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INDUCTIVE COUPLING

FOREWORD

The most extensively employed method of trans-
ferring electrical power from one circuit or device to an-
other is by means of "inductive coupling". There are several
basic reasons for this: first, by means of the proper
"turns ratio” between two inductively coupled coils, the
voltage of the energy being transferred into the second
circuit can be raised or lowered as desired with the in-
verse effect on the current. An example of this is the
common power transformer; in a radio station the power may
enter over a line at 6,600 volts and then be stepped down
to 440 volts for application to the radio transmitter. 1In
the transmitter, other transformers step the voltage up or
down for operation of specific transmitter functions.

Second, by means of inductive coupling, circuits
which are and which are not balanced to ground may be con-
nected together. As an example, in a radio transmitter
employing a single power amplifier tube in the final stage,
one end of the r.f. tank circuit is effectively at ground
potential. It is desired to couple this circuit to a re-
mote antenna system over a balanced two-wire transmission
line, the wires of which are at opposite potentials with
respect to ground. This is accomplished by inductive coup-
ling which effectively separates the two circuits so far
as the ground effect is concerned.

Third, by'means of inductive coupling a given
amount of impedance An one circuit may be effectively trans-
ferred into another circuit,as an entirely different value
of impedance. For example, the effective resistance of an
antenna may be 30 ohms. It is to be energized by a power
amplifier tube which requires a load impedance of 2,400 ohms.
By means of inductive coupling of the proper amount, .ne

30 ohms of antenna resistance can be "reflected®™ into the
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amplifier r.f. tank circuit as a load impedance of 2,400 ohms.

By means of the proper degree of inductive coup-
ling between tuned r.f. circuits, the frequency response of
the circuits can be made very sharp or quite broad. This
principle is employed in the intermediate frequency trans-
formers of superheterodyne receivers. If high fidelity
broadcast reception is desired, the coupling is made rela-
tively tight, and the necessary broad band of frequencies
is passed. In the case of a very selective communication
receiver, loose coupling and consequent sharp tuning is
employed. In a television receiver the picture i.f. channel
must pass a band of frequencies several megacycles wide.
This is accomplished by the proper selection of an inter-
mediate frequency and the proper amount of inductive coup-
ling in the interstage transformers.

These are just a few of the very many uses of
inductive coupling in radio. This technical assignment will
teach you the basic principles and the necessary calcu-
lations. The principles learned through careful study
of this assignment will be applied throughout the course
and throughout all your practical work in radio and tele-
vision.

E. H. Rietzke,
President.
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Courtesy RCA

The audio output transformer shown above has a primary designed to
be connected to the plates of a pair of push-pull 616 beam power
tubes, and a secondary to connect to a 15-ohm loudspeaker volice
coil. The 15-ohm impedance of the latter is reflected by means
of this transformer as a 3800-ohm impedance to the plates of the tubes.

This transformer is used in the intermediate-frequency amplifier for
amplifying the i-f video or picture camponent of an incoming television
picture signal. The heavy coil of wire at the bottom end, consisting
of but a few turns, is used as a tuned trap to prevent the transmission
of the urwanted sound signal through this particular amplifier.

WWW americanradiohistorvy com
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SCOPE OF ASSIGNMENT

In the previous assignment the
phenomenon of inductance was studied
and it was seen that any circuit
element around which current estab-
lished a magnetic field had the prop-
erty of inductance, and that if the
current varied, the corresponding
varying magnetic field induced a
counter voltage in the element tend
ing to oppose such current and mag-
netic variations. The most usual
form of inductance is that of a coil
of wire, which may or may not be
wound on an iron core. Thus, an in-
ductance is capable of developing an
opposition to the flow of a variable
current, such as an alternating cur-
rent, and this opposition is known
as inductive reactance, to distin-
guish it from the ordinary resistive
opposition of a resistance, or the
opposition to (charging) current
flow through a capacitor, known as
capacitive reactance, and which will
be explained in a subsequent assign-
ment.

There is, however, one property
of an inductance that is different
from that observed in a resistor or
capacitor, and that is the property
of the varying flux inducing a
counter voltage not only in the in-
ductance itself, but in neighboring
conductors. In turn, variable cur-
rents in the latter can also induce
a voltage in the inductance under
consideration, hence the phenomenon
is known as MUTUAL inductance, in
contradistinction to the SELF in-
ductance of the coil itself.

In this assignment the property

of mutual inductance will be analyz-
ed, and its applications to close-
coupled and loosely-coupled trans-
formers will be studied. Thus, the
behavior of a-f iron-core and r-f
air-core transformers will be dis-
cussed, as well as their uses in
vacuum-tube and other commmication
circuits.

MUTUAL INDUCTANCE

FUNDAMENTAL ACTION.—In Fig. 1

lron core--""

[

1

W,
T
jp 4 | WZ
£p

Fig, 1.—Two co1ls mounted on a

common iron core.

are shown two coils of wire W, and
W2 arranged so that they are close
together and on a common iron core.
Assume that the permeability of the
iron core 1s so high that practi-
cally all the magnetic flux set up
in the core by one coll passes
through the other coil.

Now suppose a sine-wave alter-
nating voltage E of a frequency f

www americanradiohistorv.com
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is impressed on the coil W . (For
simplicity assume W, has no res ist-~
ance.) A corresponding a-c current
I is caused to flow in W , of such
ma.gnitude as to set up an a-c flux
which in turn induces a counter volt-
age in W, that just balances Ep.
Equilibriun canditions therefore ex-
ist; the current flow has built up
to a value whereby the counter elec-
tramotive force induced is equal and
opposite to Ep, and the current can-
not build up to a higher value than
this for otherwise the c.e.m.f., will
exceed the impressed electromotive
force.

As shown in the previous assign-
ment, the holding in check of the
current by the action of the flux
inducing a c.e.m.f. is designated
as a reactance effect; inductive re-
actance in the case of a coil. Its
value is given very simply by

X, = 2rfL 1)
as was shown in a previous assign-
ment. The symbol L represents the
self inductance of the coil and is
measured in henries.

The current flow is then given
very simply by

1, = E /X, = E /21fL @)

and if Ep is the r.m.s. value of the
voltage, Ip is the r.m.s. value of
the current.

However, the actual mechanism
whereby this reactance is produced
was just shown to reside in the a-c
flux; it is the variations in the
latter (rate of change with time)
that induce the c.e.m.f. The ques-
tion naturally arises, "Why can't
this same varying flux induce avolt-
age in any other coil of wire that
it happens to pass through?"”

The answer is, "It can." Thus,
a voltage is induced in coil W, as
in coil W , since the flux has been
assumed to pass through both in tra-
versing the high-permeability iron
core. The voltage induced in wa
carmot be termed a c.e.m.f. since it
is the only voltage present in W,
and therefore not opposing any other
voltage (as is the case in coil W)
but it may be referred to as a
secondary voltage and W, as a secon-
dary coil, whereas W, wouldbe called
a primary coil. The arrangement, in-
cluding the iron core, is known as a
transformer, and the two coils are
said to be magnetically coupled and
therefore to have MUTUAL INDUCTANCE.

TRANSFORMER PRINCIPLES .—The
magnitude of the secondary voltage
can be read by the vacuum-tube volt-
meter V in Fig. 1. It can also be
very readily calculated under the
simplifying assumptions made, namely,
that the circuit has zero resistance
so that the only limitation to cur—
rent flow is the inductive reactance
of W, and further that all the flux
linkjng W also links W

Thus, the amount of flux set up
is just sufficient to induce a
c.e.m.f. in W that is equal and op-
posite toE . Suppose W has N turns.
Then if Ep volts are 1nduced across
all N, turns in series, EP/N‘ volts
are induced in each turn. Now if W,
has N, turns, the flux will 1nduce
E {N volts in each turn, or a total

(E /N ) N, volts in the entire N,
turns of Wa. As a special case, 1f
N, = N, (W2 has the same number of
turns as LA ) the voltage induced in
W, will be the same as that induced
1n W namely Ep volts.

As a simple illustrative example
(See Fig. 2) suppose 10 volts (=Ep)
are impressed across W . Then a
certain current I will flow in W ,

WWW americanradiohistaorv com
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this will set up a certain amount of
flux, and the latter in turn will
induce in W1 a c.e.m.fs of 10 volts
opposite in phase to the 10 volts
impressed.

Assume W1 has 20 turns. Then

£
P| a
CEMF ] (W
=tp. | QYN turns
Magnelic
= B, core
£s=Lp (M/M,) YN, turns

[[

Fig. 2.—~The flux set upby the prim-

ary also 1links the secondary and in-

duces voltage Es in it, as well as a

c.e.m. f. in the primary that is equal
and opposite to Ev'

the voltage induced per turn will be
16/20 = 1/2 volt. Now if the flux
links in its entirety coil Wa, it
will induce 1/2 volt in each turn of
W,. If W, has 20 turns the voltage
irduced in W, will be 20 X 1/2 = 10
volts, the same as that induced in
LS

' If W, has 50 turns, the voltage
induced will be 50 X 1/2 = 25 volts,
or higher than that induced in LA
(end also higher than Ep impressed
across it). On the other hand, if
W, has only 5 turns the voltage in-
duced in it will be 5 X 12 = 2 1/2
volts, or less than that induced or
impressed across W . This illus-
trates the fundamental transformer
action: the two coills coupled to-
gether can transform an impressed
vcltage Ep across one coil into a
higher, lower or equal voltage in-
duced in the other coil, and this
is a very useful and important
property as will be 1llustrated

farther on.

As indicated previously, the
coil across which the voltage is ap-
plied is called the PRIMARY of the
transformer; the other coil in which
a voltage 1s induced 1s called the
SECONDARY of the transformer. Thus
in the above example, W1 is the
primary and Wa is the secondary.

