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INTRODUCTION

In addition to tubes and transistors,
all electronic devices contain combina-
tions of three components. These

. '_
components are resistors, ca I
and mductor§. This lesson will cover
the construction of inductors and the
action of inductors in circuits.

Inductors used in high frequenc
SR y—
circuits are called radio Irequency

(RF) inductors, RF coils, or RF
chokes. Inductors used In low Ire-
quency circuits are called  audio

Trequency (AF) inductors, AF coils,
or AF chokes. when an mductor has a.
TETAtively small amount of AC current
passing through it, it is called a choke.
This choke, however, may have a large
AC voltage placed across it.

REVIEW
Inductance

An inductor has the propertv of
inductance. The unit of measure of
inductance is the henry. At times,
inductors of less than one henry are
used in electronic circuits. A 15 mh
coil has an inductance of 15 milli-
henrys (0.015 henry). A 60 uh coil
has an inductance of 60 microhenry
(0.00006 henry).
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AF AND RF
INDUCTORS

A magnetic field is present around a
conductor whenever current flows
through the conductor. When the
current changes, the magnetic field
also changes. This change in the
magnetic field causes a voltage to be
induced in the conductor. An induc-
tor has a large inductance if an
amount of changing current induces a
large voltage. If a current change of 2

amps per second induces 10 volts, the
Tnauctance equals b Renrys (divide
. Ot
induced vollage Db the current
chan ei. An 1nductor having 3U volts
Induced

with a current change of 2
amps per second has an inductance of
15 henrys (Fig. 1). If only 0.2 of a
volt is induced by a current change of
2 amps per second, the inductance
will equal 0.1 henry (Fig. 1).

Reactance

Reactance is different from induc-
tance. The reactance of a coil is
measured 1n ohms. It 1s used In sine-
wave current and voltage calcula-
tions. Figure 2 gives the formula for
inductive reactance. When f is 10

hertz and L is 5 henrys, the inductive

eactance ohms. en f1s

B0 hertz and Tris D henrys, the

reactance equals 1884 ohms.



ADVANCE SCHOOLS, INC.

INDUCED VOLTAGE
e

CHANGING
CURRENT
|
CURRENT INDUCED
CHANGE VOLTAGE INDUCTANCE
2 AMPS/SEC. 10 VOLTS 5 HENRYS
2 AMPS/SEC. 30 VOLTS 15 HENRYS
2 AMPS/SEC. 6 VOLTS 3 HENRYS
2 AMPS/SEC. 0.2 VOLTS 0.1  HENRYOR
100 MILLIHENRYS

Figure 1 - Basic electrical behavior of an inductor.

AC Action

For sinewave AC, the voltage equals
the current times the inductive reac-
tance (Fig. 3). When the AC current is
6 amps and the reactance is 20 ohms,
the AC voltage is 120 volts. When the
AC current is 0.5 amps and the
reactance is 2,000 ohms, the AC
voltage equals 1,000 volts.

RF CHOKE COILS

Frequencies above 20,000 hertz are
radio frequencies. This section pre-
sents several applications of RF coils.
A knowledge of reactance is helpful in
understanding the behavior of AC
circuits.

Resistance, Capacity, and
Inductance in AC and DC
Circuits

Most electronic circuits are series,
parallel, or a combination of series

2

and parallel connections. In a parallel
circuit, the voltage is the same across
each branch of the parallel circuit. If
one of the parallel branches has
minimum AC current, a circuit com-
ponent having a large resistance
should be used. This large resistance
can be obtained by using a resistor, a
capacitor, or an inductor. The DC
behavior of these three components,
however, is not the same. A resistor
has the same value in ohms for both
DC and AC. An inductor has less
resistance for DC than for AC.
Therefore, the action for AC, as well
as for DC, must be considered when a
part is selected.

Pulsating DC Current

Pulsating DC may be considered to
be AC plus DC (Fig. 4). The pure DC
is 7 amps and the pure AC is 2 amps
peak-to-peak. Now, suppose that one
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AC

XL = 2wWfL

FREQUENCY L

INDUCTIVE REACTANCE

10 HERTZ

10 HERTZ

60 HERTZ

5 HENRYS

10 HENRYS

5 HENRYS

2xaxfxlL=
2x3.14 x 10 x 6=
314 OHMS

2xnaxfxLl=
2x3.14x10x 10=
628 OHMS

2xaxfxl=
2x3.14 x 60 x 5=
1884 OHMS

Figure 2 - Inductive reactance.

of the branches (Fig. 4) requires only
the AC portion of the pulsating DC.
The AC load block (Fig. 5) represents
that branch. Capacitor C, called a
coupling capacitor, does not permit
any DC current in this branch. Its
reactance compared to the impedance
of the AC load, however, is small. AC
current is not needed in the first
branch. Therefore, the inductor, L, is
used to keep the AC current out of
this branch. Because the resistance of
the coil is low for DC, DC readily
flows in this part of the circuit. DC,
with very little AC, is present in the
first branch; AC, but no DC, is present

52-025

in the branch containing the AC load.

Parallel Circuit Example
(RFC)

With a load impedance of 50 ohms
(Fig. 6), the coupling capacitor has a
reactance of 5 ohms. Capacitor C,
called a blocking capacitor, blocks the
DC from the AC load. When the
capacitor’s reactance is lower than the
impedance of the AC load, there is
relatively small AC voltage across it.
The AC power (volts and amps)
should be concentrated only in the
AC load. This makes the circuit more

3
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</>E E=IxXL

AC
AC CURRENT INDUCTIVE REACTANCE AC VOLTAGE
6 AMPS 20 OHMS 120 VOLTS
6 AMPS 100 OHMS 600 VOLTS
0.5 AMPS 2,000 OHMS 1,000 VOLTS

Figure 3 - AC voltage and current in an inductor.

efficient. The reactance of the RFC is
much higher than the impedance of

the other branch. Since the reac
of the RFC in this examlE!e 1S gﬁ Eiggs
the impedance _of the AC _load,

one-twentieth of the total AC current
flows through the RFC. The pure DC
(Fig. 6) is 80 milliamperes. The pure
AC is 40 milliamperes, peak-to-peak.
The RFC has 2 milliamperes peak-to-
peak of AC current flowing through
it. In addition, the entire 80 milli-
amperes of DC current flows through
the RFC. The other branch has 38
milliamperes peak-to-peak of AC cur-
rent and no DC current.

The battery is the source of the DC
current. The block at the left of
Figure 6 causes the DC current to

4

pulsate. To keep AC current out of
the branch containing the battery, the
RFC passes the DC and opposes the
AC.

- Imagine yourself at point A of

Figure 6. The AC current present at
this point is split into two parts by
either the impedance or the reactances
of the two branches. The RFC has a
higher reactance than the impedance
of the AC load. Most of the AC
current passes into the branch con-

acts as an open circuit for the AC.

Ltaining the AC load. Thus, the RFC

If the AC load has an impedance of
2,000 ohms, an RFC with a reactance
greater than 2,000 should be selected.
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TO PARALLEL CIRCUIT

PULSATING
DC
CURRENT

8 AMPS

AWAWA

CURRENT / v \j \

6 AMPS

(TWO BRANCHES)

7 AMPS DC

Figure 4 - A source of pulsating DC current.

PULSATING
DC
CURRENT

L}

+

TIME

AC
LOAD

ELECTRONICS

Figure 5 - The use of L to minimize AC current in a branch of a parallel circuit.
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A BRAﬁCH
BRANCH A
A
1,000N = Xc=5N
RFC
PULSATING AC LOAD
CURRENT 500

80ma DCH

CURRENT

TIME

Figure 6 - Example of the use of a radio frequency choke.

A reactance of 20,000, 25,000 or
50,000 ohms would operate satis-
factorily.

Parallel Tube Filament
Operation

Another example of RF chokes
would be their use in the filament
circuits of high frequency electronic
equipment such as FM and TV
receivers.

Figure 7 illustrates two tubes with
parallel filaments. If there were 10 or

6

20 tubes in a receiver, most of the
tube filaments would be connected in
parallel.

In the interconnections between
tube signal paths, a grid usually
receives a voltage from the plate
circuit of the preceding tube. This
should be the only source of AC signal
voltage. When the tube filaments are
connected in parallel, however, there
may be some AC current leakage. In
this case, the cause of this leakage is
the capacity that exists between the
filament and cathode of the tube. An
additiomal interconnection, the RFC
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CIRCUIT
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ELECTRONICS

P2 P3 _P5
V2 V3 va V51
o—\\ /—'~'
= S = . 7

gy—m- ] v — ——

G4 G5\ 1

Ffjfl’/ 63

N 4

AC

Figure 7 - A single source of AC to heat many filaments.

prevents the undesirable leakage of
AC currents.

A capacitor is two conductors
separated by a dielectric. There is
unintentional capacity due to the
construction of the tubes. Both the
cathode and the filament are metallic.
They are separated by insulating
material.

In Figure 7, the plate of V2 is
connected to the grid of V3 through
circuit components. The plate of V3 is
connected to the grid of V4 in the
same way. The plate of V4 is also
connected to the grid of V5 with
circuit components. These connec-
tions produce the desired tube action.
Any additional influences on tube
action are undesirable because they
cause improper operation of the
electronic equipment.

The capacity between filament and
cathode is usually quite small. Its
effect can be ignored when the tube

52-025

circuits are operating at low frequen-
cies. When the tube circuits are
operating at higher frequencies, how-
ever, the capacitive reactance of the
cathode-to-filament decreases and ap-
preciable current flows from the grid
circuit to the filament. When this
condition exists, the voltage at G4
influences the voltage at G3, and,
likewise, the voltage at G3 influences
the voltage at G4. Under this con-
dition, the tubes act as if they were
connected in parallel because of the
common connection at the source of
filament voltage.

RF chokes can be used as addition-
al reactances in series with the
cathode-to-filament capacity of the
tube. Figure 8 shows the new circuit
with the addition of the inductors.
These chokes eliminate the coupling
between the grid circuits.

