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Abstract

In this research, we proposed the formula of mathematics that later will be used
for signal filtering purpose. Two formula of mathematics have been
calculated/designed carefully. Than, these filters is experimented to test the
performance for channel 10 (bandwidth 209 — 216 MHz). The results are shown that
these filters can be used efficiency protection signal interference of neighbor Channels
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j ARUW(Carrier) ANNET | A
y , AN 4 4
HouAIa o ( MHz) dyananm | doygnaudes ﬂju A
(Video:MHz) (Audio:MHz) () % of fm
(VHF low band) 2 54-60 52.25 59.75 207.5 10.5
Aomeruouars 3 60-66 61.25 65.75 187.5 9.5
4 66-72 67.25 71.75 171.5 8.7
5 76-82 77.25 81.75 149.5 7.6"
6 82-88 38.25 87.75 139 7.1
Fomoniouuu 7 174-180 175.25 179.75 66.73 339
(High band) 8 180-186 181.25 185.75 64.54 3.28
9 186-192 187.25 191.75 62.49 3.18
10 192-198 193.25 197.75 60.58 3.08
1 198-204 199.5 203.75 58.78 2.99
12| 204210 205.25 209.75 57.06 2.9
13 | 210-266 211.25 215.75 55.45 2.82
A13719% 2.3 MFAAIAIIVANSATITTUY CCIR 11 VHE
4 ﬂgu‘m (Carrier)
4 , ANwi - - -
UoUAND %84 Ty runv GETREIGIN
(MHz)
(Video:MHz) (Audio:MHz)
(VHF low band) 2 47-54 48.25 53.75
Aeworuavais 3 54-61 55.25 60.75
4 61-68 62.25 67.75
Femoruauuu 5 174-181 175.25 180.75
(High band) 6 181-188 182.25 187.75
7 188-195 188.25 194.75
8 195-202 196.25 201.75
9 202-209 203.25 208.75
10 209216 210.25 215.75
1 216-223 217.25 222.75
12 223230 224.25 229.75
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(MHz)
(Video:MHz) (Audio:MHz)
UHF 21 470 -477 471.25 476.75
22 478 — 485 479.25 484.75
23 486 — 493 487.25 492.75
24 494 - 501 495.25 500.75
25 502 - 509 503.25 508.75
26 510-517 511.25 516.75
27 518525 519.25 524.75
28 526 - 533 527.25 532.75
29 534 - 541 535.25 540.75
30 542 — 549 543.25 548.75
31 550557 551.25 556.75
32 558 — 565 559.25 564.75
33 56 -573 567.25 572.75
34 574 - 581 575.25 580.75
35 582589 583.25 588.75
36 590597 591.25 596.75
37 598 - 605 599.25 604.75
38 606 ~ 61} 607.25 612.75
39 614-621 615.25 620.75
40 622 - 629 623.25 628.75
41 630 - 637 631.25 636.75
42 638 - 645 639.25 644.75
43 646 — 654 647.25 652.75
44 654 ~ 661 655.25 660.75
45 662 — 669 663.25 668.75
&3 884 - 890 885.25 889.75
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S=£=1.25 inch

12
Q0 = 5604/ fo = 1.25(60)/212.5 =1093.30

_ 1600 1600

n=——-= > =481 rturn/inch
s f,  (1.25) x212.5

T =l =—1—=0.2O7 inch

n 4.81

81500 81500
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T SY Sox258 98

d=0.66x125=0.825 inches

1600 1600

£ = =6.02 turns/inch
fo(s) 212.5x1.25

=0.103 inch

H=16xS=16x125=2 imch
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;‘1."71 3.7 %@ Passive Filter @ 15‘%
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1.5 112
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anye1ved lalwa = 143/f (MHz) (4.22)
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o o 9 o ;‘
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anuenvedlasmeesd @n A~ 133/f = 133/2125= 0626 m
auuvedlasnmes @i 3 ~ 130/f = 130/212.5= 0.612 m
zazﬁwwm"lﬂiwmmz?LWﬂLﬂ@§ ~ 75/ = 75/212.5 = 0353 m
sypvrevedla nauas ladnineidai 1 ~40/f = 40/212.5=0.188 m
spzriaved las nme Ao Lagladnmesii ~38/f = 38/2125=0.179 m
sepzrivedlasnmoTdan sunzlaisnmeiaah 3 ~38/f = 38/2125= 0179 m
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3.5 nAaRIINAYAIUNA Oscillator, Modulation
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3.5.2 @ Output N%A Modulation 1@ 5.58 mV

ETT—"

i

5% 3.13 Output RF 11%@ Modulation

3.6 7MA RF Power Pre Amplifier 1an1a4veng Output 1 Watt

gﬂﬁ 3.14 RF Power Pre Amplifier 1 Watt
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Improved Design of a Helical Resonator Filter for
450-500 MHZ Band Land Mobile Communication

BANMALI RAWAT, seNIOR MEMBER, IEEE, AND REX E. MILLER

\bstract—The improved design procedure and experimental results Brass Serew

a practical helical resonator filter to be used at the output of a low
ver UHF land mobile transmitter are described. The adequate
enuation at more than three times the operating frequency of the
er has been achieved by the transmitter’s final matching network.

ﬂiﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂ

1. INTRODUCTION I

YOR ELECTRONIC filters operating at fr\equencies above T
50 MHz, it is very difficult to get high Q-factor with ®
wentional L — C components. But in the case of helical |
onator filters unloaded Q of 1000 or more is very common. _T
telical resonator is defined as a lumped model of a A\/4 do

ixial transmission line with one end open and the other end l/

Bross Shield

X

Tap

Coil Form

Metol Mounting

irted. The inner conductor or the helix is centered inside Surface

outer conductor or shield. The helix consists of several ,
as of wire with bottom end connected to the shield and the L_ 3 ————Nylon Seraw
end is normally kept open. The outer shield is made from
tghly conductive material like copper or silver and is in
indrical or square form. Fig. 1 shows a typical helical - Fig. 1. Helical resonator.
ynator with square cross section.
A multisection fiter shown in Fig. 2 can be formed by
ipling helical resonators and placing windows between the
tions. The coupling between the two sections depends on
size of the window. The tuning of the helical resonators
r the desired frequency range is accomplished by tuning
'ws inserted through metal top cover. The input and out-
to the filter are connected through tap, coupling loop or
be.

M

w

Tuning Screws

Shield Casting
Coil

Form

IMPROVED DESIGN PROCEDURE FOR A PRACTICAL
HELICAL RESONATOR FILTER Coax

(he detailed theory, analysis, and performance of helical Nylon Screws Bottom Plate

mator filters have been dealt with by several authors Fig. 2. Three-section helical resonator.