From the analysis just given, how-

ever, 1t should be clear that the
generator could bLe connected to Wa
making it the primary, whereupon LA
would become the secondary . Thus,
which is the primary and which is
the secondary 1is purely a matter of
which winding receives the energy
fran an external source.

Suppose, as before, that W 1is
the primary. Then if W; has more
turns than W, (N2 >N1), the secondary
voltage will be greater than the
primary voltage Ep, or the device
will be a STEP~UP transformer. On
the other hand, if W, is made the
primary and W, the secondary, the
same unit will act as a STEP-DOWN
transformer in that the voltage in-
duced in W, will be less than Ep ap-
plied to Wa. Hence a transformer can
be either step-up or step-down de-
Pending upon which 1is made the
primary and which is made the secon-
dary winding.

Another point to note is that
more than one secondary can be wound
on the same core; the varying flux,
in traversing each winding, will in-
duce a voltage in the winding de-
pending upon its number of turns.
Thus, the voltage may be stepped up
in one secondary and stepped down in
another.

As an example, refer to Fig. 3
where a power-supply transformer for
a television receiver is shown. The
primary is connected to the 110-volt
a-c power supply. Secondary S, has

www americanradiohistorv.com
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many more turns, so that 600 volts
are developed across the entire wind-
ing. At the midpoint of the winding
is soldered a connection C; the
voltage from either end to C is
600/2 = 300 volts, as indicateu.
Tap C 1s known as a center tap.
Winding S, furnishes the high volt-
age which, after rectification, be-
comes the d-c plate-supply potential
for the various amplifier tubes.
(Power supplies will be thoroughly
discussed in a subsequent assign-
ment.)

Secondary S, is also a center-
tapped winding furnishing 6.3 volts
from either end to the center tap
(which is grounded), or a total of
12.6 volts. One-half of the winding
feeds the heaters of the r-f and i-f
amplifier tubes; the other half sup-
plies the video, audio, and deflec-
tion amplifier tubes. Secondary S,
turnishes 5 volts for the filament
of the rectifier tube that converts
the a—c of S, into d—c for the plates
of the various amplifier tubes, and
§, furnishes the 5 volts required
for the heater of the diode-damping
tube employed in the horizontal de-
flection circuit to damp out circuit
transients. The reason a separate
secondary is employed instead of S
is that the latter is at the full B+
potential toground, and furthermore,
S, 1s wound spaced from the primary
by insulating strips so as to de-
crease the capacity of this winding
to ground—a requisite for proper
deflection wave shape.

POLARITY RELATIONS .—So far the
discussion has concerned itself with
the voltage relations existing in a
system where two or more circuits
are magnetically coupled to one an-
other. It will now be of interest to
examine the current and power re-
lations, and the vector method of

representation will be found to be
a powerful and compact way of ex-
hibiting these relatiors.

Core-~__ S/
"I 300V
300V
1o¥ prim.

6O

S

%51/

Fig. 3.—~Power transformer used in a
television receiver.

Consider once more the arrange-
ment shown in Figs. 1 or 2. The
voltage Ep is impressed across W ; a
voltage E_ 1s induced in W, equal to
Ep multiplied by the ratio of the
secondary number of turns N, to the
primary number of turns N ; this is,

(N,/N,) (3)

If there is a voltage induced
in¥W,, a current will flow if an im-
pedance, such as a resistance, 1s
comected across W,. Iet a resist-
ance R. be so connected. Then the
current flow will be

I, =E R @)

However, the moment I  starts toflow
in W, it begins to set up a counter
uagneto—motive force (c.e.m.f.) in
the core which tends to reduce the
magnetic flux there.

The reason is that the voltage

www americanradiohistorv com
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induced in any winding by the flux
is always in the direction such that
if it can cause current to flow, the
current will tend to oppose the set-
ting up of the flux. Thus, in the
primary itself the induced voltage
is a c.e.m.f.; 1t opposes the im-
pressed voltage and tries to set up
a current flow opposite to that pro-
duced by the impressed voltage.
(Ienz's law).
‘ In the case of a secondary wind-
ing, the induced voltage is the only

Magnelic
core

Fig. 2.—~The flux set up by the prim-

ary also links the secondary and in-

duces voltage E_ in it, as well as a

cee.m. f. in the primary that is equal
and opposite to E_.

voltage present, and it produces a
current flow in the winding in such
direction as to tend to oppose the
primary current and hence to decrease
the flux in the core. However, the
moment the flux tends to decrease,
the primary c.e.m.f. tends to de~-
crease, and this in turn permits the
impressed primary voltage to pre-
dominate to an even greater extent,
so that it can force an ADDITIONAL
current through the primary winding.
This ADDITIONAL primary current as-
sumes a magnitude and phase just
equal and opposite to the secondary
current, balancing its demagnetizing
effects and permitting the flux to
remain practically unchanged; i.e.,

the decrease in flux mentioned pre-
viously 1s but infinitesimal.

+a  — ta__ [ ,—ﬁw
Ep H £
-6 1] -5 A
+C —C
RSt B RS Es {
= Tu_ + > ~—
magnefic magnelic
core core
(A) B)

D)

Fig. 4.—Relative polarities of pri-

mary and secondary voltages for va-

rious winding arrangements. (The

electron flow from - to + is used
here. )

Before presenting the above in-
formation in vector form, it will be
of value to discuss for a moment the
polarity of the induced secondary
voltage. In Fig. 4 (4), both primary
and secondary coils are wound on the
same leg of the coil, ard in the same
direction. (Same sense). Consider
the condition in 4 (A) where the ap-

www americanradiohistorv.com
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plied voltage E_ has an instantaneous
polarity such g%at the top terminal
gt of the primary is positive and
the bottom "b" negative. Ep will
cause a flux-producing (magnetizing)
current to flow and the resulting
flux will induce a counter e.m.f.
(E,) across the primary, which is
equal and opposite to the applied
e.an.f. As this c.e.m.f. is opposite
to the applied e.m.f. it will tend
to oppose the flow of current due to
Ep, and a moment's reflection will
make it clear that the terminal
polarity of the c.e.m.f. must be
identical to the terminal polarity
of the applied e.m.f.; i.e. the c.e.
m.f. terminal polarity has the top
primary terminal "a" positive and
the bottom "b" negative.

This rather obvious fact is
stressed here because the same flux
in linking the secondary, will in-
duce a voltage across it in such a
direction as to produce a terminal
polarity similar to the terminal
polarity of the c.e.m.f. across the
primary—providing both coils are
wound in the same sense—which is
the condition in 4 (A). Thus ter-
minal "c¢" is positive and terminal
"d" is negative.

In 4 (B) the applied voltage E
has the same instantaneous termina
polarity as 4 (A), as does the
counter e.m.f. across the primary.
Note however, that the secondary
coil is wound in opposite sense to
the primary, consequently the ter-
minal polarity of the secondary will
be opposite to the c.e.m.f. terminal
polarity of the primary, making the
top terminal "c" of the secondary
negative and the bottom "d" positive.
The same reasoning applies to 4 (C)
and 4 ®). In 4 (C) both coils are
wourd in the same sense BUT ON DIF-
FERENT 1EGS; and note further that

the alternating flux, in flowing
around the magnetic core, flows, say,
down through the primary and up
through the secondary. Therefore,
even though the two coils are wound
in the same sense, due to the op-
posite directions of the same vary-
ing flux in the two legs, the ter-
minal polarity of the secondary will
be opposite to the c.e.m.f. ter-
minal polarity of the primary. Thus
in (C) the top "a" of the primary is
positive and the top "c" of the
secondary is negative——for the parti-
cular instant under discussion. In
4 (D) the coils are wound in oppo-
site sense and on opposite legs;
hence, 1t is clear from what has been
said that now the tops "a" and "c"
of the two coils will have the same
instantaneous terminal polarity.
However, in all cases the secon-
dary induced voltage is in such
direction that the current it pro-
duces in the winding and R, is in
the proper direction to oppose, mag-
netically, the action of the prim-
ary current. In an actual trans-
former the actual polarity at the
terminals depends not only on the
direction of the windings as illus-
trated in Fig. 4, but also on the
actual physical arrangement of the
terminals on the terminal board.
Hence it is necessary in practice to
check the polarities of the windings
by means of a voltmeter; all that it
is desired to show here is that the
secondary current always opposes
magnetically the primary current.
As a simple example of such a
polarity check, suppose there are
two 6.3 volt windings on a power
transformer, and it is desired to
connect them in parallel to permit a
greater safe current flow. As shown
in Fig. 5, terminals a and b are
those for secondary coil S , and ¢

www americanradiohiston,.com
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and d are for secondary coil S, .
1n order to connect them in
parallel, the terminals should be

a
Sy
e
------- o ®
32
....... 4.

Fig., 5.—Method of connecting two

transformer secondaries in parallel.

joined in pairs such that the two
terminals of either pair have the
same instantaneous polarity. To
check this, conrect any pair of ter-
minals such as a and ¢ together.
Since the circuit is still open at
the other two terminals b and d, no
danger of a short circuit need be
feared. Next connect a Voltmeter
between b and d. If a and ¢ have
the same instantaneous polarity; 1i.e.
¢ is plus when a is plus, and c is
minus when a is minus, then b and d
w1ll have the same instantaneous
polarity, and will buck one another.
The voltmeter will read zero, and
this in turn will indicate that b
and d can safely be connected to-
gethetr too, thereby placing S, and
S, 1in parallel. (The arrangement is
exactly similar to two batteries con-
nected in parallel.) If, on the
other hand, the voltmeter reads 6.3
+ 6.3 = 12.6 volts, it indicates
that 8, and §; are in series adding
rather than in series bucking, and
hence will be short-circuited if b
and d are connected together. The
camections must then be reversed: a
must be connected to d, and b to c.

