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understanding MECHANICAL FILTERS

Superior filtering and se-

lectivity is obtainable by

use of mechanical filters

S

Fig. 1—Conventional i.f. transformer.
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Fig.2—Typicalresponse curve For Fig. 1.

Fig.3—Coupling with third tuned circuit.
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Fig. 4—Typical response curve for Fig. 3.
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BTAINING adequate selectivi-
ty is an always-present prob-
lem in radio receiver design.

Most receivers get the neces-
sary selectivity by cascading a number
of if. stages. This method does not
result in ideal selectivity; it gives us
a rounded selectivity curve with broad
skirts. The ideal curve would have a
flat top and steep sides.

Special commercial receivers for
point-to-point communication sometimes

use crystal filters of the type used to.

a great extent in telephone work. These
are expensive and not suitable for use
in communications receivers for ordin-
ary use. A new answer to this problem

: is provided by mechanical filters which
| are becoming increasingly important
:.\ in radio communications. Several radio
‘s8ts manufactured for the Armed

Forces have mechanical filters. One
company markets such a filter for ama-
teur or experimental use and also sells
a communications receiver with this
filter installed.

By a mechanical filter we mean a
filter that employs mechanically coupled
mechanical resonators as distinguished
from one that employs mechanical res-
onators coupled electrically (as in the
case in crystal filters). This definition
becomes clearer as a mechanical filter
is better understood.

These filters make it possible to ob-
tain a lot of filtering in a small space
and to maintain the flat top and steep
sides so desirable in selectivity con-
siderations. These filters are stable
with respect to temperature and hu-
midity. Field maintenance is eliminated,
since—once a filter is manufactured—
no adjustment is either necessary or
possible.

By LESLIE L. BURNS, JR.

Principles of Operation

The basic idea behind mechanical
filters is very simple and can be easily
understood. Consider Fig. 1 which shows
a conventional i.f. transformer coup-
ling the plate of one i.f. amplifier to
the grid of the next i.f. amplifier. The
two tuned circuits are coupled by a
mutual inductance. The amount of this
mutual coupling determines the band-
width of this particular transformer.
Fig. 2 is a typical response curve for
this type of circuit. To obtain more
selectivity with this arrangement we
might put a third tuned circuit between
the two already shown, as illustrated
by Fig. 3. Fig. 4 illustrates the response
from this arrangement. Now we might
continue this procedure until we get a

" response approaching the ideal, which

would be a flat-topped curve with steep
sides.

These additional electrical circuits
would have losses due to the resistance
of the coils, and these losses would pre-
vent the selectivity curve from being
as steep as might be desired. Also the
problem of aligning additional circuits
during maintenance operations in the
field would be acute. However, these
interior electrical circuits can be re-
placed by permanently tuned mechani-
cal circuits. Fig. 5 shows an arrange-
ment similar to Fig. 3 wherein the mid-
dle electrical circuit has been replaced
by a single mechanical resonator. This
mechanical resonator is exactly equiv-
alent to the middle electrical circuit of
Fig. 8, with the additional feature of
being of very low loss..

Magnetostrictive conversion
The radio-frequency signals must be
converted to mechanical vibrations in

8+

Fig. 6—Multisection magnetostrictive rod filter,
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[ MECHANICAL FILTER

Flg. 7—8-clrcult mechanical ﬁlter designed for 455 ke ‘with bandwndth of 6 ke. Small necks couple cxrcults together.
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Fig.8—End circuit has narrow diameter.

an intermediate amplifier so that they
may be filtered by a mechanical filter,
This is done with the help of a phe-
nomenom known as magnetostriction.
When certain materials are placed in
a magnetic field they expand or con-
tract, depending on the nature of the
particular material. Nickel contracts
‘when placed in a magnetic field. Thus
a small rod of nickel becomes slightly
shorter when magnetized. Now if the
magnetic field is made to alternately in-
crease and decrease, the nickel rod will
alternately become shorter and longer.
If the frequency of the alternating
magnetic field coincides with the res-
onant frequency of the rod, the motion
will be relatively large. Efficient elec-
trical-to-mechanical conversion of en-
ergy is thus obtained.

