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Introduction

It is indeed gratifying to know that the subject of
radio interference which, at one time received but
passing reference, is now assuming great proportions.
Radio Interference, “Man-made static”’ is now not
only a national problem, but an international one.
At the second meeting of the International Technical
Consulting Committee on Radio Communication held
at Copenhagen last June and attended by representa-
tives of thirty-eight governments, a study of the ques-
tion of the reduction of radio interference which is
broadcast by elactrical apparatus was discussed. Out
of fourteen questions brought up at this meeting, three
pertained to Radio Interference. The administration
of Denmark has been requested to submit the results
of special studies which will be considered at the third
meeting to be held at Lisbon, Portugal in the very near
future. Considerable activity is on foot to get or-
ganized action on this problem, and there is no doubt
that at the great Madrid Conference next year, a
definite program of anti-static action will be discussed
by radio men from all parts of the world.

In the United States, a committee known as the
“Joint Co-ordination Committee on Radio Reception
of National Electric Light Association, National
Electrical Manufacturers Association and Radio Man-
ufacturers Association, has been appointed and has
been holding meetings regularly at both the National
Electric Light Association and National Electrical
Manufacturers Association quarters in New York.

Responsible electrical manufacturers realize the
problem and are earnestly adopting ways and means
to reduce the radio interference qualities of their re-
spective apparatus and equipment, thereby reducing
the noise level which must not be allowed to rise and
should be lowered to keep pace with the technical
improvement in broadcasting and reception.

The public, however, is still ignorant of the general
problem and can hardly connect a vacuum cleaner,
sewing machine and other similar electrical appliances
with radio interference. Proposed educational plans,
particularly the type of instructive talks broadcast
over Station KFI of Los Angeles, will do much to
inform the general public of the meaning of “Man-
made static.” Manufacturers of electrical apparatus
and electrical equipment without exception have
offered to co-operate and take steps to filterize their
respective equipment. Our Filterette Laboratories
are constantly receiving new equipment for Filterette
designing and we are confident that the time is not
far distant when the better type electrical manufactu-
rers will sell non-radio interfering electrical apparatus
— Filterized.

It is true that some forms of equipment are operating
in remote districts and manufacturers need not go to
the expense of filterizing such equipment as standard
production, but in such cases, if the manufacturer
will designate with the proper label whether the ap-
paratus will or will not create radio interference, the
purchaser can be guided in his choice of apparatus.

We have been checking interference and tabulating
our findings for many years. We continue to find
listeners suffering from needless interference, some of it
being created in their own homes. We have found
neighborhoods where the most friendly relations exist
and where it would be unthinkable to knowingly dis-
turb the peace of another neighbor, and yet, through
the operation of a sewing machine, a fan, a vacuum
sweeper or some other household appliance, the entire
community must discontinue the use of their receivers
until the appliance is turned off.

Such conditions have led to the passing of many
ordinances now on record. I personally am not in
favor of the ordinance idea, for the ordinance without
local organization will be of no avail. Education in
my opinion will be more practical.

It has been a much debated question in the minds
of the public utilities as to their share of the responsi-
bility regarding the general interference problem. It
has been said that the total revenue derived by the
utilities from Radio is in the neighborhood of
$135,000,000 to $150,000,000 per year. This is based
upon the average individual rate of about $9.00 per
year for current for radio. In addition to the direct
revenue, radio without question is responsible for
further increased lighting revenue. To estimate the
total revenue, it would be about $15.00 per year, per
consumer.

We believe that the Utilities have been very unfairly
criticized because of radio interference from electrical
appliances attached to the power line. This inter-
ference feeds back into the line and the layman, un-
familiar with the problem as he is, will, nine times out
of ten, criticize the Utilities. Power companies can
increase their revenue by further assisting in the elim-
ination of radio interference in so far as attempting to
locate a disturbance which is primarily out of their
control. We earnestly hope that Utilities will continue
their good work and instruct the buyers of electrical
apparatus and equipment regarding the ever present
possibility of apparatus creating radio disturbance
and that they will offer the public the opportunity of
purchasing equipment which can be guaranteed to
create no radio interference.

There still remains a possible 409, market for radio.
The public is becoming more familiar with various
improvements and the Utilities must contend with the
problem. They can further build into the good will
of the public, and money and effort applied to radio
interference work will become a profitable investment
for the local power company.

We are prepared to be of more service to the in-
dividual, dealer, jobber and appliance manufacturer
and the services of our Engineering Department are
available to all.

ﬁi%&,&w
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Radio Noises and

Their

What causes noises in radio sets?

How can I tell what causes the noises I am getting?
_s there any way to stop them?

Jow much would it cost to get rid of the noises?

Questions like these are on everyone’s lips today.
You will find the answer in the pages of this book.

). Every time I turn on my radio set I hear
noises, crackling, snapping, roaring or growling:
What causes this?

A. One of three things is to blame:
1. Natural Static.
2. Man-made static or Interference.
3. A broken or defective part in the set.

0. What is natural static?

A. Natural static is a series of electrical discharges
cansed by disturbances in the atmosphere such as
thrmderstorms, northern lights, heat lightning, dust
st >"ms, ete.

(. What is Man-made static or Interference?

£. “Man-made static”” or Interference is an elec-
tr ml disturbance caused by the operation of certain
types of electrical apparatus or appliances. Electrical
apraratus having a make and break contact (the
brnrhes and commutator of a motor, for example),
contains the essentials of a spark transmitter, such as
is used to send out wireless messages. Even a loose or
di~ty connection is sufficient to cause trouble. The
electric disturbances thus sent out may travel to the
se- through the air or along wires such as the wiring in
your house. Usually they reach
the set in both of these ways.

Q. What is meant by a
broken or defective part in
the set?

-
¥4

i

Fec. 1. Disgram sho:- A. A radio set is like a chain:
irgsimilarity of electric  break or weaken one of the
cxeuit to & spark tran- Jinks and the chain is only as
good as that link. One poor
tu>- in the most expensive set can and will completely
rur the tone quality of the set no matter what its cost.
A sdngle loose connection, a broken wire, or any de-
fective part is sufficient to drown out the program
cor pletely or even make the set absolutely silent.

[ g
.—’ o

2. How can I tell which of these three causes is
responsible for the noise in my own set?

A, If possible, listen to the same station on some
ne ghbor’s set which is as good as or better than your
owr. (If your set is better, it may get noises which

Cure

your neighbor’s set is not sensitive enough to receive.)
If your neighbor’s set is as good as or better than your
own, and it does not get the noises at all, it would be
well to have your set looked over by a competent
service man.

Q. How can I tell whether the noise [ am getting
is due to natural static?

A. You are most likely to get natural static when
electrical disturbances such as thunderstorms, heat
lightning or dust storms are in the air. If you get the
noise only on such occasions, while on fine days you
are not bothered, it is probably due to natural static.

Q. Why is it that I sometimes get a lot of noise
when I am listening to a station which is far off,
and do not notice it on nearby, or local stations?

A. The signal from a distant city must travel
hundreds of miles. During this journey various factors
operate to absorb its signal energy and strength and,
as a result, by the time it reaches your set, it is not so
strong as the local signal. There is always a certain
amount of electrical disturbance present in the air,
and this causes what is known as the noise-level. The
strong local signal is naturally much more powerful in
relation to the noise level than the weaker signal from
the distant station. We can hear the local station so
clearly that we can keep our volume control much
lower than we do when listening to the distant station.
This, of course, means that we are making the set less
sensitive, and so in this way it amplifies less signal and
less noise. But when we want to bring in the distant
station loud enough to listen comfortably, we have to
make the set so sensitive (by turning up the volume
control) in order to bring in this distant signal that it
brings in more noise at the same time. If you listen to
stations farther and farther away, the noise finally
becomes so great in proportion, that it drowns out the
program completely.

Q. How can I make sure whether my set is to
blame for the noises?

A. Shut off the set. Remove the antenna and ground
wires. Take a small piece of wire, or a nail, connect the
antenna and ground posts with it, and turn on the set
again. The antenna system has now been removed,
and any noises you hear are due either to radio inter-
ference coming in over the electric light lines or to a
defective part in your set. If it is a battery set, using
no eliminators, and you still get the noise, it is un-
doubtedly due to a defective part in the set. If it is an
electric set, the noise may be due either to interference
or to a defect in the set.
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Q. If my set is electric or uses eliminators how
can I tell whether the noise is due to interference
or to a defective part?