When filament chokes are used, the
values are smaller than 1 henry. At
times, the filament lead is used to

7
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CIRCUIT

COMPONENTS

P3y

G3

RFC

M

|
|

Figure 8- RF chokes minimize coupling between tube circuits via a common filament

source.

form the inductor. In this case,
approximately three to six turns are
wound from the filament wiring itself.
The diameter is approximately % inch
or less. The inductance could be 5 or
10 microhenrys.

AF CHOKE COILS

Frequencies below 20,000 hertz are
audio frequencies. Inductors for audio
use are larger in value than 1 henry.
They are also larger and much heavier
than inductors selected for use in RF
circuits. The increase in weight is due
to the iron core and to the large
amount of wire used. Figure 9 shows
the most common types of AF
inductors. The general appearance is
similar to AF transformers. Trans-
formers, however, have at least 4
leads. Inductors have only 2 leads.

8

Pulsating DC Voltage

A source of pulsating DC voltage
exists in Figure 10A. The voltage is
varying continuously. For certain
applications and uses, the variations
are undesirable. Suggested -circuitry
additions to solve the problem are
shown in Figure 10B.

The pulsations at the source of the
voltage vary from 280 to 320 volts
(Fig. 11). This is equivalent to 300
volts pure DC and 40 volts peak-to-
peak AC. The reactance of L is 1,000
ohms and the reactance of C'is 100
ohms. Most of the AC voltage is across
the inductor. One-ninth of the 40 volt
peak-to-peak AC voltage appears a-
cross the capacitor. Thus, the AC
voltage at the capacitor is 4.4 volts
peak-to-peak. The pulsating voltage at

52-025
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Figure 9 - Typical AF inductors.

terminals A and B varies from 297.8
to 302.2 volts (Fig. 12).

If the capacitor had a reactance of
10 ohms, one-hundredth of the pure
AC, or 0.4 volts, would appear at the
output terminals A~and B, assuming
that the original inductor is still in the
circuit. The pulsating voltage at
terminals A and B would vary from
299.8 to 300.2 volts (Fig. 12).

Reduction of Voltage
Pulsations — One Section

There are several additional ex-
amples that can be verified (Fig. 13).

52-025

In the first example, the AC at the
input is 100 volts peak-to-peak. From
the values of the reactances, we can
determine that one-nineteenth of the
input AC is 5.26 volts, and is
calculated to appear at the output
terminals. (The capacitor reactance is
one-nineteenth of the total reactance.)
The DC output voltage is varying from
397.37 (400 volts minus 2.63) to
402.63 volts.

In the next example (Fig. 13) the
input is unchanged. It has 100 volts
peak-to-peak of AC. From the relative
values of the reactances, the output
AC can be calculated to be one
two-hundredth of the input AC. Thus,
the AC at the output terminals is 0.5

9
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10

PULSATING
DC
VOLTAGE

DESIRED OUTPUT TO BE
PRACTICALLY PURE DC

PULSATING
DC
VOLTAGE

ADDED
CIRCUITRY

PURE DC
VOLTAGE

Figure 10 - Modifying a circuit to obtain a pure DC voltage.
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L
M A
X, = 000N A
XT = XL-Xc = 900N
PULSATING =100N. . £ .80 ,
DC Xe L PURERDC 1= 5 " 300 = 0.044 AMP
VOLTAGE VOLTAGE Ec » I xXc
=0.044x100
=4.4 VOLTS
PEAK-TO-PEAK
B
VOLTAGE }
1
+ 320 vOLTS + 20 VOLTS
A VoL 300 VOLTS e )
A2 280 VOLTS AN 20 VOLTS
i 40 VOLTS PEAK-TO-PEAK AC

TIME

Figure 11 - The use of an inductor to minimize voltage pulsations.

volts peak-to-peak and the DC output
voltage varies from 399.75 to 400.25
volts.

Reduction of Voltage
Pulsations — Two Section

Often, instead of using one coil and
one capacitor to obtain the desired
reduction of voltage pulsations, two
or three coils and capacitors are used.
Figure 14 shows how two coils and
two capacitors are connected. The

52-025

pulsations at points A and B are
one-ninth of the pulsations at the
source of the DC voltage. Similarly,
the pulsations at points C and D are
one-ninth the pulsations at points A
and B. Thus, an overall reduction of
one eighty-first is achieved (§x3 =41 ).
If the source has a variation of 400 to
600 volts of DC, this variation corre-
sponds to 500 volts pure DC and 200
volts of AC peak-to-peak. The actual
voltage would vary from 488.9 (500
minus 11.1) to 511.1 volts at points A
and B. At points C and D, the pure

1
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DC INPUT

X Xc DC OUTPUT

VARYING FROM
280V TO 320V

100052 100 VARYING FROM
297.8V TO 302.2V

VARYING FROM 1000 100 VARYING FROM
280V TO 320v 299.8V TO 300.2v
Figure 12 - Reduction of voltage pulsations.
DC INPUT XL Xc DC OUTPUT
VARYING FROM 20009 100Q VARYING FROM

350V TO 450V

VARYING FROM
350V TO 450V

PULSATING
DC INPUT

397.37V TO 402.63V

2000 10Q VARYING FROM
399.75V TO 400.25V

X1 =XL-Xc=19009

I= % =100 VOLTS PEAK-TO-PEAK

2,000N 1900

=0.0526 AMPS PEAK-TO-PEAK

100 VAC
(P TOP)

==100N

Ec=1x XT1=0.0526 x 100
PULSATING =5.26 VOLTS PEAK-TO-PEAK
DC OUTPUT
(OR SIMPLY DIVIDE 100 VOLTS
PEAK-TO-PEAK BY 19, OR

100_ _g 26 VOLTS PEAK-TO-PEAK)

19

Figure 13 - Examples of reduction of voltage pulsations.

12
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LI L2
A C
—————
1,000N 1,000N
1
PULSDA(_‘:”NG Cl == Cos PURER DC (AC RIPPLE 1S é-,)
VOLTAGE 100N 100N VOLTAGE \ OF INPUT AC
d —e
B )

Figure 14 - Two-section reduction of voltage pulsations.

AC is one-ninth of the pure AC at
points A and B. This equals 2.4 volts
peak-to-peak. The actual voltage varies
from 498.8 to 501.2 volts.

Figure 15A is related to Fizure 14.
The same parts are used, but they are
connected differently. Because the
same parts are used, the weight and
cost is the same for both circuits.

The 2,000 ohm coil (Fig. 15B) is
colls

the equivalent of two 1000 ohm
Th series. With two coils in series tE

TeacTances add diectly. The equi y. The equiv-
alent of two capacitors in parallel,
each having a reactance of 100 ohms,
is 50 ohms. Note the relative reac-
tances in Figure 15B. 2,000 ohms is
40 times the value of 50 ohms.
Therefore, the voltage across the
capacitor is one-fortieth of the applied
AC voltage. In Figure 14, the overall
reduction of voltage variations is one
eighty-first. Thus, the circuit in Figure
14 is more effective in reducing
variations than the one in Figure 15A.

52-025

Reduction of Voltage
Pulsations — Three Section

A circuit using three sections to
reduce voltage pulsations is shown in
Figure 16. The AC voltage at points A
and B is one-tenth of the AC voltage
at the source. If all coils and
condensers are identical, the AC
voltage at points C and D equals
one-tenth the AC voltage at A and B.
This is one-hundredth of the AC at
the source. The AC voltage at E and F
equals one-tenth the AC at C and D,
or one-thousandth of the voltage at
the input terminals. If the pure AC at
the input terminals is 100 volts, the
AC at points A and B equals 10 volts,
the AC at points C and D equals 1
volt, and the AC at E and F equals 0.1
volts. One-section and two-section
circuits of this type are often used in
electronic equipment. Occasionally,
three-section circuits like the one
discussed above are used.

In studying the action of choke
coils, it is apparent that a single

13
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A MM .

1,000Nn 11,0000

PULSATING
DC loon = loon==
VOLTAGE
B mm .
2,000n
PULSATING AC IS 25
DC 50N = ny
VOLTAGE T OF INPUT AC
I

Figure 15 - Reduction of voitage pulsations in a one-section filter .

component is not very effective.
Simple combinations of several com-
ponents, however, permit the electri-
cal circuit action to produce whatever
is desired or required.

In most cases, having a general
knowledge of basic circuit operation
helps in isolating a defective compo-
nent. If the AC voltage at points A
and B (Fig. 11) is much higher than
normal, then the relative value of the

14

two reactances must have changed.
The inductive reactance is normally
higher than the capacitive reactance.
Now, conditions have changed to
reduce the inductive reactance or to
increase the capacitive reactance. The
inductive reactance decrease might be
caused by a shorted inductor. This is
checked with an ohmmeter. The
capacitive reactance increase might be
caused by an open capacitor. This is
checked by temporarily connecting
another capacitor in the circuit.
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Figure 16 - Three-section reduction of voltage pulsations.

MULTILAYER COILS

There are a great variety of
electronic devices. Many companies
are engaged in developing and produc-
ing these devices. Therefore, it is not
surprising that there are many vari-
eties of coils. However, they are all
coils. Some coils have few turns, while
other coils have many hundreds of
turns.

Wire Insulation and
Wax Saturation

A multilayer inductor has turns
that touch. Thus, the wire used to
wind this type of coil must be covered
with an insulation. Sometimes, a
varnish or enamel is used for this
insulation. In this case, the wire is
coated with the varnish or enamel.
Silk or cotton covered wires are
common in many coils. After the coil
is wound, the entire coil may be
saturated with wax or some other
insulating material, so that moisture
from the atmosphere cannot deteri-
orate the insulation.

