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by John H, Mulluney*

New FCC Rules regarding AM
operation prior to sunrise hove
brought about some new technical
reqguirements for many staticns. This
article presents one method for
achieving the lorge power reduc-
fions imposed in some cases. A
derivation of the design formulas
follows the main text.

Many AM broadcasters are faced with the prablem
of reducing their transmitter output power by a sub-
stantial amount in order to comply with the require-
ments of Section 73.99 of the Commission Rules. When,
for example, the power-of a l-kw station must be
reduced to approximately 100 watts, it usually is not
practical to use the existing transmitter, The broad-
caster would ordinarily have to purchase an additional
transmitter (type approved) capable of operating at the
lower power. From an economic standpoint. this is
not practical since. at most. a broadeaster could only
gain approximately two hours per dav of operating
iime in the winter months. Therefore. the need for a
simpler method is indicated. The following is one way
of achieving power reduction for presunrise operation
at a mininum cost,

Technical Approach

It is proposed to use the regular transmitter oper-
ating at its normal output pm\u— mto a simple power-
divider network, as shown in Fig. . This circuit prin-
ciple was developed in the carly 1940 s by Earl Travis,
In December 1943, Dr. George H. Brown of RCA
introduced the technique’ for power dividing in a two-
tower directional system,

Principle of Circuit

Fig. 1 can be redrawn as shown in Fig. 2. For the
sake of discussion. capacitive reactance is shown in
the dummy-load branch. The circuit is basically a
simple power divider. There are two equal (50- or
70-ohm) loads: R,, is a dummy load. and R, is the
transmission-line resistance or common-point resistance.
Reactances X, and X, are¢ of opposite sign, and their
values are uniquely determined by the power-division
ratio and input impedance desired. In this case. the
mput impedance is seiected to match the output of the
transmitter (50 or 70 ohms). The power division is
determined by FCC limits on power delivered to the
antenna. The power division can be expressed in terms
of a factor, M', as follows:

o "P(hi)
M _\/P(]ow)

where,
P (hi) = power dissipated in dummy load, and
P {low) = power fed o transmission line or com-

moq point.
The value of reactance for the high-power leg (dummy
load) is:
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Fig. 1. “Power-dump’
Xi= — &_‘
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where. :
N = value of positive or negative reactance in
ohims.
R, = dummy-load resistance in chms. and
M = power-division factor defined above.

The value of the reactance for the low-power side (an-
tenna or common point} is:

X = M'R,,
where
X = wvalue of positive or negative reactance in
ohms, '
M' = power-division factor, and
Ry = transmission-line or common-point resistance

m ohms {must be equal to dummy-load re-
sistance),

It will be demonstrated later that the input impedance
will alwayvs be equal to the dummy-load and transmis-
siten-line Impedance, provided certain design require-
ments are met. This is the same as saying that, under
the requircd conditions, the feedpoint resistance will
alwavs remain equal to the load resistance, regardless
of the power division between the two branches,

Proctical Application

Assume & slation is required to reduce its presunrise
power 10 100 watts from lkw. The known parameters
are:

( 1300 kHz

= 1000 watts
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network may have either L or Cin high-pewer branch. -

{ 3) Allowable power to nondirectional

LOWer Oor commaon point = 160 watts
(43 Transmitter output impedance
(Z = R at resonance) = 50 ohms

The following quantities may now be computed:
( 5) Transmitter output current for 1 kw

= 4. 48 amperes

( 6) Allowable line current to antenna or
common point for 100 watts

(- /T
Va0

= 1.41 amperes

{ 7)) Current in dummy load for 900 watts
which must be dissipated

200
= — ") . .
| V' 35 = 4.25 amperes

( 8 ) Power division factor

S Phiy /900
\/ Plow) 100 =3

{9) An inductor is selected arbitrarily for the high-
power branch. The reactance is: f

= 16.7 ohms,

FEED POINT

" POINT A

Transmitter (50- ar 70-0hm unbalanced cutput)

Variable capacitor in series with dummy-lcad resistor
(50 or 70 ohms)

Dummy-icad resistor {50 or .70 ohms} having proper
power rating {(Note: Station loads should be able to handle
1300 watts for a 1-kw station,) '

Variable inductar in series with transmission line to non-
directional tower, or common point of directional antenna
system . L
Resistance of transmission lime {50 or 70 ohms) :
Voltage across transmitter output

Fig. 2. Power-division circuit may be redrawn for more convenient analysis; explonation of terms used is included.