-[4]. The main purpose of this paper is to discuss the

ple and improved design techniques for a practical helical It is assumed that the transmitter final and driver is a

mator ﬁlte{ used at the output of a IC?W power UHF land- proad-band design with flat response over any 20 MHz seg-
vile transmitter. The unwanted spurious signals at £40 ens of its required operating frequency range. Thus for a .
z of the carrier frequency are to be attenuated at least by niform output over the entire 20 MHz bandwidth, a low

dB in addition to the attenuation provided by the driver ripple Butterworth filter response is required. Now the require-
matching networks. Further improvement required is the ments of the filter can be specified as

nuation of carrier frequency harmonics at least by 50 dB passband 450-500 MHz (tunable)
the insertion loss must be less than 0.5 dB. insertion loss 03dB
' 0.3 dB bandwidth 20 MHz
fanuscript received February 28, 1983; revised July §, 1983, 3 dB bandwidth 32 MHz
}. Rawat is with the Department of Electrical Engineering, Univer- 20 dB bandwidth 80 MHz
of North Dakota, Grand Forks, ND 58202, Telephone (701) 777- Z =2Z 500
). in out . . . .
3. E. Miller is with the Engineering Division, E. F. Johnson Co., The whole design procedure can be divided into the fol-
3ca, MN 56093. Telephone (507) 835-6247. lowing steps.

0018-9545/84/0200-0032801.00 © 1984 IEEE
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wber of Filter Sections n Required and Checking the
hape Factor

number of filter sections n, required to meet the
1 stopband performance is determined from the
'0.3 dB to 20 dB bandwidths and using the nomograph

20dBBW 80
———— =—=400.
0.3dBBW 20

= 4 the value of n = 3, i.e., a three-section filter must
to meet the required shape factor.

filter shape factor can be checked by using attenuation
iristics of the Butterworth filter [5] and the value of
8 bandwidth, i.e., 2.5 in this particular case. It is ob-
‘hat the stopband rejection of the filter is —24 dB at
[z of the center frequency. This meets the filter rejec-
uirement at +40 MHz.

ultimate attenuation and bandwidth can be approxi-
tom [5] for & = 10. It is found that the stopband
1is —60 dB at £160 MHz of the center frequency.

rmination of Proper- Unloaded Q Required to Maintain
*ified Filter Insertion Loss and Bandwidth

of all the loaded Q, i.e., Oy, of the filter is calculated

_Jo
3 dB BW

s 15.6 for this design example. Now the unloaded Q,
can be determined from given insertion loss using the

)= 20 log

U—1

2L

2 helical filter Qr; must be greater than 10Q; for less
1B insertion loss. If the generator and load impedances
ched to the characteristic impedance of the line, the
irocedure yields an approximate value for required
nore than two filter sections are used, the insertion loss
: multiplied by a correction factor. This correction
nd the value of U can be obtained from [5]. This
re is quite accurate for a filter with an insertion loss
i or greater. But the filter under discussion requires a
" U greater than 18, therefore a more precise method
equired. '

nsertion loss of a three-section filter is given as

2 2
0 log | ——+— +1
g[Qo2 Qo ]

0]

33

where

Qo=—"

g

To determine the required Qr, (1) is solved for Qg as
- L 1
—2% 4[4=8|1—log~! | —
00 = i 20
° L
2{1—=log~!{ —
20

for an insertion loss of 0.3 dB, Qp = 58.6 and the required
Qu = 914.1. Therefore the helical resonators are to be de-
signed for Oy = 914.1.

2

C. Calculations for Helical Dimensions

Now that.the unloaded Q is known, the helical resonator
dimensions can be determined as shown in Fig. 1.

Diameter of outer circular shield.

Width of the side of the square shield.

Minimum height of the square shield.

Length of the helix coil.

Diameter of the helix coil.

Helix coil pitch (turns/in).

Helix coil wire diameter.

Total number of helix coil turns.

Spacing between two consecutive tums of the helix
coil.

Characteristic impedance of the resonator.

Natural resonant {requency of the helical resonator
without tuning screws.

NzAsSATRUD

> &

Since all three sections of the filter are identical, the com-
plete design of only one section is required, and the other two
are made similar to it. Further the natural resonance frequency
should be slightly higher than the highest frequency to be
tuned without the tuning screw. ) .

The nomographs of [2], [5] can be used for determining
the approximate dimensions of the helical resonator. However,
for more accurate results the following empirical relations
should be used. '

0.2
1600
S: Q2U ’ N=_
60°(fo) fo(S)
1 1600
n=—=-—
T S,
7 _81,500 125
°T £S o
d=0.66S, b=S
1
dy =168, r=—
n
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* Oy = 914.1, fo = 500 MHz and outer square shield the
:ensions are obtained as

= 0.68in, N=4.7 turns, n=6.92 turns/in

Z29=1239.7Q, D=0.816in, d=0.4488in
H=0.68in, dy=0.072in or #13 wire

/= 1.088in, 7=0.144in.

« height () of the outer shield as calculated is the mini-

un value that must be maintained to avoid the effects of the
cover on helical tuning or on unloaded Q.

When designing a very low loss filter, it is important that
resonator dimensions are precise, otherwise the predicted
saded Q cannot be obtained and the desired filter perform-

i is not achieved. Therefore all the resonator dimensions

wld be checked for the following limits [6] :

1.0< b/d < 4.0

145 <d/D< 0.6
dy

40<—<06ath/d=1.5
T

< d/2.

s observed that all the dimensions calculated for this ex-
e fall well within the required limits.

Tapping In and Out of the Helical Filter

Chere are several methods of coupling the energy in and out
the filter but the most common method is the direct tap.
; produces more uniform results.

Che normalized Q, i.e., q¢ of the filter is obtamed from the
tion

(3 dB BW> 0
fo= U

fo
ch is 58.5 in this case.
“rom [5] it is observed that for a three-section filter, if
is greater than 20, it can be considered as infinite. There-
: the normalized Q of the first and the last section, g
gy can be obtained from the charts [5].
“or a three-section low loss filter g, = g = 1.0. Now the

bly loaded @ of the input and output resonators may be
ulated from

fo
41\ 3aBBW

Ry/Z, is given as

__1<_1__1)
o 4\Qs Qu

©)

[N

a=

~

4

where
0, doublyloaded Q
q; normalized @
R, load impedance

which should be divided equally between the generator and
the second resonator. The electrical angle with reference to
the voltage standing-wave minimum is calculated from the

relation
Ry (R
sing = —b (e &)
2Z4 \ Z,
where
Ri,p tapping point input or output impedance (50 )
- Zy 2.397 as calculated before.

The tap point in turns from the bottom of the helix is given as

up ©
a

P= 500

which is 0.344 turns in this example. The input and output
resonators are identical and are designed to operate into
50 2, so that both can be tapped at 0.344 turns.

III. SELECTION OF THE MATERIAL AND
FABRICATION OF THE FILTER

The selection of the proper material is very important in
helical resonator filters. Depending upon the helix wire size
and number of turns, some support to the helix coil is neces-
sary in order to prevent detuning when it is subjected to shock
or vibrations. Care should be taken that the form material has
a good dissipation factor at the given frequency so that the
variation in Q is the minimum possible. Further it is also
important that the form material be stable over temperature
variations, Fig. 3 shows a typical example of a helical resona-
tor being detuned due to variation in form material subjected
to various temperatures. The material used is TPX, which has
an excellent dissipation factor but still could not sustain the
temperature variations.

The following form materials are generally used for helical
resonators. Before using these materials it is necessary to check
their thermal expansion characteristics.

Polystyrene Noryl
Polypropylene TPX
Rexolite 1422  Teflon
Nylon Ceramic.

Taking the above factors into consideration, the material
selected for this filter example was Rexolite 1422 which has
good electrical and thermal characteristics.

