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Section 1

I Introduction

This report cove rs the design , fabrication , and test of a multicoupler that permits up to
10 transceivers to operate from a single broadband antenna over the frequency range of

I ~3O to 80 Mh z. The rnuLtj coup lers consist of identical , manually tuned , 3—pole filter
modules motlfltc(I oi~ a common nmunt ing base. The mounting base contains a combining!
matching network that allows the rf output term inal s of the filter modules to be COfl—

I nected together and operated on a common antenna. Electronics Corp mand l)evelopmcnt
• specification DS—AF—0 i69A (A) dated 21 .June 1974 describes the required multicouplers.

I On this particular contract a 2-channel multicoupler , 5-channel multicoupler , and a
spare filter were developed. The design, however , includes the capability of up to
10 channels.

I The filter design , for each channel of the multicoupler , is a minimum loss 3-resonator
filter. Each resonator of the fi lter consists of a capacitively tuned helical resonator.
Fixed coupling structures are used throughout the filter. This provides a practical ,

I simple , easily reproducible design. The internal aperture couplings provide a constant
coefficient of coupling as the filter is tuned over the operating frequency range , thus
providing a constant percentage bandwidth characteristic. Input and output couplings
provide a nearly constant terminal Q as required for a constant percentage bandwidthI filter.

The input coupling employs a fixed series inducto r tapped into the input resonator.

I This form of coupling provides good coupling charac te ristics along with minimum
resonator frequency shift . The output coupling must be such that up to 10 filters may
be connected together to form a multi coupler. This output coupling in conjunction with

I the interconnecting line s and a broadband matching network provide s the desired multi -
coupler performance. The broadband matching network requires no adjustment , tuning,
or band switching, as the frequency of the channels is changed.

- I Overall measured performance of the deliverable hardware is good. No tuning inter-
• action between the channels has been observed for frequency spacings greater than

5 percent. Details of the test circuits , results , and test equipment used , have been• I presented In the contractor ’s evaluation report. A summary of the measured per-
formance is presented in this report .

I Detailed schematics of the filter and m atching networks are presented . Constructional
details of the helical resonators , apertures, couplings , and matching networks are
included.

I An alternate filter design employing 2 resonators instead of 3 Is presented. This ap-
proach allows for a simpler more economical filter. Design trade—offs are discussed,
together with a list of advantages and disadv antages of the alternate design.

I
I

I— 
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Section 2

Basic Design Concepts

• R In this section the basic ideas and design concepts leading to the deliverable equipment
are discussed. The theoretical basis Is formulated , together with measured data sup-
porting the theory. The information and concepts have been formulated over a period
of several years , and are unified in thi s section.

~ 1 2.1 PRELIMINA RY CONSIDERATIONS

It is desired to operate up to 10 transceivers on a single broadband antenna in the 30-

I to 80-MHz frequency range . This has been accomplished by using a selective filter in
each communication channel and connecting the filter outputs in parallel through an

-~~~ appropriate combining/matching network. Since various multicoupler configurations
j  (number of ch annels) are desired, it is advantageous to use an identical filter design

‘ I in all configuraLions. Also the matching/combining networks should have some
commonality in design .

~ I Figure 2.1-1 depicts the basic configuration employed. The matching network is
installed in a mounting base. The filters are removable , individually, from the mount-
ing base. Push-on connectors provide the rf connection between the filters and the

I matching network.

2.2 FILTER DESIGN

The first area of concern is the overall filter design. The specification requires the
multicouplers to provide 40 dB of attenuation at a frequency spacing of 5 percent. It

• is also required that the filters have the lowest possible insertion loss in a minimum
volume. To achieve the best possible selectivity versus insertion loss a minimum-
loss design is used. The approach to determining the performance parameters and
arriving at an optimum design Is detailed below.

The filter Is composed of parallel-tuned circuits or reson ators of quantity n. The
resonators are coupled together by n-i coupling ele nents. It has been shown that the
minimum-loss condition occurs when all ~lements of the filter are equal.l Thus , the

~~

- I equivalent circuit for all resonators comprising the filter is as shown in figure 2.2-1.

- I
r • ‘
r

I
2-1
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Figure 2.1-1. Multicoupler , Block Diagram. : ~~.
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El ~Figure 2.2-1. Resonator Equivalent Circuit.
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I The resonant frequency is:

~~ The unloaded Q of the resonator is defined as:. 1 _
- Qu - Rc~~C =—

~~~

The admittance of the circuit is:

1 .1
~~~~

- I
The resonators are combined as shown in figure 2.2-2 to form a filter network.

• 

• •
- ,c~ ° *- -4~-- ~~

-
~~~~~~~
-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ —1~~~~~ —0-

,
Eg YC-Vo Yc-2yo Yc-2 Yo Yc -2Yo Yc -2Yo YC- YO At Vo

• Figure 2.2—2. Filter With n Resonators , Equiv alent Circuit.

[NOte !

~ I The above network has been synchronously tuned as indicated. All but
the two end shunt elements are equal to Yc-2y0, and all series elements

• arc equal to Y0. The re are n— i series elements and n-2 equal shunt
elements.

The resonators are coupled together by an admittance Y0. Capacitive coupling is
assumed, that is:

Yo = jwC0
I The type of coupling element used in the analysis Is immaterial because of the narrow

• bandwidth of the filter. Any form of coupLing would give the same result for a filter
having a bandwidth of 10 percent or less.

I

~a ~~~~~~~~~ ~~~~L • . ’.-— - -~~----
-
~. Ii ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -~ -••••-••• •
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A terminal Q is defined , that is , the Q of the end resonators loaded by the terminating
resistance only, and is given by: - •

Q~ =~~~~~~ RtwoC

The coupling coefficient is:

c i /-
~~k =_ ~~=~~-J 1 f~~

-_

Because of the very narrow bandwidth of the filter, the following approximation is used:

u ~~~~~ - where: I J< < 1
(a) (i)~~ ~U

Thus , the admittance of the resonator becomes:
-

~ ~~1IQ I
Yc = G t [~+ J2Qtuj

The coupling admittance in the same terms is:

• Yo j G ~ k Q ~~~j G ~ 1+~~~

The two port network shown in figu re 2.2-2 may be redrawn as shown in figure 2.2-3.

-2 Yo 2 Yo 2 Vo -2 Yo
0— ‘.W—O 0—MA~.--- ~—M~ - -0 0—MAp- -O

Vo YC .2y0 Vo

-O O~~ - —0 0— —O
(U) (Vj  (W I

\_.._~ n OF THESE NETWORKS ARE USED 13
Figure 2.2-3. Filter With n Resonators , Resultant Equivalent Circuit. fl
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I Using ABCD matrices, U , V , and W become:

~r’ ~ -~h] f l  ~4.-.-]
L ~~0 iJ Lo 1 Y0 1/2

~ 
[i 

~
f] [1 0][1 

~
] 

[

~~~o ~~~o
f ;

~;~
2]

1 0 1 ‘~~~
2’

~
’
~ 

1 0 1 ~ c 2~ o

-i
I [1 ~~i11 01 [

1/2 o l
i 

w = [  j = [  1 j

J The complete network matrix is:

x = uv~w
I Examining the matrix V ,

/ Y c’\2 ( 1  Yc ’\I Det V A D -  BC ~( — J  - (Y e _ 2 Y 0)( — + J 1
\2Y0J \2Y0 4Y0 J

I
Thus, by the Cayley Hamilton Theorem , V’~ may be written as: - 

-

I ~~~= S 1~~~- S2

I where Si = S2 sin in 1)~ , Cos 0 =.
~~~~~~

I -4

I

I
— ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - — ~~~~~~~~~~~~~~~~ ~~~~~~ - -~~~- -~~~~~~~~~~~~~~~~~ -~~~~~~~ ••~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Thus:

X = U V ~ W = S 1iJVW - S 2UW

r i -
~rYc ~ 

~~~~~~~~~~

‘ -
~v I 4y~2 2 

- 

2Yo I
x = S 1I II I I

[~0 
~~

- J [y c - 2Y0 1 J
i i

I 2V O f  2 2V () f—S2 1 1 H I
LY
0 ~~ J [Y o

r 1 ~~~ir1 ~~~ 0

= 
~~ f 2Y0 2 2Y

0 1 
Y0

[~~~~
-

~~ 0 
-

~~~+ ~-j [~o i. j 
~ 0 0 J

[i o] [o
Y

~ 
1 0 

~~~~ 
- S2Y0 S1

Ft
The insertion loss of a network in terms of the ABC D parameters is:

1 2
L = l O log~~ A + D + BGt +j

Therefore :

The loss in the stopban d (L5) is found from the above equation by assuming that the
dissipation loss of the filter offers negligible loss as compared to the selectivity loss;

• 
- 

that is , the unloaded Q Is Infinite.

II-
U

2—6
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Thus :

Y
~~~

j2GtQtU

Y~~
— j G t

Cos (4 Q~
tT

The stopband loss Is:

LS = 10 log -i- 1(2 j2QtU) sl f l f l8 
— 

~~2 

sin Qi~1 e J 2

I
T LS = 10 log [1 - sin2n9 + 

S~I~2 nO

• 3. L sin2Q

I LS= lO log[i - Cos2O Cos2

- - L 1-Cos 2 O

I
The stopband loss may be written as:

I i - .12,L, 2 .~Ls 10 log ‘ ~~ ‘~~ where : a QtU
1-a 2

• and: T~(a) is the Tchebycheff polynomial of the first kind.

I The above equ ati on gives the stopband attenuation for the minimum loss filter employ-
ing any number (n) of resonators. Expansion of the equation results in the following
expressions for various values of n:

I fl = 1, Ls = 10 1og .~~[b2 + 4]

n r 2 , Ls =1O log
~~[b

4+4]

• 
n = 3 ,Ls =10 log~~[b2 (b2 _ 1 )2 +4]

n = 4 , L5 = i 0 log~~ [b 4 (b2 _ 2 ) 2 +4 ]

I n 5 , L5 = 10 log~~ [b 2 (b4 _ 3 b 2 +1 ) 2 + 4 ]

I n = 6 , L5 1O log~~ [b 4 (b4 _ 4 b 2 ÷ 3 ) 2 + 4 ]

I 
Where: b 2Qt IJ

I 
- 
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For the specified vhf filter, L5 = 40 dB, and U = 0.05, corresponding to a 5-percent
frequency spacing. The required terminal Q to achieve this selectivity is computed
from the previous equations and shown in table 2.2-1.

Table 2.2-1. Terminal Q Versus Number of Resonators.

N

- I

- - - 1 2000.0

2 141.4

3 59.0

4 40.2

5 31.0

6 27.0

The loss in the passband (L0) is found from the general loss expression when the cir-
cul t is resonant at the operating frequency, U = 0. For this case the equations become:

y - .  fQt \c Gt~~~~~

~~~~~ 
jG~ /i ~~~~~

.