VECTOR RELATIONS .—~I1t now re-
mains to discuss the vector rela-
tions in a transformer. Suppose the
primary is connected t¢ & source of
voltage Ep, but the secondary 1is
open~circuited so that no secondary
current flows. Then, so far as the
primary is concerned, it is as if
the secondary coll were not there,
and the primary acts 1ike any other
inductance coil.

A current I flows in 1t that
lags E_ by 90°; the magnitude of I
is just sufficient to produce en
flux to induce a c.e.m.f. equal and
opposite to the impressed voltage Ep.
This is all shown in Fig. 6, where
E is the vector representing the
voltage impressed upon the prime.ry,
I is the current vector 90° lagging
E and E, 1s the voltage induced in

prima.ry, that lags I_ by 90° and
hence lags E by 180°. tt therefore
opposes E as shown and the current
Ip is of Just the proper magnitude
to produce E  just equal and oppo-
site to E. . (Remember that the cir-
cuit 1s assumed to have no resist-
ance either in the source or in the
winding.)

Note that the current Ip is
also designated in Fig. 6 as I .
This is because in a transformer the
primary current which flows even in
the absence of secondary current
is given the special name of MAGNET-
IZING CURRENT; this magnetizing cur-
rent is assumed to flow at all times
whether the secondary 1is drawing
current or not. The flux ¢, that I
sets up 1s known as the MAGNETIZING

FIiIX. The vector lengths are arbit-

rary: that for ¢_ 1s of a different
scale than that for I or E and the
vector cannot be compared magni-
tude, but only in phase.

Fig. 6 shows the vector condi-
tions in the primary circuit. How-

www americanradiohistorv.com
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ever, just as¢ sets up the c.e.m.f.
in the primary, it also induces a
voltage E  in the secondary whose
phase is 180° to that of E (taking
due note of the polarity conditions
discussed previously.

The vector relations are shown
in Fig. 7. Here E , I , c.e.m.f.
and ¢, have the same significance
as previously, but E, has been added
to show its phase relative to the
other vectors. Note that E  has

b < ~Ep

jP =]m
@m

Fig. 6.—~Vector relations in the
primary of a transformer when the
secondary is open-circuited.

been drawn longer than E_ or its
equal and opposite E_; this merely
means that the transformer has been
assumed to be of the step-up kind in
that the secondary number of turns
is greater than that of the primary.

Now suppose that a resistance
R, (as in Fig. 4) is conrected across
the secondary. Secondary voltage E,
immediately causes a current I  to
flow that is in phase with E  and of
a magnitude given previously by Eq.
).

I=E/R @)

This however, as mentioned previous-
1y, causes the primary winding to
draw from the source an additional
primary current that just balances
I, and prevents the latter from ap-
preciably demagnetizing the core.

Fig. 8 shows the vector rela-
tions that now exist. The vector

Es EC £p

Fig. 7.=Vector relations including
that for the secondary voltage when
no secondary current flows.

representing the c.e.m.f. in the
primary has been omitted merely to
simplify the diagram. The secondary
voltage E  causes the current I to
flow in phase with it, since it has
been assumed that the load R, con-
nected to the secondary was resistive
in nature.

However, the flow of secondary
current I immediately causes a cor-
responding current I' to flow in
the primary; the latter, as shown.
is 180° out of place with I  and is
of the proper magnitude to balance
its demagnetic effect in the core.
This—it will be shown—will be the
case if the step-down relation from
I, to1', is the same as the step-up
ﬁ‘om E to E i.e., on the basis of

the turns ratio.

If I',  just balances the de-
magnetizing effect of I_, then I,
the primary magnetizing current, is
left in magnetic control of the core
and so the flux in the core is still

/
Eg Is ‘-];f Ep

Fig. 8.—Vector relations when secon-
dary current is drawn by a load R .

¢,» sufficient to induce a c.e.m.f.
in the primary that just balances E
and also induce in the secondary the

www americanradiohistarvy. com
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voltage E_ which causes I  to flow,
etc. In short, whether the secon-
dary is permitted to draw current or
not, the a-c flux remains ¢_, as
when the secondary circuit is open.

The actual total or resultant
current flowing in the primary is
the vector sum of I  and I' , and is
denoted by I in Fig. 8. Note that
I, lags E_ by an amount 6 depending
upon the relative magnitudes of I'
and Im. In practical power trans—
former design, I, 1is about 5 per
cent of I's when R2 is such as to
draw full load current I.’ Hence,
since

6= tan"' I /1", 5)

as 1s evident from Fig. 8, if I is
very small compared to I' , 6 will
be very small and approximately Zero.
This means that if a resistor R, is
cammected to the secondary and draws
sufficient current I_, the total
primary current Iy will be very near-
1y identical in magnitude and in
phase with I' , that is, I will be
practically in phase with X This
in turn means that the transformer
will appear to the source connected
to the primary as a resistor, since
it draws acurrent I_ fram the source
that is in phase with the latter's
applied voltage Ep. This will be
discussed in greater detail very
shortly.

JRON-CORE TRANSFORMERS

REFLECTED IMPEDANCE .—Returning
to I and I' , note that 1', 1s cal-
led the PRIMARY EQUIVAIENT OF THE
SECONDARY CURRENT, and also as the
PRIMARY REFIECTED CURRENT, since it
is 1like the reflection of an object
in a mirror (due note being taken of
the scale): more secondary current

more primary reflected current; also
whatever the phase of the secondary
current I_ 1s with respect to the
secondary voltage E_, that is the
phase of I' with respet,t to E « In
Fig. 81, 1s shown in phase with E,
then I' 1s in phase with E .,

The magnitude of I' relative
to I_ can be derived very simply.
I, f'lows through the secordary turns
N, (or preferably denote thesebyN_ )
then it developes a mem.f. of a mag-
nituade I, N, ampere turns. The
primary thereupon draws the reflect-
ed or equivalent current I' which,
in flowing through the primary turns

» developes the m.m.f. I', N,.

For equilibrium conditions, the

two m.m.f.'s must balance and thus
leave the primary magnetizing m.m.f.

Im Np in control of the core. This
means that

I'.J Np = I, N,
or

I, =1, 0NN 6)

If the transformer is properly de-
signed so that I 1is negligible in
comparison with I'_, Ip will be ap-
proximately equal to I'_ , so that
Eq. (6) can be re-written as

1= 1, 6, ™
On the other hand, Eq. (3) indicated
that

E =E, (NN
or

E =

, = E, (UA) ®)
Comparison of Egs. (7) and (8) indi-
cates that if the transformer is
acting as a step-up device for the
voltage, it will act as a step-down
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device for the current. Thus, if
(N,/N) = 10, (N /N) 1/10, so
that T 1s ten times I_, but E is
one-tenth of E,, or to put it the
other way around, if I, is one-tenth
of Ip, E is ten times E .

Eqs. (7) and (8) are basic to
the transformer, and serve to ex-
plain a very peculiar and exceeding-
ly useful property of the transfor-
mer, namely that of impedance trans-
formation. This can be demonstrated
very simply by the use of the above
two equations in conjunction with

Ohm's law.
Thus, if a resistor R, is con-

nected to the secondary, then by Eq.
(4) , the secondary current 1is
Is = Es/RL (4)
This can be substituted in Eq. (7)
to yield

E
_E, (N, /N ) ©

I
’ Ry

Next, from the first Eq. (8), sub-
stitute for Es in Eq. (9), and ob-
tain

E an)JanN)

) 4 RL

(N, AN )2 (10)

';ULI’J

L

Now, by simple algebraic transposi-
tions of the appropriate quantities

in Eq. (10), there is obtained
E _ 2
fz RL (NP/NB) (11)

P

Pause and reflect what the quan-
tity E /I in Eq. (11) represents.
Suppose the transformer and R, con-
nected to its secondary, were placed
in a box, and only the primary ter-
minals were accessible. Now suppose
the source is connected through an

ammeter to these terminals, and a
current I measured when the impres-
sed voltage is E ,

Suppose further that by suit-
able means (such as an oscilloscope)
it is found that Ip is in phase with
E + Then so far as can be told fram
such electrical measurements, the
box appears to be a resistor of mag-
nitude R' = E /I + This apparent
resistance R! 1s due to the fact
that an actual resistor R, has been
connected across the secondary, and
hence R', 1is called the REFLECTED
IMPEDANCE QF THE SECONDARY I0AD IM-
PEDANCE.

Its magnitude is given by Eq.
11y:

R =E/I =R (NAN)? (12)
which is a fundamental and very im-
portant transformer equation. It
states that the reflected resistance
R' isequal to the actual resistance
R¥ multiplied by the SQUARE of the
turns ratio, where the latter is
taken as indicated in Eq. (12).

EXAMPLES OF REFLECTED IMPE-
DANCE .—The practical applications of
this fact are enormous in number.
It will suffice to cite just a few
examples. A vacuum tube power output
stage will deliver maximum output
into a loudspeaker, for example with-
out exceeding the percentage distor-
tion initially specified, ifit feeds
its power into a specific value of
load resistance; call this R . (The
method of determining R will be
taken up in a subsequent assignment.)

On the other hand, the loud-
speaker may have a resistance quite
different from RL; call the loud-
speaker's resistance R .. It is
possible to make R , "look like" RL
by interposing a transformer of the
proper turns ratio between the amp-
lifier stage and the loudspeaker.
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This is illustrated in Fig. 9,
where V1 is the ocutput tube, connect-
ed as shown to the primary of the
output transformer, and the loud-
speaker, of resistance R ., is con-
nected ;to the secondary of the out-
put transformer. The transformer
reflects RLB into a different value
R' ~as viewed from the primary side;
this value of R' 1s the desired
value for the tube to "see" when
"looking" into the primary of the
output| transformer.,

IJ[ will be well to mention at
this ppint that the reflected re-
sistavﬂEe R' ~does not necessarily
bear s simple relationship to the
1ntern?1 resistance of' the tube,—
that 15, to the plate resistance Rp
of the [tube. It is often stated in

texts that the load resistance R}
should lbe twice Rp. This is an ap-
proximate relation; the actual re-
lationship is best determined graph-
ically and will be discussed in a
subsequent assignment.