The three-section helical shield was milled to exact dimen-
sions from a solid block of aluminum. A Rexolite rod was
milled to the proper diameter and a groove was cut in it at the
desired helix winding pitch to hold the coil in place. The coil
was then preformed on a piece of brass rod at a slightly smaller
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f"',x. I\ '\ 228°C
i l \ N —_——-3c
——tacnc
/ l\ \ 1 Materisl TPX )
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: /
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4 ’
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e
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) i
N
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\]
0o [ p—T 55 L] 50 e £~ a7

Detuning of the heljcal resonator with temperature variation.

420 0 0 430 450 % 480 490 50 50
L)

4. Three-section helical filter response (narrow scan width).

.er than required and the coil was threaded on the Rexo-
1

' bottom plate was made from steel and was silver-
with four holes per helical section required for mount-
s plate to the shield. Nylon screws were used to attach
lix coil form to the bottom plate and the lower end of
il was soldered to the plate. The holes were drilled and
| in the top of the shield for #10 brass tuning screws.
ng in and out of the filter was accomplished by solder-
: center conductor of 50 ohm coaxial line to the proper
m on the input and output helix coil. The coaxial line
; braids were soldered to the bottom plate.

s selection of the proper coupling window size is the
difficult part of the helical resonator design. The most
le procedure is to start with small windows and sweep
lter while increasing the window size until the desired
ng is obtained.

IV. EXPERIMENTAL RESULTS

' coupling was adjusted to the desired bandwidth and
sertion loss was measured as 0.4 dB including the loss of
nnectors. Figs. 4 and 5 show the response characteris-

=20

I
200 300 400 %00 3] TO0 00 00 1000
Fig. 5. Three-section helical filter response (wide scan width),

tics of the filter as

0.3 dB bandwidth 20.5 MHz

3 dB bandwidth 28.5 MHz

20 dB bandwidth 58 MHz
ultimate attenuation = 70dB
frequency range 448 10 515 MHz
insertion loss 0.4 dB.

It is observed that the filter meets the specified require-
ments as laid down in the beginning. Moreover 20 dB band-
width exceeds the specifications. Next, the filter was tested
for spurious outputs when connected to UHF transmitter and
was found to be satisfactory.

V.CONCLUSION

This design technique is simple and results in improved per-
formance of the filter. Though the helical resonator filter
offers less rejection at three times its operation frequency but
by using this technique the transmitter final matching net-
works provide adequate attenuation.
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Realization of a Filter with Helical Components™

A. I. ZVEREVt, SENIOR MEMBER, IRE, AND H. J. BLINCHIKOFI'{, MEMBER, IRE

wary—In the VHF range, high-quality narrow-band filters
asonable physical dimensions are extremely difficult to
Excessive pass-band insertion loss accompanies filters
1ig lumped constant elements, and unreasonable size is
«al consequence of coaxial-resonator filters. Harmonic
“liters are inadequate because of the unpredictable amount
»us modes above the harmonic frequency; and hence they
be used for very low percentage bandwidths. A solution to
re problems is provided by the use of helical resonators for
ulity filters.
paper describes the helical resonator, measurement of its
toupling to the resonator. A procedure for the design and
tion of a filter using helical circuits is then presented.
wn example is given illustrating the design method, and
shotographs of helical-resonator filters are shown,

I. INTRODUCTION

ds a well-established fact that in the VHF range
M-selectivity filters are extremely difficult to
Kize. High-quality, practical-sized Jumped elements
be successfully used at frequencies above approxi-
30 Me, and coaxial resonators in the VHF range
s large and cumbersome. Crystal filters, which are
ypular at the present time, cannot be used to solve
Jority of VHF filter problems because of limita-
un their realization. Let us recollect the known
ties of filtering in the above-mentioned frequency

dlters require a certain minimum value for the
factor of the resonator or lumped reactance.
ors in toroidal form are not generally used above
i because of distributed capacitance effect, and
d single-layer solenoids of reasonable size will
wovide a maximum @ of about 200. In order to
e the @ factor, the size of the coil must be increased
asonable proportions. Even when the coil is made
the @ is still relatively low and the space require-
will naturally not be satisfied. The Q factor of
resonators is usually very high, but in the VHF
their construction becomes bulky and unpropor-
y large in comparison with the size of present
resistors, capacitors, and other components of
a circuitry.
piezo-electric crystal resonator is the only com-
. which satisfies the electrical requirement of high
the physical requirement of small size. However,
present time, it is practically impossible to con-
crystals whose fundamental frequency is above

ceived by the PGCP, February 13, 1961; revised manuscript
I, April 21, 1961.

twork Synthesis, Electronics Div.,, Westinghouse Electric
3altimore, Md.

35 Me. Their internal physical dimensions become so
small that a good quality crystal cannot be produced.
Harmonic crystals are generally utilized at frequencies
above 30 Mec. The crystal itself is basically a very high-
quality device, but it inherently possesses several short-
comings which appreciably reduce the domain of its
utilization for filter construction. Crystals always have
an unpredictable amount of spurious modes above the
fundamental frequency (or any harmonic frequency),
and hence they can only be used for very low percentage
bandwidths (below 1 per cent). Any attempt to create
wide-band crystal filters meets unsurpassable difficulties
becuase of the necessity to include lossy spreading coils,
whieh reduce the obtainable bandwidth from its theoretical
maximum value. A crystal filter is basically 2 very narrow
bandpass element.

For a long time the practicing engineer has looked for
a new type of resonator which would provide a solution
to the seemingly unsolvable problem of filtering in the
VHE domain. The solution has come from an adjacent
side of electronics—antenna design. We refer to the coaxial
line with the helical inner conductor. Coaxial lines with
helical inner conductors are used in traveling-wave tubes,
as delay lines, high-Q resonators, high characteristic
impedance transmission lines, and in extending impedance-
matching techniques to frequencies as low as 300 ke.
As yet they have not been used in filters,

Results of extensive experimentation in the use of
helical resonators for high-quality filters in the VHF
range will be given here.

J1. HELICAL RESONATOR

Helical resonators of practical size and form factor,
and with high @ (greater than 1000) can be constructed.
for the VHT range. Basically they resemble a coaxial
quarter-wave resonator, except that the inner conductor
is in the form of a single-layer solenoid (also called a
helix). It is only natural to suspect that resonators of
this form can be extended to higher frequencies, when a
@ between several hundred and 1000 is sufficient.

The helical resonator consists of a single-layer solenoid
enclosed in a shield made from a highly conductive
material. The shield may have a circular or square cross
section, One lead of the helical winding is connected
directly to the shield and the other lead is open cireuited.

As an example of space saving and superior form factor,
consider a coaxial resonator at 54 Mc with an unloaded
Q of 550. The coaxial resonator would be 4.5 feet long
by 0.7 inches in diameter. The same quality helical reso-
nator would be 1.5 inches in diameter and 2 inches long.
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4sign,

. 1 shows a sketch of the resonator with circular

section. 1Vith these notations, the following set of
mions,' whi:h are well known to microwave specialists,

2 given:

= 0.025n° d*[1 ~ (d/D)*)uh/axial inch, o)

s the equivalent inductance of the resonator in uh
moer axial inch

is the mean diameter of the turns in inches
ms the insitle diameter of the shield in inches

@

% = tumns/inch,

s
’

+ the pitch of the winding in inches.
wpirically for air dielectric,

ﬂ@ puf/axial inch.