Cos 6 = 
______

J2/ 1~~~~~ 
—

0
II

2—8 
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: 1
The passband loss expression may be simplified to read:2

I - 10 log -~~ (2 
-

~ 
Q

~~) 

(~ 
Q )fl••~l

A very useful approximatIon for L0 
( 2n dB is:

I L0 = lO n log ~1 -+-
~~~~~~~~

The volume occupied by a helical resonator filter is approximately:

I V = 1 . 6nS 3

Where: S is the dimension of one side of the resonator in inches.
• In the case of the deliverable hardware :

n = 3, S = 2.25 inches , V = 54.675 in3.

I h olding the filter volume constant , the S dimension versus n is given in table 2.2-2.

Table 2.2-2. S-Dimension Versus Number of Resonators for a Total Filter
Volume of 54.675 In3.

n S (inches)

1 3.25

I 2 2.58

3 2.25

:
1 6 1.79

The unloaded Q (Q
~~) 

of each resonator Is the parallel combination of the helix
unloaded Q (QH) and the tuning capacitor Q (Qc):

Qfl~~~~~
QC

i~1~
•i1 ~~~ - —‘— --------=-- ----~~~a--— - -- -~~~~~--~ -• — •—, — - ~~ --  ~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~ ~~~~~~ - 

j
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The tuning capacitor Q is assumed to be 5,000. The Q of the helix is given by:

Q11~-u O S/ i

Where f0 is the lowest operating frequency in Mh1~ . The lowest operating frequency
results in the worst case efficiency for the filter , thus: I - -:

1650 S
~u 5+O .33 S

Using the values of S given in table 2.2-2 results in table 2.2-3. -~

Table 2.2-3. Resonator Unloaded Q for a 54.675-In 3 Filter.

n Qu

1 883 :i

• -~4 596

5 557

6 528 - - 
-

Using the value of from table 2.2-3 and the value of Qt from table 2.2—1 , the inser- - -

tion loss of the filter at resonance is given in table 2.2-4.
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J Table 2.2-4. Insertion Loss Versus the Number of Resonators for a Minimum Loss
Filter of 54.675 In3, Having 40 dB of AttenuatIon 5 Percent From the
Operating Frequency.

n L0, dB

I 1 5.139

j  1 2 1.542

3 1.137

4 1.134

5 1.176

6 1.300

The dat a in table 2.2-4 is plotted in figure 2.2-4. It can be seen that a 3-resonator
filter provides the best performance and least complexity for the given design
constraints.

The results of this section shows that a filter employing 3 resonators (n 3) gives the
-) 

most efficient design . The terminal Q (Qt ) should have a value of 59. The terminal Q
should be held as constant as possible over the filters operating frequency r ange , so
as to maintain a constant percentage bandwidth .

I The value of the coupling coefficient (used for internal aperture design ) should have a —

constant value of:

1 1 1

r 
k ç/ 1

+~~~ ~~~~~~~= o.o1695

2.3 OUTPUT COUPLING

The output coupling must load the output resonator to a nearly constant terminal Q (Qt)
• - as the filter is tuned from 30 to 80 MHz . The coupling must possess sufficient physi-

cal length to allow up to 10 filters to be grouped around the common junction point.-) 
- 

The coupling must be such th at the shunting reactance of the off-channel branches has
- a reasonable value with respect to the on-channel resistive component at the juncti on.

• E Preliminary calculation indicated that the above conditions might be met by using a
transmission line for the output coupling element , provided the line is used as an
impedance transformer to give the proper reactance to resistance ratio at the Junction.
If a transmission line having-a Z0 of 50 ohms is employed , the impedance level coupled

~ 
•~~~~~

• Into the output resonator must be in excess of 500 ohms. Laboratory investigati on
showed that the desired terminal Q (59) could not be achieved with loop coupling at the
500-ohm level. Tap coupling , however , could provide the proper loading. The total
Junction impedance is shown in figu re 2.3-1.
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Figure 2.2-4. Number of Resonators Versus Insertion Loss.

p 1
Xr - x  r _ _ _  Xt U

Xt .XC II~ 911 X

Figure 2.3-1. Total Junction Impedance.
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The total Impedance is composed of four elements in parallel. X(~ represents the
reactance of an off-channel branch. Since one of the channels of the multicoupler is

I 
on frequency in this analysis , the remaining nine channels form a total shunting re-
actance of X1~/9. Note that the limiting case junction problem occurs for the multi-
coupler configuration containing the highest number of channels, that Is , ten. Thu s,
the analysis is performed for this case. An approximate equivalent circuit of an off-

I channel branch is shown in figure 2 .3—2.

I .ZOL.

I .I
II:)X

OFF _ ZO H TAN 6T 
~~

Figure 2.3-2. Equivalent Circuit of an Off-Channel Branch.

The circuit consists of a connecting transmission line having a characteristic Imped-

I ance of ZOL and a quarter-wave resonant frequency of foL - The line Is terminated in
the off—channel impedance of the filte r (X 0ff) . This off—channel filter impedance is
assumed to be the portion of the helical output resonator IrOn) the tap point 6~ to g round ,

J 
the helical resonator having a characteristic i mpedance of Zo~ and a sell—resonan t
frequency of f~~ . Again , laborato ry measu rem ents confirmed that approximating

- X off in this manner is a fairly valid assumption.

I The on-channel branch gives two components to the total junction impedance , namely ,
X and r , where X is the residual reactance presented at the junction and r is the
resistive component at the junction. The equiv alent circuit of the on-channel branch is
shown In figure 2.3-3.

_ _ _ _

z E ZOH

ZoI , foI foH - ‘ C
o

~ 
I

p X. r ‘I Ot
0— ——0

~~~~

- -

~ I
Figure 2.3-3. Equivalent Circuit of an On-Channel Branch.

‘ I- - 2-13

— -  --- ••~~~—— _s_ ~~~~~~~~~~~~~~~~~~ — 
—~~~~~~~~~



— --~~~~~~-•--~~~~~~~ --~

The circuit consists of a connecting transmission line (identical to those in the off-
channel branches) tapped into the output resonator at 8~. Capacitor C tunes the output
resonator to the on-channel frequency.

- - .-. A compensating reactance (Xr) is added to the junction so as to resonate the junction at
- • the mean of the 30- to 80—MHz band. In this case a capacitor is required to resonate

the junction since the transmission lines and X0ff are inductive. The compensating
capacitor (Cr) is selected so that:

Ixt i Ix t ,I
30 MHZ 80 M h Z

The j unction resistance r is constant. A broadband matching network connected between
the junction and the antenna terminal is used to nearly cancel the junction reactance. The
effectiveness of the broadband match improves as the ratio of Xt to r increases. If the
Xt/r ratio at the band edge is not appreciably less than one for the worst case (10-chan-
nel multicoupler) an efficient match may be obtained.3 If a suitable Xt/r ratio can be
achie red for the 10—channel case , the ratio will be significantly better for multicouplers
using less than 10 channels.

A computer program was written to optimize the output network. Given the following
requirements:

a. r is a constant
b. IX t I / r  evaluated at the band edges must be greater than 1
c. Qt as flat as possible with a minimum value of 59
(I. I Xt ‘30 M Hz ~~~~~~ to 1 X t I~o MHz
P•’ 

~~~ 
(
~~I~UII 50 ohms .

Fifl(I the following parameters:

a. The characteristic impedance of the helical resonator (Z0H )
b. The self-resonant frequency of the helical resonator (fo11)
c. The quarter-wave resonant frequency of the connecting line (foL)
d. The value of r
e. The angular position of the tap point (O t) -

f. The value of the compensating capacitor (Cr)

The results of this analysis are presented In table 2.3-i.

:4
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Table 2.3-1. Optimum Parameters for Output Coupling Circuit.

ELEMENT VALUE

- 

- 

i 295.7 ohms

fo11 99.0 MHz

~ I 
1°L 

105.2 MHz

r 6.9956 ohms

I Ot 17.933 degrees

I 
Cr 79.98 pF

The analysis includes resonator and connecting line loss. The v ari ation in Qt was

I computed to v ary from 59 to 72. The value of Xt I / r  at the band edge is 1.03. It was
also noted that the reactance of the on-channel (X) may be neglected compared to the
reactance of the off channels (X0). Using the value of 1

~L’ the physical length of the
connecting transmission lines with a Teflon dielectric is 19.95 inches , which is more
than adequate to permit filter interconnection.

I An output resonator was constructed having a characteristic impedance of 295.7 ohms
and a self-resonant frequency of 99 Mh z. A connecting line was tapped into the helix .
The line was a metal jacketed coax having a characteristic impedance of 50 ohms. The
line length was 19.95 inches and was terminated in a 7-ohm rf load. The tap point was

I adjusted to give the best terminal Q characteristics. Figure 2.3—4 gives the results of
this measu rement. -

I 
The resonant frequency of the connecting line (foL) was measured to be 102 MHz. The
connecting line was removed from the resonator and the reactance looking into the
resonator at the tap (X~ff) was measured.

I ~COfI30 MHz = -4- j 14.3 ohms

~ I 
X0ff 80 MHZ 

= +j 61.0 ohms

The measured value of (foL) and (X0ff ) were then used to recompute the value of (Cr).

I 
Thi s computation is shown in fI gure 2.3-5. Also shown is the final value of I x 1f /r for
2 , 5, and 10-channel multicouplers. As can be seen Cr should have a value of 14 pF —

for each off-channel branch In the multicoupler. The xt f ir  or the x/r ratio (6) has a
minimum value of 0.826 for 10 channels and a maximum value of 7.432 for 2 channels.
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— ZO = 296 7 OHMS

I FO~~~99 MHZ L
OUTPUT / H

RESONATOR/ -

‘I- 

13 1
~

.=: 

ZO • 50 OHMS 

RF LOAD 
:- 

-

L - 19 96 INCHES

• 

1.125 TURNS
FROM GROUND

~~~

F MHZ 01

30 80.6
40 71.6
50 16.3
55 74.6 - - -

60 734
70 67.0
80 571

Figure 2.3-4. Measured Output Terminal Q.
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- xo ~ ZOL FOL XOFF