52-025

Breakdown of Inductors

Because the windings are tightly
packed, defects do occur. Imperfect
saturation may permit moisture to
penetrate the coil and thereby cause a
failure. There may be imperfections in
the insulating material covering the
wire. A _shorted coil occurs when
insulation_breaks down under high
voltage conditions and causes adjacent
furns to make electrical contact. An
ohmmeter is used to determine if a
coil is shorted. The measured resis-
that of a normal coil.

Temperature of Inductors

Normally, AF inductors are warm or
hot. This is due to the power
dissipated in the windings. If an
abnormally high current exists in an
inductor, the temperature of the
inductor rises quickly. It might cause
the insulation to break down. This is
another cause for a shorted inductor.
In this case, the original defect would
not have been the inductor, but

15
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.,

-
I

i  COIL WINDING WILL
’ 2 FILL OPENINGS
o (SEE FIG. 9)

2 PIECES MAKE UP

.

EACH LAMINATOIN

ALTERNATE LAMINATIONS

Figure 17 - Laminated core for an AF inductor.

another defective component causing
the abnormally high current.

Generally, RF inductors do not
overheat. They normally operate at
room temperature because they do
not use as much wire as AF inductors.
They can still break down, however,
when an abnormally high AC voltage
appears across the coil.

The normal resistance of an induc-
tor is important information. Often

16

this information is placed in resistance
charts in the technical literature
associated with a particular piece of
electronic equipment. It may also be
found on the schematic diagram.

SINGLE LAYER COILS

Single layer coils have long lives in
electronic equipment. They seldom
break down. Even abnormally high
voltages rarely cause a breakdown

52-025
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Figure 18 - RF inductors with adjustable cores.

because the voltage between adjacent
turns is very low.

The DC resistance values are often
less than 1 ohm because so little wire
is used in the construction of the coil.
If there is spacing between adjacent
turns of a single layered coil, bare
copper wire may be used.

CORE MATERIALS
fron and Steel

AF inductors use iron or steel in
their construction (Fig.17). Any

material placed in an inductor is

52-025

referred to as the core. When an iron
core is used, less wire is required for a
given amount of inductance. The core
is built up in layers rather_than as a
solid piece of iron or steel. These
layers are called laminations. The
inductors will not heat as much when
the core is constructed using lamina-
tions. By building up the core in
layers with no metallic contact be-
tween them, the heating that is due to
the eddy currents flowing within the
core is minimized.

Magnetic Materials
Sometimes RF coils are manufac-

17
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tured with cores. In this case, a
magnetic material such as iron is
placed at, or near, the center of the
coil. No part of the core extends
beyond the central portion of the coil.
Figure 18 shows two RF coils with
cores. Both of these have adjustable
cores. The adjustment screw is at the
top and the multilayered coils are at
the bottom. The cores are not visible.
When iron is used as a core for RF
coils, it is in the form of finely
powdered particles bonded with a
binding substance. These are referred
to as powdered iron cores or ferrite
cores. Brass is seldom used as a core
for RF coils. It decreases, rather than
increases, the inductance. Sometimes
a brass core is temporarily inserted
within a coil. The decrease of
inductance may give the circuit better
operation. Thus, a smaller value of
inductance would be used, or the
turns of the coil would be separated.
The separation of turns is possible and
practical in some single layer coils.

Air

When no magnetic material is used
as a core, the coil is called an air core
coil. Because many RF circuits in
radio and television receivers are built
with relatively low power losses, most
of the RF coils are air core type coils.
This allows the circuit to produce the
proper result when tuning in one
station at a time. If the circuit losses
were greater, several stations would be
tuned in at the same time. This, of
course, is undesirable. In AF coils, the
core is divided into laminations to
minimize heating losses due to eddy
currents. Using powdered iron or
ferrite material as a core subdivides
the iron more than the laminations

18

do. This process further reduces the
eddy current losses. When coil losses
are to be held to a minimum, no
magnetic material is used as a core.

VARIABLE INDUCTORS
Movable Core

In some electronic circuits, a
precise value of inductance is re-
quired. Otherwise, improper operation
of the radio, TV receivers, or other
electronic equipment results. It is not
practical to manufacture precise coils
as needed for electronic circuits,
because a great variety of values
would be required. A simple solution
is to manufacture adjustable or
variable coils. Each coil can then be
adjusted to the desired value of
inductance. An additional advantage is
that the coil can be readjusted to a
new and required value if necessary.

Variable AF coils are seldom used
in radio or TV receivers. Variable RF
coils are widely used.

Figure 18A shows an adjustable
inductor. The position of the powder-
ed iron or ferrite core within the coil
is varied by turning the top of the coil
assembly with an alignment tool.
Some alignment tools are essentially
miniature socket wrenches. Others
have a hexagon (six-sided) insert.
Some coils have slots for small or
specially made non-metallic screw-
drivers. The objective of non-metallic
tools is to electrically remove the
serviceman’s hand from the circuit
being adjusted. Sometimes the coil is
designed so that the contact between
the tool and the core is made within
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the coil. From the side, these coils
appear to be air core coils.

The majority of variable inductors
are constructed as described above.
They have a powdered iron or ferrite
core whose position within the central
area of the coil can be varied. This
variation is along the axis of the coil
only.

Variable Spacing of Turns

In a few cases, single layer air core
coils are constructed with rigid wire.
It is possible to vary the inductance of
these coils by varying the spacing
between some or all of the turns.
When this is done, an attempt should
be made to have a uniform spacing
between turns. This manner of varying
inductance is accomplished by the use
of the hands to either increase or
decrease the overall length of the coil.
When the turns are farther apart, the
inductance  decreases. Sometimes,
long nose pliers are used to bring the
turns closer together. For example, a
coil that is 1 inch in length and is
made up of 5 turns can be increased in
length to about 1.25 or 1.50 inches,
or decreased in length to about 0.50
inch. However, such great increases or
decreases in length usually will not be
necessary.

In most cases, when a coil is to be
adjusted in value, a station is not
tuned in. Test equipment is used to
simulate the radio or TV station.
Then, while the equipment under test
is operating, an adjustment is made
for best operation.

In the case of a coil whose

inductance is varied by changing the
spacing between turns, follow the
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procedures listed here. For safety
reasons, especially when the coil is
connected to a high voltage, do not
touch the coil while the equipment is
operating. Obtain a special plastic
material rod that has a small amount
of powdered iron or ferrite at one end
and a small amount of brass at the
other end. With the equipment oper-
ating, determine whether more or less
inductance is required by inserting
one end of the special tool into the
coil as a core and note the effect on
receiver performance. If the brass end
improves performance, reduce the
inductance. Turn off the equipment
and spread the turns of the coil.
Repeat the test with the equipment
operating. When neither brass nor
powdered iron improves the perfor-
mance, the inductance has the proper
value.

SLUG TUNED INDUCTORS
Construction

Because of its appearance, the core
of a variable RF inductor is called a
slug. It is a small solid cylinder or rod
segment. Sometimes the turning screw
is imbedded in the slug. In other types
of construction, there may be threads
on the inner side of the coil mounting,
and the slug itself is threaded. There is
a slot in the end of the slug for a
screwdriver or alignment tool. The
alignment tool is a rod of plastic with
a screwdriver blade approximately
0.25 inches in length at one or both
ends.

Caution should be exercised in
order not to damage the variable coil
assembly or the slug. Excessive force
should not be used when the slug is at
either extreme. Stops are usually
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provided in the construction of a coil
assembly to prevent exceeding max-
imum and minimum positions of the
core when moderate force is applied.

Precautions

It is a good idea to count the
number of turns made with the
screwdriver or alighment tool when
first adjusting a variable inductor. This
becomes important when there is no
change in the performance of the
receiver even though the inductor is
being adjusted. The test equipment
may not have been properly con-
nected or adjusted. Therefore, the
receiver is not being tested, and
varying the inductor has no effect.
Before leaving that inductor, the slug
should be readjusted to the original
position. If this were not done, the
original settings of several adjustments
might change and the receiver would
be misadjusted.

Basically, making an adjustment
means that results are expected.
Sometimes, however, there is no
noticeable change. In this case, it is
wise to readjust the coil to the
approximate original position before
doing anything else.

SUMMARY
Induced Voltage

AF and RF inductors are basically
simple devices. Electrically, all induc-
tors behave in the same manner. A
changing current at any instant causes
a voltage to appear at the coil
terminals during that instant. If the
current is not changing, even though it
is many amps, no voltage appears at
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the terminals. This is why the voltage
and current in a coil are 90 degrees
out of phase when sinewaves are
present. When the current is max-
imum, for one tiny instant it is not
changing at all. At the peak, the
current is exactly between an increas-
ing and decreasing condition. Thus,
there is no voltage when there is
greatest current in an inductor.

There is a difference between an
inductor and a resistor. It is only with
resistance or devices like resistors that
the amount of voltage is determined
by the amount of current.

There is also a difference between
inductance and reactance. The reac-
tance is measured in ohms and is
helpful in analyzing the behavior of
electric circuits. For example, a 1000
ohm coil in a parallel circuit has very
little AC current if it is in parallel with
a 50 ohm AC load.

The confusion about inductors
probably is caused by the fact that the
reactance is measured in ohms, and
the resistance of the inductor is also
measured in ohms. An ohmmeter
measures the resistance only, not the
reactance. Reactance is used primarily
when studying the action of electric
and electronic circuits. If 200 volts
AC is applied to a series circuit of a
1,000 ohm coil and a 100 ohm
capacitor, one-ninth of the AC voltage
is across the capacitor.

No Need to Measure
Inductance or Reactance

An electronic serviceman is never
required to measure the inductance of
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a coil. A knowledge of inductance and
reactance, however, is imperative in
understanding the operation of basic
electronic circuits. Then it is quite
simple to know when and where to
use each piece of test equipment.

Servicing involves more than replac-
ing defective parts. Very often,
misadjusted variable components can
cause a radio or TV receiver to be
completely inoperative. A standard
joke in electronics is the conscientious
serviceman who ‘‘tightened all the
loose screws” in a receiver. What is
meant is that all the adjustable parts
that could be varied were varied by
using a screwdriver. If this were done,
any receiver would probably become
inoperative!