=

3)

T *
~2
17 e
: o_h
il
H do b

1
<———d———ﬂ

Fig. 1—Helical resonator.

equation is only valid for the following condition:

= 1.5, @)
e

s the axia! length of the coil in inches.

iese equations and all those below are accurate for
:esonator when it is realized between the following
8

V. W. Macelpine and R. Q. Schildknecht, “Coaxial resonators
he}:)]ical inner conductor,” Proc. IRE, vol. 47, pp. 2099-2105;
nber, 1959,

september

1.0 <b/d < 4.0
045 < d/D < 0.6
04 <dy/r <06 at b/d=15
05 <do/r <07 at b/d=4.0
T < d/2,
where
d, is the diameter of the conduétor in inches.

The axial length of the coil is approximately equivalent,
to a quarter wavelength. This actual length is much
shorter than the free-space length, which is given hy
the expression

A 4 -8
- = — X 107, 4
E 4o X @
where
¢ is the speed of light in free space
and

7o is the operating frequency in Me.
The actual length of the coil in inches can be expressed
by the following equation:

()

where
fo 1s the resonant frequency in Me.

This expression is based on theoretical considerations,
but a working equation can be formulated with the help
of the following expression:

2rRAD _ 1001)
orvVIC VIC

Because of fringing effect and self-capacitarnce of the
coil, the electrical length of the coil is approximately

6 per cent less than a quarter wavelength. The empirical
value of b will be reduced by 6 per cent and is .

_ 0.0 0935 _ 235 o
1 fo 1oV LC

The number of turns per inch is obtained oy substi-
tuting (1) and (3) into (5).

_ 1720 ,:logm (D/d)]"”
fo D*(b/d)(d/D)* L1 — (d/D)*

turns per inch.

wave velocity, o = fo\ = (6)

b

[y

;=n
8

The total number of turns N is given by

1720 log,, (D/d) ]
fo D(d/D) [1 — (d/]l))'-':l twns.  (9)

The characteristic impadance of the resonator is expressed
by

N =nb=



Zyerev and Blinchikoff: Realization of a Filler with Helical Components

i/og% 183nd{[1 — (/D] logio (D/d)}""* ohms.
(10)
%: 0.55 and g= 1.5,
N = lf?](-))O turns, (1D
Zy = 9?0% ohms. (12)

e shield is of square cross section, therfolloxving

a8 are applicable:

lb

length of one side of the square =

60SV'fe

1600
foS

1
.

1.

[\

1600

S,

81500

foS

0.66S for d/D = 0.55
S for b/d = 1.5

1.68.

(13)

14
(15)

(16)

(17)
(18)
(19)

! shows the nomogram constructed from formulas
3). This nomogram is to be used for helical
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resonators in shields of square cross section, the resonator
that physically lends itself best to filter design.

B. Quality Factor

As mentioned before, the helical resonator solves the
immediate problem of high-quality resonators in the
VHF range, the “no man’s land" where all conventional
resonators fail to meet the basic requirements for filter
applications. In a reasonable volume they provide a
tuned ecircuit whose @ is higher than a normal lumped
circuit. Possible causes of dissipation in the resonator
are losses in the conductor, the windings, the shleld and
the dielectrie.

The @ of the resonator—electrical or mechanical—is
defined by

Q= (energy stored)

(energy dissipated per cycle)

§ (energy stored)
’ (power dissipation)

(20)

The most important loss in coils is the copper loss, as
influenced by skin and proximity effect. There is also an
additional loss due to currents in the shield. The resistance
of the coil can be expressed as

B =TT do VF f
¢ 120004, ’
or,
R = 018083;3— n*r d/f Q/axial inch. (21)
An additional resistance due to the shield is given by
_ 9.3m0(d/2)* V1.724f |p, e 1/
R, = Db + /87 oy X 107" Q/axial inch.
(22)
The unloaded Q of a resonant line® is given by
Q= S5 (23)

2a

If R, and R, are assumed in series, the @ of the resonant -
line is expressed as

_2nfol
R, + R,

In this form, the dielectric losses are neglected. For a
resonator with a copper coil and copper shield, (21) and
(22) can be substituted into (24), and the final expression
for the unloaded @° is ,

Qu = 24

— oo (&/D) — (d/D)*
Q. = 2202 @Dy DV5, (25)
& 50 DV7,. (26)

2 “‘Reference Data for Radio Engineers,” ITT Corp., New York,
N. Y., 4th ed., p. 575; 1956.
37 bzd p- 60’
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ds simplified equation is accurate to =10 per cent
is derived with three practical limitations:

2 <o,

0.45 < D

by 10,
d

dy > 53,
e
; the skin depth,
opper conductors*

2.60 X 10~°
V't

10w how Important the volume of the resonator is,
', a8 a function of volume is

Q. = 50v/~vol VT,

é = inch. 27

) b
0.4-\D<0.6 and 1<d<3' (28)
. 3 illustrates how rapidly the unloaded Q decreases
functlon «f d/D and how important 1t is to keep

atio betwezn the specified limits.

easuremeni: of Resonator Q

» problem of finding the unloaded @ of the resonator
b easy. Many methods have been proposed, but
have been inconvenient or impractical. However,
nloaded @ can be estimated quite accurately from
aded @ and the insertion loss.’ This relation between

sertion loss and @ when generator and load imped-

are equal is

LDB = 20 IOgU—ZZ.l )

U Qun loaded (29)

lenlmum

ihis case, 12mia 15 the loaded @ determined from the
D Qmia = o/ (BW )34, Where (BW )4 is the measured
sandwidtt., When loop coupling is used into and
' the resonator the insertion loss, and hence Qu;q,
: a function of the coupling between loops and the
in the lcop circuits. It is desirable to use very
roupling ir. order that the effect of coupling between
may be noglected. Fig. 4 gives a plot of (29). The
on loss is measured by the substitution method

d., p. 129,
G. Fubini and E. A. Guillemin, “Minimum insertion loss
Proc. IRE, vol. 47, pp. 37-41; January, 1959.

® T T 1
50 / '\ fo* RESONANT FREC:.,MC

D = SHIELD L., INCHZS
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Fig. 3—Unloaded @ of the helical resonsator.
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Fig. 4—General curve for minimum insertion loss.

when all coaxial cables are as short as possible. The value
of unloaded @ is evaluated by multiplying the value of
Omin by the value of U, which corresponds to the raeasured
insertion loss. If the insertion loss of the rescnator is
greater than 25 db, the correction factor for the unloaded
QQ will be 1.05 or less. At this condition, Qmi Wil. only be
in error of Qunioaaea by 5 per cent and it is seli-evident
that Qunioaea could be caleulated from fo/ (BW) aqp.
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>hysical Construction of Resonator

) obtain the predicted unloaded @, several important
ts for construction of the resonator should be remem-
d. The coil form should be made of a low-loss material
. as teflon or polystyrene. If the dielectric material
ufficiently rigid, the coil form can be nothing more
+ o hollow cylinder. Helices using larger wire sizes
not require a winding form and can be self supported
:he connected end. Prewound air-core coils can also
sed. Tt is desirable to silver plate the surface of the
and the shield to increase the conductivity. The form
«e shield ean be eylindrical, rectangular, or any other
se, but for simplicity of caleulations only a shield
t a cireular or square cross section has been considered.
e should be no seam in the shield parallel to the coil
. The lower end of the coil should be carried over and
ered (or welded) to the shield as directly as possible.
1e coil end is run to the bottom cover of the shield,
cover must be solidly soldered to the shield in order
:duce the losses in the joints. The length of the shield
4 be extended beyond the coil on each side by approxi-
ely one quarter of the shield diameter. If the coil
+ carried to the bottom of the shield without having
clearance, the lower few turns would be ineffective
storage of energy but would still contribute loss. The
rance, at the top of the resonator, reduces capacitive
ing due to fringing.