) Inasmuch as an imductor was selected for the high-
power branch, g capacitor must be used in the
low-power side. Its reactance is:
Xe = ~=MR, = =3 X 50 = — 150 ohms.

(11) The maenitude of X, and X.. have now been de-

termined. The inductance and capacitance now can
be found readily. The inductance is:

Lo 159X,
- f

where,
L. = inductance in microhenries,

. 1. . .
159 = — X conversion factor for units,

Xi. = inductive reactance in ohms. and
f = frequency in kHz.
T hen:

1S9 X 167
b= TEgp T 204k

12} The capacitance is determined by:

- LS9 x o
€= T
where,
C = capacitance in pf,

1 . . .
.59 X 10 = -7 % conversion factor for units,

X = capacitive reactance in chms, and
I = frequency in kHz.
Then:
139 X 100

T1300 x 150 S16ph

A variable capacitor s required, or a coil and
capacitor m series may be used.

The circuit can’ now be redrawn as shown in Fig. 3.

Circuit Variations

It is obvious that diffcrent combinations of X, and
N can be selected to accomplish other desired power
reductions, and the exact values of components will be
governed by the amount of reduction required and the
power levels invelved. In many cases, it will be more
practical to use variable capacitors and inductors to
obtain the exact power ratio; in others, a fixed capacitor
can be made equivalent 1o a variable unit by using
vartable or tapped coit i series with the capacitor.

Xo 50 €
@ C = 816 f
" orgson
P = Tkw
F = 1300kHz

Fig. 3. Coleuloted volues for powerdivider components,

Switching. particularly where directional AITays ure
mvolved. can become tricky: however, the primary
advantages of using such a “power-dump” circuit to
dissipatc power are:

(1) The transmitter operates at its normal outpui
power regardless of how much the antenna power
niust be reduced,

t2) Most stations already have a 30- or 70-chm dum-
my louad that can be used for the system,

(33 No adjustments of the transmitier controls  are
needed.

(4) The cost for a well-engineered svstem is muaterial i
less than the purchase price of a new lower- power
transmitter,

Fig. 4 illustrates a typical power reduction setup. ¢
suming a nondirectional operation.

In practice. the station dummy-load and transmis-
sion-line or common-point resistance may not be exact-
Iy the same (several ohms difference). Hence. the
adjustment of the circuit will have 10 be altered (538
changing the ratio of reactances, and a slightly different
common-point resistance will result. Because the entire
network will have to be nu.&surnd to determine true
powers, the proper common point can be determined
by bridge measurements for the Commission.

The FCC

The circuitry deseribed has been used in licensed
stations to reduce the E,,,. of a directional array when
tall towers are used for vertical suppression. but the
high E, . of a tall-tower array cannot be tolerated. [t
should be acceptable to the Commission for reduction
of power for presunrise operation. The Commission may
accept logging of the dummy-load meter in liew of a
new antenna-base meter. It might also require an addi-
tienal line meter en the output side of L to demonstrate
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Fig. 4. Switching system for presunrise power reduction,




Fig. 5. Diagram shows nomenclature used in derivation.

the lower line current. However, the station attorneys
and consulting engincers will have to explore this
mitter and obiain appropriate waivers il possible.

Conclusion

A simple power-divider technique hus been explained
which allows a broadcaster o meet presunrise power-
reduction requirements. without the purchase of a new
transmitter. The principle is clectronically straighifor-
warde and it should provide a practical. economical
method of power control for brozdeasters who need to
reduce their power by a ratio greater than about 2:0.