A. Having connected antenna and ground posts to-
gether, plug a good line filter (Tobe Filterette No.
110 P. L. is excellent for this purpose) into the wall
socket, and plug your set into the line filter. Now
turn on the set. If the noise has stopped, it was caused
by radio interference coming in over the power lines,
and the line filter is now keeping it from getting into
the set.

Q. If the line filter has not stopped the noise
with the antenna and ground systems discon-
nected, what is causing the noise?

A. If the line filter has not stopped the noise with
the antenna and ground systems disconnected, have
your set looked over for a defective part.

Q. If the line filter has stopped the noise should
it be left on the set permanently?

A. Yes, or the noises will be heard as before.

Q. How can I stop noises
caused by natural static?

A. There is no way to stop
noises caused by natural static.
It is important for the reader to
remember this.  There are
hundreds of devices on the
market which promise to get
rid of “Static,” but stop and
think: the biggest radio manu-
facturers in the world, the
companies who sell you your radio set, do not put
these devices on their sets when they sell them to you.
Why? Because they know that they cannot be de-
pended upon to work.

The first thing anyone thinks of when he hears about
static or interference for the first time is ‘‘something
to go on the radio set.” He doesn’t know that the
biggest companies in the world have been seeking for
years to find such a device. When it is found, if it ever
is found, you will read the news of it on the front page
of every newspaper in the country.

F1g. 2. Small motors
often cause radio inter-
ference.

Don’t waste your money trying “static’’ elimina-
tors. If you are really interested, study up on the
subject in the library, but save your money.

Q. How can I tell whether the noises I am get-
ting are due to man-made static?

A. If you have made the tests described above for
natural static, and for defective parts in your set, and
get the same noises as before, not just on stormy days
but every day or night, then the chances are that man-
made static is the cause of your trouble.

Q. What are some of the things that cause
man-made static and how are these recognized by
their sounds in the speaker?

A. Most types of radio interference have a char-
acteristic sound. Listen carefully to the noise you are
getting and see which of the following classes it comes
under. Opposite each class of noise is a list of the kinds
of electrical apparatus which are most likely to cause
such a noise. You can then go hunting for a similar
electrical apparatus somewhere in the neighborhood
of your radio set.

Whirring, Crackling, Buzzing, Humming,
Droning, Whining

Sounds like these generally indicate radio inter-
ference which is being caused by an electric motor.
Sometimes when the motor starts and stops, the sound
will start low and rise in pitch until the motor reaches
its full speed when the whine will remain at a certain
steady pitch, usually rather high. This is especially
true of commutator type motors. Repulsion starting
induction running motors may have a sputtering,
whirring, crackling, buzzing or humming sound. When
such sounds are heard hunt for one of the following:

Adding Machines
Automatic Towels
Barbers’ Clippers
Beauty Parlor Devices
Billing Machines

Cash Registers

Dental Engines
Dishwashers

Dough Mixers

Drink Mixers

Electric Addressing Machines

Electric Computators
Electric Elevators
Electric Refrigerators
Electric Vibrators
Fans

Farm Lighting Plants

Floor Polishers
Generators

Hair Dryers
Humidifiers

Massage Machines
Motor Brushes
Motor Generator Sets
Portable Electric Drills
Printing Presses
Sewing Machines
Shoe Dryers

Small Blowers
Telephone Magnetos
Toy Electric Trains
Vacuum Cleaners
Valve Grinders
Washing Machines

Whistles and Squeals

Sounds of this sort generally indicate radio inter-
ference which is being caused by oscillation. Often
the whistle or squeal starts high, dips to a low note
and mounts again to a high-pitched squeal which may
vanish entirely or remain at a steady, high-pitched
whistle. Heterodyning broadcast stations have a sort
of bubbling whistle, and can be recognized by the
fact that they usually occur at the same spot on the
dial. You can only write to the Radio Commission
about this: the listener himself is powerless to act.
Old-fashioned radio sets which tune by the “squeal”
of the wave, usually cause the squealing sound to be
heard by all radio sets in the vicinity. The addition of
a stage of radio-frequency amplification will stop this.
Or, if you are not familiar with radio, we can explain
it best by saying that if you add one more tube, you
will not only stop your neighbors from being disturbed
by the noise, but will make your set get many more
stations, and play them much louder than at present.
Look for:




RADIO NOISES AND THEIR CURE

Defective or incorrect value of filter condenser in
suoerheterodyne.

Grid and plate leads so paralleled that there is an
inductive pick-up between them.

Grid-leak too high.

Heterodyning broadcast stations — two stations of
almost the same wave length operating at the same
t.re so that the waves combine to form a “beat.”

{nductive pick-up of a loop.

[ntermediate stages of a superheterodyne in oscilla-
tien.

Regenerative sets improperly tuned.

3et picking up the squeal from a set in the neigh-
bo-hood.

BSome r. f. stages not neutralized.

Too much regeneration.

Rattles, Buzzes, Machine-Gun Fire

|| b Sounds of this sort generally
g indicate radio interference
Fa] | & which is being caused by tele-
Y~ phone dialing, buzzcrfl, or do(«i)r-
\ Arm T3 bells. It is not generally steady,
f,f,iiﬁa {J;nf,:‘%tcefx but stops and starts. Short
con flasher. rattling sounds like machine-
gun fire, varying slightly in

lenzth, indicate telephone dialing. Look for:

Annunciators Doorbells
Automobile Ignition Systems Elevator Controls
Buzzers Sewing Machines
Dental Laboratory Motors  Switchboards

Dial Telephones Vibrating Rectifiers

Violent Heavy Buzzing or Rushing Sound

Sounds of this sort generally indicate radio inter-
ference which is being caused by high-frequency ap-
paratus. Such noises will usually be heard over a large
arci, a whole town, even, and often are so loud that
they drown out the radio program completely. Look
for

Air Purifiers

Battery Chargers

Diathermy Machines

Doctors’ Apparatus

Dust Precipitators

Flour Bleaching Machinery
High-Frequency Apparatus
Insulation Testers in Cable Plants
Ozone Devices

Rotary Spark Gap of Transmitting Station
Steady Oil-burner Spark Ignition
Violet Ray

X-Ray

Crackling, Sputtering, Snapping, Short
Buzzes or Scraping
Sounds of this sort generally indicate radio inter-

ference which is being caused by one or more loose
connections. Sometimes the sounds are especially

noticeable when the room is jarred or shaken by
footsteps, street cars or traffic. Look for:

Bad connections

Burrs on plates of variable condensers

Corroded or loose connections in radio sets

Defective light-sockets

Elevator control

High tension lines

Loose connections in floor lamps, appliance cords,
broken heating elements, etc.

Power lines grounded on branches

Street cars

Trickle charger

Wet insulators

Clicking

Sounds of this sort generally indicate radio inter-
ference which is being caused by some sort of make-
and-break connection, such as a thermostat, especially
if it comes at fairly regular intervals. Look for:

Ovens

Percolators

Shaving Mug Heaters
Sign Flashers

Defective Resistors in Elim-
inator

Elevator Control

Flashing Signs

Heaters Soldering Irons
Heating Pads Telegraph Relays
Incubators Traffic gignals

Irons Typewriters, Electric

Mercury Arc Rectifiers

Heavy Violent Buzzing, Usually Short

Sounds of this sort generally
indicate radio interference which
is being caused by arcing across
a gap. This may occur as a short
noise or a steady one. Look for:

Arc Light

Automobile Ignition

Breaks in Third Rails

Electric Car Switches

Electric Cigar Lighters

Electric Elevators

Moving Picture Machines

Pole Changers (Telephone In-
terrupter)

Street Car Switches

Street Lights

Toy Electric Trains

Fic. 4.
DA used to sup-
press hum in dy-
namic speaker field.