However, whatever the value of
R} should be, R, can be made to ap-
pear to have this value by the proper
choice of the turns ratio (N,,/Ng) of
the transformer. Thus, referring to
Eq. (12), 1t i1s to be noted that R,
there refers to RL here, and R'L
there refers to R'L here. Also note
that 1t is desired here to solve
this equation for the value of the
turns rptio. This is

NN = VRORL a)

an example, suppose a 6F6
tube 13 employed, and it is triode
connected. From the tube manual it
is. found that for 250 volts on the
plate and a grid bilas of -20 volts,
the load resistance it should face
is 9,000 ohms. Suppose, however,
that the loudspeaker voice coil has

a resistance of 10 ohms. Then from
Eq. (13), the output transformer's
turn ratio should be

N N,) = v4000/10 = 20

This means that the primary winding
(facing the tube) should have twenty
times as many turns as the secondary
winding facing the loudspeaker.
(The actual number of turns required
in each winding will be discussed
further on).

Oulpul transformer

N,
Vi N,
g
+8 o
-B 7 Loudspeaker

Fig. 9.—~Method of matching an out-
put tube to a loudspeaker by means
of an output transformer.

The next example is that of a
telephone circuit. This is illus-
trated in Fig. 10. The transmitter
or microphone 1s of the carbon-but-
ton type, 1s battery operated, and
has an internal resistance denoted
by R . The head phone or receiver
has an internal resistance denoted
by R, which is often different from
R_. In the case of this device, the
power output of the transmitter is
small and 1s at a premium, hence as
much of this power as possible 1is
desired to be fed into the head
phone.,

An analysis indicates that
max imum power transfer occurs when
the source and load resistances are
equal, the so-called matched imped-
ance condition. (Vacuum tube ampli-
flers fail to obey this law because
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of distortion considerations). It
is therefore necessary to use a
matching transformer T to make R
appear to the transmitter as the
value R and hence equal to the in-
ternal impedance of the transmitter.

Eq. (13) gives the turns ratio

required. Specifically, let R =
200 ohms, and Rr = 50 ohms. Then

(N /N,) = V200/50 = 2

or the primary should have twice as
many turns as the secondary. Simi-
lar considerations hold for other
sources and loads where distortion
is not a limiting factor and maximum
power transter is desired.

An interesting point to note is
that the transformer matches both
ways. Thus, in the above example,
the turns ratio was 2, so that R =
50 ohms looked like (50) ()% = 200

Fig. 10.—Use of a matching trans-
former T between a transmitter and a
receiver in a telephone circuit.

ohms on the primary side. But R =
200 ohms connected onthat side looks
like

(200) (1/2)* = 50 ohms

to the head phone. Hence 1f the
matching transformer matches 50 ohms
to 200 ohms, it also matches the 200
ohms to the 50 ohms. '

A third example will illustrate
the use of transformers for imped-
ance transformation. Thus, as il-
lustrated in Fig. 11 a ribbon micro-
phone consists of a duralumin cor-
rugated ribbon which is caused to
vibrate by the sound waves in a mag-
netic field and thereby to generate
a corresponding audio voltage.

Ribbon
ﬂwcrqahone

Fig. 11.—Ribbon microphone input
circuit.

It is then necessary to trans-
mit this inherently feeble signal to
a preamplifier, where it is further
amplified and then routed through the
necessary equipment for recording,
broadcasting, or sound reinforcement
as the case may be. The preampli-
fier is preferably located in a rack
and hence at an appreciable distance
from the microphone, which is loca-
ted in the audio. ¢, -

The ribbon microphone is char-
acterized by a very low internal im-
pedance, on the order of a fraction
of an ohm. If it were attempted to
transport the signal over ordinary
audio wires to the preamplifier, the
resistance and particularly the re-
actance of the wires at the higher
audio frequencies would absorb most
of the signal and leave very little
to be utilized at the preamplifier.

Hence a method of impedance
transformation is employed as shown.
Transformer T has a turns ratio
that steps up the voltage and the
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impedance from that of the ribbon to
a value of 500 or 600 ohms. This is
the usual impedance of audio lines;
in this case it means that the im-
pedance looking into the secondary
of T s When the ribbon microphone 1is
connected to the primary, 1is 500
ohms. In short, the fraction of an
ohm ribbon impedance is transformed
by T, intoa500 ohm source as viewed
from the secondary side .

Such an impedance permits audio
signals to be successfully trans-
ported over long distances, even on
the order of miles. In the case of
studio runs the distances involved
are on the order of 100 feet or so.
For maximum power output from the
microphone, the termination on the
other end of the run should be 500
ohms, to match the microphone.

It is clear that the resistance
and even the inductive reactance of
the audio wires will be negligible
compared to the 500 ohm termination,
and hence will not absorb any appre-
ciable power. There 1s also present
across the audio line a certain
amount of shunt capacitance, but the
reactance of this 1s very high even
at the highest audio frequencies,
and hence will be a negligibly high
shunt compared to the 500-ohm ter-
mination. A so-called 500-ohm line
theretore represents a line whose
impedance 1s neither too high nor
too low compared to the inevitable
circuit impedances encountered in
the connecting wires,

Observe, however, from Fig. 11
that the 500-ohm line fed from the
secondary of T, is not terminated in
a 500-ohm load resistance, but in-
stead is terminated in transformer
T,. This 1is also of the step-up type
and has a turns ratio such that if
150,000 ohms, for example, is con-
nected to its secondary as shown, the

impedance looking into the primary
will be 500 ohms, and hence just right
for terminating T, .

The situation 1s therefore as
follows: 1if 150,000 ohms is con-
nected to the secondary of Tn’ it
"looks" 1ike 500 ohms when "viewed"
from the primary side of T,, and
this in turn looks like the fraction
of an ohm equal to the internal im-~
pedance of the ribbon when viewed
fran the primary of T, . Thus 150,000
ohms has been reflected in two steps
to a value equal to the ribbon im-
pedance .

The question may very naturally
arise as to why T, did not immediate-
ly transform from the ribbon imped-
ance to 150,000 ohms and thus el-
iminate T,. The answer is that the
intervening audio 1line would then be
a 150,000-ohm line, which is such a
high-impedance line that its shunt
capacity would act as too great a
by-pass at the higher frequencies
compared to 150,000 ohms, and there-
fore attenuate these frequencies un-
duly.

For that reason the impedance
is first stepped up to 500 olms, the
signal transmitted to the preampli-
fier, and then at the preamplifier
stepped up further vo 150,000 ohms,
since the lead from the secondary of
T, to the grid of the first preamp-
lifier tube can be made less than an
inch long.

A further question that may be
raised is as to why the impedance 1is
stepped up further from 500 to
150,000 ohms. The reason is that in
stepping up the impedance, the volt-
age is also stepped up. The vacuum
tube is essentially a voltage-opera-
ted device, and the more signal volt-
age applied to the grid, the greater
is the output of the preamplifier.

Hence the voltage 1s stepped up
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as highas possible in T , and in the
process the impedance is also stepped
up from 500 ohms to 150,000 ohms.
Same transformers can be designed to
step up the impedance to as high as
500,000 olms (and the signal voltage
accordingly) but as a rule, the
greater the impedance step-up, the
narrower is the range of frequencies
that the transformer can uniformly
handle.

In actual practice the 150,000
ohm resistor is omitted in a low-
level circuit such as that involving
a ribbon microphone. The reason 1is
that a better signal-to-noise ratio
is obtained, because the noise fram
the resistor is eliminated.

In this case the impedances in-
volved in the circuit are the in-
ductive reactances of the two trans-
formers due to their magnetizing cur-
rents. These reactances are usually
so high as to constitute negligible
shunts compared to the resistance
values mentioned, but of course con-
stitute the sole impedance when the
150,000 ohm resistor 1s eliminated.

Thus the line is terminated in
a high inductive reactance. The
shunt capacitance of the line will
therefore act—particularly at the
higher audio frequencies—as a low
parallel impedance to the above in-
ductive reactance and hence will tend
to prevent the higher audio frequen-
cies fram reaching the transformers.
This is the case if the source im-
pedance is high so that it is in-
capable of furnishing the large cur-
rents drawn by a low impedance.

However, the source is the rib-
bon microphone of low resistance. It
is therefore capable of furnishing
all the current the line capacitance
requires at the higher audio fre-
quencies, as well as the current
drawn by the transformers. Hence.

BECAUSE THE SOURCE RESISTANCE IS LOW,
the frequency response remains "flat”
even if the transformer secondary
load resistance is removed, and at
the same time——as mentioned pre-
viously-such omission produces a
higher signal-to-noise ratio.

TDEAL AND ACTUAL TRANSFORMERS :-
The action ot' the magnetizing cur-
rent can be explained in terms of a
theoretical ideal transformer incon-
Junction with other circuit elements.
An ideal transformer is one a).
having no losses, b). no shunt wind-
ing capacitances, c).allthe flux of
any one winding links all the other
windings, and d). the inductance of
the primary and of the secondary
windings is infinite, so that but an
infinitesimal magnetizing current is
drawn.

An infinite inductance can be
obtained (theoretically) by employ-
ing a core of infinite permeability
and a finite number of turns, or by
employing an infinite number of
turns in each winding. The winding
can nevertheless have the desired
turns ratio; a 3:1 ratia, for ex-
ample, means that the secondary turns
are three times the infinite number
of turns of the primary, and hence
infinite, too.