The author wishes to thank George P Howard and
J. K. Raines of the Multronics engineering stafl for
their suggestions and derivations.

Derivation

The following derivation shows the validity of the
power-division method that is the subject of this article,

The corresponding admitiances are

.
Y TR+l

and

1
L
R—j—

tr
and the admittance of the network is therefore
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The impedance of the network is

g L ¥y o4 -_]__
7 =t R ET ek )
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3 el — ——— )
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1a

Rattonalizing and collecting terms results in

(Re+ £) + Ol ——<) 2R = jl — —
7 = R+l .7R—'{L—l’
2 ] {w el ks J e {C)
L ! ‘ L !
2 ERE S o ——)? C =)l - ——
ZRARE 4 2) + R(oh = =) + J (R~ ) (L el

The nomenclature used In the derivation is shown in
Fig, 5, ’

First it must be established that the input impedance,
Zoof the network s equal 10 R The expression for Z
cun be developed as fotlows,

The impedance of the left branch is

[ =R + ij.
and the impedance of the right branch is

/. :R—j%.

AR+ (wl — -%)'—‘

(513

For the purpose of this article. it is required that Z
be purely resistive and equal in magnitude to R, The
reactive component of Z must therefore be equal to
zero. This component is

Sl
(R C){mL )

wC

1
o (ol = —= )
AR ol = —=)

o

J

Setting this quantity equal to zero vields

L !
R¥ — )l ——x) =
(R = &) ol =) = 0,



Either of the solutions

1
l!JL _ "("f
and
. _ L
R=<

satisfies this equation.
It is also neccessary that the resistive part of Z be
equal to R:

R

| L..
2R (R* + =Y
2R(R* + 50+ Rl ——=

I ==

1R -—,J* H
IRE + (Wb :-.CJ

L.’
> = ___) = 3
ZR(R? + C 4R

a

IR® + 2R 4R*,

Y =

L

C=R‘-’,Zis

[t has already been determined that if

purely resistive. Under this cendition

2R + 2R (R?) = 4R?,
4R? = 4R,

and the network impedance is therefore equal to R
{when R has the same magnitude in both branches), as

desired.
The relationship of X-, X, and R can now be es-
tablished. It is known that

. L
R* = ok
LX
and
; |
C=-x

From these relationships, it follows that

X ')X .
R =22~ 220
1
= — X, X,
Tt s still necessary to determine the relative magni-

tudes of X, and X, required for a given power division.
The ratio of power in the two branches may be written

[t can be seen that

\-'.[A
I, =
TR
and
II‘ _ \,T
v R+ X,

M= QTR F X R X
V7 R + X

OV R+ X2y

Since it has already been cstablished that RY = — XX
it can be seen that

Substituting this expression in the previous equation
gives

S
M = Xe
R* + X2

Clearing of fractions and rearranging terms gives
MX* + (M ~ [)R*X* — R' = ().
Factoring gives
(MX,.* — RI){X:* + Ry = (.

The selutions relating M, R, and X.. are obtained as
follows;

MX.? — R¥ = 0
. _R7
)
R® i
XKe==f o= = —o
‘ M v M

(Only the negative solution has physical significance.)
It is known that




Substituting the expression for X, gives

__R.:._.__. = \,‘[Wl R.

The values of X and X, have now been defined in
terms of R and the power-division ratio. With the
reactances known, the values of L and C can be de-
rermined casily:

X, = MR
wL =/"MR
“and
R
L=vM 2=t
Also,
R
Xo=—
N M
. _ R
1JC \//‘H‘
and
= \/f-'ﬁ-‘.
C 2-fR

When f 1s in kHz and R is in ohms, the inductance
in microhenries is

and the capacitance in picofarads is

VM

C =159 X 10" R

Expressions for the network current magnitudes may
now be derived. By inspection, the total (input) current
can be seen to be

—
Py
S

#

vVoORY

I =
Simitarly,

Il, = i

VoOR

uand

P,

It is possible to cxpress Pe and P, in terms of
Prand M. as follows:

Pr = P.L + P,
and
P
Rearranging gives
PL=P: — P,
and
Pe. = P;M,

Substituting the latter into the former results in
PL = PT - PLM
Solving for P, gives

__P
I

and substituting this result-into the expression for i,
resuits in

L
Il, = PT = ;_\/E*I-
Vo {1+ MR VI +M R

Similar manipulations can be used to arrive at an
expression for L.