Filterette

Steady Humming

Sounds of this sort generally indicate radio inter-
ference which is being caused by improperly filtered
alternating current. Such humming is often the fault
of your set or eliminator. Look for:

Dynamic speakers improperly filtered
Faulty construction of set or eliminator
Filter condenser blown or shorted
%}round on set poor

mproper wiring
Poor tubes
Wiring parallel with power line
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Improper Wiring Causes Interference

Q. How does building wiring affect radio
receivers?

A. The condition of wiring circuits in any building
has considerable bearing on the results obtained from
radio receiving equipment used in the building. Loose
connections in wiring circuits, partial or intermittent
grounds and high resistance, swinging short circuits
may cause serious interference.

Q. Why do wiring defects such as loose con-
nections cause interference?

A. There are two possible ways to consider the
effect of loose wiring connections. Considering the way
antenna systems are commonly installed, it is obvious
that building wiring is a part of the antenna system.
When a short indoor antenna is used, the energy re-
ceived by the receiver is the result not only of pick-up
by the short antenna, but of pick-up by all of the
building wiring and by every metallic object in the
building. The energy thus collected may be transferred
either inductively or capacitively to the short antenna
actually connected to the receiver. Thus the effect of
a much longer antenna is obtained.

If greater signal pick-up were the only result of this
coupling between the indoor antenna and the building
wiring, there could be little said except in its favor.
Unfortunately, the additional antenna system thus
coupled to the receiver contains many potential loose
connections conducive to noisy receiver operation.
Every light switch, dial telephone, or home appliance
containing a thermostat or commutator may cause a
break in the antenna circuit. To appreciate the effect
of such a break, it is necessary only to disconnect the
antenna from the receiver and attach it intermittently
to the antenna binding post. The resulting sound in the
speaker shows very clearly the effect of loose connec-
tions in the antenna system. It is, therefore, evident
when noisy reception is found and when the trouble
cannot be traced to any defect in the receiver, that
conditions within the building in which the receiver
is operated may be responsible to a considerable extent
for the noisy reception.

Q. What is the first step to be taken in locating
possible defects in building wiring?

A. The first step to be taken in assuring clear re-
ception is a careful inspection of all wiring and ap-
pliances in the building. This inspection should start
at the power service entrance to the building.

The points to be covered at the service entrance are
as follows:

1. Be sure that the service wires from the trans-
former to the building are not grounded to tree
branches.

2. Be sure the service conduit is grounded.

3. Be sure the building wiring is grounded in ac-
cordance with the National Electric Code, and
the regulations of the local power company.

4. Be sure the contacts of the service switch or
switches are sufficiently firm to prevent arcing.

. Be sure all fuses are firmly in place. This applies
to branch circuits as well as mains.

6. Be sure the construction of the fuses is such that
there is an uninterrupted flow of current through
them. Some fuses have been found in which the
connection between the link and the shell was
not firm, with the result that arcing, causing
radio interference, took place in the fuse.

7. Be sure that all wiring connections to branch
cut-outs and mains are firmly made.

8. Be sure all lamps are screwed firmly into their
sockets. Tap each lamp on the side to locate
possible loose connections within the lamp. If
such loose connections are found, the lamp
should be discarded.

9. Examine all attachment plugs of floor or desk
lamps and appliances, making sure that the
prongs make firm contact with the receptacles,
and that the terminal screws are holding the cord
conductors firmly.

10. Examine all lamp and appliance cords, making
sure that they are not worn excessively and that
there are no possible strands from one conductor
making a high resistance contact with the op-
posite conductor.

NOTE: It is particularly important that lamp
cords or other portable cords be maintained in
the best possible electrical and mechanical con-
dition as defects in such cords may create a
serious fire hazard as well as considerable radio
interference. Figure 5 shows a condition often
found when unapproved lamp cords have been
in use for long periods of time.

%]

When all of the building wiring and home appliances
have been inspected, and the necessary corrections
made, a material decrease in noise level is likely to

Fic. 5. Badly worn lamp cords are fire hazards as well as
sources of interference. Be sure lamps and appliances have
approved cords.
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result, the reason being that many of the possible
I>>se connections in the antenna system have been
elininated. .

Q. Besides the ‘loose antenna connection
effect” just described, what other form of inter-
f2rence may be created by defective building
wiring ?

A. The second way of looking at this local interfer-
eaee problem is by consideration of the two funda-
mental sources of radio interference. In the final
analysis, it may be shown that interference is the result
of an interruption to the flow of current along a con-
duetor, or to the discharge of potentials accumulated
on a conductor. These phenomena may occur in the
buiding in which the receiver is located and may thus
be coincident with, and indistinguishable from the
dis-urbance due to the loose antenna connections pre-
vidisly discussed. In other cases, however, they will
oce 1r in neighboring buildings or at such distance from
th= receiver that they cannot be considered as loose
amr »nna connections. Under these circumstances the
wey interference is distributed must be taken into
colsideration in deciding upon the best method of
obtaining relief from this interference.

Interference due either to the making or breaking of
an electrical circuit or to the discharge of a potential
fram one conductor to ground or to another conductor
me) be carried along any of the conductors in which
the effect takes place and may be
radiated from them. This radiated
interference may be transferred ei-
ther inductively or capacitively to
other wiring circuits and the inter-
ference may thus be spread over
a wide area. If any of the circuits
on which this interference is travel-
ing enter a building in which a
receiver having a short indoor an-
tenna is located, it is then evident
that the antenna system of the
receiver in addition to accumulating
broadcast energy, is earrying unde-
sired electrical disturbances which
are Lkely to interfere seriously with the reception of
the «esired signal.

(. How may interference traveling on, or
radiated from building wiring be overcome?

A When radiated interference is considered, the first
thought is usually to provide shielding for the appara-
tus thus confining the radiant energy as closely as
possible to its point of origin. While with some types
of interference this shielding is not only theoretically
advisable but is a practical necessity, it is obviously
impossible to shield all wiring on which interference
may be carried. Under these circumstances, it appears
to be necessary to locate the source of interference and
there to take such steps as may be necessary to prevent
the distribution of interference along wiring systems.

If the interference is due to the discharge of a po-
tentia. from one conductor to ground or to another

Fic &. Small fans,
empl ying series-
woumd motors, cause
mudh interference.
Large~ fans, using
indy 2 ion  motors,
seld ;1 cause inter-
ference.

conductor, there are two possible methods of overcom-
ing this interference, both of them involving the pre-
vention of the discharge. The first is by providing
suitable insulation between the two conductors, and
the second is by bonding them together. Two con-
crete examples of interference due to such a potential
discharge as has just been described are as follows:

A broadcast listener found that whenever a certain
hot water faucet was used radio reception was im-
possible. Examination disclosed the fact that a section
of armored cable in the wall containing the hot water
pipe feeding this faucet was not properly grounded.
This cable was so located with relation to the hot water
pipe that the slight vibration caused by the flow of
water caused an intermittent contact between cable
and pipe, allowing the discharge of a low potential from
the armor of the cable to the water pipe. Grounding
the cable sheath provided relief from the interference.

In another instance it was found that radio reception
was out of the question when an electric refrigerator
was being used. Examination of the refrigerator
showed that the motor and thermostat were in perfect
condition, so that interference should not have been
caused by this installation. In checking, it was found
that the interference continued after the refrigerator
had been entirely disconnected from the power line,
and that this interference was noticeable as long as the
compressor motor continued to rotate. Further ex-
amination of the refrigerator installation disclosed the
fact that although the armored cable connected to the
refrigerator was properly grounded, the refrigerator
frame was not grounded. The result was that as long
as the compressor motor rotated, the spring supports
on which the compressor assembly was mounted al-
lowed the mechanism to vibrate and make intermit-
tent contact with the sheath of the armored cable.
Bonding the cable to the compressor assembly removed
all trace of interference.

It is, therefore, obvious that if freedom from inter-
ference is to be obtained, all metal objects likely to
accumulate electrical charges should be grounded or
should be so installed that there is no possibility of a
potential discharge. Of the two methods, grounding is
preferred. The broadcast listener or radio dealer may,
by examination of the building in which the receiver is
located, make sure that the potential discharges
just described are not likely to occur.