0—

I XOFF C O SO + ZO
L SIN O- I - XO = J WHERE:  8- XOFF FO

c o sO .— sI N OZO L

~ 
AT: 30 MHZ . ZO L = 50 tI . XOFF 14.3 ii . F01 — 102 MHZ. 9 26 .47°

143 C0S 26 .47’ +50S 1N 26.47°

~ T XO3 0M HZ = J 

14 
= +J 45 105 ti

I 
~~~ C0S 26.47” - —~.SIN 26 .47°

50

AT;  80 MHZ , ZO L = 50 U , XOFF = 61.Ott . FO L = 102 MHZ , 8=70.59°

- 

61 .0 C08 70.59° +50S 1N 70 59°XO 80MHZ = ~~

I 61 .0
- COS 7O.59° - —SIN 7O.59°- 1 -  

_ _ _ _  

50

g 1 0  o i l
- 

JXO 30MHZ~~~ /f
~ 

J X R 3QMHz~~~~IX Tf 30MHz h XT l60MHZ~~~~
J X R 60MHZ ._[

I i 1
- WHERE: CR = *- 

~~30MHZ XR 3 0 M HZ ~~80MHZ X R 6 0 M HZ

I~ [ XO 30MHZ XR 30MHZ XO 80MHZ XR SOMH Z
lxii —

k X R
3 0 M HZ - XO 30MHZ XR 6 0 M HZ + XO 60MHZ

V V
8OMHZ 30MHZ 82 .396 - 45 .706

C R —  • = 14.0965 PF

r ~~30MHZ + 
~~80MHZ~ 

XO60MHZ XO30MHZ (2 it- X 30 X10 6 + 2w X 80 X 106) (82 396) (45.706)

PER CHANNEL

XR 30MH Z ~~~~~~~~~ XR 80MHZ - 141 .13OUJX TI3OMH Z = IX 18OMHZ = 52.023 OHMS PER CHANNEL

~~~~~~ IXTI x
FOR: 10 CHANNELS . r — itt )C 5.780 &iO =—r °826

~~~~~~~ i It
U FOR: 5 CHANNELS , r - 7tt X _1!~4!L 13.006 65-4.. . 1.858

J ~~ 

FOR 2 CHANNELS r - it: X - 2~1J. ~~ 82 -+ - 74 3 2

I Figure 2.3-5. Output Coupling Computations.
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2.4 RESONATOR DE SIGN

The requirements imposed by the output coupling structure dictates that the charac-
- - 

teristic impedance (ZOil ) and the self-resonant frequency (foH) of the helix both be 1
controlled.

Existing nomograph s and equation formulations do not allow simultaneous control of
these two parameters. Figure 2.4-1 defines the various dimensions of the resonator.
The design equations for the helical resonator are4:

- 

bd and: Z0 183 d(1 - d) J ~~i H

Where:

D = 1.2 S and n is in turns per inch.

Eliminating n: -

— 1720 - 
______  

- -  

zoH
- 

f~~~~ b~~ 2 
183 d ~1- ~

) /~ ~
~ )lving for b: U

(314760) ~~1 — log

b =
foH ZoH / 1 (d)2  u

The equations are most accurate when b/d = 1.5, therefore:

U
~~oH ZOH 

/~~
(

~)2 (209840) (i - log

For the particular problem at hand :

= 99 MHz - 
-

= 295.7 ohmsH U
D = 1.2 S = (1.2) (2.25) = 2.7 inches

I II

_ 5
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*
-
~~~ Thus : L

- ~~/T~~
2 k ( l — x) log’ x

k 2.6 5-l83~

Solving for x gives: L~
x = 0.48708

L.
Then:

d = 2.7x = (2.7) (0.48708) = 1.315 inches [
b = 1.5d = (1.5) (1.315) = 1.973 inches

ZOH 295.7n= =

183d (1 — x) /log-~. (183) (1.315) ( 1—0.48708) Jiog 0.48708

- 4.286 turns/ inch

The total number of tunis is:

N nb ~ (4 .2 8 6)  (1.973) -~ 8.45 tu rns

The wire diameter is:

= 
~~~~~

= (2) (4.286) = 0.117 inch

The helix unloaded Q is:

QH = 220 D X - X 
~~ = (220) (1.2 5) 0.48708 - (0.48708I~ ~/j1.5 — x 1.5 — (0.48708)

= 70.85S/~~

A helix was constructed having the following dimensions:

S = 2.25 inches
- ;~.- - i d,0 = 0.125 inches

;~~ I
d = 1.312 inches

N = 8.4 turns

2—20 0
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With no dielectric support on the helix the self-resonant frequency was measured as

- 
98.811 M hl z and the measured value of Qii was 1235. When the dielectric support was

- inslith led the total numbe r ol turns on the helix was redUced to 7.(i25 to preserve the
resonant lF(~~uCnCy of 99 Ml Iz. Measured Qi i ~t 99 M h z  for the helix with Support was
1223.

I I The helix is tuned to the operating frequency range by means of a gas filled variable
capacitor. The minimum capacity Is given by:

106 6

- 

~ 

I miii 
2
~~max ZOH tanEoo ma

~) 
(2 ir )  (80) (259.7) tan (9O0~~~

)

f The maximum required capacity is:

I i  
_________ __________106 106 

—C = ________________ = — — 39.625 pF

i max 

2”
~mth Z0B tan~~o°~m1fl) (2 1T ) (30) (259.7) tan(~0° -

~
)

L The range of the gas filled variable capacitor as employed in the deliverable hardware
has a capacity range of 1.5 to 45 pF.

The maximum capacitor voltage must be calculated using the resonator reactance slope
parameter (x) to obtain the equivalent inductive resistance (X j~ ).

r At 3O MHz:

= 90° 
f

.L_ = 90° = 27.273° = 0.476 radians
I °Fl
I-

) ( . 1~ 
8~ - 0.476 —

2 sin 29~ 
— + sin 54.545° — 1.084

— 
ZOff tan O~ - 259.7 tan 27.2?~°XLe — — 

1 084 = 123.51 ohms

4 At 80 MHz:

11 6
~~ 

90~_ji-_ = 90° -~~ = 72 727° 1 269 radians

~~.: El = + 
Oo = 0 5 + 1.269 

—

2 sin 26~ sin 145.454° — 2.738

~~~~~~ El = 
Zo~ tan 8~, 295.7 tan 72.727° 347 33 ohms

2 2 1
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The peak capacitor voltage is:

/2~~ txi~ P - 60 watts

At 30 MHz: E~ /(2)(6O)(59)(123.51) - 935.12 volts

At 80 MHz: E~ /(2)(Go)(59)( 347 .33) — 1568.15 volts

The gas filled variable capacitor as employed in the deliverable hardware has a mini -
mum rf voltage rating of 3000 volts. The capacitor rms current is found from:

_ _ _  
U

At 30 MHz:

935.12
‘C = r 6 ~ 

= 4.939 amperes
10 

--~~~~

L 2 30 (39.625 J

Li

At 8O MHz : 
FL

1568.15 . 
* -

I 1.328 amperesC
10~/ ~ L2n(80)
2.382

The gas filled variable capacitor is rated at 15 amperes. - -

The helix surface area is:

A n- db = w(1.315)(1.973) = 8.15 square Inches

The power dissipated in each resonator is approximately:

= 
~~~

- 1 - 1 1 - 1 ‘

~~ 
= 4.606 watts

~ 

‘~ ( 
~ ~ ( ~~

(1.i
1
o37))

This results In a power density on the surface of the helix of

_____ = 0.565 watt/in 2 U 
- 

-

This power density is well below the recommended maximum of 1 watt per square inch.

2—2 2 
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~=—~--. — - --~~——--—— -— ~~~~~~~~~~~~~~~~~ —



I .- -_________________ ____ _ _ _- . - - -- —~~ ----—--- -- --- —--- — - ———

~~~~~~~~~~~~ ---°~~~ - ,.-- -.,=.—,=—————.- - .- - - - -. -~~~~~~—-~~~~ ..--—- -

- I
- 

The complete resonator (helix , dielectric support , and capacitor) have a measured
temperature coefficient of less than -20 ppm/°C for a 75 °C temperature change. The
measured unloaded Q (Qu) of the resonator I~ given in table 2.4-1.

- I Table 2.4-1. Resnnator Measured Unloaded Q.

F0, MHz Qu

1 30 671.3

1 1 40 756.2

50 821. 11 1 60 847.5

70 869.6

80 884.0

[ 1 2.5 MATCHIN G NETWORK DESIGN

-

- 

1 From paragraph 2.3, the design of the output coupling structure required an rf load
j  resistance (r) of 7 ohms to achieve a suitable x/r ratio at the multicoupler common

ju nction point.

The m atching network design is thus divided into two distinct tasks. One , a broadband
Impedance transformation network to translate a 7-ohm resistive load to a 50-ohm
resistive load (antenna Impedance). And , two, a reactance canceling network to opti-

I mize the vswr across the operating frequency range.

A network is used for the resistance transformation rather than a broadband iron core

I transformer because of the nonlinearities common to the transformer design. IMD and
harmonic distortion would be severe in an iron core design since the network must
handle as high as 600 w atts in the 10-channel case. The word “transformer ” is used
in this discussion as a matter of convenience and refers to a network that provides

- -
- impedance transformation.

The transformer is derived from a bandpass filter design having Tchebycheff charac-
• teristics. The passband width must be at least 50 MHz wide; for example , the trans-

former must operate from 30 to 80 MHz. The input impedance is 7 ohms when the
output is terminated in 50 ohms over the passband width. Selectivi ty of the network is

- Immaterial. The transformer action is Incorporated into the network by repeated use
of Norton’s first transformation as shown in figure 2.5-1.

- I
1*

~

— 

I 
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Figure 2.5-1. Norton ’s First Transformation.

Preliminary calculations indicated that a 4-pole network (n 4) would be required toachieve a good match over the required frequency range.