te resonator can be open since the top and bottom
Id have little effect upon the frequency and Q. The
wnal field is minimized by use of the top and bottom
A8,

Toupling

very important problem is now considered—that of
’ling into and out of the helical resonators. Several
s to effectively couple to the helical resonator are loop
sling at the bottom of the coil, probe coupling at the
of the resonator, or aperture coupling in a manner
ogus to direct-coupled coaxial resonators.

loop for low-impedance coupling is usually placed
w the actual coil in a plane perpendicular to the
axis and only a small distance from the coil itself.
he case of a filter, it is only natural to suspect that
distance between the coupling loop and helix can be
| for adjustment of the standing wave ratio or echo
nuation.

or high-impedance coupling between input and out-
circuit and resonator, or between resonators, the
se is placed close to the upper part of the helix. In
manner no direct current eircuits are provided and
coupling is mostly capacitive. With small capacitors
he coupling elements between resonators, an appreci-
amount of coupling, which determines the bandwidth,
be obtained. Openings between the resonators can
be used for coupling. Openings at the upper part are
valent to capacitive coupling; that is, more attenua-
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tion is obtained on the lower side of the pass band than
on the upper. Openings in the lower part of the partitions
provide inductive coupling, and the filter will exhibit
more attenuation on the high side than on the low side.

III. FirTER wiTH HELICAL RESONATORS

To develop a filter, it is necessary to prescribe the
desired effective attenuation as a function of frequency.
In most instances, this requirement is simple. In the
pass band, the attenuation must be small, while in the
stop band, the attenuation must be greater than a given
value. Between these two bands lies the transition band
where the attenuation rises from a small to a large
value. The problem is to realize a transmission function
which satisfies the above attenuation requirements.

A filter with the above requirements can be realized
by two different kinds of responses: Butterworth and
Tchebycheff. The first type of response, which gives no
ripples in the pass band, may be considered as the limiting
case of the more general Tchebycheff response. With
the response, often called a maximally flat characteristic,
minimum attenuation in the pass band is obtained. A
Tchebycheff response is one with maximum slope in the
transition region between pass and stop band. The atten-
uation vs frequency is allowed to oscillate or ripple
between prescribed limits in the pass band. In general,
the bigger the ripples in the pass band, the steeper the
slope of attenuation in the transition region.

A. Determinalion of Q Factor

For a given set of specifications, the value of the un-
loaded @ must exceed a certain @.;, in order that the
filter be realizable. Fig. 5° shows the relationship between
the required guin(@mia = Cumia fo/Af) for a Butterworth
and three different Tchebycheff filters.

Ezample: A 7-pole filter (7 resonators) possessing a
Butterworth response requires a gm;» of 4.6. For a
Tchebycheff response with a 1-db ripple in the pass band,
Qmin = 21.9. If Q.n were equal to Qum;n, the insertion loss
would be infinite. It is self evident that the unloaded @
must exceed Quin. The values of g, have been tabulated
for both the Butterworth and Tchebycheff cases and the
theoretical performance of these filters is shown.’

For the above cases, assuming a 1 per cent bandwidth,
@ui« equals 460 for the Butterworth filter and 2190 for
the Tchebycheff. It must be remembered that if com-
ponents, whose unloaded Q is barely equal t0 Qnin, are
used, the response can be achieved, but an infinite mid-
band loss will result.

When the unloaded @ is greater than Q.,, the loss of
the filter does not primarily depend on the number of
sections, but is exclusively controlled by the ratio U,
given in (29). Once the minimum value of unloaded @
is obtained and the quality factor of available components

8 Ibid., p. 87.
7 “Reference Data for Radio Engineers,” op. cit., pp. 193-198.
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ermined, the loss in the filter is almost completely
d and varies very little with the shape of the filter,
imber of sections, the bandwidth, ete.

yini and ‘Juillemin® give a curve that shows the
wm insertion loss at midband of Butterworth
plotted as a function of the ratio U. The following
melusions ean be made.

For moderate losses, the curves are very close to
sach other,

Che curves for 1 and 2 section filters are exactly the
jame and are expressed by (29).

m the previous example of a 7-pole Butterworth
assume the available unloaded @ of each section
). The value of U can be computed as follows:

Qunl 3000 .
M = X8 = — = Z
T 0o 160 6.54.
(29) or Fig. 4,
6.54
=9 202 2 9 71 = 1.49
Lps = 20 log 5 5a 20 X 0.071 1.42 db.

mentionec. before, this equation is only valid for
2 sections. I'or the example with 7 resonators, a
ion factor must be used. Fig. 6 plots this correction
given by Tubini and Guillemin and shows that
ss is alweys greater as the number of section is
sed.

e the number of sections is 7, the correction factor
and the sctual insertion loss at midband will be

L'DB = 142 >< 1.27 = 1.8db.

a realizable Tchebycheff filter, qmi. is always higher
hat of a Butterworth filter and can be found from
. For the same unloaded @ and bandwidth, the
n loss of a Tehebycheff filter will be several times
than that of a Butterworth filter.
nple: If tae available unloaded Q is 5000 and the
e bandwiclth is 1 per cent, the insertion loss for a
>n Butterworth filter will be 0.48 dh. For a
veheff filter with 4 sections (3-db ripple) the expected
»n loss will be 2.3 db. If the @ factor is only 3000,
mer will result in 0.935-db loss and the latter will
, 4.3-db insertion loss. If the @ is 2000, the cor-
ding insertion losses will be 1.2 and 7 db, respec-
Tor more information concerning this subject,
literature.’

'er Construclion

weviously stated, the only reason for using helical
sors is to reduce the size of the filter and to provide
insertion .oss in the pass band. The design of a
‘or & Buiterworth and Tchebycheff response is

»ini and Gu llemin, op. cit., p. 38. .
oference Daa for Radio Engineers,” op. cit., pp. 187-235.
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straightforward, and the evaluation of their circuit ele-
ments is well known. More interesting, however, are the
equivalent schematic and the mechanical realization of
the filter.

Even after carefully calculating the number of turns
and all dimensions of the resonator, it is very possible
that the resonant frequency may be in error by as much
a3 10 per cent. This must be adjusted without any dis-
tortion to the other dimensions so that the predicted @
will be obtained. This adjustment is made by using a
brass screw at the top of the helix. In the equivalent
schematic, the screw, because it is connected to the ground,
has the effect of providing capacitive loading for the
helix. :



Zverev and Blinchikoff: Realization of a Filter with Helical Components 105

7 shows the equivalent schematic of a 2-cavity

Baen a lumped capacitance exists. Fig. 8 shows a
r filter based upon the same principle of a helical
or inside each cavity and magnetic coupling
1 them through the openings. Coupling in and
:he filter is provided by low-impedance loops.

pling Between Resonalors

coupling of helical resonators is considered the
omplicated problem of the filter design. However,
wblem is greatly simplified if the coupling is mostly
~ve. Fig. 9 shows a physical construction which
25 this. The shield is made of the same material
; of the ecan and is solidly connected to the sides
o of the can (spot welded, dip brazed, or soldered).
timension h determines the amount of coupling
w1 resonators, and a method will be given here for
ting it.

coupling is considered to be entirely inductive, a
wssumption for narrow-band filters (<8 per cent).
aeld will then be far enough down the coil so
ely most of the capacitive coupling is eliminated.
deulation of the coupling between coils with parallel
«as already been done, and with a slight modification
be applied to helical resonators. One of the primary
to be considered is S/d..Tor the dimensions in
19), 8/d = 1.52. TIig. 10 is based upon this value,
the actual ratio is much different (>15 per cent),
4" should be consulted. The quantities shown on
¥ will now be defined.