Such a transformer draws but an
infinitesimal magnetizing current,
but when a finite current is drawn
from the secondary, a corresponding
equivalent current is drawn by the
primary. The vector diagram of
Fig. 8, reduces to that shown here in
Fig. 12; it will be observed that I
is essentially zero, so that I,
= I' . A resistance connected across
the secondary appears as an exactly
equivalent resistance connected ac-
ross the primary, and if no second-
ary current is drawn, the primary
current is essentially zero too, so
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that looking into the primary one
sees an open circuit or infinite im-
pedance. Such action on the part of
the transformer is clearly ideal in
that the transformer does not in-
trude with any of its characteristics
except the desired ones of trans-
forming the voltages, load currents
and hence impedances.

£s s s &

//‘ ’
Infinifesimal
magnetizing current

Fig. 12.—Vector diagram for an ideal
transformer having a resistor con-
nected across the secondary.

An actual transformer, as has
been pointed out, does make its pre-
sence known by such factors as losses
magnetizing currents, and the like,
in addition to the impedance trans-
forming characteristic. It is pos-
sible to represent an actual trans-

former by the proper circuit com-
bination of inductances, resistors,
and an ideal transformer, in the
manner shown in Fig. 13.

Here R __ and R , represent
respectively the primary and secon-
dary winding resistances. These
are series elements as shown, and
reduce the applied voltage by virtue
of the IR drops produced in them.

The inductances L, , and L, .
represent respectively the prim-
ary and secondary leakage induct-
ances. In an actual transformer,
not all of the flux set up by one
winding links all the turns of the
other winding. As illustrated in
Fig. 14, if the two windings are
wound on opposite legs of the core
some of the flux (solid 1ine) pro-

duced by the magnetizing current of
the primary links both windings
and is designated by the name MUTUAL
flux; and some of the flux (dot-
ted 1ine) is leakage across the
core "window" and 1inks the one
winding but not the other.

ideal /mgs/orm er

Rwp Ly TN s P

Fig. 13.—Representation of an actual
transformer by resistors, induc-
tances, and ideal transformer.

In the figure, not only does
magnetizing current I  flow in the
primary, but reflected current I'_,
owing to the current I_ drawn from
the secondary by RL. It will be re-
called that I' opposes the demag-
netizing effect of I . This is true
as regards the setting up or oppos-
ing of flux around the core. With
regard to flux across the core win-
dow, the two load currents I, and
I', act in parallel and produce
leakage flux, part of which 1links
the primary and part the secondary
as shown,

The presence of such leakage

flux gives the windings a certain
amount of inductance, called leak-
age inductance. It is as if actual
inductance was inserted in series
with the primary and with secondary
as shown. In many transiormers this
effect is minimized as much as pos-
sible by breaking up the windings
into sections, anu interleaving them
¢S50 as to make it difficult for
the flux of one winding to a-
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void passing through the other
winding.

On the other hand, in trans-
formers used to feed neon tubes this
effect is purposely accentuated, be-
cause once the arc is struck in the
neon gas, its resistance drops to a
very low value. The inductances I,
and I and L, prevent excessive
curren{ flowing under such short-
circuit conditions. Reference to
Fig. 13 shows that if R drops to a
very low value, the only limitations
to the current flowareR , and R .
Ordinarily, ina well—designed trans-
former R - and R _ are purposely
made low to keep down the losses and
also the heating in the transformer,
so that L and L _ must be made
high to 1imjt the cufrent flow. Such
action is by inductive voltage drop,
which does not produce wattage
losses .

Lea/ragq flux
\

muticl Hux

Fig. 14.-—Showing how flux can be re-
solved into mutual and leakage com-
ponents.

Refer next to Rc in Fig. 13.
This represents the core losses in
the transformer; these consist of
hysteresis and eddy current losses
in the iron core, and have been
treated in a previous assignment on
magnetic circuits.

Next, L represents an induct-
ance that accounts for the magnetiz-
ing current flow. If all the flux

of the one winding linked that of
the other, so that LL and L,  wwere
zero, then 1nductance I, would re-
main and show how a primary current
flows even if the secondary is open
circuited. Its value is very nearly
equal to the self inductance of the
primary in the case of an iron-core
transformer.

So far these circuit elements
account for various characteristics
of the transformer except one, and
that is its transforming ability.
THIS CAN BE REFHESENTFD ONLY BY THE
IDEAL TRANSFORMER; NO OTHER CIRCUIT
EIEMENT CAN REPRESENT THIS ACTION.
It therefore has to be included in
Fig. 13 to make the circuit equiva-
lent to an actual transformer. In
addition, capacitors across the prim-
ary and secondary terminals are
added in the case of input and inter-
stage audio transformers to take
care of the winding capacitances,
since these have a profound effect
upon the high-frequency response of
the units. The action will be dis-
cussed at the appropriate place in
the course.

BEHAVIOR OF ACTUAL TRANS-
FORMER: —The action of an actual
transformer can now be better under-
stood. As illustrated in Fig. 15
(A), the actual transformer has a
load resistor RL connected across
the secondary. The impedance Z seen
looking into the primary will be a
combination of the reflected value
of R , which is RL/n3 (where n is the
ratio as indicated) and the trans-
former impedances.

Oordinarily, the winding resist-
ances are small, and the core loss
resistance R 1s very high, so that
both will be neglected here for sim-
plicity. At low frequencies the
series leakage reactances wL and
and oL, are small because w 1s low
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so that they can be neglected. How-
ever the reactance wL  owing to the
mutual inductance cannot be so ig-
nored, since it appears in paralle!
with the reflected resistance R /N

This is shown in (B). At low
frequencies an actual transformer
therefore adds a shunt inductance
L to the resistance it reflects to
the terminals at which the imped-
ance measurements are being made.
At very low frequencies the input
impedance Z is predominantly induc-
tive ard low inmagnitude; the trans-
former has very markedly intruded
some of its characteristics in con-
Junction with reflecting the load

resistance.
n
(A)

000000 1~

Z—
®

Z— o Lm
(B)
Lip L1 s/n2

Fig. 15.—Action of an actual trans-
former in reflecting a load impedance
at low and at high frequencies.

At higher audio frequencies,
usually in the neighborhood of 1,000
(c.p.s.}, the reactance wL_  becomes
50 high that it constitutes a neg-
ligible shunt across the resistances
and hence the impedance Z becomes

essentially R /N®. 1In short, in
this frequency range the transformer
approaches the ideal transformer in
behavior.

At the highest audio frequencies
the series reactances L, —and wL,
can no longer be ignored. As indi-
cated in (C), the impedance Z be-
comes now R /N in series with L,
and the REFLECTED VALUE of the
secondary leakage inductance, which
is L,, divided by n®, or L, /n®, as
indicated. 1In a good audio trans-
former the impedance Z does not vary
very markedly from the value R /n®
over a wide frequency range; this
means that L is made as large as
possible by using a sufficient num-
ber of turns and a large cross
section of high permeability material
for the core, whereas L, and L, _
are made as small as possible.

Thus, the reactance of I, at the
lowest audio frequency is made two to
three times the value of R /n®, where
R, represents the secondary impedance
that the transformer is normally de-
signed to work into. For example,
suppose the secondary is designed to
operate into a 150,000-ohm load, and
that the turns ratio is 17.32 to one.

Then the reflected impedance
looking into the primary is

R /n® = 150,000/(17.32)% = 500 ohms

Suppose the lowest audio frequency

of interest is 30 c.p.s. Then wL,

= 2m30L_ should be say, three times

500 ohms = 1,500 ohms. Thus
2m30L, = 1500

or

L = 1500/(2m30) = 7.95 henries
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If the leakage reactance is kept
down toalow value, then essentially
this value of inductance is measured
for the primary winding when the
secondary winding is left open-cir-
cuted; i.e., L 1is essentially the
self inductance of the winding.
MULTI-WINDING TRANSFORM-
ERS .—When a transformer has more
than one secondary, and impedances
are connected to them, they reflect
these impedances to the primary side
so that the reflected impedances
appear in parallel. This is illus-
trated in Fig. 16, where a four-
winding transformer is shown in (4),
with loads R ,, R ., and R, con-
nected to the secondaries. The sym-
bols N , N, and N, refer to the re-
spective ratios of the secondary
turns relative to the primary wind-
ing. These cause the various re-
sistances to be reflected to the
primary in parallel as shown in ().
Thus R , appears as R /N ? across
the primary terminals; R , appears
as R ,N,? across the primary term-
inals, and hence in parallel with
RLI/le and finally R , appears as
RLa/Na2 across the primary terminals.
One practical example of this
is the power transformer shown
in Fig. 3 on page 4. The plate
currents drawn by the various ampli-
fier stages through the rectifier
tube act as a load resistance con-
nected across secondary S ; the
heater currents drawn from S,, and
the filament $4, all represent load
resistors across these secondaries,
and their reflected values all appear
in parallel across the primary.
Another example is that of an
audio output transformer that feeds
a number of loudspeakers installed
in different rooms, for example, in
a public address system. This is
illustrated in Fig. 17, where a push-

pull output stage is shown, composed
of the push-pull audio input trans-
former T, feeding signal to the grids
of the two tubes V1 and V2, and out-

H/E Rys
o]
o

(A)

o>
ﬁf]

a
g . .
2. S A A3
nge g ng
bC @
(B)

Fig. 16.~Four-winding loaded trans-
former and equivalent circuit.

put transformer T2, having a center-
tapped primary, as shown, and having
four secondaries, S1, S2, S3, and 4
feeding loudspeakers L.S. #t, L.S.
#, L.S. #3, and L.S. #4. (The lat-
ter can represent banks of loud-
speakers instead of individual
units).

Each loudspeaker or loudspeaker
bank reflects as an equivalent im-
pedance across the primary winding,
and the combination of loads appear
in parallel across the primary. By
a suitable choice of turns ratios it
is possible to cause the total re-
flected impedance to be the correct
value to obtain the required power
output from the tubes, and at the
same time to cause the power output
to divide between the various loud-
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speakers in any ratio desired. Thus
L.S. #i might be a ball-room loud-
speaker, and require most of the
power, whereas the others might be
installed in small roams and hence
reguire but a small amount of power
each.