Alignment

The process of making adjustments
in a receiver is called alignment. Due
to aging of components, a receiver
that once functioned at 100 percent
capacity can deteriorate in perfor-
mance. Some manufacturers will age
the circuitry before the final align-
ment. These receivers do not require
realignment for many years, or per-
haps not at all.

AF inductors are relatively large
and heavy compared to RF inductors.
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This is due to the AF inductor’s large
number of turns and large iron core.

The word “choke” is used to
convey the idea of a small amount of
AC current. Obviously, if the reac-
tance of an AF or an RF coil is large,
there will be relatively little AC
current.

Odor of Overloaded
AF Inductors

An overloaded or burned-out AF
inductor has a distinct and unpleasant
odor that is different from the odor of
a burned-out resistor. It would be a
good idea to identify the odor when it
is first experienced so that you will
remember it. This will help to identify
and locate overloaded or damaged AF
inductors in the future.

It is also a good idea to remember
the usual operating temperature of an
AF inductor. The temperature is
determined by touching the inductor
in a normally operating circuit. When
a receiver is malfunctioning, knowing
if an inductor’s temperature is normal
might be of assistance in isolating
defective areas of the equipment being
serviced. It pays to be alert for as
many normal indications of proper
operation as possible. This establishes
a pool of reference material that
supplements other technical data such
as resistance and voltage charts.
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TEST

Lesson Number 25

IMPORTANT

Carefully study each question listed here. Indicate your answer to each of
these questions in the correct column of the Answer Card having Test Code

Number 52-025-1.

1.In addition to tubes and transistors, the three parts that make up
electronic equipment are
v A. resistors, transformers, and inductors.
B. coils, resistors, and inductors.
C. capacitors, coils, and inductors.
D. resistors, capacitors, and inductors.

2. Inductance is measured in
. henrys.

ohms.

farads.

watts.

Dow>

3. Inductive reactance is measured in
v A. henrys.

-B. ohms.

C. farads.

D. amperes.

4. An AF choke coil is
- A. used only in aircraft applications.
B. always slug tuned.
- C. used where frequencies are below-20,000 hertz.
D. smaller than an RF choke coil.
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5. A short circuit has
A. low ohms.
B. high ohms.
C. low amperes.
D. abroken or cracked core.

6. A pulsating DC voltage varying from 260 volts to 320 volts has a
peak-to-peak AC voltage of
A. 30 volts
B. 60 volts.
C. 80 volts.
D. 100 volts.

7. Refer to Question 6. How many volts of pure DC are present?
A. 130 volts
B. 160 volts
— C. 290 volts
D. 300 volts

8. In Figure 6, if the AC load had a value of 1,000 ohms, the inductive
reactance of the RFC should be approximately
A. 100 ohms.
B. 500 ohms.
C. 750 ohms.
—D. 10,000 ohms.

9. In Figure 7, P3 is normally connected through the circuit components
only to
— A. G4.
B. P4.
C. P2,
D. the next filament.

10.If a 100 ohm inductor is in series with another 100 ohm inductor, the
total reactance would equal
A. 50 ohms.
B. 100 ohms.
- C. 200 ohms.
D. 1,000 ohms.
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“School Without Walls”
“Serving America’s Needs for Modern Vocational Training”

KNOW-HOW

To be a successful electronic service repairman you must know
your job. . .organize your work schedule to get the most out of
your time and. . .charge a fair price for services rendered.

Listen to your customers, give them good service, do a good
job and your business will flourish.

Your future ASI lessons will show you how to do this very
thing. You will learn “short cuts’” as well as practical servicing
“know-how”. So learn the fundamentals well — work out the
practical home training projects and. . .remember what you learn
and it won’t be long before you will profit handsomely.

Oz

S. T. Christensen
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ELECTRONICS

POWER AND AUDIO
TRANSFORMERS

INTRODUCTION

Electronic equipment is dependent
upon voltages that are frequently
different from those provided by AC
power lines. Batteries can be used for
some equipment but it is usually more
convenient and economical to power
equipment from regular electric ser-
vice.

Power transformers provide an
efficient and economical :.ecans to
raise or lower voltages to suit
individual requirements. They also
exhibit one other advantage; that is,
they isolate the equipment from the
power line and remove a potential
shock hazard.

Other types of transformers (no-
tably audio types) transform moder-
ate current, high voltage signals into
low voltage, high current signals that
can drive loudspeakers. Audio trans-
formers are used also in an interstage
role where they couple audio signals
from a source (such as the plate of a
vacuum tube) to the grid of a
following tube.

In this application, two dissimilar
impedances can be matched, plate
source to grid load for example,
without an appreciable loss of signal.

52-026
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A _trapsformer Jjs_a device that f
transfers electrical en etween

circults throu utual inductances.
asically 1t consists of two coils o

wire that share a common core of
some magnetic material and, thus, are

In a common mggnetTc freld.

The winding in a transformer to
which a voltage or signal Is applied 1s
oramanlx called the primary winding.
Current through the primary winding
induces a magnetic field which causes
a voltage to be developed in an
associated coil (or coils) called a
secondary winding(s).

The construction of a simple
transformer and its schematic symbol
is shown in Figure 1. The core consists
of a sandwich of flat iron pieces from
which the centers have been removed.
The windings are wound onto legs of
this square, ring-type structure. In the
symbol you will notice how the
presence of a core is indicated by
drawing a series of parallel lines
between the primary and secondary
windings. This particular form of
construction is called a core type
transformer.

Windings do not necessarily have to
be separated or at different positions

1
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BASIC TRANSFORMER

LAMINATED
CORE
SYMBOL
o — o
- —
-— —
PRIMARY QAl|$&<  seconpary
=l
-—
—t P
— Prn
== P
O- N -O
CORE

Figure 1 - Basic transformer and symbol.

on a core. They may be wound one on
top of another, by providing suitable
insulation between them.

Figure 2 shows two basic forms of
transformer construction. Notice that
the shell type differs from the core

"type in the way the core laminations
are cut and the windings wrapped.
The core of a shell type transformer
resembles a square figure “8” with the
windings wrapped onto the inner leg.
Insulation is provided between each
layer of wire and between windings.
Figure 3 illustrates how the shell
laminations are made from two
individual pieces of soft iron.

2

You were previously introduced to
mutual inductance, the principle that
is responsible for transformer action.
It was stated that when two coils of
wire are placed in close proximity and
alternating current is introduced into
one coil a voltage is induced in the
second coil. Lines of magnetic flux
from the first coil generate voltage in
the secondary as they cross turns of
wire in the second coil.

The magnitude of the induced
voltage depends primarily on two
factors:

1. TURNS RATIO — the induced
voltage in the secondary of a
transformer depends on the
number of turns in the secon-
dary relative to the number of
primary turns.

2. APPLIED VOLTAGE — the
voltage developed across the
secondary of a transformer
depends also upon the amount
of voltage applied to the

primary.

The effects of including a core of
magnetic material into a coil were
discussed in previous lessons. It was
explained that the core concentrates
the magnetic field making it more
intense. By concentrating the mag-
netic field of a transformer, more
magnetic lines' of force are available
for transformer action. The core,
therefore, acts to improve the effi-
ciency of power transfer between the
primary and secondary.

The amount and quality of iron in
the core has considerable effect on
power transfer. High quality core
materials have less magnetic losses and
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Figure 2 - Types of transformer construction.
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for a shell

Figure 3 - Laminations
transformer.

type

result in greater transfer than poor
materials. Another factor that deter-
mines power transfer is the way
laminations are stacked. In most cases
they are assembled in an alternate
arrangement as shown in Figure 4.
You will notice that each lamination
consists of an “E” shaped piece with a
separate bar across the ends to close
the magnetic path. This provides for
maximum field intensity, but it has
one inherent disadvantage for certain
specific applications. A closed loop
core structure can become saturated
magnetically under the condition of a
heavy electrical load. This places an
abrupt limit on the amount of power
the device can deliver.

4

Another arrangement is shown in
Figure 5 for those applications where
saturation, with its limitations, cannot
be tolerated. An air gap is provided to
prevent saturation. In this application,
additional iron is required to over-
come the losses introduced by the air
gap, but, the added bulk and expense
are secondary considerations in appli-
cations that require superior perfor-
mance. One of these applications is in
high quality power supplies that are
required to deliver power under
varying load conditions. By using
non-saturating transformers and/or
filter chokes, power supplies are able
to satisfy a range of power require-
ments with uniform efficiency.

Figure 4 - Assembly of laminations in a
shell type transformer.

52-026



AIR GAP

Figure 5- A magnetic gap is provided in
non-saturating type chokes and
transformers.

TYPES OF
TRANSFORMERS

Transformers are constructed with
two or more coils of wire (windings)
sharing a common magnetic field.
Although there are many other
similarities, there are also numerous
differences between transformers de-
signed for different applications.

Power Transformers

Power transformers are generally
more massive than audio types. The
core shape and core material are
specifically selected to assure large
amounts of power transfer. T_l_le
insulation is designed to withstand
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both heat and higher voltages or heavy
current surzes.

Since only one basic frequency

(usually 60 hertz) is involved in power
ranster, power transformers are de-

signed Tor maximum pOwer transier at
only the power Tine Irequency. The y the power Tine fre ?uenc y. The
core material in power transiormers,
as in many other types, is made from
soft iron. Soft iron does not retain
appreciable residual magnetism, per-
mitting its field polarities to be
reversed easily by the alternating
current in its windings. The core’s
El_a_gggtism, therefore, reverses as the
current offers little opposition to
power transfer,

Audio Transformers

R

Audio transformers are usually less
massive than power types. They are
designed, however, to reproduce a
range of audio frequencies rather ‘igén
Just one frequency enabling an au 10

amplitier to amplify all the frequen-
‘ 1led to it with equal efficien-

cies a th e
cy. fhis, in turn, provides uniform

reproduction of sounds or a flat
response.