• The initial form of the network and the transformations are depicted in figure 2.5-2.The last circuit in figure 2.5-2 shows the final form of the transformer. The next stepis to evaluate the elements comprising the network. ~~nce a good match is desi redacross the frequency range , a low vswr Tchebycheff prototype is selected. Let thepassband ripple (LAr) be 0.01 dB, this corresponds to a vswr of 1.1:1. The g pa.ram-eters are :5

g0 1.0000 , g1 = 0.7128 , g2 1.2003, g3 = 1.3212 , g4 = 0.6476
g 1.1007 , ü 1.0000 , LAr = O.O1 dB, n = 4

It is also known that:

r -= 7 ohms , N 1R5 = 50 ohms
Also:

N 4R5 N 1H0g5 = 50 ] fThe equivalent transformer tu rns ratio (N) is therefore:

I

N = 
(R::~ 

‘~ 

[7 ~~~~oO7) ]4 = 1.596066

From figure 2.5-2 the fractional bandwidth (w) may be found as:

_ _  
_ _ _ _ _ _  

I
= 

/g1g2 
= /~o 7128)(1 2003) 

1 198068V N-i V 0.596066

Also:

_

f
2

1
1 

f
2

—
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I Li Ci U c3

~~~~~~~~~~~~~~ )I f 0-

I Ro +c2 L2 +C4  L4

1 -0--- II

I APPLY NORTON-S TRANSFORMAT ION TO CI . SUCH THAT C2 IS ABSORBE D:

Ci C3

I Li N1
2 L3 N1

2

I -°--‘
~~

‘——i )I ‘
~~~~~~~
‘ )t i

I RO ~~ ci N1
2U I... 

~. N1
2 L4 - N1

2 R5
Ni

I Ni = 1 + 
~1Q2

I APPLY NORTONS TRANSFORMATION TO C3, SUCH THAT C4/N 1
2 IS ABSORBED:

N12

I LI ~~ 
N 1

2 L 3 N1
2 N2

I 

~~~~~~~~~~~ II I N1-1 I N - i  2 2 2 2I RO ~~~~~~~— C1 N,2L2 ~~~ .-L.~.C3 N1 N2 L4 N1 N
2 

R
51 

1 N 2N1

I -0~
_ _ _ _ _ _  _ _ _ _

I FOR A TCHEBYCHEFF DESIGN IT IS KNOWN THAT: 
~l~ 2 = 9394 . THER EFOR E N1 — N2 = N,

THUS :

ci - 
-

_ _ _ _  _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~ 

:~~~~~~~~~~

N - 1 + 9192 = 1 +

i ~~2 w 2

I Figure 2.5-2. Reduction of Transformer to Final Form .

2 2 5
- 

— — -— -——- ---— __•_._. - .1~ - ~~~~~- ~~~~~~~~~~~~~~~~ 
_

~
_ - _.. •__. —- —•-— —--—-- —&.• .————— ..•——— • — .• •  — — - ____________



~~~~~‘-w— -
~~~~~~~~~~~~~ - .~~~~~~~~~~

‘-
~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
~~ -

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~ - -:

‘ 
- 

-
~ - —- -

I H-

For equal guardbands above 80 MHz and below 30 MHz it requ ires that : j
f2 —

~~
0 3 0 — f 1 1 ’

‘111115:

= ~~ (i - W •\

~ = 26.736254 MHz1 
~s. /4 ÷ 2) 

1f 2 = 110 — f 1 = 83.263746 MHz

= 
/~~1 

f
2 

= 47.182207 MHz

= 2ir f~ = 0.296454 x 1O9 radians/second.

The element values for the final form of the network shown in figure 2.5-2 are cal-
culated as shown in figu re 2.5-3.

The second design task is to determine the reactance cancellation networks. To pro-
vide reasonable element values, the cancellation networks are inserted between the
broadband transformer and the antenna terminal rather than at the common juncti on.
The design Is performed for three cases; for example , a 2—channe l , 5-channel , and a
10-channel multicoupler. Multicouplers containing different number of channels would
have cancellation network complexity falling between those presented.

From Fano’s work ,6 a minimum insertion loss ne twork results when:

tanh na 
— 

tanh nb where: d = sinh a
cosh a — cosh b e = sinh b

e = d - 2 o sin t jj
In the above equations n is the number of elements comprising the low-pass prototype -

network. n = 1 is the case where no matching network is required. 8 is the x/r ratio
evaluated at the band edges.

The maximum passband loss (LA)max is evaluated in the following manner: U
I 

~ For , n = 1: d sinh a, e = s i n h b , e = d - 2 6

tanh a 
— tanh b 

____ 
sinh a 

— sinh b 
____ 

sinh a — slnh b 0
cosh a 

— 
cosh b cosh2a 

- 

cosh2b 1 + sinh2a 
— 

1 + sinh 2b

d = e d d - 2 8  II
- i + d 2 1 + e 2 1+ d 2 1 +d 2 - 4 6 d + 4 & 2

II
II

~~~~~~~~~~~~~~~~~~~~ - -~~ - _ _  _ _ _ _ _
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THE NETWORK IN TERMS OF THE KNOWN QUANTITIES IS:
giRo W g3R0 N2 w

- 
- “~~o 

~1 R0Ci)0N W CÜØ 
- 

93R0(UoN3

I ~~~~~~~~~~~i )w N3wR0 (N.i)w I w~~0N4
0 ___.

~~
-
~~~~~~~~ 9~ 

R0Q1W0 R0N 93 c.i0R0ri’-’ g4 W0

-0 i -

~~~~~~~

I WHERE:
MO 1 OHMS, 01 07128. 02 1.2003, 03 1.3212. 04 = 0.6478.

1 05 ~
- 1.1007 , W = 1.196068, WO = 0296454 X 10g. N 1 596068 .

1 N2 - 2 .547427 , N3 = 4 065861 , N4 = 6.48~~83. -:

,‘ THE ELEMENT VALUES ARE:
Ii 14.06 nH 507.47 pF 88 33 nN 107.47 pF

- 

~. 

~~~~~~~~~~~ I- 7 OHMS 6004 nH 84 O8 pF 283 48 nH 50 0HMS
- I 3~~~~.48 pF —.t
1I
I

Figure 2.5-3. Transformer Element Values.
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Solving for d and e in terms of 8 gives:

d /~~ 1 8 sinh a

e — 16 2 -4- 1 -8  = sinh b

Then :

(LA) max ~
- 10 log 2 = 10 log 1 

= 10 log — 2
1 - I i’I max - 

Cosh2b - 1 -
~ sinh b - 

.
~

Or: 

Cosh2a 1 + sinh a

( LA) =10 log L—~ 
& ÷~~

max 
26 bQ~~~l .,

For , r~~ 2:
ri

d~~ sinh a, e = sinh b , e d -( 2 6

tanh 2a 
= 

tanh 2b 
____ 

2 sinh a Cosh a 
= 

2 sinh b Cosh b
Cosh a Cosh b Cosh a (1 + 2 sinh2a) Cosh b (1 + 2 sinh2b) ,-

~ 
I

tj~~~sinh a — 
sinh b d e d — 

d - v’~ 8

1 + 2 sinh2 a 

— 

1 + 2 slnh2b 1 + 2d2 
- 

1 + 2e2 1 + 2d2 
— 

1 + 2d2 
- 4 ~~d 6 + 48 2

Solving for d and e In terms of 8 gives: ~ :~

d (b6~
2 + 1 +&~ = s i nli. a

(p 6 2 + 1  -8) = sinh b

2—28 - - 
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Then:

10 log 
- l Vmax 

10 log 2b’
) 

2 — 10 log ‘-G : ~~ 

:~~~~~~
2

(6 2 ÷s42 + 1 +1)2
F (LA ) = l O log - -

max
48 (8 + 1)

For , n 3 :  d sinh a, e = s i n h b , e = d - 8

3 3
~ L tanh 3a _ tanh 3b 

___  
3 st h h a + 4 s i n h  a — 3 s in h b + 4 s i n h b

cosh a — coab b cosh a (4 cosh~a- 3 c o s h a) cosh b (4 cosh~~ -3 c o sh b)
~ V

1= 3 3 33 s i n ha +4 s in h a — 3 s ln h b + 4 s i nh b 3d + 4d
(1 + sinh2a)(1 + 4 sinh~a) 

— 

(1 + sinh 2b)(1 + 4 sinh2b) (1 + d2)(1 + 4d2)

= 
3 e+4 e  3d + 4d

• !. (1 f e2)(l 4~2) (1 5d2 
+ 4d~ - H

- 

r 3d - 36 + 4d3 
- 12&d 2 

+ 126 2d _45 3
i 

~, + ~~2 
- iO8d + 582 

+ 4d4 
- 165d 3 

+ 2482d2 -1663d + 46~

[ Or:

- 

i6d6 
- 48d56 ÷ 16d4 

+ 48d462 
- 16d3& 3 -32d38 + 3d2 

+ 28d2& 2 
- 12d 83 

- 3d& -.462 
= 3

To find (LA) max solve the above equation for d given a value of 8. Then calculate (LA)
max from:

2 2 2 -

= 10 i~~ 
(1 + d ) (1 + 4d )

b 
2 

2 - 
2

F (1+d ~~(1+4d
2
) _ [1+ (d_ 6)2][1+4 (d_ 6)2]

The maximum paasband v swr for each case may be found from (LA) max as:

VSwrmax 2 H _ 1 + 2 J i ~~
i 1_ l )

Where 
(LA)

H 1 0  10

L L _ _  ~~~~~~~~~ 
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For the 2-channel multicoupler:

6 = 8 2 = 7.432 (From fi gure 2.3—5) , let , n = 1 
H

______

(LA )max 10 log 8 2 
4 8k2 -4 1 1 1 = 10 log = 0.0196 dB

2 8/ ~~~~t 1

(LA) m {1 I
- - H = 10 10 

= 1.004531

Vswrmax = 2 H — 1 + 2 / H ( H — 1) = 1.144:1

This is an excellent match. Thus we can conclude for the 2-channel case no matching ~~~
network is required , and the transformer output can be connected directly to the
antenna terminal.

For the 5-channel multicoupler:

6=6
5 

= 1.858 (From fi gure 2 .3—5) , let , n = 1 Li

(LA )max 10 log 82 
+ B +1 = 10 log = 0.285 dB

(LA)

H = 10 = 1.067825

- 

Vswrmax = 2H - 1 + 2 ~f~i~~i- 1) = 1.6739:1

The vswr is quite high. Try n = 2

2 ~~2 2
(LA)max = 10 log (6 + ôb’& + 1 + 1) = 10 log = 0.0176 dB

46(6 + 1)

U
( L )

H = 10 
A rnax 

= 1 004056

Vswrmax = 2H — 1  + 2 111(1-1 — 1) = 1.1357:1

9’
-
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. I Tints it can be concluded that a single series tuned circuit (L2 and C2) connected between
the transformer output and the antenna terminal will provide the desired degree of —

matching. The element values for the 5-channel matching network are computed in
figure 2.5—4.

For the 10-channel multicoupler:

[ 6 = = 0.826 (from figure 2.3—5) , let , n 1

(LA )~~~~~~lO lo~ 
6 2 ÷ 8 6~~+ 1  4 - 1  = lO log = 1.0894 dB

~~ 28/~~~I 1
- (L A)-. max

H — 10 10 1.2851

Vswrmax = 2 H _ 1 + 2 1 H ( H _ 1) = 2.7808:1 -.

The vswr is extremely high, try n = 2.

r (LA) 10 log (82 + 6 + ~~~~~+ 1)~ = 10 log = 0.2191 dB
- 
L 46(6 +1 )

1’ (LA)

H 10 10 
= 1.0518

I I Vswr — 2 1 1 — 1  4 2 V ’iijl — l) 1.5704:1max

~~

- 

~ 
The vswr is still quite high , let , n 3.

8 0.8260 , & 2 
= 0.6823, 0.5636

I
- ~~~~~~ --_-~~ — -— -  
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n 2 , & 8 5 1.858 . H 1.004056 , f 1 3O Mllz , F2 8O MHz , R = 5 0 ohms

d [ in(/ 
1 

1 
n~

hh1 - 1 sinh [I n  (15.70186 + 15.73367)
]