As a numerical example, suppose
in Fig. 17 that the turns ratio of
the primary toS1 is 20:1 and L.S. #1
is 5 ohms; the turns ratio to 82 is
15:1 and L.S. #2 is 10 ohms; the
turns ratio toS3 is 10:1 and L.S. #3
is 50 ohms; and finally the turns
ratio to $4 is 30:1 and L.S. # is
15 ohms. Assume further that the
primary voltage is 180 volts. The
results canbe summarized as follows:

AUTO TRANSFORMERS .—A special
form of transformer in which a wind-
ing is common to both the primary
and the secondary coils, is known as
an auto~-transformer. It is illus-
trated in Fig. 18, where it will be
observed that the lower windings
constitute the primary coil and also
part of the secondary coil. The
action is however no different from
a transformer having separate prim-
ary and secondary coils, except that
the current in the common winding is
the difference between the primary
and secondary load currents I's and
Is, and hence is less than either.
This permits a smaller size coppel
wire to be used in the common wind-

SECONDARY VOLTAGE ACROSS REFLECTED IMPED- POWER CONSUMPTION
coIL SECONDARY ANCE TO PRIMARY E2/R WATTS
OHMS
S1 -15802 =9V, 5% (2002 = 2000 9)%/5 = 16.2
S2 11—859 =12V, 10 X (15)% = 2250 (12)2/10 = 14.4
S3 ll%-) =18V, (50) X (10)2 = 5000 (18)2,/50 = 6.48
s %%—) =6V. (15) x (30)® = 13,500  (6)2/15 = 2.4
TOTAL 39.48 Watts

The total power is 39.5 watts,
divided between the secondaries in
the manner indicated above. The
total resistance reflected across
the primary winding is

1/( 4+ 1+ 1+ _1
2000 2250 5000 13500

= 1/(.0005 + .000444 + .0002

+ .000074) = 1/(.001218) = 82 ohms.

ing, and also in general means less
copper I?R losses, and therefore more
efficient operation.

If N 1is the total number of
turns of tﬁqe primary, and N, that of
the secondary, then the voltage step-
up is in the ratio of N,/Np and the
impedance step-up in the ratio of
(N, /Np)2 even though part of N, and
N_are common. Auto-transformer are
used in radio to some extent, and
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one example is an audio transformer
shown in Fig. 19. Here the output
stage feeds an output transformer
having say, a 500-ohm secondary.

72

7/
A_ud/(/:
S1gna,
':Eg 553 [ [Jeses
654 LS#4

Fig. 17.—Audio output transtormer
feeding a plurality of loudspeakers.,

This means that if 500 ohms is con-
nected to the secondary, it will re-
flect back to the tube the proper
load resistance required by that
tube for optimum power output.

Instead of connecting a 500-ohm
load, however, an auto-transformer
is connected as shown. Various loads
can be connected to different taps
of the autotransformer, either in-
dividually or in groups, so as in
any case to reflect a total of 500
ohms to the secondary of the output
transformer.

Thus the autotransformer here
acts to furnish various output im-
pedances or taps to accomodate

Ns
. Secondary
Primary Np

(o e}

Fig. 18.—Schematic dlagram of an
auto transformer.

various individual or groups of loud
speakers. A common alternative is

to tap the secondary of the output
transformer and cause this winding
to function as a sort of auto trans-
former.

AIR-CORE TRANSFORMERS

The preceding discussion dealt
essentially with iron-core trans-
formers having little leakage flux
between the windings or, in other
words, tight coupling, a term that
will be explained more fully farther .
on. Such transformers are used at
low frequencies, because the iron
helps to obtain high inductance and
hence high inductive reactance in
spite of the low frequencies in-
volved, and without requiring a pro-
hibitive number of turns. A high

Aufo frans.

~

(=
”0

—
P—0

5
L +Bo

g Ouiput frans. =

5000

Fig. 19.—Example of an autotrans-
former used in anaudio output stage.

inductive reactance in turn serves
to keep the magnetizing current at an
acceptably low value relative to the
reflected primary load current, so
that the unit approaches the ideal
transformer in its characteristic.
A further characteristic is that the
transformer is broad-band, i.e.;
it can handle simultaneously a wide
range of frequencies with equal
facility.*

*The ordinary iron-core audio
transformer can step up voltages,
reflect impedances, etc., over a
range of frequencies from 30 c.p.s.
or less to 20,000 c.p.s. or higher.
Indeed, video transformers have been

built that can handle a range from
20 c.p.s. to over 5,000,000 c.p.s.!
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At the higher i.-f. and r.-f.
portions of the spectrum, iron cores
tend to have rather high losses, ex-
cept in the pressed powdered form,
and moreover, the inductance of the
windings can be lower since the fre-
quency is higher, so that the re-
actance ol, can be made high even if
L is low.

As a result, the coils are
generally wound on hollow dielectric
forms or tubes; the core is essen-
tially air or its equivalent in mag-
netic permeability, and the devices
are known as air-core transformers.
These will now be discussed.

FUNDAMENTAL CONSIDERATIONS .—The
theory given previously for the iron-
core transformers applies toair-core
transformers too, but a different ap-
proach is preferable because the
mitual inductance L  is much lower,
{see Fig. 13) and the leakage in-
ductances are relatively much larger;
indeed, the latter are usually many
times L, In magnitude.

The method of approach is as
follows: In the case of an ordinary
self-inductance, the fundamental
definition is that the inductance L
multiplied by the rate of change of
current with time equals the voltage
induced. In the special case where
the current varies in a sinusoidal
marner at a frequency f, the induced
voltage is

E = 2nf11 (14)

where E is in volts; I is inamperes,
f in cycles/sec.; and L in henries.
In a similar manner, the mutual
inductance M can be defined. Thus,
if the current I in one coil varies
inasimisoidal menner at a frequency
f, and it induces a voltage E in
ductance between the two coils is
such that :

E = 27fMI (5)
where M is also measured in henries.
Thus, just as self-inductance L de-
termines the amount of voltage a
varying current I will induce in the
coil in which it is flowing, just so
does mutual inductance M determine
the amount of voltage the varying
current will induce in a neighboring
coil.

ideal /ragsformer

~,

L \\\ Lis Rws

RA//)

J

Fig. 13.—~Representation of an actual
transformer by resistors,

indue~

tancesy, and ideal transformer.,

It can be shown that the mutual
inductance between two coils is the
SAME regardless of in which coil the
current is flowing. Thus, as illus-
trated in Fig. 20, if a current I is
caused to flow in coil A, and the
mutual inductance is M, so that a
voltage E is thereby induced in coil
B, then if the SAME current I is
caused to flow in coil B, the SAME
voltage E will be induced in coil A.

COMPARISON OF AIR AND IRON-CORE
TRANSFORMERS .—1n the case of the
iron~-core transformer, the secondary
voltage was equal to the primary
voltage multiplied by the turns

ratio. This was because practically
all the flux of the one coil linked
the other coil. In the case of the
air-core coil, where but a fraction
of the flux links the other coil,

www americanradiohistorv. com
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the secondary voltage is but a frac-
tion of the primary voltage multi-
plied by the turns ratio, so that
the latter rule for calculating the
secondary voltage will be consider-
ably in error. As a result, it is
preferable to compute the primary
current, and multiply it by 2rf M in
order to solve for the secondary
volitage.

Another difference between the
two types of transformers is that in
the case of an iron—core transformer
the magnetizing current I  1is very
small, and can usually be neglected
in comparison with the primary
equivalent of the secondary load
current. Thus a resistance connected
to the secondary draws a nearly in-
phase current from the generator
connected to the primary.

In the case of an air-core
transformer, the magnetizing current
may be so large as to mask the prim-
ary equivalent of the secondary
load current. Furthermore, the
leakage inductance may be so high
(see Fig. 21) that the load current
will be kept down to a low value,

A B
— £

(A) A]

(B) o

L7
A
— £
Fig. 20.—The mutual inductance 1is

the same regardless of in which coil
the current is flowing.

Thus L, will terd to 1imit the prim-
ary equivalent current I' ; and L, ,
the secondary load current.I . At
the same time, if the coils have

www americanradiohistorv.com

relatively few turns, their in-
ductance will be small, so that the
inductance L  1in Fig. 21 will be
small, and the magnetizing current
I, will be large ,—often many times
I' in value even when the secondary
is short—circuited RL = 0).

Ly Lis
%

Fig. 21.—If the leakage reactance
is high, the load current will be
small.

ANALYSIS OF AIR-CORE TRANSFORMER
BEHAVIOR .~—These differences between
the two types of transformers make it
desirable to handle the air-core
transformer in a different manner
fran the iron—core type. The method
is as follows:

let Lp be the self inductance
of the primary. It can be measured
ona Wheatstone Bridge or other suit-
able measuring device while the
secondary is left open-circuited.
Similarly, let L, be the self in-
ductance of the secondary, measured
while the primary is open circuited.
Finally let M be the mutual induct-
ance.

This is most readily measured
as follows: Connect the two coils
in series in one polarity, and
measure the overall inductance.
This will either exceed or be less
than the sum of I, + L . The discrep-
ancy is due to the action of M. If
the coils are connected together so
that they aid each other in setting
up flux, then the total inductance
will be increased over the simple
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sum (I, + L) by an amount 2 M; that
is, the reading on the Wheatstone
Bridge or other measuring device will
be

L =1 +L +2M (16)

from which, solving for M, there is
obtained

- @ +L
M= ]}__b‘) (16a)
2
If the colls oppose each other's

efforts to set up flux, then the in-
ductance will be less than (L]J + L)

by the amount 2M; i.e., the reading
obtained will be

L= (L + L) -2

from which M may also be solved to
obtain

M= (LP + L!) - LB (17&)

Whealstone
bridge

Reading is L;=Lp+Lg+2M

(")

Whealstone | _|
bridge
R@ﬂdlhq /8 Lz = Lp*/’[s ‘ZM

a b

Fig. 22.—Method of measuring the
mutual inductance between the two
coils.