7, and d are given in (13) through (19).
om Fig. 9 is seen to be the distance from the bottom
the coil to the beginning of the shield.
the mutual inductance between coils. For small
sreentage bandwidth filters (<8 per cent), M can
» given quite accurately by the relationship

(B Wauw
fo '

the subscripts 1 and 2 refer to the first and second
tor, respectively. The mutual inductance between
id and 3rd coil is given by M. The normalized
ients of coupling can be found in the literature.’

i procedure for determining h is to first make an
ted guess. Calculate 2/d and enter Fig. 10 with this
Three curves are given for different values of N.
t be shown' that the coupling is a function of the
l,/d. By substitutions involving (14), (15), and (17),
1e condition that

My = ki X -IZ—' X (30)

. B. Dwight, “Electrical Coils and Conductors,” Mc¢Graw-
)9}( Co.,2 gnc., New York, N. Y., 1st ed., pp. 257-263; 1945.
nd., p. 261.
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Fig. 7—Equivalent schematic of a 2-cavity filter.
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Fig. 10—Mutual inductance between resonators as a function of
dimension h.
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1 be shown that the ratio do/d = 1/1.82N. It should
rted that the family of curves of Fig. 10 rapidly con-~
> with increasing N. A value of 1.5 MS/N%A® is
ned from the appropriate curve. Then calculate
18/N°h* using the value of h estimated. Unless the
12l guess was exactly correct, the above two value of
WS/N°h* will differ. The process is now to pick
er value of b until the correct one is determined.
iIs a raridly convergent procedure and should
ally require about three attempts. '

IV. InvusTrATIVE ExAMPLE

order to zomplete the design information of a 3-
ator filter, an example will be given. The purpose
+ example is to emphasize the fact that the develop-
of the typs of filter is a straightforward continuation
wular filter practice in the VHF and UHF domain.
« missing link between existing low-frequency filter
ce, extending from 0 to somewhere above 20 Mec
licrowave filters starting in the hundred megacycle

scifications

required filter is of the bandpass variety, centered
Mec with & 3-db bandwidth of 3 Me. 40-db attenua-
i required at 46 and 62 Mec. Insertion loss of the
must not exceed 1 db. The impedance must be
v50Q), ard the input and output must have a de
path. Reflective attenuation in the pass band has
greater than 13 db or the VSWR has to be no
¢ than 1.5 (see Fig. 13).

ientage bendwidth = 3/54 = 5.5 per cent.

ution:

ig. 11 shows the number of resonators necessary
T a Butterworth response. Entering with the fol-
wing information:

) Left side—

BWaoa,
BW; 4

_ 16 _
=3 = 5.33

) Right side—absolute value of rejection = 40 db

raight lire connecting these points indicates that
ry number of resonators is 2.8. Therefore 3 reso-
will be nsed. This network will be defined by a
‘der polynomial (3-pole network with no zeros).

ecessary value of unloaded Q.

The value of gui, for a Butterworth response is
2.0.” Then Quin = 2.0 X 54/3 = 36.

The rigd necessity to satisfy the requirement of
1.db insertion loss in the pass band at mid-
frequency yields the following design relation:
Ly times correction factor = 1 db (= Lg-K).

ference Dita for Radio Engineers,” op. cit., p. 194.
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Fig. 11—Number of resonators necessary for a Butterworth response.

From Tig. 6, the correction factor is seen to be
1.09. Lpp = 1/1.09 = 0.914 db.

From Fig. 4, U = 9.5 for Ly, = 0.514 db

Quat = U Quin = 9.5 X 36 = 342.

b) Fig. 12 shows an alternate method" ¢f finding
the unloaded Q. The only limitation upon this
nomogram is that the insertion loss per resonator
not exceed 3 db. Thus, for a filter wktose total
insertion loss must not be greater than 1 db, it
is obvious that this nomogram is applicable. For
this nomogram, Q.. is defined as Qioued =
fo/ BWaq,. For this example, the inseition loss
can be evaluated as follows:

With a straight edge connect 1 db on the right
scale and the point corresponding to 3 resonators.
This will intersect 0.053 on the left scale. Then

Qloaded — 0.053

Qunloaderl
54
Qunloaded = 3 X 0.053 = 3'.!:0.

It is seen that this value is very clos: to that
value calculated in part “‘a.”

3) Design of Resonator Dimensions.

a) To insure that the insertion loss remains below
1 db, the helical resonator will be desgned for
a @ of 500. From (13)—(19),

B R. D. Basars, “Nomograms for microwave filter design,”
Idicrowave J., vol. 3, pp. 59-62; August, 1960.
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= T b) An alternate method of determining the dimen-
+ T sions of the resonator makes use of the nomogram
T T3 of Fig. 2. Connect the center frequency, 54 Me,
Ios 1, on the f, scale, with the dimension 8 = 1.3
4 inches on the right-hand S scale. The line is
T 1, extended as shown to the Q and n scales. At
To | this point, the straight edge is turned horizontally
T 46 to the wire size scale. The following can be read:
T 1, H = 2.1 inches
Ts T Q=158
I N N 4 n = 17.5 turns/inch
-+ RESONATORS wire = #21.
I [ Next, connect f, with the left-hand S scale,
+ L, extend the line and read,
T.s 1 b = 8 = 1.3 inches
1 4 d = 0.84 inch
L W Z, = 1150 @
! LoaDEp INSERTION LOSS IN 0B N = 22 turns. X
UNLOADED These results compare very favorably with the
Fig. 12—Insertion loss of & Butterworth filter. caleulated dimensions. The nomogram can be
used for a rough design, as a check, or as a
method of determining if the resonator to be
@ 500 A . designed is physically realizable.
8= 607, 6—_—0@ 1.13 inches.

_ 4) Dimensions of Coupling Shield.

. Available space allows the use of a standard  The dimensions of two coupling shields will now
dimension can whose width is 1.3 inches. For be calculated. From Fig. 10, it is seen that the only
this value of § dimension unknown is .

Q = 60 X 1.3V, = 573. The normalized coefficients of coupling for a 3-reso-

nator equal-resistive terminated filter are
The necessary design quantities are obtained :
from (14)~(19) b1z = kay = 0.707.