Conversely, a rod of nickel that is
alternately expanding and contracting
generates a magnetic field that can pro-
duce a voltage in a coil surrounding
the rod. In both cases a permanent
magnetic field is supplied to prevent
double frequency operation.

With these two effects in mind it is
easy to see that the electrical energy
is converted to mechanical energy at
the filter input coil by magnetostric-
tion; at the output the reverse phe-
nomenon converts the mechanical en-
ergy back into electrical energy.

Instead of nickel, most mechanical
filters are made of an iron-and-nickel
alloy called Ni-span C, which is very
stable with respect to temperature.
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MODEL CRO-2

Proved by the
hundreds in use
by TV manufac-

turers’ and dealers’
technicians

Judging by ratio of sales to market potential, this laboratory grade 5.” oscil-
loscope is preferred by the great majority of television and electronic tech-
nicians. The specifications explain why such is the case.

Specifications

Vertical Amplifier — Push-pull ampli-
fiers provide flat response within 1.5 db
from 20 cycles thru 4.5 Mc.

Sensitivity Ranges—The sensitivity
ranges are .018, .18, 1.8, .25, 2.5, 25 RMS
volts-per-inch.

Horizontal Amplifier—Push-pull with
sensitivity of .55 RMS volts-per-inch.
Input Impedances-—Vertical 1.5 meg-
ohms shunted by 20 mmid. Direct to
plates, balanced 6 megohms shunted
by 11 mmid. Horizontal: 1.1 megchms.
Linear Sweep Oscillator—Saw tooth
wave 20 cycles to 50 Kc in 5 steps. 60
cycle sine wave also available as well
as provision for using external sweep.
Input Voltage Calibration—Provides a
standard voltage against which to
measure voltages of signal applied to
vertical input.

Vertical Polarity Reversal—For revers-
ing polarity of voltage being checked
or for choosing either positive or nega-
tive sync. voltages.

Return Trace Blanking—Electronic
blanking provides clear, sharp irace
to prevent confusion in waveform
analysis.

Synchronizing Input Control—to choose
among INTERNAL, EXTERNAL, 60
CYCLE, or 120 CYCLE poszitions.
Intensity Modulation—80 cycle internal
or external thru front panel binding
posts.

Accessory—Model CR-P Probe for de-
modulating RF and IF voltages.

Prices: Model CRO-2, Users’ Net $197.50
Model CR-P Probe, Users’ Net $9.95

See your electronics distributor for more information, or write

JACKSON ELECTRICAL INSTRUMENT CO. - DAYTON 2, OHIO

“Service Engineered’’ Test Equipment
IN CANADA: THE CANADIAN MARCONI CO.




The new cra
]

f new idea
for music lovers!

high fidelity home music system —$275

DID YOU KNOW that buried away in
your own phonograph records there's a
treasure of beautiful music you probably
have never beard? It's trtue! Today's High
Fidelity recording (and broadcasting)
techniques bring you music with a clariry
and tonal range never before possible
outside the concert hall.

To enjoy this full measure of realism,
you need an instrument capable of repro-
ducing all the music without distortion—
a High Fidelity home music system.

Now, in one package, the world's most
respected name in High Fidelity brings
you 2 complete system of perfectly matched
units—the Craftsmen ""ASSEMBLY.”

You get the performance-proved
Craftsmen FM-AM Tuner and Amplifier

... wwo new Craftsmen speakers coaxially
mounted and 3-speed record player with
dual sapphire magnertic pick-up . ... many
accessories, t0o.

The Craftsmen “'ASSEMBLY' is waiting
for your critical ear in the sound rooms
of a Radio Parts Supplier near you. Drop
in today for a demonstration of distinctly
becter listening.

Send for this booklet on High Fidelity
by DEEMS TAYLOR

Ask your Supplier for
a copy of this 24-page
booklet by Deems
Taylor—or write to vs,
enclosing 10¢ to cover
handling and mailing.

h‘gh fIdEth by Gra tsmeﬁmeans distinctly better listening

The Radio Craftsmen, Inc., Dept. C-10, 4401 N, Ravenswood Ave., Chicago 40, lllinois
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Fig. 9—Heavy slugs couple resonators.