Refer to Fig. 22 for the connections.

The value for M may also be ob-
tained from the two bridge readings,
without measuring L]J or L. Thus,

solving Egs. (16) and (17) simul-
taneously, there is obtained

M= (L, -1,)/A4 (18)

As an example, suppose the first
reading is 1; = 100 phenries and the
second reading is I, = 60 phenries.
Then, by Eq. (18),

M = (100-60) /4 = 10 phenries

mutual inductance. .

The value of M can vary from
zero up to a certain maximum value.
The zero value occurs ir the two
coils are so widely separated in
space that practically no flux of
one links the other. The maximum
value of M occurs when all the flux
of one links the other coil. This
condition is approached if the two
colls are very close together; for
example, if the turns of one coil
are immediately adjacent to those of
the other coil, or if they are both
wound over an iron core which con-
centrates the flux and thus causes
it to pass through both coils.

The maximum value of M is very
simply expressed in terms of the
self-inductances Lp and L, of the
coils:

M=VLL 9)

The two coils are said to be (mag-
netically) coupled 100 per cent, or
the CCEFFICIENT QF COUPLING, denoted
by the symbol k, is unity.

On the other hand, notall the
flux of one may link the other coil.
In this case k is less than unity.
For example, if only half of the
flux of one coil links the other coil
the coupling is k = 0.5. In this
case M is half of ‘/LpL.’ and in
general
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M= kVLL (20)

In i.f. and r-f. coils, the
coefficient of coupling k is in the
range from 0.005, or but a fraction
of that employed in iron—core trans-
formers, where it has a value on the
order of 0.98. This means that the
mutual inductance is relatively
small and the leakage inductances
very high for an air-core coil; in
short, it departs very markedly from

an ideal transformer.

SERIES REFLECTED IMPEDANCE .—As
a result, the reflected secondary
impedance is but a small portion of
the impedance it presents to a gen-
erator; the leakage reactances tend
to predominate. Hence, if an im-
pedance Z 1is connected across the
secondary, it is of little use to
reflect it as an equivalent imped-
ance across the primary of value
Z,/n*, where n is the turns ratio,
because the leakage reactances have
to be added in, as well as the effect
of the relatively large magnetizing
current flow,

//A4\\
Lp % %Ls
(A)

e,

e,

Lp

wiM?
Zs

(B)

Fig. 23.—An air-core transformer

with a secondary load, and the

equivalent series representation of
the circuit.

INDUCTIVE COUPLING

The procedure is therefore to
reflect the secondary impedance as
an equivalent impedance IN SERIES
WITH the primary. This is illus-
trated in Fig. 23. In (A) is shown
an air-core transformer having a
primary self-inductance Iﬁ; a secon-
dary self-inductance L , a mutual
inductance M, and a secondary load
Z, . The latter may be a resistance,
for example, or a capacitor, or any
other circuit element or combination
of elements.

In (B) is shown a circuit which
presents the same impedance when
measured at the primary terminals as
does the actual circuit of (A). Here
the secondary circuit, including the
load Z,, 1s shown as an impedance in
series with the primary.

Its magnitude is given by the
expression:

w*M®
Z

where Zs represents the secondary
inductive reactance »l_ 1in series
with the load impedance Z . Speci-
fically, if Z, is a resistor RL,
then Zs = RL + 4al_, where the dots
indicate vector addition, in that
the vector representing wl, 1is at
right angles to the vector represent-
ing R .

The total impedance looking
into the primary is

As an example of the use of Eq.
(21), consider the typical r-f am-
plifier stage shown in Fig. 24.
Here the resistance R  of the sec-
ondary coil is taken into account and
the secondary load is the variable
capacitor C_. In a following assign-
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ment it will be shown that this has
a reactance -1/uC_, and is the nega-
tive of an inductive reactance. As
such it can cancel an inductive re-
actance (such as st) and thereby
produce the phenomenon of RESONANCE.
The procedure of adjusting the capa-
city C, until resonance occurs 1is
known as TUNING.

Fig. 24.—~Typical r-f amplifier
stage.

First calculate the impedance
of the secondary circuit. This is
Z =ol, tR - 1/aC, (22)
where, as before, the dots indicate
vector addition. Note, however,
that «L_ and 1/wC_ are added alge-
braically, and the result is then

added vectorially to R .
According to Eq. (21), the im-

pedance Zs reflects into the primary
to produce a total impedance

2472
7 = ol + w M (23)
» * Wl +R - 1/4L,

Now if the secondary circuit is tuned
to resonance, -1/wC_will just cancel
wL, ; i.e.,

wl, - 1L, =0

so that Eq. (23) reduces to

. :? 2
P P R

the quantity sz“/Rs represents a
resistance whose magnitude varies
INVERSELY as R ; 1.4y, the smaller
R is, the larger is o*M*/R . This
is in series with the primary in-
ductance L, as is indicated in Fig.
25.

VA
o fovc%b\
Zp w2M?/R?
o—— AN

Fig. 25.—Equivalent circuit repre-
senting the primary impeaance.

Ordinarily the reactance wL_ 1is
fairly low compared to «’M®>/R_ , so
that the impedance Z is essentially

«®*M*/R_, and the larger this quan-
tity is, the greater will be the
output voltage of the vacuum tube
feeding it, since the gain of a
vacuum tube increases as its load
impedance increases.

ILLUSTRATIVE EXAMPLE.—As an
example of the magnitude involved,

suppose L_ = 100 phenries;* M = 20
phenries ; = 8 ohms, and frequency
f =1.5 mc. Then

oL =27 %X 1.5 X 10%® x 100 x 10~°

= 942 ohms.
and
MY/R_ = (27 X 1.5 X 10% x 20
x 10~%) %/8 = 4,438 ohms.

The total impedance Zp has a mag-
nitude (refer to Fig. 26)

Z
P

V(942)? + (4,438)°

4,528 ohms

*The degree of coupling is
greater than that which is often
used.
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This, it will be noted, is but
slightly greater than the series re-
flected secondary impedance of
4,438 ohms, and hence substantiates
the statement made above that Ll is
generally negligible compared to
*M2 /R, .

The actual calculation of the
gain of an r-f amplifier will be
discussed after vacuum tubes have
been studied. However, assume here,
that a pentode vacuum tube has been
connected to the transformer and that
it forces a current I_ into the pri-
mary of the transformer as shown in
Fig. 24. This current induces a
voltage in the secondary circuit; by
Eq. (15) this has a magnitude

E = 27TfMIp (25)

Then the

voltuge induced in the secondary
coil is

Suppose I = 0.25 ma.

E = @n % 1.5 X 10% x 20 x 10°% x 25
X 10-8) = ,047 volt or47 millivolts.

V(4.438)%+(942)?
4,528

pet
F4

H

Z 942

4,438

Fig. 26.-——Vecto. combination of
4,438 ohms resistive and 942 ohms
inductive reactance.

The actual voltage across C.
will be much higher, as will be
shown in a subsequent assignment.
Indeed, it will be found that the
voltage across C_ is Q times E_,
where @ is that of the secondary
coil including any primary loading.

www americanradiohistarv. com

Suppose Q@ = 50. Then the voltage
across C_ (which is the voltage de-
livered to the grid of the following

_ vacuum tube), will be .047 X 50

= 2,35 volts.

With reference to Eq. (21), the
term w®M?/Z, gives the effect of the
secondary impedance Z, upon the ap-

parent primary load impedance. On
the other hand, an impedance across
the primary circuit appears as an
equivalent impedance in series with
the secondary. The formula is
practically identical with that of
Eq. (21); the subscripts need merely
be interchanged. Thus

. 2312
Z, =al + wZM (26)
?

where Zs represents the total im-
pedance looking into the secondary
terminals, and Zp is the impedance
of the primary circuit. This may
include the primary self-inductance
1, and the primary winding resistance
but particularly-—in practical
cases—the generator or source im-
pedance (usually resistive).

Thus, referring to Fig. 27 4),
the source is shown as generating a
voltage E , and as having an inter-
nal resistance R;.

The primary iwpedance, includ-
ing the generator, is

Z,= ®, +R )+ oL,

This reflects into the secondary an

impedance

M2

Ry + R ) + ol

which is in series with the imped-
ance of the secondary circuit, as
shown in B). This in turn is
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st + aLB
where R represents the winding re-
sistance of the secondary coil.
Hence the total impedance seen
when looking into the secondary ter-
minals is
. w*M?

Z =R +ad +
s sw 8 (RG +Rp') +C‘Lp

As a specific example, suppose
R, represents the plate resistance
of a vacuum tube acting as a source
and that its value is 20,000 ohms.
Ordinarily Rpw, the primary winding
resistance, is about 15 ohms and
hence negligible compared to R.
For the values of w, Lp, M, etc.

Ebw ,/”“\ AEW
15
G
%éﬁ § )
Sz (a)
Rsw
NN — —o
Ls YT ~Z
Zp ©
(B)

Fig. 27.—R-F transformer and the
impedance presented at the secondary
terminals.

employed previously, and for a
secondary self-inductance of 88
phenries.

27

The denominator of the third
term involves the vector sum of
20,000 ohms resistive and 942 ohms
inductive reactance. As is evident
from Fig. 28, the total primary im-
pedance is

zZ, = v/ (20,000) 2 + (942) %2

= 20,022 ohms, or practically the
same as the generator resistance R,
= 20,000 ohms. For simplicity, as-
sume Z_ = 20,000 ohms resistive.
Then t%e impedance reflected in
series with the secondary is
Fe o0
86507
20,000

= 1,775 ohms.