Q. After defects in building wiring have been
located and removed, what further procedure is
required in the home?

A. There then remains the necessity for preventing
the distribution of interference caused by interruptions
to the flow of current along a conductor. This is ac-
complished by the application of suitable Filterettes
to the pieces of electrical apparatus in which these cur-
rent interruptions occur. The application of a properly
designed Filterette will not only prevent the distribu-
tion of interference along the wiring to which the ap-
pliance is connected, but will also reduce, to a great
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extent, the loose antenna connection effect of the ap-
pliance operation.

With the exception of the electric refrigerator and the
oil burner, a large majority of the household appliances
in common use are operated by series wound or uni-
versal motors. Among the household appliances
operated by this type of motor are the vacuum cleaner,
electric egg beater, humidifier, drink mixer, and fruit
juice extractor. By operating each of these appliances
while the radio receiver is in use, the effect of the dis-
turbance they create may be clearly observed. This
disturbance is generally due to the two effects already
described; the first that of a loose antenna connection,
and the second the generating of a radio frequency
impulse by the household appliance.

Since the radio frequency energy thus developed
may be radiated from all wiring to which the appliance
is connected, it is obvious that the Filterette which is
to prevent this disturbance from reaching the receiver
must be installed as close as possible to the point at
which the interference originates. In the case of a
series motor, the interruptions to current flow occur
at each brush. The Filterette must, therefore, be con-
nected as close as possible to the motor brushes. 1If the
Filterette is located at the end of a long attachment
cord, it is evident that a considerable length of lead
between interference source
and Filterette may allow
the radiation of much in-
terference. This might be
suppressed by shielding the
attachment cord, but since
this procedure would de-
crease the flexibility of the
attachment cord as well as
increasing its cost, it is not
to be recommended. A
more satisfactory result will
be obtained if the Fil-
terette is connected in the
attachment cord within a
few inches of the point
where this cord connects to
the motor. Many appli-
ances, particularly vacuum cleaners, are provided
with a separable connector at the point where the
attachment cord connects to the motor. This renders
the application of a Filterette a simple matter. Figure 7
shows the simplest possible Filterette correctly in-
stalled at the motor of a vacuum cleaner. In order to
prevent the interference from traveling beyond the
Filterette and being distributed along the building
wiring, a return connection is provided to allow the
return of the interference to the point at which it
originates. In effect, the use of a Filterette in connec-
tion with a household appliance provides a low im-
pedance path for the return of the radio frequency
current to the frame of the appliance, thus keeping
the interference out of the building wiring. The loose

FILTERETTH
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Fia. 7. Application of Filterette
Junior to a vacuum cleaner. Note
the return wire from the Filterette
binding post to the motor frame.

antenna connection effect is largely overcome by the
bypassing of high frequency currents by the Filterette.

By filterizing all of the electrical apparatus in the
home, and by following the procedure recommended
for the care of electric wiring and appliances, the
individual broadcast listener can not only be more
certain of satisfactory radio reception, but can effec-
tively reduce the noise level in his community. And if
the old saying about the beginning of charity is true,
the individual should take every possible precaution to
prevent the production of radio interference by wiring
defects in his own home, and to suppress such inter-
ference as may be due to the normal operation of
household appliances.

Statistics indicate that more than half of all inter-
ference arises in the home. It therefore behooves every
broadecast listener to clear interference from his own
home in order that appeals to others in behalf of
improved radio reception may be given the attention
they deserve.

Qil Burners

Q. What parts of an oil burner may cause radio
interference?

A. Interference may be caused by the pump or
blower motor, by the ignition system, or by a portion
of the temperature control apparatus.

Q. How may motor interference be traced?

A. The interference due to the motor is usually in the
form of a crackling or a siren-like whining noise, which
remains at a steady intensity during the entire period
that the oil burner is in operation. This type of inter-
ference is particularly likely to occur when the motor
is operated from direct current. If the motor is operated
from alternating current, the interference from the
motor should not be continuous.

Q. How does the heat control apparatus create
interference?

A. The only type of heat regulating apparatus
which consistently causes objectionable radio inter-
ference is that which employs a small motor. This is
usually of the series-wound type, and generally causes
an interference which is heard as a loud roaring noise,
usually lasting from 20 to 100 seconds.

Q. How may interference from this apparatus
be suppressed ?

A. A capacitive type Filterette such as Tobe Fil-
terette No. 11 is usually satisfactory for suppressing
the interference from this type of apparatus, although
in extreme cases, a Filterette of the inductive capacitive
type such as Tobe Filterette No. 110 is required. In

10
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e ther case the Filterette should be connected directly
at the power input to the motor, and its return lead
should be connected to a carefully cleaned part of the
¢ tor frame.

). Do thermostatic heat controls cause inter-
ference?

A. Sometimes. It may be that the contacts open
sbwly so that an arc is produced, causing interference.
Q. How may this interference be suppressed?

A. This condition may usually be overcome by an
acjustment of the apparatus. It is not advisable to
ccver up an inherently wrong condition such as this
by use of a Filterette.

Q. In what way is interference from electrical
igaition systems indicated?

A. This interference is usually heard as a loud roaring
naise, which may continue from 15 to 60 seconds, or
dur ng the entire period during which the oil burner
is 1 operation. The duration of the interference from
the ignition system will be dependent upon the type of
elec ric ignition employed.

). Must a separate Filterette be used for sup-
pressing the interference from each part of the
oil burner installation?

A No. A Single No. 110 Filterette so connected that
it s carrying the entire load of the oil burner should
sat factorily suppress the interference from all parts
of the burner. When a single Filterette is used, its
return wire should be connected to the frame of each
mo cr, and to the metal case of the ignition transformer.

(. Is a separate ground connection required
for = Filterette?

A. No. In fact it is not advisable to make such a
cona>ction. The loose wire provided in the Filterette
is co-rectly termed a return lead, and should be con-
nec«d to the frame of the interference-creating ap-
paratus at a point as close as possible to that at which
the interference is arising. In some cases it has been
four.d that the use of a separate ground connection or a

Fia. 8. Oil burner using grounded electrode type of electric
ignition. Note length of high tension cable “E”.

long return connection to the Filterette would cause
an apparent increase in interference.

One of the cardinal rules for successfully eliminating
radio interference is that which states that all leads
between the Filterette and the apparatus to which it is
being applied should be kept as short as possible and
the return connection to the Filterette should be run
in the most direct manner possible to a carefully cleaned
part of the frame of the interference-creating apparatus.

Q. How may the exact source of the interference
from an oil burner installation be determined?

A. Any of the parts of the burner may be operated
independently, and the amount of interference during
this independent operation may be observed. Care
should, of course, be taken that the fuel supply is shut
off before this experimental work is done, otherwise, a
dangerous situation may arise.

Q. If, after following the instructions given,
the interference still exists, what further steps
should be taken?

A. Particular care should be given the arrangement
of all leads between the Filterette and the oil burner in
order that there may be no coupling between input and
output leads or between input leads and the return
wire. Special attention should be given the manner in
which the return wire is connected to the frames of the
various devices in the burner. The leads from the
temperature control apparatus should be so arranged
that they do not couple with any of the leads which may
be carrying interference currents. When the tempera-
ture control relays are energized from a small step-down
transformer the primary of this transformer should be
connected at the line side of the Filterette. In extreme
cases it may be necessary to connect a capacitive type
Filterette across the thermostat leads. This condition,
however, rarely exists and should it be encountered,
full details should be sent to Tobe Deutschmann Cor-
poration of Canton, Mass.,, who will make special
recommendations.

Q. In practical Filterette installations, what
are the important differences between various
types of domestic oil burners?

A. The principles involved in the elimination of inter-
ference created by oil burners apply, with a few minor
variations, to all of the burners now on the market.
The following outline of the sources of interference in
any burner may be taken as a guide to the procedure
necessary for solving any oil burner interference
problems.