By continuing the process of adding
more mechanical circuits we have the
arrangement shown in Fig. 6. Here we
have six mechanical circuits and two
electrical circuits for a total of eight
circuits. This arrangement will provide
a selectivity curve with a flat top and
steep sides suitable for most communi-
cations receivers designed for general
use.

The bandwidth of this type of ar-
rangement is determined by the relative
size of the mechanical resonators to the
small coupling necks. The small neck
corresponds to weak coupling and pro-
duces a narrow band, whereas a larger-
diameter neck produces a wider band.
To keep the functions of a mechanical
filter clearly in mind, imagine each
resonator—that is, each large portion
of the rod—to be a tuned cireuit, and
imagine each small neck portion to be
like a small amount of mutual coupling.
Fig. 7 is an enlarged photograph of an
8-circuit mechanical filter designed :i:'ori
455 ke with a bandwidth of 6 ke. The
small necks coupling the mechanica]i
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) HIGH-PAYING

interesting career in

/TELEVISION

starts here!

Complete, Easy-to-Learn

HOME STUDY
COURSE

with one of America's
LARGEST schools

There’s a place for
YOU in the tre-

SONTS ET% | mendous, billion-
‘iﬁ%wm. dollar Television,
guid YOUR | Radio & Elec-

oWN TV SET! | tronics

industry!

started with the
famous CRESCENT
SCHOOL course.
at home, in your spare
time. Illustrated, simpli-
fied lessons and kits to
practice on. No previous
training needed. Send for
FREE sample lesson . . .
make this day the day you
started on your way to a
brilliant profitable career!

APPROYED FOR KOREAN VETS

Also Day & Eve. Classes
Trained at Our School

.. CRESCENT
| SCHOOL

"One of the Largest
of its kind"

CRESCENT SCHOOL
500 Pacific Street, Bklyn. 17, N.Y.

_ Sirs: Rush your FREE sample lesson and full l
detalls about the CRESCENT SCHOOL Course—
at no obligation to me! I

O Home Study Course [1 Residential Course
NAME i l
ADDRESS
CITY. ZONE__STATE
L—--'---—---

L_

0000000000000 00000000000000
o SAVE MONEY! SAVE SERVICE CALLS!

o CHECK ALLTY, RADIO & PICTURE TUBES
o with this VISULITE TV TUBE CHECKER

NO TECHNICAL KNOWLEDGE REQUIRED
Sin\pli In:’tlrucﬁons Furnished

SAF CK—FOOLPROOF
Most radio set fallures are due to
i burned out tubes. Just plug tube
into socket provided and Neon Lamp
indicates this conditlon Iinstant-
ly. Operates on 110 Volt or
i DC. PERFORMS 21001 ELECTRI-
\ 'CAL CHECKS. Checks continuity
'\l of resistors, appliances, motors or
any Electrical device. Sturdlly
built for long 1life of trouble
shaooting. Test Leads included
—Nothing else to buy.

SOLD ON 10-DAY MO
) BACK GUARANTEE. Sec |
® at your distributor today.
° 5 It he can’t supply, order dl-
rect from factory. $3.95
‘Pjogrpald anywhere in  the

® VISULITECO.Dept.RE-10,423 Broome St.,N.Y.13,N.Y.
0000000000000 0000000000000

It’s so easy to get |

Learn
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A-SELECTIVITY WITHOUT FILTER; B-SELECTMTY WITH XTAL FILTER, C-WITH
MECHANICAL FILTER

Fig. 10—Selectivity of various filters.

circuits together can be easily seen,
The interior resonators of this filter are
actually 0.4 inch long.

