MULLANEY ENGINEERING, INC.

HOWARD & OTHER NETWORK INFORMATION:
 GENERAL:

The attached information was prepared by George P. Howard, an authority

on R.F. Network Designs to explain the differences between so called
Howard and other types of networks.

DESIGN SHEET [NFORMATION

(SYMBOL REFERENCES)

D) oy
Input &/ g q OUTPUT
| A

(SQURCE) (ANTENNA)

LINE QBD @ LOAD

THE DESIGN SHEETS REFERENCE:

BrancH 1 (THE InPUT ARM, X1) *
BRANCH 2 (THE OUTPUT ARM, X2) **
BRANCH 3 (THE SHUNT LEG, X3)

(RAY: ANTENNA RESISTANCE (OR ANY LOAD RESISTANCE)

(XA): ANTENNA REACTANCE (OR ANY LOAD REACTANCE)

(Rs): TRANSMISSION LINE RESISTANCE (OR ANY DESIRED INPUT Rs)

(X8): TRANSMISSION LINE REACTANCE (OR ANY DESIRED INPUT Xg)
(X1): INPUT ARM REACTANCE

(X2): OUTPUT ARM REACTANCE
(X3): SHUNT LEG REACTANCE

(RP): THE EQUIVALENT PARALLEL RESISTANCE FOR A SERIES
RESISTANCE AND REACTANCE
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(THETA-T): THE NETWORK PHASE (DEGREES)
(ToTAL VoLT-AMPERE PRODUCT):  THE: SYSTEM'S STORED ENERGY

(@): THE TOTAL SYSTEM STORED ENERGY:; DIVIDED BY THE POWER.
IN WATTS,

THE Q@ OF THE ANTENNA IS XA DIVIDED BY RA: THIS IS AN
INHERENT QUALITY AND CANNOT BE CHANGED WITHOUT MODIFY-
ING THE MANNER IN WHICH THE TOWER IS FED OR ITS BASIC
PHYSICAL DIMENSIONS AND CONSTRUCTION.

THE NETWORK @ IS THE TOTAL SYSTEM Q MINUS THE ANTENNA'S Q.

For AN L NETWORK, THIS ARM “DISAPPEARS:” BECAUSE IT IN-

HERENTLY HAS A REACTANCE VALUE OF ZERO (WHEN RA IS LESS
THAN RS AND THE DESIRED XS VALUE 1S ZERO).

WHEN XS IS NOT ZERO., THE NETWORK CAN STILL BE DESIGNED
TO PROVIDE AN X1 ARM OF ZERO REACTANCE. THIS PROVISION
IS INCORPORATED IN THE DESIGN EQUATIONS.

* i

ForR AN RP NETWORK., THIS ARM “DISAPPEARS:” BECAUSE IT
INHERENTLY HAS A REACTANCE VALUE OF ZERO (WHEN THE LOAD
RP VALUE 1S GREATER THAN THE DESIRED RS VALUE),

[F THE LOAD RP VALUE 1S LESS THAN THE DESIRED RS VALUE.,
THE RP TYPE NETWORK CANNOT BE USED,

THE DESIGN EQUATIONS AUTOMATICALLY PROVIDE FOR XS VALUES
OTHER THAN ZERO.

THE ANTENNA CURRENT., FOR BOTH TYPES, IS ALWAYS SHOWN IN
THE BRANCH 2 COLUMN.
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HOWARD'S EQUATIONS

DesioN EquATIONS FOR SYSTEM NETWORKS

(FOR CALCULATION PURPOSES., TREAT NEGATIVE
RESISTANCES AS BEING POSITIVE)

1. For 1HE | TypE NETWORK:

(THE DESIRED INPUT RP VALUE MUST BE GREATER THAN THE
RA VALUE.)

IF 1T 15 NOT, USE THE RP TYPE NETWORK AND ITS EQUATIONS.

L_LYEE_Nﬁmgek_Eguamm:

LET Rp = Rs + Léilg

9=[iARC Tan( E&'l)+ Arc Tan (é%):]

5 - \ (Ra) (Rs)
SIN B
2 = RA_ - (X3) - (Xa)

Tan B

2. Eor 1HE Rp TYPE NETWORK:

(THE LOAD RP VALUE MUST BE GREATER THAN THE DESIRED
Rs VALUE.)