= sinh 1.72397 = 2.71419

d 
- 1 = 

2.71419 
- = 1.06590

6sin~~~

Letting: g,3 = 1, 
~~ 

= 1

1.858 = 0.53821 Li

k 12 
/_~ ~~~ ‘ D

2 )8 2 
2 v ~l(;2I ;

1
0 ~~~~ 

~I~ii~ x 80 -18 .989795 M h z , ~ 2 ~ 1 0.307812 x 10~

g2 
1 

2 = 0.44374, g3 
= D6g 1.1379 1 II

g1 (K12) 2

XL2 = = 
~~~~~g2

R 

= 
(1) (50) 

= 2 1.73873 ohms

XL2 21 73873 1 1000L2 = 
~~~~~~~ 

= 0.307812 = 70.6234 nH , C2 ~~~~ 
= 

(21.73873) (0 .307812)  
= 149.44 pF

FIgure 2.5-4. 5-Channel Multicoupler M atching Network Element Values. U
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1’I 16d
6 

— 488d5 
I (16 4$6 2 )d4 ~~(1liS l ; 32 6) d 3 

I (3 I 28&2)d2 — (l26~ I 36)d — (-16 I 3) 0

I Substituting the values oh 6 , 6 , and 6 i ntt ) t h e  abovc equation giVcs:

6 r 4 3 2d — 2.4780d ’~ 3.0469d — 2.2156d I 1.3815d — 0.5776d — 0.3581 = 0

I Solving for d:

d 1.107185

-
- 

— 

(1 4 d2)(1 4 4d2)~ — 77. 572385

I (LA )max — 1 0  log 
(1 ± d2)( 1 4d2) 2 _ [i (d _ 6 ) 2] [1 + 4 (d — 6 ) 2 12  

— 1 0  log 75.702861

~ i 
0.10595

- (LA)-: max

~ 

Ii -- 10 10 1.024696

- Vswr —~2 l I — 1 I 2 f i I ( h l — 1) - 1.3675:1j  max

Thus it can be concluded that a 2-pole network (a series tuned circuit L2,C2 and a
parallel tuned circuit L31C3 in shunt) connected between the transformer outpu t and

1~ 
the antenna terminal will provide the desired degree of matching. The element values

- for the 10—channel matching network are computed in figure 2.5-5.

The final form of the combining/matching networks are shown in figure 2.5-6. Note
the addition of the compensating capacitor at the COfll~~~Ofl junction. This capacitor has
a value of (n - 1)C1’ where n is the number of channels comprising the multicoupler , and

- - Cr is equal to 14.0965 pF (from fi gure 2.3-5).

The actual component values used in tile transformer and matching networks differ very

I slightly in the deliverable hardware (paragraph 3.4). This is due to two factors: one,
- 

standard value capacitors are used , and two , some compensation of inevitable stray
- capacity and inductance is required. The transformers were adjusted for a minimum

return loss of 22.5 dB , thi s corresponds to a maximum vswr of 1.16:1.

~ I 
2—33

,----— ~—~—--,-—~~~~ ,- ‘—.-- --,, ~~~~~~ -‘--=-—. ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~



— ‘~~W~~~# 
~~~~~~~~~~~~~~~~ ~~~~~~~~ 

— ‘r7,7~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -‘———--- -9—~~ —_‘-‘;-. —

-
~~~ 

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ - - -  - - ,~ . - ~~~~~~~~~~~~~~~~ ~~~~~~~ 

- —  ~~~~~~~~~~~~~~~ -- — - - -

I
n 3, 8= = u.8 60, d =  1.107185, H = 50 ohms , f 2 = 80 MHz, f1 = 30 MHz L ~
I) 

6 Sill 

— 1 (O.826)(O.5) 
— 1 l. (;80835 . -

2n —

Letting: g0 = 1, 1

1 1g1 = 0.826 1.2106~4

k12 ~~~~~~ + (1 + 
~~~
-) ~2] 0.933702 

-

k23 =/*[i (~~+ D2) 6 2] - 1.087715

g2 
= 

2 
= 0.947465 , g3 )2 0.892086

g1 12 g2 23

g 0.807399-I 1)6g.

f = = [~ 30)(80) = 48.989795 MHz , w = 2~ f 0.307812 x IO~ 2 1
_ _ _ _  

80 - 30
W = = 

48.989795 = 1.020621

— 

g2R 
— (0.947465) (50) — 150 7 C — W 

— (1000)(1.020621)
L

2 
— 

w~~~ 
— 

(1.020621) (0.307812) ~ 2 
— 

c~0g2R 
— 

(0.307812) (0.947465)(50)

- 69.99 pF

— _ _ _ _ _  — {1.02O62 1)(50~ — 18~ 84 
g3 — (10001(0.892086)L3 &s0g3 

— 

(0.307812)(0.892086) 
— 

‘~~~ nfl, 
= w~j R 

— 

(1.020621) (0.307812)(50)

‘~ 56.79 pF

Figure 2.5-5. 10-Channel Multicoupier Matching Network Element Values.
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XF MR 

50 OHM

~~

“

~
— 

7/50 OHM

I 
= 

f

~~~~
:

F I I ~~~~~~ 

I AN TENNA

2-CHANNEL MULTICOUPLER

_ _
• 

7/50 0HM
X F M R 70 62 N H 149 .44 PF

L 

_ _ _  iT~~~ 

J—°~ 
)I A N T E N N A

5-CHANNEL MULTICOUPLER

7/ 50 0 H M
X FMR 150 .79 NH 69.99 PF

‘1 
_ _ _ _ _  

.87 PF
II~~~~~~~~ 

56.T9 PF

T 

186 84 NH 

A~~~~~~ A

10-CHANNEL MIJLTICOUPLER

I FIgure 2.5-6. Final Mul ticoupler Configurations.
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2.6 INPUT AND INTE RNAL COUPLINGS

‘h’he input coupling arrangement hits been (k ’tel’fllifled experimentally. The most. -

suitable method of several tried is a Lap~)Cd eoU~)1iflg to the input resonator with a
sci.ies compensating inductor. This arrangement gives a fairly constant terminal ,

• Q (Qt), and causes little frequency shift to be introduced into the input resonator. 
-

The helix is tapped 298.8 degrees from the ground end. The compensating inductor - -

is composed of 6-1/2 turns of numbe r 18 magnet wire , close wound , on a 15/64-inch i-i
mandrel. The measured reactance of the compensating coil is 33 ohms at 30 MHz.
Figure 2.6-1 presents the measured terminal Q for this configuration. - -

ZOH = 295.7 OHMS
F O H=99 MHZ - .

— 
FILTER

I

PII 

HELICAL RESONATOR

- ~ INPUT
175 N H  “ RESONATOR

50 0HMS -
(TRANSCEIVER) - - 

- 
-
.

296 8° FROM GROUND

S. ,

F. MHZ 01

30 594
40 56.4 - -

50 56 .6
• 60 575

DESIRED OT - 59, FROM 30 TO 80 MHZ

fl~Figure 2.6-1. Measured Input Terminal Q.

fl
Aperture coupling is used for the two Internal couplings. This form of coupling can be
made to agree very closely with the desired value. For a constant percentage bandwidth
filter the coefficient of coupling should remain a constant value over the operating fre-
quency range . In this case the magnitude of the coupling coefficient Is 0.01695. Figure
2.6-2 presents the measured coupling for the depicted configuration.
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2.25

1.125 -~~ 

— -

AP ERTUR E 0.406 — ___________

WIDE WITH A
F.MHZ k FULL RADIUS AT 2.00

EACH END.
45.0 0.0167
55.0 0.0167
65.0 0.0169
72.5 0.0168
80.0 0.0167

‘ 
0.875

DESIRED k - 0.01695. FROM 30 1080 MHZ

II
Figure 2.6-2. Measured Coupling Coefficient. 

- 

-

2.7 TUNING METHOD AND DISCRIMINATOR DESIGN

A block diagram of the filter is shown in figure 2.7—1. Two discriminators, a
forward/reflected power discriminator (directional coupler), and a 90-degree

L phasing discriminator are employed to tune the filter. The use of two dis-
criminators results in perfect tunes, that is , a symmetrical response shape.

The filte r is basically tuned for minimum reflected power. The phasing function
assures that the correct minimum reflected power point Is used. The forward power
Indication Is used as a monitoring function only. - -

Figure 2.7—2 shows a simplified schematic of the directional coupler. The reflected
power detector operates in the following manner: a current sample is taken from the
tr ansmission line by means of a transformer. This provides a voltage across the load 

-~~ 
-

I resistor proportional to the line current. Thi s voltage Is applied to the anode of the
diode. Simultaneously a voltage sample Is applied to the cathode end of the diode
(derived from the capacitor divider). The transformer phasing and circuit constants
are set up so that when the transmission line is terminated in Its characteristic im-
pedance (50 ohms) the two samples are equal in phase and magnitude; thus , the diode
does not conduct and the reflected power output Is zero. Any deviation of the term!-
nating impedance from 50 ohms causes this balance to be upset. The diode then
conducts proportional to the unbalance , giving a dc output voltage proportional to

_ _ _  • •
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TUNING
CONTROLS

50 OHMS r UJ
~ 

~~~~ ~~~~~~~~~~~~~~~ 

Ii 
-

(TRANSCEIVER) 
]~~~~~~~I O L  I RESONATOR I I CENTRAL f I RESONATOR 

ITO COMBINING/MATCHING

COUPLER AND RESONATOR AND
_____ COUPLIN G COUPLI NG 

-

90~ PHASING • 
-

DI SCRIMINATOR 1

PHA SING

REFLECTED POWER

FORWARD POWER
0 METER

Figu re 2.7-1. Filter , Simplified Block Diagram .

50 OHMS 50 OHM TRANSMISSION LINE 
____________ 

50 OHMS LI(TRANSCEIVER) P — _

~~~~~ — 
(FILTER INPUT) -

-

T - 11
FORWAR D 

_____ 
j

________________ ________________ _____ 
REFLECTED

POWER POWER fi
II

Figure 2.7-2. Simplified Directional Coupler Schematic.
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- I reflected power. The forward power detector works in essentially the same manner

except the current and voltage samples are 180 degrees out of phase. This results in
the dc output voltage being a maximum when the transmission line is terminated in

I 50 ohms. Other values of terminating impedance cause the dc output voltage to vary
- proportional to the forward power.