Further design considerations
The resonant frequency of a mag-

netostrictive rod is determined by its

length. A rod of nickel about 1 inch

i

long will he resonant at 100 ke. The
relation is:
Length:\eloc“} of sound
frequency x 2
The velocity of sound is different in
different materials. In nickel it is
1.95 X 105 inches per second, while in
Ni-span C the velocity is 1.89 x 105
inches per second. Each of the resona-
tors in a mechanical filter is made
exactly this length or some multiple
of this length so that they all will be
resonant at the center frequency of the
pass-band. In some designs the interior
resonators are made just twice as long
as the end resonators, but they are still
resonant at the center of the pass-band.
Also, other forms than the rod-shaped
resonator can be used in mechanical
filters. Disc or spherical resonators can
be used. Each of these different shapes
has advantages that make it suitable
for certain frequencies and bandwidths.
The bandwidth of the simple rod-type
filter that has been illustrated is de-
termined by the relative size of the
coupling neck to the resonator. The
relation is:

bandwidth
center freq.

area of neck:
area of resonator

where the area is the cross-sectional
area of the neck or resonator.

i

Fig. 11—A top-side view of a typical mounting for a mechanical filter.
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Fig. 12—The drive coil and permanent magnet can be seen in this bottom view.
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"A" Battery Eliminators, DC-AC
Inverters, Auto Radio Vibrators

See youn Jolber o andle factory
Anerican Teevision ¢ Raoio Co.
Quality Products Since 19317
SAINT PAUL 1, MINNESOTA-U.S.A.
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Mechanical filters, like electrical fil-
ters, must be terminated for minimum
ripple in the pass-band. Termination of
a filter for minimum ripple is analogous
to terminating a television transmis-
sion line for minimum reflections in the
picture. Mechanical resistance in the
form of mechanical lossy material is
attached to the end resonators. (A me-
chanical lossy material might for ex-
ample be a small piece of rubber glued
to the end resonator.) Another method
of producing the required mechanical
resistance is to attach a long piece of
wire coated with some lossy material
to absorb the vibrations. With this
method it is easy to get exactly the
proper amount of mechanical resistance
since the diameter of the wire deter-
mines the amount of the losses. Fig. 8
shows the end portion of a mechanical
filter with a coiled lossy line attached.

Sometimes, when the bandwidth of
the filter is not too great, no mechanieal
resistance in the form of lossy material
is necessary, since all the resistance
needed to properly terminate the filter
is provided by the electrical circuit
coupled to the end resonator.

Another consideration in mechanical
filter design is that, to obtain the flat-
test pass-band response, the end res-
onators must contain half the energy
of the interior resonators. This is evi-
dent in Fig. 7 where it can be seen
that the end resonators are half as
long as the others and in Fig. 8 where
the end resonator has a smaller diam-
eter than the interior resonators.

The circuits of an electrical filter
can be coupled by either a mutual
capacitance or a mutual inductance.
This is true also of the mechanrical case.
One form of mechanical filter uses
heavy slugs to couple the resonators
instead of the small necks as has been
previously shown. Fig. 9 Hustrates
this type of filter. Here the small tubes
are the resonators, while the slugs
form the couplers. The slugs are about
0.2 inch long, while the interior res-
onators are about 0.6 inch long. Again
on this filter the half-energy end res-
onators can be seen clearly. A filter
of this type is fully equivalent to the

other form shown, and the choice be-
tween the two is purely a matter of the
ease of fabrication for the frequency
desired.

Applications

A typical seleetivity curve is illus-
trated in Fig. 10, which also shows
for comparison the curves obtained in
a high-quality communications receiver
with and without the crystal filter. The
crystal filter here referred to is the
type usually found in communications
receivers and is designed to provide a
single sharply peaked response and
not a flat-topped response such as is
provided by a mechanical filter or a
band-pass ecrystal filter employing
several crystals.

The electrical circuit diagram for a
mechanical filter is given by Fig. 6.
A typical mounting for a mechanical
filter is illustrated by Figs. 11 and 12
for a 100-ke filter with a 6-ke¢ band-
pass. The drive coil and permanent
magnet are evident in the underchassis
view. Filters ¥or higher frequencies
will have much smaller housings.

The application of mechanical filters
to high-quality receivers will increase
as improved designs and better fabri-
cation techniques are developed. It
seems unlikely that they will ever be
used in the cheap table-model broad-
cast receivers because the selectivity
of these receivers is now satisfactory.
However, the better-quality broadcast
receivers will use mechanical filters.
The big field for the application of
mechanical filters is in communications
receivers and in military equipment
where the stringent selectivity require-
ments cannot be met by any other type
of filter.