IF IT 15 NOT., uSE THE L TYPE NETWORK AND ITS EQUATIONS,
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Re_Type NETWORK EQUATIONS:

2
LET R = Ra + Léﬁl“

X1=( + \Rs Re-R) ) + (Xs)

g = -[:ARC TAN (Xlﬁé;X§)+ Arc Tan (éﬁi]

_ﬂuﬂaﬂﬂs_
SIN B

X3 =

3. Eor A TEE Type NETWORK:

X1=_Rs . (x3)
Fan B

X2= _Ra__ -
A - (X3) - ()

3= V(R (Re)
SINB

For Howarp EOR Tvee NETWORK:

(EouaL AND OPPOSITE REACTANCES FOR INPUT ARM AND SHUNT LEG)
8 = - 90° FOR LAGGING PHASE
-8 =+ 90° FOR LEADING PHASE

ResuLTing Input Rp = (X1)?
Ra
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4, For A _Tee Type NETWORK:

(WHERE THE INPUT IS A COMPLEX IMPEDANCE)

81 = Tan~1 (KS->
Rs

83 = (B7) + (L)

/A = (£90°) - (83)

Use ~90° 1F BT 1s TO BE PLUS
Use +90° 1F BT IS TO BE MINUS

X4 = Ra TAN4£E__
X5 = Rs TAN¢£EL_

THEN THE REQUIRED NETWORK ARMS ARE:

VR Rs)
3= 51y 83

K2 = (X4) - (X3) - (Xa)

XL = (X5) - (X3) + (Xs)
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5. Eguations For CalcuraTing THE REsuLTING INPUT IMPEDANCE

OF A NETWORK:

(TREATING ALL NETWORKS AS TEE’S, ' WHERE X1 AND/oOR X2
COULD BE ZERO: AND X3 COULD BE INFINITE)

S - ran-l ((XA) + (X2) + <x3))

(Ra)
THEN
(X3)2 (Cos A)2
Rs = (Ra)
Xs =

- (RS TaN/A - (X3) - ()(1))

FOR THE NETWORK'S RESULTING PHASE-SHIFT:

8 = (x90°) - (/A) - (8D)

WHERE: 81 = Tan~1l (T§§:>
Rs

For THE (£90°);
Use +90° 1F X3 1s PLUS
Use -90° 1F X3 1s MINUS
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EquaTions For CALCULATING A TRANSMISSION LINE'S

"EquivaLENT Tee NETWORK.”

(FOR A LOSSLESS LINE WITH A PURE RESISTANCE CHARACTERISTIC
IMPEDANCE)

w=x2= |2 Tan (g)l

Zo
Sin 8

X3= -
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EXAMPLES OF NETWORK COMPUTATIONS:
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(N

(*\\ ( ALY z

-
NETHDRK L Network
IRPUT  RA'XAsRS+DEGREES T S¢-73,300-71.354%
-71.565°
{DEGREES)
s x1 ARENRANRNANNL X2 IZVERNLR
R8 + J 0. -0.000 L} 90,000 RA + J XA
(SDURCE) L3 {LOAD)
|
50 30 ' M 5 -375
|
X3
~16.647
INPUT FREQ.(MHZ.,)}r POMER{WATTS) T 0.62:507-
BRANCH 1 " BRANCH 3 BRANCH 2
£ INPUT] -LBHUNT ] TUNTRUT
REACTANCE ~0.000 ~16.467 §0.000
FFB OR NICRO-H SEER425330% 15402, 085 23,103
RHS AMFS 3.184 ?2.953 10.070
HODULATED ANPS 1.900 11,700 12.333
RHS  VOLTS 0.000 159.217 $04.278
PEAK VDLTS 0.000 430,333 25483.342

TOTAL VOLT-AHPERE PRODUCT  10447.002

a 24,000

NETWORK SET-UP IRFORHATION

BRANGH 1 BRANCH 2 BRANCH 2
CONPONENTS ¢ None 934 L1
oS ST VEVE I
B8R BRIDGE ~0.00 -10.33 55.80
(BIaL X)
DELTA BRIDBE -0.00 -14 .88 145,16

(DIAL X)
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W)