1600 1600 From (1) the inductance of each coil is

N = ﬁ- = m = 22.8 turns < A
= 2 2 ol .
o 1600 _ 1600 _ NS L = 0.025(17.6)*(0.858) [1 (1.2 > 1_3) :I
T 8f  (1.3)° X 54 )
X 13 =74X0697 = 5.15uh.
81500 81500 '
Zy = = = 1160Q
18 54 X 1.3 Because the coefficients of coupling are equal
d = 0.668 = 0.66 X 1.3 = 0.858 inches

M,; = M,; and from (30),
b =8 = 1.3 inches :

- - 515, 3 _
H =168 =16 X 1.3 = 2.08 inches. Mz = Mz = 0.707 X =5 X 57 = 0.10Luh.
For dy/r = 0.5 From Fig. 10, it is necessary to calculate the quantities
. ] represented by the ordinate and abscissa
dy = 5~ = === = 0.0284 inches.
* 2 2X178 . LSMS _ 1.5 X 0101 X 10 X 13 _ 0379 X 10"
N°pE (22.8)°h* - B
This corresponds to #21 copper wire.
With an available @ of 575, the actual insertion h_ — 1165 b
loss of the filter will be lower. d  0.858 1 5 h. (b)
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e final ste> is, by successive approximations, find
we of k such that (a) and (b) are satisfied on Tig. 10.
lue of A =: 1.04 inches is found to be the correct
asion. Again, referring to Tig. 9, the length of the
i is found to be

38 — h = (1.3 X 1.3) — 1.04

= 1.69 — 1.04 = 0.65 inches.
msertion loss = 1.09 X Lpsg,
vhere U = 575/37 = 15.9

rom Fig. 4, Lpg = 0.6 db.
‘hus insertion loss = 1.09 X 0.6 = 0.654 db.

+ dimensions of the can are found as follows:

Lengtk = 35S = 3 X 1.3 = 3.9 inches
Width = S = 1.3 inches
Height = 1.68 = 2.08 inches.

Che final problem in the filter design is to satisfy
quirement for impedance. This is measured as echo
ation (ret'irn loss), VSWR or reflection coefficient
etermines the amount of mismateh between the
.nd the terminating impedances. Fig. 13 shows the
of return loss vs VSWR, where o, the standing
atio, is a function of the reflection coefficient p:

_1+,

-1t (a1

o

se frequer cies, the measurement of return losses is
to accomplish by means of the bridge method,
for the fact that the voltage source, voltmeter,
idge itself require resistors of very close tolerance.**
ssired impedance characteristics ean be obtained
usting the input- and output-coupling loops. The
of the filtar can be accomplished by use of a sweep
tor, and the response may be measured by the con-
hal generator-voltmeter method. Fig. 14 shows the
wuilt to the above specifications and the measured
se.

final remark about the construction of this type
r. It has been found’® that a dielectric inside the
s only a second-order effect while a dielectric
: the helix has a first-order effect when the parameter
rd/\) is considerably less than one. When
rd/\) is greater than 1, Z, depends only upon the
2\/d) and introducing dielectric material inside or
. of the helix has equal first-order effect. This

E. Lafferty, ‘‘Measuring return loss accurately,” Electronic
l. 19, pp. 7(-74; October, 1960

Sichak, “Cloaxial line with helical inner conductor,”’ Elec.
.., vol. 32, pp. 62-67; March, 1955.

;08 AN
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fundamental property of the helix can be used for tuning
purposes, or at least adjustment to a proper center
frequency. Iig. 15 shows the possible construction of a
3-resonator tunable filter. This particular filter was
cesigned for a center frequency from 400 to 150 Me,
while maintaining a constant bandwidth of 10 Mec. In
this case three synchronously moving plungers of low-
loss dielectric material were used to change the dielectric
constant of the mediumn inside of the helix. The same
effect could have been cbtained if a cylinder outside was
used, instead of a plunger inside the helix.

In Sichak,” an example is given of a resonator which
could be tuned from 50 to 3500 Mc (a range of 70/1),
but no indication of the @ variation was given. It is
also indicated, that with proper design, a tuning range of
100/1 is possible.

m <

[ n " o " i o2
VSWR

Fig. 13—Return loss vs VSWR.
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Fig, 16—TFilter with helical resonators for printed circuits.

10

40

fo = 353MC
BANDWIDTH = 3.6%

VOLUME 1S ~ 3 GUBIC INCHES

\

——

30.

28

20

. BW3 4y =12.8 Me/s
BWs0gp™ 40.5 Me/s

|

328

330

338

3

0 3es 380 388
FREQUENCY —%

T T T
8. 310 ars J0

Fig. 17—Response curve of a 5-resonator filter,

109

Fig 16 shows the construction of a helical resonator
filter which has a high input and output impedance while
still maintaining a de return path for the input and out-
put circuit. The assembly of the coupling coils enable
the filter to be very well suited for printed circuit appli-
cations.

Fig. 17 shows the measured response curve of a 5-
resonator filter. The total volume of this filter is only
three cubic inches and the equivalent @ of each resonator
is approximately 700. The smail size and low insertion
loss of this filter emphasize the advantage of using helical
resonators as filter elements.

Finally, I'ig. 18 shows the construction and response
curve of a 7-resonator filter whose center frequency is
30 Me. The coupling between resonators is provided by
metal shields, and the filter is tuned by a brass screw at
the top of each coil. I'ig. 19 shows the same filter completely
assembled. The brass screws are locked by the nuts to
insure that the center frequency does not shift.
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IRE TRANSACTIONS ON COMPONENT PARTS

V. ConcLusioN

ters with lhelical components simplify the filtering
em at frequencies where previously only lumped
ant elements and coaxial resonators were employed.
f these filtors solves the problems of excessive pass-
insertion loss, when lumped-constant elements are
and of urreasonably large size and weight, when
1} resonators are used.

Westinghouse FElectronics Division, the helical
rtor has proved to be a usable addition to conven-

components, such as solenoids, toroids, piezo-
ic crystals, coaxial resonators, and waveguides.
stant experimentation has proved that practical
juality passive filtering with an unlimited number
nators in the composite network can be accomplished
approximately 20 Mec to 2 Ge. At high frequencies

Sleptember

the size of the helical resonator filter is so small that
no available passive filter is able to compete with it.
This type of filter is a standard feature in oar VHF
and UHF receivers and transmitters and is a part of
the radar with antijamming features.

The military requires that electronic equipment pass
certain temperature, shock, and vibration tesis. After
the mechanical assembly of the input and output coupling
loops was slightly modified, the helical resonator filters
successfully met the military requirements.
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The $plit-Feedback Push-Pull Magnetic Amplifier*

I. M. HOROWITZ}, sENIOR MEMBER, IRE

wmary—This paper describes a high-gain phase-sensitive
tic amplifier which simultaneously possesses the high-gain
¥ of the sef-saturating (100 per cent positive feedback)
ers and the li nited circulating current property of the low-gain
sedback amplifiers. These features are obtained by using
¢k windings 1o obtain the self-saturating large-gain property.
er, the feedback windings are arranged so that the feedback
ive only whest load current flows and is zero when circulating
s flow. The circuit is analyzed and its various modes of
on are desc:ibed. The theory is verified with numerous
nental resulti:.