Powdered Iron Core Types

For applications at the higher audio
frequencies, and at frequencies im-
mediately above these, special pow-
dered iron cores are often used.
Powdered iron cores consist of high
quality iron particles fused together
under pressure in a mold.

Cores made from small particles of
iron lose their residual magnetism
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more rapidly than large masses per-
mitting a more rapid reversal of
current through the transformer wind-
ings. They operate with less losses
resulting in greater efficiency, more
faithful reproduction of the input
waveform and less heat generation.
Examples of these transformers that
use powdered iron cores are the
flyback transformers and yokes in TV
sets.

Flybacks and yokes, are pulse-type
devices which handle signals having
extremely fast rise or fall times and
tremendously high momentary voltage
and current pulses. The horizontal
voltage pulse required for a large
screen TV set drops from several
thousand volts to zero volts in a few
millionths of a second. Superior
quality materials are used in the
devices that handle these rapid
changes to prevent arc-over and core
saturation.

Auto-Transformers

Transformers do not necessarily
require individual or isolated windings
to supply increased or reduced volt-
ages. A single winding with taps can

and often does produce_the_ desired
result. When only one winding is used

a_ transformer we call it an

au 5 r.

Figure 6 shows an autoformer of a
type commonly used for power
supply applications. Notice that the
input voltage is applied to only a
portion of the winding. Voltage in the
balance of the winding is induced
from the current flowing through this
portion. Voltage across the total
winding is the induced voltage plus

6

the amount applied. Winding section
AB serves the -same purpose as the
primary of a standard transformer.
The input voltage is applied across this
section. Due to the greater number of
turns across section BC, section BC
will produce a greater voltage than
that applied to AB. An even larger
voltage can be obtained across the
total winding by connecting the load
between A and C. The potential across
AC includes the voltage applied to AB
added to the voltage induced into BC.

Variable Autoformers

In many service shops it is desirable
to have a variable source of AC
voltage. Most variable AC supplies
operate from a tapped autoformer
(Fig. 7). The required voltage is
obtained by selecting a tap on the
winding.

In some cases, the taps are selected
with a rotary switch. These switches
have a contact for each tap and the
contacts are wired in sequence. When
the switch is rotated in one direction,
the voltage increases a step for each
position. Rotating the switch in the
opposite direction results in decreas-
ing voltage steps. Figure 7 illustrates
voltage selection with a switch con-
nected to taps on an autotransformer.
A more common variable AC source
has the winding closely wound on a
doughnut shaped core. A contact arm
is attached to a shaft through the hole
in the doughnut with the shaft
suspended from bearings in mounting
brackets. As the shaft is rotated, the
contact moves from one turn of the
winding to the next causing a
corresponding voltage change (Fig. 8).
The shaft is provided with an
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A I00 TURNS

A.C. APPLIED

INDUCED A.C. OUT

b c

200 TURNS

o)

INDUGED + APPLIED

Q

Figure 6 - Autoformer.

-
APPLIED A.C.

=TT )

OUTPUT A.C.

\

L o o I

Figure 7 - Voltage selection by means of a selector switch connected to taps on an

autoformer.
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insulated knob, a pointer, and a
numbered scale. Some models even
include an AC voltmeter as an output
indicator.

Variable power units are available
that operate from 120V AC input.
They can supply outputs from near
zero volts to 150 volts, in increments
of two volts or less. They are
particularly handy for increasing or
lowering the voltage to a service bench
in the event that the power line
voltage is either higher or lower than
normal. They also aid in servicing
some troublesome units in which the
malfunction does not occur at normal
line voltage.

SELECTED

INPUT
QUTPUT

Figure 8- Voltage selection with a variable
transformer in which a rotary
selector arm contacts each turn
of the winding in sequence.

TURNS RATIO-VOLTAGE
RATIO

As previously stated, the magnitude
of the voltage di in the
secondary of a_transformer depends

ipon the number of turns in both the
primary and the secondary and upon

the voltage applied to the primary. If
The number ol turns in the primary

8

and secondary are equal, the voltage
induced in the secondary will equal
that applied to the primary. If the
secondary has less turns than the
primary, less voltage will be induced
in the secondary. A transformer that
produces less voltage in the secondary
than is applied to the primary is called
a step-down transformer. When the
secondary of a transformer has more
turns than the primary the induced
voltage will be greater than the
applied voltage. In this case the device
is called a step-up transformer.

The amount of step up or step
down in a transformer is dependent
upon the turns ratio. This is a relative
figure derived by dividing the number
of turns in the secondary by the
number of turns in the primary.
Figure 9A, B, and C give three
examples.

Notice from Figure 9A that the
turns ratio of the transformer shown
equals ““1.”” In this case, the output or
secondary voltage will equal the
primary voltage.

In Figure 9B, the turns ratio equals
0.1. In this case, the output voltage
will be one-tenth of that applied to
the primary. This is a step-down
transformer.

In Figure 9C, the turns ratio is
calculated to be 10. This means that
the output voltage from the secondary
will be 10 times greater than that
applied to the primary.
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10 TURN PRIMARY 10 TURN SECONDARY

10 VAC. 10 VAG.

A I0OTOI0 OR ITO I= + |
TURNS RATIO

10 TURN PRIMARY | TURN SECONDARY

10 V.A.C. = | VAG.

10 TO 1= -~ OR O.I

B '°
TURNS RATIO

| TURN PRIMARY I0 TURN SECONDARY

| V.A.C. -3 10 V.A.C.

C 170 10= 12 or 10
TURNS RATIO

Figure 9A - Represents a 1 to 1 ratio of voltage transfer.
B - Represents a step down in both turns ratio and voltage.
C - Represents a step up in both turns ratio and voltage ratio.
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From the illustrations in Figure 9,
it is obvious that output or secondary
voltage is equal to input voltage
multiplied by turns ratio. As an
example, refer to Figure 9C:

Turns Ratio x input VAC =
Output VAC
OR
10x1=10 VAC

It appears that the increase in
voltage gives us something for noth-
ing. This is an obvious fallacy and may
be explained once we realize that
although the voltage is increased, the
available current will be much less.
Therefore, the actual power delivered
from the secondary will not be more
than the power drawn by the primary.
In fact, the output power will be
slightly less because of magnetic losses

and some losses that occur due to the
small resistance in the wire of the
windings. Even with these losses,
however, a transformer is one of the
most efficient power transfer devices
known.

POWER TRANSFER

It is interesting to note that almost
no power is used in the primary of a

transformer. Only a very small
amount is required to overcome
resistances. Nearly all the power

applied to the primary is transferred
to the secondary. If 100 watts is
applied to the primary, for all
practical purposes it can be assumed
that 100 watts is available from the
secondary(s). In the case of multiple
secondarys with different voltages the

ExI=P

12.5 V.AC. .
AT 4.0 AMPS 12.5X 4= 50 WATTS
250 V.A.C. AT
200 MA OR 250 X 0.2* 50 WATTS
100 V.AC. 0.2 AMPS
g 2$ g’.é'%mps 50 X 2.0= 100 WATTS
TOTAL P= 200 WATTS

Figure 10 - Power output calculations for a multi-winding transformer.

10
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power must be calculated individually
for each winding by multiplying E x L.
The results of these are then added to
obtain the total output power. Fig-
ure 10 illustrates the calculations
involved in determining total power
from a transformer.

Efficiency of power transformers

are rated nsfer.
elr efficiencies range from a figure

grea!er EEan Qsz féz Ean §ua!1t§
ransiormers to 85% for economy

5 Always use a comparable
quality unit when replacing a defec-
tive one.

A

OPEN FRAME
TRANSFORMERS

SHIELDED
TRANSFORMERS

ELECTRONICS

In Figure 11, three physical forms
of power transformers are shown.
Those in A are open winding un-
shielded types. Figure 11B shows
examples of shielded types which are
enclosed by magnetic covers. The
transformer in Figure 11C is a potted
type, encased in a metal container and
sealed with epoxy. Many other types,
including audio transformers, resem-
ble those illustrated.

IMPEDANCE MATCHING

In earlier lessons, we stated that the
impedance of a source of voltage,

C

POTTED-SHIELDED
TRANSFORMER

Figure 11 - Some typical transformers.
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current or power should closely match
the load impedance that it is supply-
ing. Maximum efficiency results when
the two (source impedance and load
impedance) are equal.

Audio Output Transformers

In the case of speakers operating
from vacuum tube amplifiers, the
transfer efficiency would be very poor
unless some kind of matching device
was used. Power type vacuum tubes
have an impedance (plate resistance)
of several thousand ohms, whereas
speakers have only a few ohms of
impedance.

Audio output transformers are used
to match these two dissimilar imped-
ances. Figure 12 shows the output
stage of a simple tube amplifier, The
plate resistance (Rp) of the output
tube is 5,000 ohms and the load it
supplies should equal this value.
Notice that a transformer is used that
has a primary with many turns which
also has an impedance of 5,000 ohms.
Now that a match has been provided
between the tube and its load (the
primary) the audio energy must be
supplied to the speaker at an imped-
ance of 16 ohms. This is done by
winding the secondary with only a
few turns of wire which results in a
low impedance winding. In the secon-

SPEAKER X
=16 fL
TRANSFORMER
OUTPUT TUBE o o
R | D
J
SECONDARY
XL *l6n

SCREEN
B+

INPUT

Figure 12 - Transformers are impedance matching devices.
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dary of the transformer in Figure 12,
the result is 16 ohms.

Popular output impedances of am-
plifiers are 4 ohms, 8 ohms, and 16
ohms. Other values provided from
public address (PA) amplifiers to drive
multi-speaker systems are: 125 ohms,
250 ohms, and, more frequently, 500
ohms. The higher impedance outputs
usually supply a line from which
speakers are supplied through an
individual matching transformer at
each speaker. Figure 13 shows a 500
ohm line with a series-parallel arrange-
ment of line matching speaker trans-
formers.