{(2)
O iy =G ®

(A1)

k]
WETWORK: Rp Netwark
INPUT  RA+XA+RE,DEGREES T 25:500+500-145,904,
-145.904¢
(DEGREES)
1116121 %] K1 srniisanng X2 L RYEETEEY
RS + J 0. 134.930 4 =0.001 RA + J XA
(EDURCE) (LOAD)
3
50 30 * 15 5100
|
X3
~53.04%
INPUT  FREQ.(MHZ.)» POMER{WATYS) T .98+3440,
BRANCH 1 BRANCH 3 BRANCH 2
LINPUT] [RHUNT] LOUTPUT]
EACTANCE 134,930 -83.049 -3,001
PFD OR MICRO-H 22.238 25375.001 JEERIILNNESE
RNS ANPS B.33% 19,227 11.784
HOBULATED ANPS 10.188 23.548 14,408
/45 VOLTS 1139.072 1212.435 0.004
PEAK VOLTS 3221.782 3429,.858 4.018

TOTAL VOLT-AMPERE PRODUCT - 32791.094

a 9.477

HETWORK SET-UP  INFORMATLON

BRANEH 1 BRANEH 3 BRANCH 2
COMPONENTS L1 Cl None
(REF+ POmT) 13 1~ Grna. 192
6R BRIDGE 134.19 -61.81 -0.00
{DYAL X
DELTA BRIDGE 139,72 -44.34 ~0.00

(DIAL X}
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W | Wy 8

(AVY Ay

X\ (A3)
1

HRETWORK! Tee Network
INPUT  RAIXASRSDEGREES T  210s-150+50+~400

-60°
(DEGREES!}
SERESENE X1 SENENESMAENNEET X2 sBEBuMR
RS + J 0. 89.454 ) 147,078 RA + J XA
(BOURCE) : (LOAD)
30 30 ' 210 - j150
3
X3
-110,322

INPUT FREQ.{(HHZ.)s POWER(WATTE) ¥ 1.24;2310;

BRAHCH 1 BRANCH 3 BRANCH 2

LINPUTY [SHUNT3 LQUTPUT]
REALTANCE B9.454 ~118.322 147,078
PFD OR HICRO-H 11,481 L10B4.742 18.a78
RHS ANPS 6,797 5.887 30317
HODULATED AWPS 8.325 7.210 4,042
RNS WOLTS 608,025 696.55¢ 487.803
PEAK VOLTS 171%.753 1970.165 1379.714

TOTAL VOLT-ANPERE PRODUCT 78I, 278

1] 4,263

- HETMORK SET~UP INFORMATION

BRANECH 1 BRANCH 3 BRANCH 2
COKPONERTS 1 L1 ci L2
HEASUREMENT 3

{REF, POINT) 13 3 —~3CGrad 1y 2
GR BR1DGE 110,92 -146.72 182,38
(DIAL %)

DELTA BRIDGE 72.14 -95.42 118,41

{DIAL X}
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[ ¥

(N

NETWORK Howard EOR Network
INPUT RA+XAIRS+DEGREES T A0r 402 2004~90y

-90°
(DEGREES)
[RE3TRe]) X1 SRBBARIRSTIIRNAE A2 [2128¥14)
L3

RS ¢t J 0, 89,443 29,443 RA + J Xa
(SOURCE) (LOAR)

¥
3
: 40 360

a3
-B7.443

200 j0

INPUT  FRED.(WHZ.)» POMER(MATTS) 7 t.5,1200,

BRANCH 1 BRANCH 3 BRANCH 2

CINPUT] [SHUNTY LOUTPUT]
REACTANCE 87.443 -879.443 29,443
PFB DR MICRO-KH ¥.490 1184.27) 3,124
RHS ANPS 2.44¢ 4,000 5.477
HOBULATED ANPS 3000 7.348 é.708
RHS  VOLTS 217,089 536,458 141,244
PEAK VOLTS 619,677 1317.693 456,123

TOTAL VOLT-ANPERE PRODUCT 4639.076

] 3,867

METWORK SET-UF INFORNATION

BRANCH 1 ERANCH 3 BRANCH 2
CONPONENTS L1 L1/C1 L2
HEASURENENT!

(REF, POINT} 131 3—alirnd I3 2
GR BRIBGE 134,18 ~134.38 44,14
(DIAL X)

DELTA BRIDGE 59,43 ~59,563 19,63
(BIAL X)



