pressure)/Current (amount of electrons flowing) remaiis
the same, Resistance has been defined as Volts/Amper:s and is measured in
ohms.

Another very important part aseld Ia thls cadio is the transformer,
Tts symhol is shown in the symbol index., You will notice there arc two
kinds of transformers, A transformer is two coils of wire wound around
a core (see "A' below),

If an alternafiiing voltage V| is applied across the wires of one coil,
a1other alternating voltage V, appears across the wires of the second
coil, The coil to which voltage is applied is called the primary
coil, The other coil is called che secondary coil,

In figure "B", AC is run through the primary coil, This makes the
primary coil an eclectronagnet which is changing polarity periodically.

The changing magnetic field induces an AC voltage in the secondary

coil, (I will not attempt to explain why), The symbol for the transformer
is listed in the symbols index on the display board, The ratio of turns

In the svmb:l represents the ratio of turns in the actual traasformer,
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"C" below is a transformer with twice as many turns in the primary
coil as in the secondary coll, The voltage across the primary coil is
twice that of the secondary coil, and the current of the primary is
half that of the secondary.

"D" below 1s a transiormer with twice as many turns in the secondary
coil as in the primary coil. The voltage of the primary coil is half that
of the secondary coil, the current of the primary coil 1s twice that of
the secondary, Transformers are used to change voltage/current ra:zios
in AC and to c;uple two circuits together so fhat IC cannot flow between
them,

Probably the most important circuit in radio work is the parallel
resonant circuit., It consists only of two parts: a coill and a capacitor,
In figure "B" the coil is part of a transformes. When the switch is opencd
the magnetic field quickly collapses around the primary coil, This
induces a voltage in the secondary coil, which charges the capazitor in
one direction("C"), Once the magnetic ield in the primary coll is dead
the capacitor is free to discharge through the secondary coil., As it
does 130, 1t creates another temporary magnetic fiald in the transformer.
Soon the capacitor is discharged, and current flowing through the
secondary coil drops to zero, DBut now the magnetic field se% up earlier
by e secondary coll begins to collapse., This induces a voltage and
charges the capacitor in the opposite polarity from the original charge ("D'").
This new charze also begins to discharge through the coil., 1In doing so,
it sets up a magnetic field in the coil, ..., and the capacitor is charged
in the original direction("Z"), and we are back where we started.

This swinging back and forth should continue forever, but there are
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resistances in circuit which slowly weaken the oscillations.

A parallel resonant circult goes through cycles; the capacitors
charge shifting back and forth, The number of times a resoaant circuit
does this per second is its frequency. 1f we apply an AC voltage to a
parallel resonant clrcuit of the same frequency of resonance ('E"),
oscillations build up in the resonant circuit, Whoen the AC is turned
on, the capacitor charges, fZurrent begins to flow through the coil,...,
and soon the capacitor 1s charged in the opposite direction. DBy this
time the voltage has switched. Thls increases the charge of the capacitor.
After many cycles, the capacitor is always charged with esactly the same
voltage and polarity as the AC voltage and all current flow stops.

In "F", AC of a different frequency 1s applied, Huch current flows.

The diode 1s an important part used in radinss, Diodes are made
from either germanium or silicon. Germanium and silicon both have
four outcer electrons, They both form crystals similar to that of a
diamond, "A" is a two dimensicnal representation of a zermanium crystal,
(Only the outer electrons are shown,) Each germanium atom shares two
2lectrons with each of its neighboring pgermanium atoms, Because all
electrons are tled down, the germanium erystal is non-conducting.

Suppose we add some arsenic to the germanium crystal. Arsenic has
five outer electrons, instead of four, but it f£its Into a germanium crystal
anyway ('"B")., Because arsenic has five outer ceclectrons instecad of four,
it has one electron not tied down in covalent bonds. This zlectron is
free to move around the crystal, The crystal conducts electricity
becausc this eleztron can move about, Tf we remove this electron the

crystal again becomes non-conducting. This Is called N-type germanium,






Suppose we add »oron, a substance with three outer electrons, to
the germanlun crystal., The boron blends into the crystal forming
conglete covalent bonds with three of the surrounding germanium atoms.
The fourth germanium atom contributes its slectron to the fourth covalent
bond, but the boron, haring only three electrons, does not ("C"). This
'hole'"can move around in the crystal, This crystal can conduct elcetricity,
too, but becausc of moving ”h91es”, not moving clectrons, If we add
electrons to neitralize the holes, the crystal becomes non-conducting,
This is P-type germanium,

A diode is made by joiaiag N-type and P-type germanium (or silicon)
and coanecting a terminal to each type of matcrial ["A"™),

Waen the materials are jolned some electrons ilmiediately jump from
the N-type to the P-type matarial, filiing in the holes near the
boundary, and using up the electrons near the boundary: This makes a
very thing non-conducting barrier, Wow the material in the barrier on
the N side is positively charged, and the material on the P side 1is
negatively charged.