There are several variations of audio
output transformers used. These in-
clude types with multiple secondaries,
multiple primaries, tapped primaries
and/or tapped secondaries. Several of
the different configurations are shown
in Figure 14. The one shown in A is
commonly used in two tube audio
output circuits called push-pull stages.
An example of a push-pull stage using
this transformer is shown in Fig-
ure 15. The two tubes operate on
opposite phases of the audio signal to
produce a back and forth current
motion in the transformer’s primary.
The current through one-half of the
transformer winding is increasing
while current through the other half is
decreasing; or one tube is said to be
pushing when the other is pulling the
current. Thus, the name, push-pull.

In Figure 14B, we see a transformer
with a tapped primary. The taps may
be selected instead of the ends of the
winding to match tubes having lower
plate resistances. This is a universal
replacement type that can be used
with many different tube types.

52-026
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Figure 14C shows an audio output
transformer with a tapped secondary.
This arrangement would supply two
8-ohm speakers if the center-tap is
used, or a single 16-ohm line if the
center-tap is not used.

Figure 14D shows a transformer
with a feedback winding. This winding
provides out of phase feedback to one
or more stages of the amplifier to
reduce distortion.

Figure 14E illustrates a transformer
that is generally used with a PA amp.
The tapped secondary can match lines
with different impedances.

The schematic in Figure 14F is the
type occasionally used in some transis-
tor applications. Two transistors can
supply power to a speaker through
isolated windings. This simplifies their
DC bias networks and signal input
requirements. Refer to Figure 16 for a
transistor output stage using this type
transformer. Notice that the two
transistors are opposite polarity de-
vices. One is an NPN and the other a
PNP. The two share a common input
signal so that one conducts on the
positive going portion of the signal
and the other on the negative going
portion.

Audio Interstage
Transformers

Transformers are often needed
between stages of audio amplifiers for
three reasons:

1. They match stages with dis-
similar impedances.

2. They provide power drive for
output stages that require it.

3. They provide opposite phase
signals to push-pull amplifiers.

13
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Figure 14 - Configurations of output transformers.
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AUDIO IN

SCREEN B +
O

=/

AUDIO IN

B+ E TO SPEAKER

Figure 15 - A typical push-pull audio output stage.

POWER OUTPUT TRANSISTORS

e

PNP

NPN

\

i

\

\
SIGNAL
INPUT

Figure 16 - Complementary transistors pro-
duce push-pull output from a
single input signal.
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Figure 17 shows two circuit config-
urations using audio interstage trans-
formers. The circuit in “A” is called a
single-ended configuration. The one in
Circuit B is a push-pull configuration.

SUMMARY

Transformers are used in nearly all
phases of the electronics field. Their
wide spread use is prompted by their
excellent efficiency and versatility. A
transformer is one of the most
efficient devices for transferring
power or providing isolation.

Transformers perform only three
basic functions:
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1. They provide power by step- You will rarely find a defective
ping up or stepping down transformer in spite of their wide-
voltages. spread use. Common malfunctions

among those that do fail are: shorts
between windings; shorts between
turns within a winding; and open

2. They interconnect signals be-
tween dissimilar impedances.

3. They provide isolation be- windings due to a wire breaking or
tween stages or they isolate corroding. Most of these failures can
equipment from the power be located and identified very quickly
line or power source. with an ohmmeter.

-----------------------------
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TEST

Lesson Number 26

IMPORTANT

Carefully study each question listed here. Indicate your answer to each of
these questions in the correct column of the Answer Card having Test Code
Number 52-026-1.

1. Transformers transfer power through
- A. Mutual inductance.
B. electrostatic fields.
C. resistance.
D. capacitance.

2. The primary of a transformer
A. always produces an output.
— B. is the winding to which power is applied.
C. is not connected to any other winding.
D. has no effect on current in the secondary(s).

3. The basic transformer consists of ___sharing a common magnetic
field.
A. four coils of wire
- B. two coils of wire
C. more than one primary
D. none of the above

52-026 19
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4.Power and audio transformers contain a core of
increase efficiency.
A. insulating
s v+ B. electrostatic
C. resistive
— D. magnetic
5. Power transformers must operate efficiently at
A. only two
5 " B. RF
C. all audio
—D. power line

6. Audio transformers must operate efficiently at
~ A, only two
5 B. RF
— C. all audio
D. power line

material to

frequencies.

frequencies.

7. The voltage developed in the secondary of a transformer depends on

. the amount of electrostatic coupling only.
8 “ = B. the turnsratio and applied voltage.
the turns ratio only.
the excitation voltage only.

oa

8. Autotransformers are constructed with
. only two windings.

A B. only a secondary winding.

—C. only one tapped winding.

D. no core.

>

7

9. The efficiencies of power transformers range from
A. 25% to 75%.
/) — B. 85% to 95%.
C. 50% to 60%.
D. 65% to 75%.

10. Audio interstage transformers connect power between

A. vacuum tube circuits only.
B. transistor circuits only.
13 C. power lines.
— D. dissimilar impedances.

20
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ELECTRONICS

RF AND IF

TRANSFORMERS

INTRODUCTION

Transformer circuits are often used
in high frequency amplifiers. All
amplifiers require load impedances.
Resonant circuits are used as load
impedances for high frequency ampli-
fiers. A resonant circuit has induc-
tance and capacitance. The inductor
of a resonant circuit can be the
primary or the secondary winding of a
transformer. This lesson will cover
various forms of transformer circuits

that are frequently used in radio, FM,
and TV receivers.

Series Resonance

A series resonant circuit has max-
imu owing at resonance
1g. 1A). At resonance, the inductive
reactance equals the capacitive reac-
tance so that the total reactance is

R |
aA'A% = !
o 1
- |
A E Lg 3 !
3 ]
¢ 1
—— RESONANT—"" | FREQUENCY (f)
FREQUENCY
FREQUENCY Xu Xc X TOTAL
RESONANCE 1000 1000 |0
B BELOW RESONANCE 20N 1100 | 200.(CAPACITIVE)
FURTHER
BELOW RESONANCE 700 13001 | 60N(CAPACITIVE)

Figure 1 - Current variation of a series resonant circuit.
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zero. This results in a heavy current
flow since only the resistance limits
the current. Below resonance, the
capacitive reactance is larger than the
inductive reactance, so total reactance
is not zero. This results in less current
than the current flow at resonance.
The further below resonance, the
more capacitive reactance increases
while the inductive reactance is even
less than before. The result is a large
total reactance (Fig.1B) with a
smaller current. Below resonance, the
circuit is capacitive because the total
reactance 1is capacitive in nature.
Above resonance (input frequency is
higher than the circuit’s resonant
frequency) the circuit is inductive
because the inductive reactance is
larger than the capacitive reactance.
Figure 1 shows how the -circuit
current varies as the frequency is
changed from a low value (below
resonance) to a high value (above
resonance). The current is maximum
at the resonant frequency because the
total reactance is zero. Near res-
onance, the current is also high
because the total reactance is small.
When the input frequency is far from
resonance, the current has a low value
because the total reactance is large.
The graph in Figurel is called a
‘“‘series resonance curve’’ or ‘‘series
resonance response curve,”

Since the current in a seri
resonant circuit 1s high tor a group of
—
Irequencies, we say that the circult

as a band- ability. This
*Pandwidth® is usuai[y measured
between points on the response curve
that are 0.7 of the maximum value.

The bandwidth of the example (Fig.2-"Tive Current larger
current, so that the circuit i1s induc-
amESRE——

2) is 50 kHz.
2

430 KHz 480 KHz

480 KHz
-430 KHz

50 KHz BANDWIDTH

Figure 2 - Bandwidth

Parallel Resonance

In a parallel LC circuit, the two
currents are 180 degrees out of phase.
This is because IL lags E by 90 degrees
(Fig. 3B), and Ic leads E by 90
degrees (Fig. 3C). For this circuit, the
currents add the same way that the
reactances add in a series circuit.
When IL is 10 ma (Fig. 3D) and Ic is
6 ma, the total current is 4 ma and is
lagging E by 90 degrees. When IL is 20
ma and IC is 31 ma, the total current
is 11 ma and is leading E by 90
degrees.

A parallel resonant circuit (Fig. 4A)
has maximum impedance at res-
onance. Another way of saying this is
that the total current (or line current)
is minimum at resonance, because the
current is low when the impedance is
high. Below resonance, the inductive
reactance 15 smaller thaf [he Capac-
1tive reactance; this makes induc-
an the capacitive

52-027



ELECTRONICS

IL

IIc

L I ToTAL

B C Ic LEADS BY 90°
l——‘E
E
IL LAGS BY 90°
IL Ic I TOTAL
D 10 ma 6 ma 4 ma (LAGGING E BY 90°)
10 ma 8 ma 2 ma (LAGGING E BY 90°)
20 ma 31 ma 11 ma (LEADING E BY 90°)
25 ma 35 ma 10 ma (LEADING E BY 90°)

Figure 3 - Currents in a parallel LC circuit.

tive. Above resonance, a parallel
resonant circuit is capacitive, because
the capacitive current is larger than
the inductive current.

Since the impedance of a parallel
resonant circuit is high for a group of
frequencies, the idea of bandwidth is
used again. The bandwidth is usually
measured between the points that are
0.7 of the maximum impedance. The
bandwidth of the example (Fig. 4B) is
20 kHz.