This is a resistance in series
with the 8 ohms winding resistance
of the secondary, and increases it
tc 9.775 or 9.78 ohms. Since the
inductive reactance at 1.5 mc. is

828 ohms, the Q of this coil is
Q:&:%:%
R 9.78 gu

Z =8 +27 X 1.5 x 10° x 88 x 107° +

(2n X 1.5 x 10% x 20 x 109 2

(20,000) + (27 X 1.5 x 10°® X 100 * 10~%)
G 00

= 1+ 838 +

)

20,000 942
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Had there been no primary re-
sistance of 1.777 ohms reflected to
the secondary, the Q would have been

828 - 103.5
8

Hence the presence of primary
resistance—that of the generator—
lowers the Q of the secondary coil.
However, note from Eqs. (24), and
(27) that the impedance in one side
of the circuit reflects as a RECIP-
ROCAL value in the other circuit;

Fig . 28,—Vector combination of re-
sistance and inductive reactance.

the primary resistance R of 20,000
ohms appears in the DENOMINATOR OF
the expression M) 2/R SO THAT THE
IARGER THE ACTUAL RPBISTANCE 1S, THE
SMALLER IS ITS REFLECTED SERIES
VALUE.

This means that if the source
resistance had been higher than
20,000 ohms, it would have produced
1ESS damping in the secondary cir-
cuit. For example, had the source
resistance been 1,000,000 ohms
(1 megohm) the reflected value would
have been reduced by a factor of
20000/1,000,000 = .02; the reflected
resistance of 1.775 ohms would have
been reduced to 0.0355 ohms, and
» this would have had a negligible af-

fect on the Q of the secondary cir-
cuit.

The value 20,000 ohms corres-
ponds to the average plate resistance
of a triode tube; the value 1,000,000
ohms is that of the average pentode
tube. Hernce one can expect a higher
secondary Q if a pentode tube is
used as the source driving the r-f
transformer than if a triode is em-
ployed and, as has been indicated, a
higher secondary-circuit Q results
in a higher gain for the amplifier
stage. This 1is one reason why pen-
tode tubes have supplanted triode
tubes in r-f amplifiers, at least
for the standard broadcast band.

RESUME’

This concludes the assignment
on inductive coupling. The action
is best described in terms of trans-
formers having high coupling co-
efficients, such as iron-core trans-
formers, and transformers having low
coupling coefficients, such as air-
core transformers.

Iron-core transformers approgch
the ideal transformer in that they
add little of their effects to the
circuit except that of transforming
an impedance connected toone winding
into a similar impedance of different
magnitude as viewed from the other
winding. As such, they can function
over a broad band of frequencies,
such as the audio band from 30-1500
c.p.s. without the primary inductance
winding resistance, core losses, or
leakage inductance producing appre-
ciable variations in the reflected
impedance, as determined by the turns
ratio .

Adr-core transformers, on the
other hand, depart so widely from
tie ideal transformer that the turns
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ratio is of little value in predict-
ing their performance. Instead, the
primary and secondary self-induct-
ances and their mutual inductance,
invelving the coefficient of coup-
ling k, serve to determine their be-
havior.

It is found preferable in this
case to reflect the impedance con-
nected across .ore coil as an equiva-
lent impedance in series with the
other coil; the reflected impedance
appears as the reciprocal of the
actual impedance employed.

The air-core transformer has
such large leakage inductances and
magnetizing current that the re-
actances it introduces in a circuit,

in addition to its impedance-reflect-
ing properties, makes its behavior
vary with frequency. Hence it is
best operated in conjunction with
tuning capacitors, and consequently
functions best over a narrow fre-
quency range, although this range
can be adjusted to any portion of the
spectrum desired by varying the tun-
ing capacitor.

In this assignment a brief and
elementary analysis of the r-f am-
plifier stage was given to illus-
trate the analysis of the air-core
transformer. More detailed discus-
sions will appear in subsequent as-
signments, as well as the analysis
of the double-tuned i-f amplifier.
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INDUCTIVE COUPLING
EXAMINATION

In an iron-core type of transformer, a load is connected to
the secondary, and it is found that 1.5 amperes flow in the
primary circuit. The secondary load is then disconnected,
and it is found that about 0.75 ampere still flows in the
primary circuit. Explain. .

The .7¢'dx«/o. currend ss o 2—«4/#67;’;/;«7
darren% éﬂf//.s /% 4‘;«,04”7/ 0 -carrvx%
seeessary 7 se” “p Zhe f'/é// 0/ {A// Z7
74 e C’,Wv{z/ EmF P e Ll THv

Sauses

a //:;e/ LM F

(A) The same iron-core transformer has a primary winding
containing 2,000 turns. When 20 volts are applied to this

winding, 120 volts are measured across the secondary. How
many turns are there in the secondary coil? -
oMy : KAeoo x ’Lo" « /2000 Herns. /
Py »

(B) A load resistance is connected across the secondary
that draws 0.2 ampere. What is the reflected primary cur-
rent ? -1

S, v k2w b > /SR G‘Mf.//,f

An alternator has an internal resistance of 15 ohms, and
feeds a load of 4,000 ohms. What is the proper turns ratio
for an impedance matching transformer to obtain maximum
power output? )

-
”7” > m/?":;- - m = 6% //IIIIIG Va’zlo e
> /

An audio transformer has three secondaries and a primary.
The turns ratio between the primary and the first second-
ary is 5:1, and the secondary load resistance is 500 ohms;
the turns ratio to the second secondary is 8:1 and the
secondary load is 50 ohms; and the turns ratio to the third
secondary is 15:1 and ‘the secondary load is 10 ohms.

Calculate the total resistance reflected into the

primar y. (
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EXAMINATION, Page 2.

4. (Continued) . .

/? 7oofee7{¢d Yot S, 2 PO x & = /X870

ST SO0 x 8 . 3 200 -
/0 x s - R,ze0 N

V.

Total = ! /;éb_m) +3—j;0 +2—'-2——;o 2 Voooos ++0008/ & .000 ¢

(L]

.. 3.

S3

”
2Lz sZ2o0s” St
. 00083
5. An audio transformer is connected to a Whéatstone bridge

to measure the impedance looking into the primary while a
resistance of 50 ohms is connected to the secondary. The
turns ratio between primary and secondary is 5:1. The im-
pedance measured across the primary circuit at a low audio
frequency of 30 c.p.s. is 1250 ohms resistive paralleled by
about 3,750 ohms inductive reactance. At about 900 c.p.s.

the bridge measures practically 1250 ohms pure resistance. ‘
Explain.

A 7‘/@ V) /Yoiueu_e Fhe u(l/hezf',.;/ Curven?
s /orodel'M47/P/7 /lr/e, THhe //;/e'/ 744/@/77”"7'
The fess dqr);ex7/ rejul;re/ 1/.1 74 e ﬁ“:// Zs /"’0%4'61

—4e CEMF, 7'/!”'0/07*3. a” Soo ©ps
C'urren7L /s Jer

e e ,,,//' ;

S i5hy
JM‘// C"am/?d/e/% f4'P Z—crvwen.P/j"
Faden 4/'4 Vde sesicFence Joad. /

6. What is meant by the "coefficient of coupling K"? Under
what conditions does K = 1°? —

e

" 7/? (’06’////:;)(7/ o/f 00«//’;‘/ /'J‘ 7/e///ooyeeu_7:/€
6/ //ax /hro/qeed 57 ore w,“/‘/ A"",{/;fy

e  oT7Fev wz.nJ"‘f/f. Wien */  al Fe .
f/«x 557‘ ,‘/g é7 oM e WI;‘/“; //'U/é_" ¢-//

F{ v Yurws o/f 7he iTHher,

~

www americanradiohistorv.com



www.americanradiohistory.com

6.

10.

Vﬁfj}é-fe

INDUCTIVE COUPLING
EXAMINATION, Page 3.

(Continued)

Given L = 120 ph; L, = 480 Kh; and M = 300 uh. -~
(4) Ca{culate the coefficient of coupling. ///

A’xﬂ :,3_"_9_'._ .:"oo._/’;_,g’
Jiols  raenth' wee v’

(B). What is wrong with this result? )
/{’ canuof be j‘d’fa7/t¥ 7'114 b M

R

Suppose the coefficient of coupling K in the above problem
were 0.0l1. What would be the value for M?

M—. /r/‘APLS SN -O///za x &80 2.0/ X 230 = 2-4"'"-""{[

In a television i-f transformer, LP = 15 ph and L, = 6 ph,
(A) They are connected in series with their magnetic f1e1:§//”

opposing. The overall inductance measured is L = 20.5 .
What is M? _ o
M - (a(ff‘.f) -4 = /J—*‘ —-20.3 a, _:_‘1___ - N J/Ml
SN e —
2. L

(B) What is the coefficient of coupling K?

Vid *./_/.’_’Z_--—“' =3 ’_'_é:‘:—- ;__:‘»_z’ﬁ',_— : 0206 I
ﬁz;7§ V7o 7.3 v

(C) What will be the total L if the connections of one coil
are reversed?

£ = l,,f.ls tEZM = ISTré 08" o Z/.éf»c[

Refer to Fig. 24 in the text. Suppose LP =
ph; R, = 30 ohms, and f = 5 mc. What is the total im-
pedance looking into the primary winding, including the e-
quivalent SERIES impedance of the secondary circuit?
Note: -~ L, 1s assumed to tune with C, at 5 mc.
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10. (Continued)

Z/, 2 260 b M=x 70 b Fs =30 - fs.-S'owc.,
P '_',_
Z/o = w'(f’ + _L_?___,‘i—-
&)

- 6 -6
2 x $ks0 x 200 %007 2 6,280 JL/_

wz,g .
) l e L3R Y N
w M (JWM\\,) ~ /3 pb
= z
- * % A LY s 8 A

\ .
2, - [4as0" v sz ome" = nére

—

b.. 3 [ -~ ’ - A3 ‘

~ N -
. = be b 2. ariy 2T, thvex, .o\
» . - L} A Y Fd \
- A, §* s
= -
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