1f the dicode is forwarsd biased as in "B," much current flows.
Electrons from the negative wire of the battery flow <down the wire, into
the ecrystal, and then jump the barrier to neutralize a hole, If a
diode is reversa biased ("C"}, no current flows., The barrier gets mach
bigger because both holes and electrons f£low away from the barrier,
leaving non-conducting material. Summing up, a diode conducts in one
direction only.

Suppose we run AC through a diode, 3ecause a diode conducts only

-
in one direection, a surging DC will result,
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The transistor ls the most important part in a modern radio (some
radios still use tubes) because transistors a-se the only part used in
modern radios that can make a signal stronger,

Transistors are made of P and W type germanium {or silicon) but
are different from diodes, The two types of transistors used in this
radio are the NP and PNP ("A," "B"), Transistors have threce terminals:
the emitter, the base, and the collector., TFor tube fans, the NPHN
transistor is just like a triode tube, with the emitter as cathode (no
heating required), the base as the grid, and the collector as the plate,
The PNZ transistor 1s the same as an NPN translstor, except the battery
polarity must be switched. Of course transistors are not exactly like
tubes, They are just similar,

The symbol for the transistor is shwon on the symbols Index. The
transistor can best be explained by a two diode "equivalent" eircuit ("aA"),
(In these diodes the clectron flows WITH the arrow). If the switch is
thrown to l, D, is forward bilased because the "base" is positive, Much
current flows, If the switech 1s thrown to 2, Dl is reverse blased and
no currvent flows, If the switch is thrown to 3, no current flows.

In "B" the NPN transistor acts about the same as the two diodes in
nat . When the switch 1s thrown to 1, curvent flows; but when the swlteh is
thrown to 2 or 3, no current flows, When the base of an NPN transistor is
made positive, much current flows, When the base is wmade negative, no
current flows, PNP transistors are exactly the reverse,

In "A" of the next transistor pleture there is another two-diode
"eguivalent' transistor, The voltage across the base and emitter is
controlled by a vgriable resistor, No matter what the varlable resisto:'s
setting, no current flows through mater M., This 1s not the case with
a rcal transistor,
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In "B" the same circuit as "A" is set up except the transistor
equivalent is replaced by areatual transistor, We might expect to get
the same results, We start with the variablz resistor in position B,
Sure enough, no current.through meter M, We nudge the variable resistor
toward A, but the current going through meter M goes way up! 1t only
takes a very small base-emitter voltage to drive the collector current
very high,
This 1s the principle of a transistor: 1t can make a very small
voltapge change very large,
An important part of a radio 1s the mixer. The mixer combines two
AC currents, The frequencies that come out of the mixer, not only include the
two original frequencies, but also their sum and difference, To explain
why, we need a representation of AC. A good way to represent AC is with
a wiggly line and straight line "A", One side of the straight line
represents negative voltage; the other represents positive veoltage,
"B" and "C" represent two AL voltages to be mixed. "D" is the resulting
voltage that is applied to the mixer, "E" is the output of a diode mixer.
It contains all four frequency components. Mixers are used in superheterodyne
receivers to change the frequency of an incoming signal and to change AM

into audic, A mixer may be a diode or a transistor,

Following the Signal Through the Radio

This is the way a radio should work. The radic signal originates in
the loop antenna., It is an alternating voltage of a certain frequency.
Its amplitude is changing with the program material. 1It, and the oscillator
signal are sant to the first mixer. Here the signal's freguency is changed
to 455 ke, 1t then goes into the 1.F. amplifier, where it is amplified.
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Then it reaches the second mixer, and is changed to audio. The audio
is amplified and sent out the speaker.

This is not the way it works in this radio. Everything works well
until the I,F., amplifier., The I.F., amplifier oscillates at 455 ke., but
it does amplify, When the signal gets to the second mlxer, it mixes with
the oscillatlon frequency., This produces a squeal unless the two are
exactly the same frequency, or the signal is tuned in exactly, This
oscillation makes this radio capable of receiving Morse code and single

side band transmitions,
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