52-027

Amplifier Load Impedance

Parallel resonant circuits are used as
plate load impedances in RF ampli-
fiers (Fig. 5A). An input signal fed to
the grid of the tube causes the plate
current to have the form of the input
signal. When the plate current passes
through the plate load impedance, a
voltage results. This output signal
voltage is appreciably larger than the
input signal voltage. By using a
resonant circuit instead of a resistor,

3
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A E c
1

i

L IToTaL

Zz
10,0001
7,000 1

~ ]
]
|
S |
R 2 i
o |
g |
ER
12 :
)y
RESONANT— F REQUENCY (7)
FREQUENCY

J |
1120 KHz 1140 KHz

Figure 4 - Impedance variation of a parallel resonant circuit.

the amplifier amplifies only the
frequencies near the resonant frequen-
cy of the circuit, thus rejecting other
frequencies. This ability to reject
other frequencies is called ‘selec-
tivity.”

When the emitter to base current of
a transistor varies in accordance with
an input signal (Fig. 5B), the emitter
to collector current is larger than the
base current and also has the form of
the base current. The collector current
passes through the collector load
impedance and produces an output
signal voltage that is larger than the

4

input signal voltage.

A resonant circuit used as a load
impedance permits amplification of a
selected group of frequencies. If the
inductance or capacity of the resonant
circuit were to be changed in value,
the resonant frequency would change.
For example, if a 200-pf (picofarad)
capacitor and an appropriate coil were
resonant at 920 kHz, then when the
capacitor is changed to 50 pf, the
resonant frequency is 1840 kHz. If
there was a smaller decrease in
capacity, there would have been a
smaller increase in the resonant
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Figure 5 - Use of parallel resonant circuit as a load impedance to develop an output voltage.
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frequency. Decreasing the inductance Below resonance,

also increases the resonant frequency. a parallel resonant circuit is
inductive (total current lags

Figure 6 shows how the impedance the applied voltage);

graph shifts along the frequency axis

when the resonant frequency is Ab
changed. ove resonance,

a parallel resonant circuit is
capacitive (total current leads

Review the applied voltage);
We have seen that A series resonant
a parallel resonant circuit has a circuit has a high current at
high impedance at resonance; resonance;
V4
1 t
| v |
| |
I i
I |
I [
I I
I I
I I
i |
1 ¢ f
Lo )
920 kHz 1840 kHz
{C=200pf) (C=50pf)

c gL 3 IxZ=E

Figure 6 - Changing the resonant frequency by changing the capacity of a resonant circuit.
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Below resonance,
a series resonant circuit is
capacitive (Xc is larger than
XL, so the current leads the
applied voltage);

Above resonance,
a series resonant circuit is
inductive (XL is larger than
Xc, so the current lags the
applied voltage).

MUTUAL INDUCTANCE

An inductor is said to have the
property of self-inductance. That is,
not only does a changing current
induce a voltage, but the changing
current and induced voltage are in the
same component. In a transformer, on
the other hand, a changing current in
the primary induces a voltage in the
secondary; also, a secondary current
induces a voltage in the primary. A
transformer is said to have mutual-in-
ductance; that is, the changing current
and the resultant induced voltage are
not in the same component. (The
same choice of word occurs in vacuum
tubes in the parameter called mutual
conductance. Mutual conductance is
calculated by dividing a change in
plate current by the corresponding
change in grid voltage; the voltage and
current are not in the same circuit).

Exact calculations of all voltages and
currents in a transformer are lengthy,
but these calculations are not neces-
sary for a general knowledge of
transformer behavior.

When the secondary is a part of a
complete circuit, there is current in
the secondary circuit. In some appli-
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cations of transformers, the secondary
is not a part of a complete circuit; in
that case, there would be no secon-
dary current, but there would be a
secondary voltage.

Reflected Impedance

Figure 7TA shows the general oper-
ation of a transformer. E1 represents
the induced voltage in the secondary.
E2 represents the voltage induced by
the secondary current. A part of ET
will be dropped across E2 since ET is
the applied voltage. Instead of treating
E2 as an induced voltage, it is
customary to think of it as a circuit
component that would have the same
voltage. For example, if E2 is in phase
with the primary current, E2 is
thought of as a resistor. It is called the
reflected resistance. If E2 leads the
primary current by 90 degrees, E2 is
called a reflected inductive reactance,
since the current lags the voltage by
90 degrees. If E2 lags the primary
current by 90 degrees, E2 is called a
reflected capacitive reactance. If E2 is
20V and in phase with a 4-amp
primary current (Fig. 7B), the reflec-
ted resistance is 5 ohms. If E2 is 80V
and lagging a 5-amp primary current
by 90 degrees, the reflected capacitive
reactance is 16 ohms. If E2 is 30V and
leading a 2-amp primary current by 90
degrees, the reflected inductive reac-
tance is 15 ohms. If the primary
current lags E2 by less than 90
degrees, the reflected impedance con-
sists of resistance and inductive
reactance.

The nature of the reflected imped-
ance depends only on the secondary
circuit. The secondary circuit is what

7
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A

PRIMARY

( CURRENT

SECONDARY
CURRENT

ET El LéiD
£ f\/
El 1S INDUCED BY THE PRIMARY CURRENT
E2 1S INDUCED BY THE SECONDARY CURRENT
PRIMARY E
B E2 CURRENT  REFLECTED IMPEDANCE (Z = T)
20V 4A 50 (RESISTIVE) [~AAM

(IN PHASE WITH
PRIMARY CURRENT)

80V 5A
(LAGGING PRIMARY)
CURRENT BY 90°)

30V 2A
(LEADING PRIMARY
CURRENT BY 90°)

16N (CAPACITIVE)

——

15601 (INDUCTIVE)

Figure 7 - Transformer operation (reflected impedance).

is seen by the induced voltage El1
(Fig. 7); it is a series circuit. When the
secondary circuit is inductive t
S —— H o -
reflected impedance Is capacitive. For
example, when the secondary induc-
tive reactance is 20 ohms (Fig. 8) and
the secondary capacitive reactance is 5
ohms, the total reactance in the
secondary is 15 ohms (inductive). And
when the secondary current is lagging,
the phase of the voltage induced into
the primary by the secondary current
is as though a capacitor were present
in the primary circuit. If the secon-

8

dary had an inductive reactance of 40
ohms and a capacitive reactance of 50
ohms, the total secondary reactance is
10 ohms (capacitive), and the reflec-
ted impedance is inductive. If the
secondary circuit is purely resistive
(total reactance is zero), the reflected
impedance also is a pure resistance (no
reflected reactance).

Figure 9 shows a circuit that is
basic to many common electronic
circuits. R represents the internal
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XL Xc
SECONDARY

PRIMARY
(CURRENT \ ( CURRENT )
ET /\/ 3

|

REFLECTED i
IMPEDANCE
XL Xe X TOTAL REFLECTED IMPEDANCE
200 5Q 150 .| —j— (CAPACITIVE)
300 200 1000 | —j— (CAPACITIVE)
400 500 100 —}— | -~ (INDUCTIVE)
300 700 4000 —— | YL (INDUCTIVE)

Figure 8 - Reflected impedance in the primary depends on the secondary circuit.

i
ET Cii== LI é ELZ TCZ VOLTAGE

(BOTH CIRCUITS ARE RESONANT AT THE
SAME FREQUENCY)

Figure 9 - Double-tuned transformer-coupled circuit.
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resistance of a generator, vacuum
tube, or transistor. C1 and L1 form a
parallel resonant circuit. C2 and L2
form a series resonant circuit; to see
this, keep in mind that the voltage
induced into L2, by the current in L1,
is in series with L2,

At Resonance

At resonance, the output voltage
across C2 is high because the imped-
ance of C1 and L1 is high. This high
impedance produces a high voltage
across C1 and L1 which, in turn,
produces a large current through L1.
A large current in L1 results in a large
induced voltage in L2 and so, a large
secondary current. The large secon-
dary current produces an appreciable
voltage across C2.

Below Resonance

Below resonance, the impedance of
the parallel circuit formed by C1 and
L1 (Fig. 9) is less than at resonance
because the inductive reactance is less
than the capacitive reactance. How-
ever, there is reflected impedance in
series with L1. This reflected imped-
ance is inductive because, below
resonance, the secondary circuit is
capacitive. This added inductive reac-
tance tends to bring the combination
of L1 and C1 closer to resonance.
Thus, even though the condition is
below resonance, the impedance of C1
and L1 can be appreciable and cause
the primary current, induced secon-
dary voltage, and output voltage to be
appreciably high.

10

Above Resonance

Above resonance, a similar condi-
tion exists. The impedance of C1 and
L1 is less than at resonance, because
the inductive reactance is larger than
the capacitive reactance (at resonance,
the inductive reactance equals the
capacitive reactance). The reflected
impedance is capacitive, however,
because the secondary circuit is
inductive; this reduces some of the
reactance of L1 so that L1 and C1 are
again near resonance. This, even
though the condition is above res-
onance, results in the primary current,
induced secondary voltage, and out-
put voltage being appreciably high.

Far from resonance, the secondary
current is so low that the reflected
impedance has very little effect on the
behavior of L1 and C1. Then, the
impedance of L1 and C1 is quite low,
resulting in less voltage across L1, less
L1 current, less secondary induced
voltage, and appreciably less output
voltage.

The net effect of the action near
resonance is to broaden the response
curve at the top (Fig. 10B). If the

‘-} primary is too close to the secondary,
a double-peak ¥ S€ 1s_the resu

1g. ; for "this reason, loose
coupling between primary and secon-
Fary windimgs is employed. For radio

ansformers, about one-hundredth of
the magnetic lines of force of the
primary .affect the secondary. For TV
receivers, about one-tenth of the
primary’s magnetic lines of force
affect the secondary, because a wider
band of frequencies is being amplified;
the double-peak response is avoided
by adding resistance to the circuit.
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Figure 10 - Comparison of response curves.

52-027

1



ADVANCE SCHOOLS, INC.