References

“Compact Electromechanical Filter,”” R. Adler.
Electronies, April, 1947, page 100. -
“Mechanical Filters for Radio Frequencies,” W.
van B. Roberts and L. L. Burns, Jr. RCA Review,
September, 1949, page 348. " )
“A Bandpass Mechanical Filter for 100 Ke,” Leslie
L. Burns, Jr. RCA Review, March, 1952, page 34‘;
“Mechanical Bandpass Filters for LF. Ranges,
Ben Roberts, QST, February, 1953.

“How to Use Mechanical LF. Filters”” M. L.
Doelz and J. C. Hathaway, Electronics, March,
1953, page 138. END

CIRCUIT-SYMBOL STAMPS

Here’s an unusually handy gadget for
the technician, engineer, or hobbyist
who isn’t an expert draftsman but who
wants to draw neat schematics. It's a
set of 12 1% x 1%-inch clear-plastic
blocks engraved with the basic compon-
ent symbols that make up practically
all electronic circuit diagrams. All you
have to do is ink them lightly on an
ordinary stamp pad and press them on
the paper to produce perfect tube dia-
grams, resistors, or other common cir-
cuit elements.

The set has five tube stamps, cover-
ing standard types from diode to pen-
tagrid converter; a fixed resistor and a
potentiometer; fixed and variable ca-
pacitors; a basic inductor stamp which
can be repeated and inverted as re-
quired for transformers or coupled cir-
cuits; a contact-rectifier symbol; and
a stamp for headphones. [This latter

one will probably get relatively little
use, and possibly the manufacturer
(Frecise Measurements Co.) should
substitute a more common symbol such
as a speaker, line plug, or a transistor.]

END
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BLAK-RAY SELF-FILTERING
ULTRA-VIOLET LAMP

BLAK-RAY 4-watt lamp, model X-4, complete
with U-V tube. This lamp gives long-wave ultra-
violet radiation having a wave-length of 3454
fo 4000 angstrom units. Some of the substances
made to fluoresce visibly when illuminated by
U-V light are certain woods, oils, minerals,
milkstone, cloth, paints, plastics, yarn, drugs,
crayons, etc. This lamp is self-filtering and
the invisible U-V rays are harmless to the
eyes and skin. Equipped with spectral-finish
atuminum reflector. Consumes only 4 watts and
can be plugged into any 10 volt 50-50 cycle
A.C. outlet, Will give 2000 to 3000 hours of
service. It weighs but 134 Ibs. Approved by
the Underwriters Laboratories and has a built-
in transformer so that it may be safely used
for long periods when necessary. Extra U.¥Y
tubes are available.

Shi t. 4 ths,
G o $14.75

POWERFUL ALL PURPOSE MOTOR

Sturdy shaded pole A.C. indue-
tion motor. 15 watts, 3000 rpm.
3"5’2"x|%"; 4 mounting studs;
%" shatt, 3/18” diameter: 110-
120 volts, 50-60. cycles. A.C.
only. When geared down, this
unit can operate an 18” turn-
table with a 200 Ib. dead
weight. Use it for fans, dis-
plays, timers and other pur-
poses. Ship wt. 2 \bs.

$2.45

ITEM NO. 147
UNUSUAL BUY

WATTHOUR METER
Leading makes—recon- —

ditioned. ideal for
draiter parks. 100-110
volts, &0 cycles, 2-wire
A.C.5 amp. Heavy met-
al case 83" x 6l/4” x 5”.
Easy to install. Ship.®

wt. 14 Ibs.
\TEM No. 33 g4 50
WESTERN ELECTRIC BREAST MIKE

NOW ONLY
Lightweight 1 1b. carbon micro-
= Phone. Aircraft type. Breastplate
mounting, adjustable 2-way
swivel. Easily fastened straps. For
home broadcasts, communica-
tions etc. Complete with 4 foot
cord, hard rubber plug. Shera-
dized plate, non-rusting finish.