Interference from an oil burner may be due to the
operation of the blower, the temperature-control system,
or the ignition system. The amount of interference from
each of these sources will depend upon the construction
of the burner and the type of blower, temperature-
control, and ignition system used. The blower motor,
in most cases, creates interference only for a few seconds
or for a fraction of a second at the instant of starting.
The reason for this is that the motor commonly used
for operation of the blower is generally so constructed

11
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that the starting brushes lift clear of the commutator
as soon as the motor reaches its normal speed. Some
motors do not use a brush-lifting mechanism, but con-
tain a centrifugal switch which opens the brush circuit
as soon as normal running speed has been reached.

Fia. 9. A%plication of Filterette OB-110 to the oil burner

igure 8. BX must be used in the installation
of this Filterette.

shown in

Motors of this type are likely to cause interference
during their entire period of operation. In order to
prevent the feed-back of interference from the motor
into the power line, from which it may be radiated, a
Tobe Filterette No. 110 should be connected directly
in series with the input leads to the motor. If a direct
current motor is used, interference will probably be in
evidence whenever the motor is running. In this case
the same type of Filterette as is used for the A. C.
motor will be required. Care must be taken in the choice
of the Filterette used that its current-carrying capacity
is sufficient to handle the normal running current of
the motor.

The temperature-control system seldom creates inter-
ference other than a single click at the time of starting
or stopping the burner. Some burners, however, employ
a motor-driven temperature control which may cause
considerable interference. The motor used for the oper-
ation of this control is usually a small series-wound unit
of approximately 1/20 H. P. A Filterette No. 110 will
be required for suppressing the interference from this
motor. The connection most commonly used with this
type of installation places the Filterette in series with
the main feed line to the burner so that the current to
both blower and heat control motor will pass through
the Filterette.

Ignition System

Ignition systems may be broadly classified as gas
pilot or electric. Gas pilot ignition creates no interfer-
ence. Electric ignition may be further divided into

constant spark and intermittent spark, grounded elec--

trode and ungrounded electrode. As the principles
governing the elimination of interference caused by the

various types of electric ignition do not differ materially
the procedure outlined below may be followed in the
treatment of all cases of ignition interference. Ignition
interference presents a two-fold radiation problem,
since all wiring connected to the ignition system carries
interference. The first step to be taken in suppressing
this interference is the application of a suitable Filter-
ette to prevent its conductive impression on the power
line and thermostat wiring. A Filterette No. OB-110,
connected directly in series with the power input leads
to the transformer will accomplish this result.

To be effective Filterette OB-110 must be mounted
as close as possible to the ignition transformer. The
wiring which connects the Filterette to the transformer
must be carried in conduit or BX. The metal housing
of the Filterette must be bonded to the conduit or BX
sheath and also to the metal case of the ignition
transformer. To complete the Filterette installation
both return wires must be connected from the Filterette
to the same point on the transformer case. If a grounded
lug is provided, the Filterette return wires should be
soldered to this lug; otherwise, a lug should be soldered
to the end of each return wire and both lugs should be
fastened under one of the mounting screws of the
transformer. Before fastening the lugs in place, all of
the finish must be removed from the point on the trans-
former case at which contact is to be made. Be sure
to use a lock washer to prevent loosening of the contact.

Importance of Return Connection

At this point it should be clearly understood that the
question of circuit resistance has a decided bearing on
the treatment of filtering problems. The frequencies
which are responsible for radio interference have entirely
different characteristics from the frequencies (25-60
cycle) generally used for power transmission. Resist-
ance, so slight as to be negligible at power line frequen-

Fia. 10.
Filterette and shielding base
ing may be substituted for the metal plate shown at “P”.

oil burner with
late. Galvanized iron screen-

Installation of Sunflower t
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~is, cannot be tolerated in the return circuit of a
T lterette. Minimum contact resistance and length of
rcturn wire are, therefore, of extreme importance in
ozder that a satisfactory shunt path may be provided
icr the localizing of interference frequencies.

Satisfactory grounding of power eircuits does not
mean that disturbing impulses will be earried to ground
tkru this circuit. Grounding the return wire of a Filter-
ette does not constitute a satisfactory filtering circuit,
£s it is necessary to provide a path of low resistance
for the return of interference to its source.

Whatever interference remains after the Filterette
les been correctly installed will be due to radiation
frem the higher potential circuit, including the trans-
f>-mer terminals, firing points, and connecting leads.
As it is not advisable to connect filters in this circuit,
sh_elding must be used to confine the interference fields
to the immediate vicinity of the burner. The amount
arel type of shielding to be used will depend upon the
manner in which the ignition system is installed and
upon numerous local conditions which will vary with
evry installation.

Shielding of High Tension Wiring

[n order to be sure that no possibility of interference
radiation exists, the entire high potential side of the
igt ition system should be completely enclosed in metal.
Tre high tension leads are often carried partly within
the fuel tube so that some shielding is obtained. The
igrition leads not contained within the fuel tube or
within a metal Lousing should be carried in separate
flezible metal conduits extending from the transformer
tcrminals to the point at which the high tension leads
enter the tube. These conduits should be bonded
tceether and to the burner frame at several points and
st culd be so spaced from the transformer terminals and
high tension conductors that there is no possibility of
sperk discharge from the high potential system to the
stizlding. The spacing between the conductor and the

FILTERETTE A

Fic. 11. Filterette OB-110 applied to an Electrol Model

TJ oil burner. Removable mounting brackets are shown

at “A”.  Flexible metal conduit shielding high tension
cable is shown at “D”.

shield is best accomplished by the use of rubber tubing
placed over the high tension lead. The minimum size of
flexible conduit recommended for shielding is 34"’.

Some burners (Petro) employ a high tension ignition
cable having a metallic braid coverjng which is termi-
nated about two inches from the ignition transformer, at
one end, and the same distance from the point at
which the cable enters the fuel tube, at the other end.
This braid is of little value in preventing the radiation
of interference because of the length of unshielded cable
which remains. If satisfactory suppression of radiated
interference is to be obtained, this type of high tension
cable should be shielded exactly as described in the
preceding paragraph.

1AS USED MITH

<aiST

TWO TERMINAL >%

-

\__Jasvseomn

p——~"
] 7
| ‘ N\ : ONE TERMINA
] INAL
L 1GNITION TUBE % L-—'%mnusroﬂmn >
4 ( D) ¢ .@ GREEN ;/
=~ — GROUND
i
‘ —@ X % A R L MOTOR LEADS
PYRATHERM SRFETY § == LS =: > 284nNGcE SHOWN ARE
BOILER 1 ' CONNECT (@] CONNECTED
CSEiD AR Aot con TaOL S l‘ © @ng;gﬂﬂf Re r BLACK FOR 110V AC.
1200 RPM ANP 15 AMP. (%)) (2 3
FUSE FOR 1800 RPM Y| /. %. e 7
MOTORS HOT WIRE, [} | X e ©-KLEEN
— .n./.sss ! ® ::: 12405 For @ GERugeyLEADS FOR P A
NEE \ 110 VOLTS @ = 220 VOLTS
T @ A.C. BLAack A.C.

]

O A4,

\ CONNECT BOTH RETURN LEADS

TO TRANSFORMER CASE

Fig. 12. Wiring diagram showing the location of Filterette OB-110 in the electrical circuit of a Williams Qil-O-Matic Model
J or a Model JR burner, equipped with a Visaflame combustion or Mercoid Type M-1 Pyratherm stack safety.




RADIO NOISES AND THEIR CURE

In some cases it will be found that enough interference
may be radiated from the high potential terminals of
the ignition transformer to nullify the effect of the
Filterette and of the shielding applied. When such a
case is encountered, a metal housing completely enclos-
ing the high potential terminal and bonded to the trans-
former case and to the shielding of the high potential
leads will be required. When such a housing is employed
it must be spaced at least 114" from the high potential
terminals.

Occasionally, it will be found that the furnace wall
tends to act as a radiating surface for interference. It
is, therefore, advisable to bond the furnace wall to the
burner frame. The question of the use of a ground will
depend largely upon local conditions. If a good ground
is available close to the burner it may be advisable to
ground the entire installation. If the ground is located
at a considerable distance from the burner, grounding
may intensify the interference due to possible radiation
from the long ground lead used. When this condition
exists, it may be necessary to drive a ground beside the
the burner, if satisfactory interference elimination is to
be obtained.