=p. — = P
PC PT PL9PL Dv’i
I
Po = P~
M
Pe =177 P
_ M
Lo = 1T+ M Pr
R
ey
MV R

For convenience, the formulas derived above are
tabulated here.




X, = \7\71 R
. \Tﬁ— = 159 % AN Tfr
C = SR 1.59 10 R
e
2=f f
where, _
C is in picofarads,
L is in microhenries.
fis in kilohertz, and -
R is in ohms.
/P
i = vOOR
1 e
I, =— 2T
v+ M R
M P

= /-0 =
L=V 1TV R

Note that in the foregoing derivation, there was no
requirement that M be greater than 1. This means that
either circuit branch may receive the greater power:
if P.is the larger power, M is a whole number, and if
Py is the farger power, M is a fraction. In either case,
the proper results can be obtained.

in the main part of the text, factor M' was defined as

7P o P _
V' Pliowy TPe > PLuM = /5m=

VM.

The formuia given in the text for X in the high-power
. Ru . .

branch is X = - “I\/% (negative in this case because

the branch is capacitive). The reactance in the low-

power branch is given as X = M'R,,. Since M' = N M,

and Ry, = R,, = R, the text equations reduce to
R . .
X = - for the capacitive (high-power) branch
N N P p

and X = +/ MR for the inductive {low-power) branch.
By the same reasoning, if it is desired to make the

, . : ‘P,
ch-pow anch o N = = T
high-power branch inductive, M \/ P = e
R ~
text equations become X = + — = /MR
squethions heeome N
for the inductive (high-power) branch, and
l R
X = —_———— == — —-_;:-_
v M v M

for the capacitive {low-power) branch. Thus the two

sets of reactance formulas are equivalent as far as the

results obtained are concerned.

Sample Calculations

The following two examples illustrate the use of the
above formulas for determining power division and

component values. In the first example. the capacitive
branch carries the high power, In the second. the in-
ductive branch carries the high power,

Example 1

(a) Frequency—1300 kHz
(b} Transmitter power—1000 watts, 50 chms match
(c) Power reduction—10:1 '

-{d} Use a capacitor in series with dummy load for dis-

sipating 900 watts of power.

Then:
M= 10009(5)900= i)gg =9
I, = N rﬁg—? :.4.47 amperes
L, = \/T[_ﬁ\/rig_)ga = 1.41 amperes
I = Vi ?—_9'_:9\//@: 4.24 amperes
X5 = 50 \/—9- = 150 ohms
Xe = — \ﬁ%r— — 16.7 ohms
L =139 x]_;gox \"’rg = 18.44h
€= 1-595;;01‘330\@ = 7330pt
Example 2

(a) Frequency —1300 kHz

{b) Transmitter power— {000 watts, 50 ohms match

(¢} Power reduction—10:1

{d) Use an inductor in series with dummy load to dis-
sipate 900 watts,

Then:

M = 1000 —900 _ IDO:J_

’ 900 T 900 9
_.Jloog -

1p = v 3g 4.47 amperes
o 000 .

I, = \/,_Im\/ S 4.24 amperes
. 1/% 1000 _ ) .

I, = vV TF 19 50 [.41 amperes

]
X, =50/ 5= 16.7 ohms

X, = ————= — 150 ohms
\.-’ 1,‘”9 .
_ 159 XS0 X\ 1/9
L= 1300 = 204 «h
159 X 100 X \T1/9
€= 50 % 1300 = 816pf A