Ship. wt. 2 lbs.
ITEM NO. | $2.25
BLACK LIGHT

. 152
NEW LOW PRICE
250-watt ultra-violet light

AMAZING
, source. Makes fluorescent

\\" [ g
BN \@D articles glow in the dark.

Fits any lamp socket, For
experimenting, entertaining,
unusual fighting effects.
Ship. wt. 2 |bs,

A SAVING Ar  $2.45

250 POWER TELESCOPE LENS KIT
M_ako your own high powered & ft. telescopel
Kit contains 2” diam., 75" focal length, ground

and polished objective

-2 lens and necessary eye
pieces. Magnifies 50x to
PY 250x.  Full ~ instructions.

Ship. wt, | Ib..

ITEM NO. 123 $2.95

YOU SAVE AT

HUDSON SPECIALTIES CO.

25 West Broadway, Dept. RE-10-53

New York 7, N. Y.

I am enclosing full remittance for ftems ci .

(Be sure to include shipping chargea,) clreled below

OR, my deposit of 8.,...... Ship b

MINIMUM €.0.D." ORDER " $5.gp,” "0 Palence €.0.D

€.0.D. ORDERS ACCEPTED ONLY WITH 200 POS)

INCLUDE SHIPPING CHARGES. 0% DEFOSIT

Circle Items Wanted
87 147 33 152 123 123
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LOOKING for the RIGHT
TV REPLACEMENT

vou'll find it in

TRANSFORMER?

N

STANCOR’S

NEW TV
REPLACEMENT
- GUIDE

Easier to use. .. lists replace-
ments by manufacturer’s model and
chassis number and also by original part number.

> 4
/

143
NI gy,

Up-to-date . . . over 5600 models and chassis are covered, including
virtually all sets built prior to 1953 as well as most 1953 models.

Yow'll save time and trouble when you use this valuable Stancor reference.
Get it now from your Stancor distributor, or write us directly for your free copy. .

lFIVE NEW STANCOR EXACT REPLACEMENT FLYBACKS

Many of these units are the
result of recommendations of
the Stancor Servicemen Ad-

visoryboard, P
top TV servicemen throughout
the country,

PLUS A-8126, Universal ver-
tical blocking-oscillator trans-
former for all
including 1953 models.

Stancor Exact Replacement No. of Models
Part No. For Using Flyback
d ofthe

A-8137 Hoffman #5035 29
A-8220 Philco $32-8555 24
A-8221 Philco §32-8565 18
A-8222 Philco #32-8533 & <32-8534 38

Philco sets, | A.8223 | Philco #32-8572 15

CHICAGO STANDARD TRANSFORMER CORPORATION

3592 ELSTON AVENUE -

CHICAGO 18, ILLINOIS®

EXPORT SALES—Roburn Agencies, Inc,, 3% Warren St., New York 7, N. 1.

N0 "W %# M@ FACTORY ASSEMBLED AND CALIBRATED:

NEW MODEL 940
VACUUM TUBE VOLTMETER

SPECIFICATIONS:

® 6-AC YOLT RANGES 0-3, 15, 30, 150, 300,
1500. (Frequency response from 25 to
100,000 cycles)

® 6-DC YOLT RANGES 0-3, 15, 30, 150, 300,
1500. (Up to 30,000 volts with accessory

probe)
® 5-RESISTANCE RANGES: |,000-10000-
ohms, |-Meag, 10 Megohm, 1,000 megohms,
(10 megohms center on 1,000 megohm

scale)
@ DECIBEL RANGES —24 to —1.5, —8 to
’—|5, —SHZ to 435, 4215 to 4445, +32

5

o +
The Model 940 comes complete with test leads
and operating instructions in a round cornered
bakelite case, Factory assembled & calibrated.
10 DAY MONEY BACK GUARANTEE
Write for FREE CATALOGUE

FEATURES

® Due to the high
inputresistance
of 1 meg-
ohms, the cir-
cuit under test
will not be load-
down.
All functions
and ranges are
electronics,
therefore no
danger of meter
being burned

29

ALL-MAIL SALES CO., Dept. RE-10

100 PARK PLACE, NEW YORK 7, N. Y.
L B 0 0 F s iR R 0 0 B
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