In commercial practice, it has been found that in
most cases interference from A. C. operated burners is
due entirely to the ignition system and that the possibil-
ity of interference from blower motor or temperature
control equipment may be ignored.

Williams Qil-O-Matic Burner

The Williams Oil-O-Matic Burner shown in Figure
8, is an excellent example of a modern oil burner, the
interference from which is caused by the ignition system
only. In the case of this burner, the interference is fed
back into the power supply line and also into the leads
from the burner to the room thermostats and is radiated
from these lines. The use of Tobe Filterette No. OB-
110, connected in the wiring circuits, as shown in Figure
9, and Figure 12, effectively prevents the feedback of
interference to power line or thermostat wiring. There
then remains the possibility of direct radiation of inter-
ference from the high voltage side of the ignition system,
the high potential lead of which is shown at “E” in
Figure 8. If the burner were left as shown in this figure,
it would be necessary to shield the high tension lead and
transformer terminal as previously described. Fortun-
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Fia. 14. Wiring diagram showing the location of

Filterette OB-110 in the electrical circuit of a Super

Oil Heator. Filterette leads are color coded to ensure
proper continuity of circuit.

ately, however, the construction of this burner is such
that direct radiation of interference is prevented by a
metal housing. This housing, which is bended to the
burner frame, completely encloses all high tension leads
and provides adequate shielding to prevent direct
radiation of interference. Figure 9 shows the changes
to be made in the BX wiring of the burner when Fil-
terette No. OB-110 is connected at the power input to
the ignition transformer.

When the Filterette is installed in accordance with
these instructions, and when the metal housing is in
place, there should be no trace of interference from this
burner. If any interference remains after the procedure
recommended has been followed, one of two further pre-
cautions should be taken. The first is the bonding of
the neutral input lead of the ignition transZormer to the
burner frame. The other is the grounding of the entire
burner installation. If maximum satisfaction is to be
obtained, it will be necessary that this grcund be inde-
pendent of all building wiring and water systems.

Electrol Oil Burner

The Electrol Model TJ Oil Burner, shown
in Figure 11, is an excellent example of
a burner employing the ungrounded

i vooraes came  double electrode type of electric ignition.

SwouLd BE SHIELDED  Tn order to prevent the radiation of inter-

ference from the high potential leads of
the ignition system of this burner, the
leads should be carried in separate pieces
of flexible metal conduit not smaller than
34" in diameter. These conduits should
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t¢xtend from the transformer terminals to the point
<t which the leads enter the fuel tube. They should
lse bonded together at both ends and in the middle,
¢nd should also be bonded to the burner frame. In
¢pplying the shielding, care must be taken that the

“16. 15.
system. Transformer terminals “B” and high tension cables
‘A” must be shielded to prevent radiation of interference.

Oil burner using double electrode type ignition

spacing provided by the manufacturer between the
burner frame and all live portions of the high voltage
system is maintained. The location of this shielding
s shown at “D” in Figure 11. In order to prevent
tte feedback of interference into power lines and
tkermostat wiring, Filterette No. OB-110 should be
ccnnected directly in series with the power input
I>ads to the ignition transformer. The simplest method
of making this connection is shown in Figure 11, “A”
being the Filterette, and ‘B’ and “C”’ two short pieces
cf two-wire BX connected to knockouts in the bottom
cf the terminal block housing. The return wire from
th~ Filterette must be connected to a carefully cleaned
rart of the transformer case if the Filterette is to be
effective.

In the case of this burner it is essential that the
peatral lead of the ignition transformer primary be
comected to the burner frame. Before making this
es1nection a test should be made to determine whether
or not the neutral is grounded. If it proves to be un-
greunded, the connection previously described should
be made through a 1 microfarad condenser having a
Iv. C. working voltage of not less than 400 volts.

Super Oil Heator

The Super Oil Heator is representative of the third
tvpe of burner likely to be encountered. This burner,
shown in Figure 10, is wholly contained within the
fumace. The ignition system of this burner consists of
the high tension transformer; two stationary electrodes,
“1” and a rotating disc “S”’; the spark discharge occur-
rinz from either electrode to the disc. Since none of the
widng of this burner is carried outside the furnace, the
only shielding required is a metal plate, “P”’, covering
the entire bottom of the furnace, and bonded to the

furnace wall and burner frame. If it is difficult to install
a plate of sheet metal, galvanized iron screening may
be used. Tobe Filterette No. OB-110 connected directly
in series with the power input leads to the ignition
transformer, as shown in Figure 14, completes the inter-
ference elimination from this burner. The Gulf Qil
Burner also comes under this classification.

General Precautions

The burners described in this bulletin include all
types of oil burner construction likely to be encounter-
ed, and the service man should have no difficulty in solv-
ing any oil burner interference problem by comparing
the characteristics of the burner in question with those
of the burners described in this bulletin.

The important features to remember are the three
possible interference sources in an oil burner installa-
tion, and the fact that interference may be carried on
any part of the wiring circuit associated with the inter-
ference source. The most common source of interfer-
ence from an oil burner is the ignition system. This in-
terference may be suppressed by use of Filterette No.
110 at the power input leads to the ignition transformer
in conjunction with suitable shielding of the high
tension circuit. If, in addition to ignition interference,
motor interference is present, it will probably be neces-
sary to apply an additional Filterette to the motor.
This Filterette should also be of the inductive-capacitive
type and may be Tobe Filterette No. 110 or No. 221,
depending upon whether the motor is operating from a
110 volt or 220 volt line.

Electric Refrigerators

Q. Do electric refrigerators cause radio inter-
ference?

A. When A. C. operated electric refrigerators are in
perfect electrical and mechanical condition, they do not
cause radio interference except during a period of a few
seconds only when the motor is starting, that is, while
the motor is attaining its running speed. The motor
used with an electrie refrigerator is commonly the re-
pulsion-starting, induction-running type employing a
centrifugal switch which cuts out the starting me-
chanism when the motor has attained its normal speed.
However, when the motor has been in operation for
some time, it is likely to become a creator of radio inter-
ference. This condition may be remedied by a thorough
overhaulingofthemotor. How-
ever, due to the location of the
motor, it is exposed to dirt
and moisture and consequent-
ly, such overhauling would
have to be done frequently.
For this reason it is expedient
to apply an external device
for the elimination of radio
interference. Refrigerators op-
erated from direct current are
likely to cause continuous in-
terference.

ERETURN WIRE
TO FRAME OF MOTOR

Fig. 16. Tobe Filterette
Senior applied to an apart-
ment house refrigerator.
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Q. How may the interference from this type of
refrigerator be eliminated?

A. Provided the refrigerator is operated from a 110
volt line, Filterette No. 110, which is of the inductive-
capacitive type may be applied to suppress the radio
interference. If the refrigerator is operated from a
220 volt line, Filterette No. 221 is the correct type.

Before applying a Filterette, however, a careful
check should be made to determine the current and
voltage requirements of the machine in order that the
Filterette installed may not be overloaded.

Q. How should the Filterette be installed?

A. The Filterette should be mounted as close as
possible to the motor and its return wire should be
connected to a carefully cleaned part of the motor frame.

If the refrigerator is of the type which is connected
to the power supply by means of a cord and plug,
Filterette No. 110 P. O. may be used. If this is done,
the Filterette should be plugged into the receptacle
from which the refrigerator was supplied with power,
and the attachment plug of the refrigerator should be
inserted in the receptacle provided on the Filterette.
A wire should also
be run from the
binding post on
the Filterette to a
carefully cleaned
part of the motor
frame.

Care should be
taken that no coup-
ling exists between
the input and out-
put leads to the
Filterette and that
all leads between
the Filterette and
the interference-
creating apparatus
are kept as short
as possible.

Q. If interfer-
ence is in evi-
dence after the
Filterette has
been applied,
what stepsshould
be taken?

A. If, after the recommended Filterette has been
carefully installed, some interference exists, it is likely
that this interference is not being created by the motor.