AT RESONANCE

XC =

[}
]
[l
1 REFLECTED
+ IMPEDANCE
J

(XL = Xc)

BELOW RESONANCE

i

IMPEDANCE

1
'\ REFLECTED
[ ]
o

ol—
T

REFLECTED
IMPEDANCE

(XL 1S LARGER THAN Xc)

Figure 11 - Review of reflected impedance.
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Review

Let us review the reflected imped-
ance in the primary. At resonance, the
secondary current is relatively high,
because the secondary circuit is a
series resonant circuit. The secondary
circuit, at resonance, is purely resistive
(the reactances cancel), so the reflec-

ted impedance is only resistance
(Fig. 11A). Below, but near res-
onance, the secondary current is

relatively high. Below, and far from
resonance, the secondary current is
low. The amount of secondary current"
determines the amount of reflected
impedance. Below resonance, the
secondary circuit is capacitive (XcC is
larger than XL), so the reflected
impedance is inductive (Fig. 11B).
Above resonance, the secondary cir-
cuit is inductive (XL is larger than
Xc), and the reflected impedance is
capacitive (Fig. 11C). If the secondary
circuit is both inductive and resistive
(secondary current lags by less than
90°), the reflected impedance is both
capacitive and resistive.

BASIC RADIO RECEIVER

AM radio receivers receive radio
fréquencies from ilo-
Rertz, The audio frequencies extend

Trom 20 to 5,000 hertz. Each station
utilizes 10 kilohertz of the radio
frequency spectrum, because an AM
signal has a channel width equal to
twice the highest audio frequency. A
station transmitting at 540 kHz
requires spectrum space from 535 to
545 kHz. A station transmitting at
720 kHz requires a channel extending
from 715 to 725 kHz. Usually, the
channel width is understood to exist,
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and reference is made to just the
carrier frequency.

Example of Tuning

Assume that signals from four
equally powerful radio stations are

RECEIVER =——— RADIO
ANTENNA “——— STATION
- SIGNALS

ELECTRONICS

affecting the receiver antenna (Fig.
12). These stations are at 600, 800,
1,000 and 1,200 kilohertz. If a tuned
circuit is resonant at 600 kHz and
placed at the input portion of the RF
amplifier, the 600-kHz signal will be
favored over the other three station
signals. Thus, the action of the tuned

RF
AMPLIFIER

(IF SIGNAL)\
mTERMEDIATE Y

MIXER FREQUENCY
AMPLIFIER
~—(SINGLE FREQUENCY
SINEWAVE)
LOCAL
OSCILLATOR

_———(aF SIGNAL) —————

LOUD

SPEAKER
DETECTOR / AUDIO AUDIO \ —_—
(DEMODULATOR) AMPLIFIER AMPLIFIER —_—
DC OUTPUT (SOUND WAVES)
POWER
DC QUTPUT SUPPLY
AC INPUT
FREQUENCY LOCAL OSCILLATOR MIXER
TUNED IN FREQUENCY OUTPUT (IF)
600 KHz 1,065 KHz 455 KHz
800 KHz 1,255 KHz 455 KHz
1,000 KHz 1,455 KHz 455 KHz
1,200 KHz 1,655 KHz 455 KHz

Figure 12 - Basic Radio Receiver.
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circuit results in “‘selectivity” (ability
to reject other signals). The four
signals will all be present at the input
circuit, but they no longer are at equal
strength.

There will also be a resonant circuit
at the output portion of the radio
frequency amplifier. This resonant
circuit is serving as a load for the plate
of a vacuum tube or the collector of a
transistor and will further reduce the
relative strengths of the three stations
(800, 1,000, and 1,200 kHz). The
strength of the 600-kHz signal at the
output is usually about 10 or 20 times
the strength at the RF amplifier input.

Local Oscillator

An oscillator is an electronic AC
generator. In this example, it is
generating a 1,055-kHz sine wave. The
IF amplifiers are tuned to accept and
pass a fixed frequency of 455 kHz.
The mixer output is a signal whose
frequency is the difference between
the RF amplifier output frequency
and the oscillator frequency. If the
800-kHz signal were to be tuned in,
the local oscillator frequency is 1,255
kHz. When the 1,000-kHz station is
tuned in, the oscillator frequency is
1,455 kHz. When the 1,200-kHz signal
is being received, the local oscillator
frequency is 1,655 kilohertz. There is
amplification in the mixer stage; that
is, the strength of the IF signal at the
mixer output is greater than the
strength of the RF signal at the mixer
input.

14

IF Amplifier

An IF amplifier is a high frequency
amplifier. Since it amplifies the same
frequency, regardless what station is
being received, it can be a very
specialized amplifier that would oper-
ate poorly at frequencies other than
the IF frequency of 455 kHz. The IF
amplifier output signal can be as much
as two hundred times greater than the
IF amplifier input signal. This much
amplification would be impossible to
realize in the RF amplifier, because
compromises must be made in order
to amplify frequencies covering the
wide range from 540 to 1,600
kilohertz.

Detector

The IF signal is the detector input;
the detector output is the original
radio station audio signal. The audio
signal strength at the detector output
is about one-tenth of a volt. The signal
at the antenna could have been much
less than a millivolt (0.001 volt). If
the antenna signal is 0.1 millivolt
(0.0001 volt), an amplification of a
thousand is necessary to raise the
signal level to one-tenth of a volt.

The audio amplifiers further
strengthen the audio signal, and the
loudspeaker produces sound waves
that conform to the audio electrical
signal. The input to the power supply
is AC. The power supply DC outputs
are connected to the various stages.
Vacuum tube and transistor circuits
are basically DC circuits.
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TUNED AND UNTUNED
TRANSFORMERS

Receiver Input Circuit

Figure 13A shows a receiver trans-
former coupled input to an RF
amplifier stage. The primary is un-
tuned, and the secondary is tuned.
The primary winding has _currents
from many radio transmltters, these
Surrents induce corresponding volt-
ages into the secondary winding. The
secondary winding and Cl form a
resonant circuit. The station having
the same frequency as the resonant
circuit will have a large secondary
current; all other stations will have
relatively weak currents in the trans-
former secondary circuit. The secon-
dary current multiplied by the reac-
tance of C1 equals the voltage
connected to the grid of the RF
amplifier tube. Practically speaking,
the grid voltage is the signal voltage of
only one station, though theoretically,
other stations are present though they
are much weaker. The strength of the
other stations is about one-hundredth
of the strength of the desired station,
though a station having a frequency
close to the desired station has a
strength of approximately one-tenth.
The plate current is controlled by the
grid voltage, so the plate current has
exactly the same form as the input
grid voltage. C1 is the tuning control
or station selector.

The same circuit, essentially, but
using a transistor, is shown in Figure
13B. The primary of the antenna
transformer is untuned; the secondary
and C1 form a resonant circuit. The
resonant circuit favors a single station
frequency. C1 is variable so that
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various stations can be selected or
tuned in. C2 is a coupling capacitor
and has a low reactance at radio
frequencies. Thus, the voltage across
C1 is also the AC base voltage. R1 and
R2 determine the DC base voltage; the
emitter-to-base resistance, within the
transistor, is in parallel with R1.
Sometimes, R1 is omitted. An NPN
transistor is being used as the RF
amplifier. The collector current is
controlled by the base current, so the
collector current has exactly the same
form as the input base current.

RF Amplifier Output

Another application of an RF
transformer with an untuned primary
and a tuned secondary is shown in
Figure 14A. The RF amplifier plate
current is also the primary current.
The plate current is controlled by the
grid voltage. The primary current
induces a voltage in the RF transform-
er secondary winding. This induced
voltage causes a current to circulate in
the resonant circuit formed by C3 and
the secondary. The secondary current
multiplied by the reactance of C3
equals the capacitor voltage; this
voltage is connected to the grid of the
next stage. Note that C3 is a part of a
series resonant circuit, even though it
is connected in parallel with the
secondary of the RF transformer; the
reference is the voltage induced in the
secondary. This induced voltage
“sees” a series resonant circuit formed
by the secondary winding in series
with C3. We need to visualize that
there is an AC generator in series with
the secondary; this AC generator
represents the voltage induced in the
secondary by the primary current.
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Figure 13 - Radio Receiver Transformer Input Circuit.
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Figure 14 - RF transformer (Tuned Secondary).
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The same circuit, but using transis-
tors, is shown in Figure 14B. The base
voltage of the RF amplifier deter-
mines the base current (emitter to
base). The base current controls the
collector current. The path of the
collector current, starting at the
emitter, is:

emitter to collector,

from collector to the primary,
through the primary to the
power supply,

through the power supply to the
emitter.

As previously stated, the primary
current induces a voltage that is in
series with the secondary. This voltage
causes a current in the series resonant
circuit formed by the secondary and
Cl. The secondary current causes a
voltage across C1; this voltage is
coupled, via C2, to the base of the
mixer stage. The base also receives an
AC voltage from the local oscillator.
C1 is the tuning condenser or station
selector. When there is to be a station
change, both C1 of Figure 13B and C1
of Figure 14B are varied at the same
time, since they are mechanically
mounted on the same shaft and
adjusted by a single knob. Not only
would these two capacitors be
“‘ganged” on the same shaft, but also a
third capacitor in the local oscillator
section would be mounted there. This
is necessary in order to have simplified
tuning. If three separate capacitors
were used, many receiver owners
would find station-finding cumber-
some, or even impossible. If the
primary of the RF transformer
(Fig. 14B) were tuned, another sec-
tion is required on the variable
capacitor; this makes the capacitor
larger and more expensive. For this
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reason, one winding of RF trans-
formers is usually untuned.

The response of an amplifier
section such as shown in Figures 14A
and 14B is essentially that shown in
Figure 10A. The amount of coupling
between primary and secondary deter-
mines the amount of amplification. A
large amount of amplification is
undesired, because the amplifier stage
then tends to be an AC generator
(oscillator). This is due to there being
some undesired feedback between the
amplifier output and the input.

Note that throughout this discus-
sion, no mention was made regarding
turns ratio of the transformer. The
idea of turns ratio applies only in the
case where there is very close coupling
between the primary and secondary.
This occurs when an iron core is used
as in power and audio transformers.

Car Radio Antenna
Transformer

A tuned primary antenna trans-
former circ