I Figure 2.7-3 shows a simplified schematic of the phasing discriminator. This is a
- conventional 90-degree discriminator. The voltage sample V2 appears In the secondary

of the transformer as two equal voltages but , 180 degrees different in phase with

[ respect to the center tap. The second voltage sample Vi is connected to the center tap.
Thus , when Vi and V2 have a 90-degree relationship, the dc voltage appearing across
the potentiometer is equal in magnitude and opposite in polarity with respect to the
wiper of the potentiometer. The total voltage across the potentiometer is zero. As the

- phase relationship of the two voltages change the total voltage across the potentiometer
• is either positive or negative depending on whether V 1 leads or lags V2 by more or less

than 90 degrees. The magnitude depends on how greatly the angle between the two

E voltages differ. A bridge rectifier is connected to the output of the discriminator , this
provides a unidirectional voltage output for the metering circuit ry; for example , the
output voltage of the bridge circuit is zero for a 90—degree phase relationship between
V1 and V2 and positive going for any deviation from 90 degrees between the two[ voltage samples.

IT V~ V 2

—i
f-

~~ <
~‘

>
~_L~

_
~ 1~ IFigure 2.7-3. 90° DIscriminator , Simplified Schematic.
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I Section 3

Deliverable Equipment

Details of the 2- and 5-channel multicouplers in regard to physical configuration,
electr ical des ign, and measured performance are presented. 

—

3.1 GENERAL DE SCRIPTION
a

( Figure 3.1—1 shows the 5—channel vhfr transceiver multicoupler. Figure
~ 1. 3.1-2 depicts the 2-channel version. : - . . .

They consist of identical bandpass - 
- 

- 
.
- 

- 

- 
- -

~ Ii filter modules (shown in figure
3.1-3) and associated mounting
bases. CoUins commercial nomen-
clature has been assigned to the - ~. -

-: 
-
- deliverable hardware. The filter

has an 835P-1 type number. The
2-channel multicoupler is a 156W-i ,

- and the 5-chai-tnel multicoupler a 
-
.

i56W-2. The mounting base in
each case contains the matching and -

‘

combining networks. An antenna
connector (type N) is located on the

- right side of the mounting base in
each case. Figure 3.1-4 shows the
rear of the 5-channel multicoupler.

. - The 5 transceiver connectors
(type BNC) are located at the rear
top edge of the bandpass filters.

~ L. The 2—channel muiticoupler is Figure 3.1-1. 5-Channel Multicoupler
identical in appearance except (i56W-2).

-, for the number of bandpass

- I.~ 
filters.

- Push-on rf connectors are used to connect the outputs of the bandpass filters to the
• 1- matching networks located In the mounting bases. Figure 3.1-5 shows a 2-channel

L mounting base with the bandpass filters removed. The push -on ii connector may be
seen at the rear top surface of the mounting base. The 5-channel version Is identical

i-i in appearance except for the number of bandpass filters.

Four screws are used to retain each of the bandpass filters. Two are located on the
lower front edge of the filter and two are located on the rear sui ace of the filter just

It below the transceiver connector. Controls and connectors are protected by panel
extensions , and in the case of the output connector, by the carrying handle. Overall

• weight of the 2—channel multicoupler is 14.6 pounds, and 33.9 pounds for the 5-channel
L a version.
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I Each bandpass filter has 3 tuning knobs and frequency dials. The tuning knobs permit
eithe r course or fine adjustment , and each knob contains an integral knob lock. Tuning
is accomplished by setting the three knobs to the desired frequency (indicated by the

I frequency dials), applying rf power , and adjusting for minimum reflected power and
phasing error. The meter located on the top of the front surface is used to indicate
forward power , reflected power , and phase error. A 3-position switch to the left of

j  the meter allows selection of these fu nctions. Immediately below the meter is a 2-
position switch which allows the meter sensitivity to be changed; for example, 60
watts full scale , or 6 w atts full scale.

I Each version of the multicoupler has fou r feet located on the under surface of the
mounting base. Each foot is attached with a single screw. The feet may be removed
and the equipment permanently mounted using the same th readed mounting holes. Any

r filter may be removed without disturbing the remaining filters. This can also be
accomplished with the multicoupler perm anently mounted.

r 3.2 MEASURED PERFORMANCE
1.

The measured performance is a summary of data taken on the 2-channel and 5-channel
— multicouplers.

Figure 3.2-1 shows the minimum/maximum insertion loss from measuring the 7 corn-
- • 

munication channels of the two multicouplers at room temperature. As can be seen ther insertion loss lays between 1.66 and 1.22 dB.

- i.e 
_____________ _____________ ____________ _____________

1.7 — _______________ ______________ ______________

‘-MAXIMUM

I.e — _ _ _ _ _ _ _ _

1.5 

N ~~~~~~~~~~~~~~~~~

- - -

~~~~~~ 

—_ __

El 1.4

- - ~~~ 1.3 ~~~~~~~~~~~~~~~~~~~~~~~~~~

1.2 
________ 

‘—MINIMUM

1.1 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

I;. - - 
42.5 55 57.5 8~)

- 

- 
U FREQUENCY , MHZ

• - -~; H Figure 3.2—1. Measured Insertion Loss.
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The measured transceiver port to antenna port attenuation is shown in figure 3.2-2. The
minl nmm/rnaxinmrn contours arc the resul t of measuring the seven communication
channels. The value of attenuation obtained is at both the upper and lower 5-percent
frequency spacing. The minimum attenu -tt ion obt ained was 39.2 dB.

Table 3.2-1 presents a summary of the other performance parameters that were mea—
sured. Input vswr was less than 1.33:1 in all cases. Intermodulation distortion varied
between 126 and 143 dB below 60 watts. For t.-ds case two 60-watt power sources were
used at a frequency separation of 5 percent. i ransceiver port to transceiver port
attenuation was found to be greater than 51.9 dB for channel spacings of 5 percent.
Harmonic generation v aried between 129 and 158 dB. Measurements were made at
the 2nd , 3rd , 4th , and 5th harmonic.

All of the above room temperature data is within the specification limits except for
intermodulation distortion (IMD). It is felt that the IMD performance is about the limit
of what can be achieved for a tunable design having remov able filter modules. The IMD
level is very low and is due to several metal-to-metal connections that cannot be sol-
dered due to other considerations. These connections are associated with the variable
tuning capacitor (internal contact fingers and external bushing mount) and the connector
interface between the fi lters and the mounting base.

Ii

~~~

:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ETT~~~

MAXIM0M

42 —~~~~~--- _ _ _

38 ___________________ ___________ 
.— MINIMUM - -

$7 
38 _ _  _ _  _  _

37 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

30 42.5 55 67.5 80

FREQUENCY , MHZ

Figure 3.2-2. Measured Transceiver to Antenna Port Attenuation.
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I
~ I Table 3.2-1. Measured Performance Data.

~ I 
MEASURED QUANTITY MINIMUM MAXIMUM

f I Vswr 1.03:1 1.33:1

Intermodulation distortion 126 dB below 60 watts 143 dB below 60 watts

- 
Transceiver to transceiver 51.9 dfl 54.8 dB
fltt(~flU~tti ofl

Harmonic generation 129 dB below 60 watts >158 dB below 60
watts

I T T  . . .A series of environmental tests were performed on the 2-channel and 5—channel multi —
coupler. The tests performed were: high temperature , low temperature, rain, humidity ,

- altitude, dust , vibration, shock , and bench handling. The results of these tests (pro-
- cedures , measured data , discussion of results , and recommendations) are presented in

the Contractor ’s Evaluation Report , dated 21 June 1976. In general , however , the equip-
ment performed well except in two areas. One , a problem was discovered during low

~ temperature testing. It was traced to the fact that the variable tuning capacitors had
fl inadvertantly been pressurized with the wrong gas mixture. An additive to prevent the

gas from liquefying at low temperature was omitted. ThI S omission caused changes in
-
~ 

-, - dielectric constant and capacitor push force below 0 °C. Two , a problem with stiffness
of the bottom plates on the multicoupler mounting bases was uncovered during vibra—

- lion. This resulted in high g forces being applied to the filter modules. Even under
these conditions the equipment performed fairly well; six of the seven communication
channels rem ained within the specified perlormwice limit. The one channel ’s inse rtion

L ~ loss exceeded the limit af ter the vibration test was completed. Both of these problem
areas are minor in nature and can be remedied easily on fu tu re equipments.

~ 1 3.3 PHYSICAL CONFIGURATIO N

An exploded view of the bandpass filter module is shown in figure 3.3-1. The filter
case is constructed of silver plated aluminum. Gear plates, rear cover , and front

• -- panel are also aluminum. The front panel contains the metering circuitry , tuning
-. knobs , and frequency dials. The front panel/gear assembly easily separates from the

I ;  
remainder of the filter as shown in the figure . Separation takes place at the three
capacitor spline drives. The circuit card assembly visible in the figure is the 90—degree
discriminator. Immediately to the right of the 90-degree discriminator card is a 3

fl terminal feedthrough bushing , which brings the dc signal from the directional coupler
up to the front panel area.

- 
- Figure 3.3-2 shows the rear of the filter with the rear cover removed. The output

U 

connector and resonator are on the top. Ground connections of the helix are clearly
visible. The input coupling inductor , L7 , is visible in the lower resonator compart- —

ment (Input resonator). At the bottom Is the directional coupler printed circuit board
and transceiver connector. Additional details of the capacitor drive assembly are

~ : U shown In figures 3.3-3 and 3.3-4. Figure 3.3-5 shows a complete filter with the side
- - access cover removed , and figure 3.3-6 shows a good view of the transceiver con-

fl nector and interface connector.