Certain types of refrigerator employ a spring sus-
pension for the mounting of the motor. In some cases
a weakening of one or more of the springs will cause a
periodic contact between the motor frame and the re-
frigerator frame. The result of this contact will be a
fairly steady interference, which may appear to be
caused by the motor, due to the fact that it is notice-
able only when the motor is in operation. This inter-
ference, of course, may not be suppressed by use of a
Filterette but will require mechanieal adjustment of
the apparatus.

R e Sell

F1a. 17. Application of Tobe Filterette
No. 110 to a commercial refrigerator
unit.

To overcome this interference the two parts of the
installation which are making intermittent contact
should be bonded together so that they will be kept
at the same radio-frequency potential at all times.

Home Appliances

Q. What apparatus in the home besides the oil
burner and refrigerator may be responsible for
radio interference?

A. The dial telephone, vacuum cleaner, sewing
machine, dish washer or clothes washer, electric mixer
or beater, fruit-juice extractor, hair dryer, heating
pad, small fam and all appliances employing small
motors are likely to create considerable radio inter-
ference.

Q. How may the interference from this ap-
paratus be suppressed?

A. In practically all cases a Filterette Junior con-
nected at the power receptacle from which the device
is supplied with current, and having its return con-
nection made to the frame of the apparatus, will pro-
vide complete elimination of the interference.

Q. If, after the application of the Filterette
Junior, some interference remains, what pro-
cedure should be followed?

A. The Filterette should be installed so that the con-
necting lead between the Filterette binding post and
the frame of the machine is not over six inches in
length. This, of course, may be done experimentally
by coiling the attachment cord of the machine into the
smallest possible space.

If this procedure is found
effective, the cord should then
be cut close to the motor and
the Filterette inserted in the
cord. If it is desirable to avoid
cutting the cord, Filterette JA
may be mounted on the frame
of the appliance. The applica-
tion of Filterette JA to a small
mixer is shown in Figure 20.
If the interference persists, a
Filterette of the inductive-capacitive type will be re-
quired. The Filterette Senior is the correct type for
this purpose.

For most household apparatus a Filterette Senior

Fic. 18. Filterette
Junior applied to a
sewing machine.

FILTERETTE
JUNIOR

Fic. 19. Filterette Junior applied to an
electric egg beater.
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cernected in the same manner as the Filterette Junior
w1l handle the most stubborn case of interference.

O. What will govern the choice of a Filterette
fcr application to household appliances?

A. As a rule, the smaller household appliances em-
pbying series-wound or universal motors may be
ef’ectively silenced by means of the Filterette Junior.
Lerger appliances, employing repulsion-induction mo-
tors, will require the use of inductive-capacitive type
Filterettes. In many cases the Filterette Senior will be
suitable for application to these devices. However,
befere applying this Filterette, careful note should be
made of the voltage and current requirements of the
apparatus for which the Filterette is required, in order
tha. a Filterette having sufficient current carrying
canacity may be used.

J. Why not apply a Filterette to the receiver
ra~her than to each of the appliances in the house?

A. Although
the mterference
from household
appliances is
fed back into
the -ower line,
it i seldom im-
pressed on the
receiver through
its connection
to power line.
Th:'s may be
provad by dis-
cormecting the
an-enna and
grcund from

thc receiver
anc short-eir- i, 20. Filterette JA mounted on the
cuiting the handle of a small mixer.

ant¢nna and
grouad posts of the set.

V7 ien this is done, no signal, either broadcast or
inter‘erence, should be heard. This indicates that the
"l interference is being introduced
pr——A into the receiver through the
antenna and ground system
rather than through the power
supply. It is, therefore, ob-

' vious that the interference
/ must be prevented from being
‘ | fed back into the power line

! A from which it may be radiated

L/ to the antenna system of the

receiver. In cases where radio
interference enters the receiving
set through the outside antenna
} and the interference source can-
Y/, not be located the use of Tobe
>./ Filterette No. 110 P. L. in con-
~ junction with a shielded lead-in
frequently provides a consider-
akle reduction in interference.
Full details are contained on
pages 54-56.

Fie. 21. Filterette

Jur_ or inserted in the

attzchment cord of a
szeuum cleaner.

Hair Dryers

Q. How may the interference created by an
electric hair dryer be identified?

A. A heavy rushing sound of varying piteh and in-
tensity usually indicates that an electric hair dryer is
being operated.

Q. What causes the variation in the sound of
the interference?

A. This change is due to the operation of the motor
at different speeds and changing loads.

Q. How is the interfer-
ence from a hair dryer
distributed?

A. This interference, which
is due to the operation of the
blower motor, is fed back into
the building wiring, and is al-
so impressed on the heating
element and heater wiring
from which it is radiated.

Q. How may the inter-
ference be suppressed?

A. In the case of a small

Small hair
dryer filterized by Fil-
terette Junior.
portable dryer such as may be used in the home, a
Filterette Senior connected in series with the attach-
ment cord of the dryer and located as close as possible
to the dryer should provide satisfactory reduction of

Fig. 22.

interference. In the case of larger dryers, such as are
used in beauty parlors, it is necessary to use a special
type Filterette. .

Q. How is this Filterette installed?

A. This Filterette is mounted within the base of
the dryer and is connected in the electrical circuit as
shown in Figure 23. The construction of this Filterette
is such that it prevents the feed back of interference
from the motor to the power line as well as to the heating
element and heater wire. Due to the peculiar intensity
of the interference created by a hair dryer, it is neces-
sary to use an inductive-capacitive type Filterette. If
this Filterette were installed in the main line to the

TO0 MOTOR

SPEED CONTROL
AND
HEATER SWITCH

~T0 MoTOR
_T0 FRAME

—(p

FILTERETTE

Fic. 23. Application of Filterette S-2 to a
variable speed hair dryer.
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dryer, it would be required to handle the heavy current
drawn by the heating element. Filterette S-2 shown
in Figure 23 is so installed that it handles only the
current to the motor, thus making it possible to obtain
effective filtering in the limited space available.

Barbers’ Clippers

Q. How may interference from barbers’ clip-
pers be suppressed?

A. In practically all cases a Filterette Junior installed
as close as possible to the motor which operates the
clipper will provide satisfactory elimination of the in-
terference. In some cases, however, a Filterette of the
inductive-capacitive type, such as the Filterette Senior
is required. This Filterette should be installed in the
same manner as the Filterette Junior.

Q. What governs
the choice of the
Filterette?

A. There is no hard
and fast rule by which
you may determine
whether to use the
Filterette Junior or
Filterette Senior. In
general, however, it
may be said that if
any sparking is visible
when the clipper is in operation, a Filterette Senior will
be required for suppressing the interference from this
apparatus.

Q. Where should the Filterette be installed?

A. In some cases the Filterette may be installed at
the end of the attachment cord of the apparatus, but it
is usually advisable to cut the attachment cord at the
motor and insert the Filterette
at this point. If desired,
Filterette JA may be mounted
directly on the frame of the
clipper.

Q. Must the Filterette be
grounded?

A. No. In many cases the
return wire may be omitted.
When it is used it should be
connected to the motor frame
rather than to ground.

Fic. 24. Filterette Junior applied
to barber’s clipper.

Fi1a. 25. Installation of

Tobe Dial Filterette in

the base of a dial tele-
phone.

Automatic Dial Telephones

Q. Does the dialing operation of a dial telephone
cause radio interference?

A. Yes.

Q. How may this interference be identified?

A. This interference is heard as a series of clicks,
corresponding to the number being called.

Q. How may this interference be suppressed?

A. By the installation of Tobe Dial Filterette.

Q. How may this special Filterette be installed?

. Remove the three screws from the telephone
stand base as shown in Figure 26 and remove
the base of the instrument.

2. Remove the screw marked “C” in Figure 27.
Insert this screw into the metal tab of the
Filterette, replace the screw and set it up tight
holding the Filterette in place as shown.

3. Loosen the screw “B”, (Fig. 27) remove the
yellow striped wire, and fasten it under the
binding post “D” on the Tobe Filterette.

4. Take the ‘“Red” lead of the Tobe Filterette
and fasten it under the head of the screw “B”.

5. Take the “Black’” lead of the Tobe Filterette
and fasten it under the head of screw “A”.
Do not remove the wire lead which is already
connected to screw ‘“A”,

6. Replace the base cover with the three screws.

EMOVE THIS .sm/ps@ BLack LEAD D

WIRE

Fi1g. 26. How to re-
move base of dial
telephone.