INTRODUCTION

HE split-f2edback push-pull magnetic amplifier is
a high-gain, phase-sensitive amplifier in which the
magnitude of the circulating currents is considerably
1an that in others of equal gain and power rating.
ating push-pull currents are an inherent property
ase-sensitive amplifiers for the following reason.
mplifier cizcuit consists of two meshes with the
ommon to -2ach mesh [Fig. 1(a)]. The nature of the
strained magnetic amplifier is such that current
in any mesh during a portion of the cycle only. It

iceived by the PGCP, March 17, 1961. All the experimental,
‘t of the theo:etical work described in this paper was done at
srowave Res. Inst., Polytechnic Inst. of Brooklyn, Brooklyn,
under the sponsorship of the Office of Naval Res., Contract
92(00).

ughes Res. Le.bs., Malibu, Calif.

is convenient to divide the half cycle of excitasion fre-
quency into the following regions [see Fig. 1(b)]:

1) From 0 to A; when neither mesh conducts and the
two mesh currents 4, = 4. = 0%

2) From A, to A, when only one mesh ec>nducts;
% = v/R,, %2 = 0 where v is the applied EMF per
mesh and B, = B 4 r is the sum of the load resist-
ance B common to both meshes and r is the other
resistance (winding, rectifier forward resistar ce, ete.)
in the mesh.

3) From 4, to = when both meshes (assumed iclentical)
conduct 50 2, = v/r = 2.

Load current ¢ = ¢; — %, flows only in region 2 frcm A, to
A,, while from 4, to m, very large currents, deperding on
the ratio of R, to r, flow around the outside lodp. The
magnetic amplifier must be designed on the bhasis of
the maximum dissipation in its windings. The circulating
currents are therefore often the limiting factor.

For the purpose of discussing circulating currents, it
is appropriate to distinguish between two emplifier
categories. One of these may be called the ‘‘eurrent
amplifier’ because the output current is (over the ampli-
fying range) some constant times the input current,
independent of the load or the excitation voltage:. There
is no circulating current problem here. The mesh currents
are held within bounds and although the ecir:ulating



32

AR

SR, VR2VIP XK —{EHEEHE CQ Shop B[
B R 1R A {8 Bandpass Filter, % 3 # {FI5k — (8 12
§ S RAR, E2DBMETHN R, REB LN

T AIRENRMBEENET S/ MBEED

L REmET -
FEEECHESEE

F—HREIEE R Ly
e B BTN R R R AR ERE RS
mHIRAE miE L (R RRE T3 EE D), ER

HELBES EA-RERFMEKE

PN
Y e
S0 = EATMBLR R RE, R, K ES
REMOEHERUMAE, H—SRBCRER
e BT HEREE,

bR 3 — /DB P 1) 35 (Duplexer) ?




[EH]
hi
A
S
HH
[eh]
>t
7

ERERE 2R, LIRIRERAIAEHEIR —L/NEY R duplexer BAB5EEL, EHE—H#
ZIMAREEEEEARZATRENES EF 5 —EEEMH—ERE
R —1{E FeedThrough BERIMEM . RERIH—MRARRRER, NFE
IEEMEERMGE Q EHERS  TE—S#—9E  RMETGH
FHEFIHERESE TE - BW BR, BRABRTAEHENE
T, 7EHEM VR2VIP R —E L MG T HME—ERET LR
CEERIAEE T

BREEHES BRMEEIRARERGZEE ML,
UTERMZHATEERAIHERET 1!

=+ At A B\ /LA
BtRex W88 MER RER S EIEE DOplexer 1

Ham RFEZZIIEREEEIL, RA[fEER Bandpass #1 Bandreject
HiRE 6 MHz %, EFAECERTLUARELENBFAT(—%),
A RHEME Markers St EEX LB EREMNEFE, Ham K9] click
ALEBHMRE. B/\BIZLL SRR RIERE R TN
Bandpass tE8E EE/\ A A& Markers stEH MRS, HE1t
RARBERRTFAR—EHANWER.

FEULIRH VR2VIP & H KK






Feed Through &2




{1} EacySpan for Windows
File Jrae Mudsrz Pefererce Limit Zoom Eslp

’ X+Y

1000.00

2 MHz 18 ms/div

g o O A A BRI 12

T T

Track Gen Mode Atten 1 RF Input  Scale g Marked
-38.0 LIVE 8 db ANT 19 dB 145.0008
Ref -38.95

L XSRS | TR RN | BT RSN |




{14 EacySpan for Windows

file Irce Maders Befernce Limit Zoom Hel

135-155MH Z 48 B3 15 18 iy 4 1]

2 145.00 30
MHz/Div MHz kHz Res 03/29/2003 14:07:01
Freq

| 15500 .
M1: 137.0000
ui-;ﬁmum

135.00

X+Y Communications Service Monitor  Antenna Giken BP3-1562
| Bandpass Filter s/n 3177

Level
-076.12
031 25

-D30 94

16¢ "'ﬂ 238 ms/tﬂv SOSWNHZ i

300 400 ~ 010 [51818]

1rack Gan
«300 LIVE @ db ANT
Ref

il l

wiBlg]

-

RBN 3 kHz

i
|

‘.‘N!':! : i.‘"" . A ‘H" l =
Ak At RF lnput  Scale  Marker
Moe e r 10 db 1450000




A1519SHULT IUIWIA YA RIONDIAS MW

Wwas SWG

Wurgudnang

A d v
WUNUUIAA

#ha Nadwns igesaanila AT A,

0000 0.4

000 0.372

00 0.334
0 0.324 8.23 106,500 54,186
1 0.3 7.62 90,000 46,451
2 0.276 7.06 77,176 39,847
3 0.252 6.4 66,370 32,768
4 0.232 5.89 52,630 27,753
5 0.212 5.38 41,740 23,155
6 0.192 4.88 33,100 18,215
7 0.176 4.46 30,976 15,913
8 0.16 4.06 26,250 13,026
9 0.144 3.66 20,766 10,716
10 0.128 3.24 16,510 8,398
11 0.166 2.94 13,090 6,914
12 0.104 2.642 10,816 5,548
13 0.092 2.336 8,234 4,305
14 0.08 2.03 6,530 3,296
15 0.072 1.828 5,178 2,673
16 0.064 1.625 4,107 2,112
17 0.056 1.422 3,257 1,617
18 0.048 1.249 2,048 1,188
19 0.04 1.061 1,642 0.83
20 0.036 0.914 1,288 0.67
21 0.032 0.812 1,022 0.53
22 0.028 0.711 810.10 0.40
23 0.024 0.61 624.40 0.30
24 0.022 0.553 509.50 0.25
25 0.2 0.506 404.00 0.21
26 0.018 0.457 320.40 0.17
27 0.916 0.406 254.10 0.13




mselfay Lﬁﬂﬂ‘ll%1ﬂ’llﬂﬁ?ﬂ?lﬂﬂblﬂ&1ﬂﬁ1

\wad SWG usheudnane Audtwida
% LB \edgandia M99 A8,
28| 0.0148 0.376 201.50 0.11
29 0.0136 0.345 184.90 0.10
30 0.012 0.304 159.80 0.07
31 0.011 0.29 126.70 0.07
32| 0.0102 0.274 116.20 0.06
33 0.01 0.254 100.50 0.05
34 0.009 0.228 81.00 0.04
35 0.008 0.203 79.10 0.03
36| 0.0076 0.193 20.15 0.03
37| 0.0068 0.172 39.75 0.02
38| 0.0061 0.155 31.52 0.02
39| 0.0052 0.132 25.00 0.01
40| '0.0048 0.121 0.00
41] 0.0044| - 0.111 19.80 0.01
42 0.004 0.1 15.72 0.01
43| 0.0036| 0.0914 12.47 0.01
44| 0.0032| 0.0812 9.89 - 0.01