-
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Figure 3.3-1. Bandpass Filter , Exploded 1View. 
-

[1
FIgure 3.3-2. Helical

Resonator
Detail. U

Figure 3.3-3. Drive Assembly , Rear View.

Figure 3.3-4. Drive Assembly, Side View.
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Figure 3.3-5. Filter Side View , Access Cover Removed.

1

ii Figure 3.3-6. Bandpass Filter , RF Connector Locations.
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The directional coupler printed circuit board assembly is shown in figure 3.3-7. The
coupling transformer is mounted in the center of the board with the coaxial cable leaving
the board on the left and right sides. All other co-nponents are lead mounted with the
exception of the two air variable trimmer capacitors , C3 and C7.

Figure 3.3-7. Directional Coupler Assembly.

Maximum overall dimensions of the bandpass filter are : 2.38 inches wide , 8.62 inche s 
-

high , and 8.88 inche s deep. The weight is 5.4 pounds. An outline drawing of the band- ‘

pass filter is shown in figure 3.3—8. ~~~

Figure 3.3—9 shows the 2—channel combining network . This is a view into the interior
of the mounting base from the bottom , prior to foaming the assembly. The tran sformer

• assembly is at the left of the figure. Note all connections are soldered to reduce
IMD to the lowest possible level. The metal jacketed coaxial interconnect lines have - 

- 
-

sleeving installed over the outer conductors. Thi s is to prevent possible pressure
contacts from occurring during the foaming operation. —

Overall dimensions of the 2-channel multicoupler are: 5.4 inches wide , 11.2 inches
high , and 9.6 inches deep. The weight is 14.6 pounds. An outline drawing of the 2-
channel multicoupler is shown in figure 3.3— 10.

Figure 3.3-11 shows a similar interior view of the 5-channel combining network and
mounting base. Note that the construction is similar to the 2-channel unit except that :- - - -

- 1 5 interconnecting coaxial lines are used. Also , the series reactance compensation - -
~

- -

network can be seen installed between the transformer assembly and the antenna
connector. This compensation network is not required in the 2-channel version as - )
discussed in section 2.5.
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Overall dimensions of the 5-channel multicoupler are: 12.9 inches wide , 11.2 inches
high , and 9.6 inches deep. The weight is 33.9 pounds. An outline drawing of the 5-
channel multicoupler is shown in figure 3.3-12.
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L Figure 3.3-12. Outline Drawing , 5-Channel Multicoupler.
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3.4 SCHEMATICS, PARTS LISTS, AND TUNING PROCEDURE ~- 
-

A schematic of the 835P—1 Bandpass Filter is shown in figure 3.4—1. Table 3.4—1

~ I 
gives a list of electrical parts used in the filter.

Schematics of the 2-channel and 5-channel combining networks are shown in figures
3.4-2 and 3.4—3. Electrical parts lists for these two units are shown in table 3.4-2

~ L (156W—i , 2-channel multicoupler) and table 3.4-3 (156W—2 , 5—channel multicoupler).
p

Table 3.4-4 gives a step-by-step tuning procedure for the 2- and 5-channel multi-
- 

-• couplers. This is identical to the procedure supplied with the deliverable hardware.

II
II
I
I
I__ a.. 

3-li 

-



— 
— 

— 

~~~~~~~~ — — — —
~~~ -‘

- 
- - -~~ 

—

- -
°

N - d~_ — —

N 

~
2 ......1(._.... .

$ i -

L
u i -i

I ~~~~ ~., 0 -

- 
- N I -

0 
~~~~~-* - - - -

~ 
I I ~.I - -

~, r,I’ C
Cl) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

-

~~ - -I~ 
1’ r~r”

I 8 ° I U

L~~II_ _ E~ J
-
-

U
- - - -~~~-~~~ 

- 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — - •- -——

~~

- - -a - 

~~~~~~~~

----
~~~~~~~~~~~~~~~~~~~~~~~~ I



r — — ~~~~~~~~~~~~ -.- — ~~~~~~~~~~ •..

—

‘P P~~~~- - ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ —
.

-- •~~~- - - __________ ________ — -

4 •

Table 3.4—i. VHF Filter 835P-i , Parts List.

SYMBOL QUANTITY COLLINS PART DESCRIPTION MIL TYPE
LI NO PER ASS? NUMBER

Cl , ClO , 4 913—9011— 180 0.01 pF ceramic CKRO5
C2i , C22 capacitor 

____________________

C3 , C7 2 922—0595—010 0.8— 10—p F var Per MIL—C— 14409
capacitor

- ç C4 , CS 2 914—3078-000 82 pF ceramic None
capacitor

C5 , Cli 2 912—2095—080 15-pF mica Per MIL—C—39001/5
capacitor

Cii 1 913—1190—000 820—p F ceramic CX6O
capacitor

- — - — 
- _____________________ ______________________ ________________________________ _______________________________________ ____________________________________________

C12, C13, 3 919—0287—010 1.5- 45—pF var None
ç C14 capacitor

C15, C17 2 912-4141-340 75—pF mica None
capacitor

- 
‘— C16, C18, 4 913—9008—380 0.001 ~.tF ceramic CKRO5
- 

C19, C20 capacitor

L CR1 , 4 353—9008—180 1N5711 diode JAN 1N 5711
CR2 ,

- CR3 ,
CR4

CR5 , 4 353—2 016—000 1N270 diode JAN 1N270
CR6 ,
CR7 ,

— 
CR8

Li Li , L4 2 240-1580-000 10-p H rf choke MS-14046/4

L5 , L6 2 240-2017-000 0.33-p H rf choke MS—75083-07
- Lii , L12 2 240—2035-000 10—p H rI choke MS—75084- 12

Ji 1 357-9248-010 BNC connector UG—909 B/U

Ml 1 476-0219-04 0 Meter , 200 ~A fs Per MIL-M-17275

~~~

. - fl __________________ except for scale

Ri HO 2 381— 1853—200 10K potentiom— Per MIL—R —27208
eter

U

~ I.~~~~
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Table 3.4-1. VHF Filter 835P— 1, Parts List (Cont).

SYMBO L QUANTIT Y COLLINS PART DESCRIPTION MIL TYPE
NO PER ASSY NUMBER

• 113, 11-I 2 714—0011—010 19.6—oh m resistor IUX~0P119R G6

117, 118 2 72-1—0639—990 12.1K—ohm resistor RNC55K - .

119 1 380-4041-000 20K potentiometer None ~
-

RiO , Ri]. 2 724—0 638—620 464-ohm resistor RNC55K . 

-~

R12 1 724-0639-910 10K-ohm resistor RNC55K

R13 1 724-0638-940 1000-ohm resistor RNC55K

Si 1 266-5321—650 1P3T toggle switch None

S2 1 259—9487-070 3 pole, 2 pos, rotary None
switch —

Part of 1 288-2476-000 Transformer core None - —

Ti

Part of 2 288-0778-000 Transformer core None -

‘1’2 , T3

—— 2 ft. 425— 1106—010 50—ohm coaxial None
cable ~~~~

- - ¶
-I

— 

Li t4 .05 C4 510 L3 66.33 
Cl 110

/ ~fYv:~I i~ I 
~~

L2 
~~~ 1C6 ~~ L4 ~~~~~~~~~~

22 1 150 ’f~ ‘f ’l50 ~~ 60.04 62

~f’ ~
f lO ~~~~~283.5 U

FIgure 3.4-2. Schematic , 2-Channel Combining Network.
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Figure 3.4—3. Schematic , 5-Channel Combinin g Network.

- 

j  Table 3.4-2. 156W-i Parts List , 2-Channel Multicoupler.

I SYMBOL QUANTIT Y COLLINS PA RT DESCRIPTION MIL TYPE
NO. PER ASSY NUMBER - 1’

Cl 1 912—2768—000 22—pF mica CM05E2205J03
_________- ___________ _______________ 

capacitor
C2 , C3 2 914—3105—180 i50—p F ceramic

_________ ___________ ______________ 

capacitor 
__________________

I C4 1 914—3105— 190 5i0—pF ceramic
_________ ___________ _______________ 

capacitor 
____________________

C5 1 914—3105—160 62—pF ceramic

I capacitor 
___________________

C6 1 912—2754—000 lO—pF mica CMO5C100KO3
__________ ____________ ________________ 

capacitor 
_____________________

I C7 1 914—3105—17 0 ilO—p F ceramic
_________ ___________ ________________ 

capacitor

I 
1 357-9003-000 Type N connector UG—58A/U

4 ft 425- 1630—000 50-ohm metal UG—402/U
jacket coax

I
I 3—15
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Table 3.4-3. 156W—2 Parts List , 5-Channel Multicoupler. i I
SYMBOL QUANTITY COLLINS PART DESCRIPTION MIL TYPE
NO. PER ASS? NUM BER Li

Cl 1 914—3244—110 54—pF ceramic -

-

capacitor - - 
-

C2 , C3, 3 914—31 05-180 150—pF ceramic fl - -

CS capacitor Li

C4 1 914—3105—190 510—p F ceramic I ~~capacitor

C5 1 914—3105— 160 62—pF ceramic 
- 

-
~

capacitor 
____________________ Ii -

C6 1 912-2754—000 iO-pF mica CMO5C100KO3
capacitor

_________ ____________ ________________ ____________________ _____________________ 4 —

C7 1 914—3 105—170 110—p F ceramic
- 

capacitor 
- 

-

C9 1 912-2780-000 33-pF mica CM05E330J03 
-

capacitor

1 357—90 03—000 Type N lTG—5 8A/ lJ Li 
— 

-~

connector
_ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  — ~]10 ft 425—1630-000 50—ohm metal UG-402/U -

~~

jacket coax

II
-

~~~
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. Table 3.4-4. Tuning Procedure for the 156W-1/156W-2 Multicoupler.

1. I’r:or to ‘l’uning, Check the Followi ng Conditions :

1. No othe r l i t t er s  are tuned It ) , or wi th in  5’’ , of the lre ltiency about to Lx’
- used.

2. Hf power input to the filter will not exceed 60 watts. —

3. The outpu t port of the multicoupler is terminated with a 50-ohm load or

~ equivalent.
-
~ L II. Initial Adjustments Before Applying RF Power:

{ - 1. Disengage the lock on the three tuning controls with a CCW rotation of
the lock knobs.

2. Using the three large tuning knobs set the desired frequency in the
! ~ 

center of the dial windows.
1L 3. Set the meter function switch to the reflected power (REF) position.

4. Set the level switch to the 60—watt full scale (60 W) position.

III. Tuning Adjustments With RF Power Applied:

- - 1. Apply rf power.
2. Starting with the top fine tu ne knob, adjust for minimum (REF) power.

Li Proceed to the center afl(l bottom fine tune knobs , adjusting each for
- - minimum (l1I~F) power.

3. Depress and hold the lunction switch in the (PH) position. Adjust the
center fine tune knob for zero (P11) error. Note : Zero (P11) error will
be indicated by a zero reading on the meter with a very sharp up—scale

r deflection o~ either side of the tune point.
-; J - 4. Released the function switch to the (REF) position. Readjust the top

and bottom fine tuning knobs for minimum (REF) power.
— 5. Recheck for zero (PH ) error , with the function switch in the (PH) posi-

tion , using the center fine tune knob.
-- 6. Repeat steps 4 and 5 until lowest (REF) power and zero (PH) error is

-

- 
attained. Tuning is now complete.

~ N .  Additional Notes:

1. A more accurate tune may be achieved after completing section III ,
step 5, by setting the level switch to the 6-watt (6 W) position. This
provides Increased sensitivity of the (REF) power and (PH) error

- - - 
indications.

2. Forward power level can be measured at any time by placing the func-
tion switch in the (FWD) position. Full scale power readings of 6 watts

-

- - 

- (6 W) or 60 watts (60 W) are selected using the level switch.
3. To prevent possible damage, rf power should not be applied before sec-

tion Il ls completed. Rf power should not be applIed for a prolonged
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ section 111 has been completed
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Section -I

~~
-- Alternate Design Approach (2—Pole Filter)

In this section a simplified version of the transceiver multicoupler is explored. The
r basic change is to use a 2—pole filter design instead of a 3-pole filter design. Thi sp i change however results in other simplifications as discussed below , and also results

in some performance trade-offs.

4.1 GENE RA L DESIGN CONSIDERATIONS .

The following assumptions are made regarding the alternate design :

I a. It will provide a minimum of 40-dB isolation from transceiver port to transceiver
port.

b. The filter design will incorporate 2 poles.
F c. The existing gas—filled vari able tuning capacitor will be used.

~ 2. d. Resonator size will be the same as for the 3—pole design,
c. The same matching/combining network philosophy as used on the deliverable

hardware will be retained.
- f. The maximum rf power input to each channel will be 60 watts.

The retention of the gas-filled variable tuning capacitor is important , due to the time
and expense of developing a unit of this type . With this constraint, it is necessary to

- 
* preserve approximately the same peak resonator voltage as in the 3-pole version.

This is synonymous to maintaining the same terminal Q, since:
-

- 
E~~~~/~l P Q t XL~

The power (P) remains at 60 watts , X~~ is bounded by the output coupling requirements
- as discussed in paragraphs 2.3 and 2.4. Thus , approximately the same terminal Q is

- 

~~~

• required to limit the peak resonator voltage to Its present value.

- It appears that the transceiver port to transceiver port attenuation is about 10 dB greater
than the filter selectivity (L 5). This may be seen by comparing the transceiver port

fl to transceiver port attenuation with the transceiver port to antenna port attenuation
Li (paragraph 3.2). This added attenuation Is due to using transmission line couplings

between the filters output resonators and the common j unction.

- 
- ;

~~ ., Thus , the design values of L5 should be something in excess of 30 dB, to preserve a
40-dB specification for the transceiver port to transceiver port attenuation. To assure
specified performance into vswr loads, L5 should be 36 dB minimum.

-
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From paragraph 2.2, for n = 2: t
L5 = l O 1og~~ [b

4 
4] where : b~ - 2 Q tu

Letting u 0.1 , and (~ 59 , gives:

1) 2Qtj~ (2)(59)(0. I )  11.8

AruI:

L5~~ 10 log~~ [b
4 

~- 4 ] - ~ 36.856 dB

A 10—percent frequency spacing is requi red for the same selectivity as the 3—pole [1
filter with a 5-percent frequency spacing.

The insertion loss of the 2-pole design will be less by the amount calculated below. 
- -

Using Qt = 59 and the measured unloaded Q (Qu ) at 30 MHz from table 2.2-1 in the
insertion loss expression from paragraph 2.2 , the insertion loss is:

I i
n = 2

L0 = iOn log ~l + ~t-) = 20 log ~1 671.3) = 0.732 dB I 
-

~~

n :t r
-: I ~~ 1 ~ 

J
- lOti log ~l I 30 Log ~~1 

671.3) 
1.09 8 dB

‘ - U

L0 = 1.098 — 0.732 = 0.366

The Insertion loss specification for the various multicoupler configurations may be - -

lowered by 0.35 dB, or:

2-channel multicoupler , L0 = 1.4 dB
5—channel multicoupler, L0 = 1.65 dB
10-channel multicoupler , L0 = 2.15 dB El

Eliminating one resonator from the filter also allows exact tuning of the filte r without
the use of the 90-degree discriminator. Tuning can now be performed using only the
reflected power function . Additional cost savings may be effected by using a single
speed tuning knob on each capacitor drive. This would require slightly more effort to
tune the filter since the operator would not have the high speed slew function available. - -

-- _ - In addi tion to a cost advantage for the single speed drive , a knob lock function could
be provided which would lock both knobs with a single locking control. Also a more
positive lock could be achieved as compared to the present design.

—- - -. -~~~~ — —~~~ —— ~~~~~~
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I Ftgul’e 4.1-i shows the outline dimensions of the 2-pole filter. The filter has the same

width and depth as the present design. The height has been reduced by 2.25 inches.

Figure 4.1-2 shows the outline dimensions of a 2-channel multicoupler. Again the width
and depth remain the same but the height is 2.25 inches less.
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Figure 4.1-1. Outline Drawing, 2-Pole Bandpass Filter.
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I Figure 4.1-2. Outline Drawing, 2—Channel Multi coupitir (Alternate Design).
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4.2 A l)VANTAG ES AN t )  L) 1SADVAN ’FA(~~ 4

1’he toU owiug lists the UdV~U~tageS :Uui disadvantages ot the 2—pole design as coInl)ar ed —
to the Present :1—pole design. Fl
a. Advantages

1. Reduced Cost - Elimination of one helical resonator , variable capacitor , and
associated drive mechanism. Elimination of the 90-degree discriminator and
one of the fron t panel function switches. Reduction and simplificati on of
mechanical parts in the two remai ning capacitor drive assemblies by using
a single speed tuning mechanism.

2. Reduced Size - Overall height of the filter and multicouplers is reduced by - -

2.25 inches.
3. Reduced Weight - At least a 1-pound reduction in the weight of each filter.
4. Reduced Insertion Loss - A 0.35-d B reduction in insertion loss from present

value.
5. Simpler Tuning Procedure - Only two adjustments per filter , using only the

reflected power function.
6. Increased Reliability - Reduced parts count and simpler design.
7. Improved Knob Lock - One locking control for both tuning knobs , more positive

locking arrangement possible.
8. Au tomatic Tuning - The simpler design would be more easily adapted to fu ture

automatic tuning.

b. 0isadvantagcs

1. Increased Frequency Spacing - Frequency spacing of 10 percent for 40-dB
isolation between transceiver ports as compared to 5 percent for the present
design. The alternate design would provide at least 28 dB ~f isolation
between transceiver ports at 5-percent frequency spacing. Some tuning
interaction may be present between channels at 5-percent spacing because
of the reduced isolation.

2. Increased Tuning Knob Rotation - Slew function eliminated requiring more
knob rotations to change frequency . Overall tuning time remains about the
same since the additional knob rotation is offset by the fac t that only 2 knobs
require adjustment , and the phasing step has been eliminated.

4.3 SPECIFICATION CHANGES TO INCORPORATE ALTERNATE DESIGN

The following changes to Electronic Command Development Specifi cation DS-AF-
0169A(A), dated 21 June 1974 , would be required to incorporate the alternate design.

Paragr aph 3.3.4 should be changed to read as follows:

- - 3.3.4 Insertion Loss. The insertion loss shall be as low as possible with the
following maximum specification including effects of temperature. I t

3.3.4.1 Two-Channel ConfI guration: 1.40 dB

3.3.4.2 Five-Channel Configuration: 1.65 dB —

3.3.4.3 Ten-Channel Configuration: 2.15 dB

4—4 (-- ‘
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- - j . Paragraph 3.3.5 should be changed to read ;

3.3.5 Isolation . For frequency separations ol 10 percent or more , the multicoupler
-: shall provide at l&~ t~- 1 -l0— (l11 I sOlal it )fl lR:t~Veeii transceive r i flj )Ll I L~ r minal s.

~

- 
Paragraph 3.3.10 should be chan ged to read:

- 3.3.10 Size. An effort shall be made to produce a small size package , consistent
with the other requirements of this specification. The maximu m size shall be 125

- cubic inches per filter module , excluding knobs , switches , and mounting flanges.

L
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Section 5

Conclusion

r
Thi s i g r am has provided a firm basis for the (levclopment of a manual ly tune d

[ multicoup ler having UI) to 10 communication channels. ‘[‘he techniques developed for
combining the l)andpasS filters mto a nuilticoupler con liguration are well defi ned.
Operation at the specified rf power level (60 watt s per channel) has been achieved by

- 
~

- employing a newly developed gas filled variable tuning capacitor. IMD performance
r has been improved over equipment delivered on a prior contr act. However , a specifi-
t. cation change to reduce the IMD requirement on third order, intermod to 120 dB below

60 watts for signals separated by 5 percent or more is suggested.

- Two other minor problems found during environmental testing can easily be corrected.
No other specification changes are required except for IMD. -

I The basic design approach is sound. A bandpass filter design has been achieved that
can be used singly or combined to form multicouplers without requiring any change to the

- basic filter. The matching network and combining techniques developed provide good
performance , require no adjustment , and provide interaction free tuning of the bandpass
filters.

- 
. The alternate (leSigfl approaCh (IiSCUS SC(l in section -l looks very attractive from the

I - 
standpoint of reduced si i~e , we i gilt , C( P SE , and i u s e  ulion loss. JI also Olfers  greater
simp licity in i.egat.d to tuning . r eqtu ir in g lewer controls aJict less adiu stmcnts . This is
an important consideration in a manua l ly tuned e(JUip llIc flt . The transition from the

-
~ 

-~ present design to the alternate approach would involve essentially no risk since the
Li same techniques would be applicable. The only di sadvantage of the alternate design ,

of any consequence , is the reduced selectivity. If 10—percent channel spacing (40—dB
isolation between channels) can be tolerated instead of the pi~esent 5-percent spacing,

I -
~ there is little doubt that the alternate design should be selected.

-
_
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