Fi1c. 27. Wiring of Tobe Dial
Filterette.

This Filterette, when installed as outlined above,
will not interfere in any way with the operation of your
telephone or with the transmission of speech frequen-
cies.

Cash Registers

Q. Why does a cash register cause interference?
A. Radio interference from a cash register is caused
by the motor used for its operation.

Q. How may this interference be eliminated?

A. In practically all cases this interference may be
suppressed by use of a Filterette Junior.

Q. How should this Filterette be applied?

A. The Filterette should be plugged into the power
receptacle to which the cash register is connected. The
attachment plug from the cash register should then be
plugged into the Filterette Junior. A wire should be
run from the binding post on the Filterette Junior to
the frame of the operating motor. In some cases the
motor is inaccessible, In such cases, the Filterette
return wire may be connected to the metal frame of
the register.

Care must be taken that the return connection is
made to a portion of the register frame which is in
contact with the motor frame.
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Q. Suppose the use of a Filterette Junior at the
power receptacle does not completely eliminate
the interference?

A. Should this condition exist, it may be due to the
~adiation of interference from the attachment cord.
This condition may be remedied by cutting the cord
:at a point close to the machine and inserting the Filter-
ette Junior at this point. The return connection from
tte Filterette should be made in the manner previously
described.

Q. If, after this has been done, the interference
persists, what is the next step?

A. In cases where the register is equipped with an
gutomatic speed control motor, we recommend that a
Tebe Filterette No. 110-NC be installed. This will also
apply to other cash registers on which the Filterette
Jumior does not eliminate the interference completely.

Q. Is the return connection from the Filterette
always necessary?

A. No, but in most cases its use will be found to
pxrovide more satisfactory elimination of the radio inter-
ference.

Q. Will the Filterette be harmed if the return
connection is not used?

A. No. If the interference is eliminated without the
use of the return connection, this connection may be
oTitted with complete safety.

Q. May one Filterette be used for suppressing
the interference from several pieces of apparatus?

A. In some cases a single Filterette may be used for
sLppressing the interference from several devices,
akhough its use is not likely to be as satisfactory as
tl cugh a single Filterette were used for each machine.
The reason for
this is that the
machines are like-
ly to be separated
a considerable
distance, which,
of course, means
that the attach-
ment cords will
be fully extended,
thus providing the
maximum length
of lead from which
interference may
be radiated. It is
obvious that the
presence of sever-
al long leads car-
rying interference
currents may al-
low the radiation
of sufficient inter-
ference to mini-
mize the effect of
the Filterette.

Q. What other store or office appliances may
create interference?

Fig. 28.

Filterette NC-110
applied to a cash register.

A. Most of the electrically operated apparatus used
in an office is likely to create radio interference. Adding
machines, billing machines, dictaphones, addressing
machines, bookkeeping machines, posting machines,
counting machines and mailing machines are all likely
to be responsible for some radio interference. The appli-
cation of a Filter-
ette Junior to a
dictaphone isshown
in Figure 29,

Q. How may
interference from
this apparatus be
suppressed ?

A. In most cases
the procedure des-
cribed for suppress-
ing radio interfer-
ence from an
electrically-oper-
ated cash register
may be used with
complete satisfac-
tion for suppressing
interference from other store or office equipment. In
some cases, however, it may be found that a more
effective type of Filterette than either of the two pre-
viously recommended may be required. Should this be
the case, Filterette No. 110 P. O. is recommended, and,
doubtless, will provide complete elimination of the in-
terference.

FILTERETTE
JUNIOF

F1c. 29. Filterette Junior applied to
a dictating machine.

Soda Fountain Equipment

Q. How important is the interference created
by soda fountain equipment?

A. The importance of filterizing the electrical ap-
paratus associated with soda fountains may easily be
appreciated when it is known that 11.429 of all inter-
ference located by Tobe interference engineers, in the
surveys conducted in thirty cities was caused by this
type of equipment. The interference due to soda foun-
tain and lunch room appliances, exclusive of sign
flashers, comprised 18.379, of all interference from elec-
trical apparatus in stores, offices, factories and garages.

Realizing that every neighborhood contains one or
several places where drink mixers may be used, and that
the radio interference from each of these appliances
may affect many radio receivers, it is evident that the
11.429, of all interference may be disturbing twenty or
thirty per cent of the present or potential broadcast
listeners in a community.

Q. How may soda fountain equipment be classi-
fied?

A. The electrical apparatus in most common use
may be divided into two classes:

In the first class are the appliances operated by
small universal motors, and in the second class are
appliances driven by repulsion-starting, induction-
running motors.
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First Class:—

Milk Shake Machines
Malted Milk Mixers
Fruit Juice Extractors
Small Fans

Cash Registers

Second Class:—

Dish Washers

Compressors

Electric Refrigerating Equipment
Carbonators

In communities supplied with alternating current,
the appliances in class one are likely to be responsible
for more interference than those in class two. Indirect
current districts the interference created by both classes
of equipment
is likely to be
serious. More-
over, in direct
current districts
there will com-
monly be found
motor-generat-
or sets or in-
verted syn-
chronous con-
verters used to
obtain alter-
nating current
for the opera-
tion of ice ma-
chines.

FILTERETTE
JUNIOR

Fig. 30. Filterette Junior applied
to a drink mixer.

. What
procedure is recommended for the filterizing of
soda fountain apparatus?

A. In filterizing a soda fountain, the first appliances
to be considered are those in class one. In practically
all cases, a simple type of Filterette, the Junior, will be
found satisfactory for suppressing this interference.
Figure 30 shows the application of this Filterette to a
drink mixer. It will be noticed that the Filterette is
located within 8 inches of the point at which the attach-
ment cord is connected to the drink mixer, and that a
short wire is connected from the Filterette binding post
to the frame of the motor. In order to locate the Filter-
ette as close as possible to the motor, the attachment
cord of the appliance is cut and a standard separable
connector is installed. It is always advisable to locate
the Filterette as close as possible to the point at which
the appliance connecting cord enters the appliance
frame in order that there may be a minimum of cord
from which interference may be radiated.

Q. Is it possible to simplify this procedure and
to use one Filterette for overcoming the interfer-
ence from a number of appliances?

A. If a battery of from two to five drink mixers is
installed on a fountain, it is possible to make a Filter-
ette installation of improved appearance by using a
single No. 110-PO Filterette in series with the power
input leads to all of the mixers. Figure 31 shows this
Filterette being used with two mixers. When making
an installation of this type, the Filterette should be so
located that the connecting leads from the various
appliances to the Filterette are of approximately the
same length. The appliance attachment cords should
be cut to the minimum length satisfactory for connection
to the Filterette and the various appliances should be
connected to the output receptacle of the Filterette by
means of a standard three-way connector. A short
wire should be run from the frame of each appliance
to the Filterette binding post. This procedure should
result in satisfactory suppression of interference from
several milk shake machines or malted milk mixers.

Q. What type of Filterette is required for sup-
pressing the interference due to a fruit juice
extractor?

A. The one appliance which may require a somewhat
more effective type of Filterette than the Junior is the
fruit juice extractor. Although the Filterette Junior is
often found satisfactory for suppressing the interference
from this appliance, there are occasions when Filter-
ette No. 110-PO must be used. This Filterette is con-
pected in series with the power input leads to the fruit
juice extractor in exactly the same manner as the Fil-
terette Junior. Regardless of the type of Filterette
used, a short return connection from the Filterette
binding 1;;ost to the appliance frame is essential.

Q. What other apparatus may require filter-
izing?

A. The one remaining appliance in class one is the
small universal motored fan, which is becoming increas-
ingly popular. The Filterette Junior installed close to
the fan by means of a separable cord connector, as
previously de-
seribed, is suit-
able for sup-
pressing the
interference
from an appli-
ance of this
type. NOTE:
If in any case
it is desired to
install the Fil-
terette without
cutting the ap-
pliance cord,
the cord may
be coiled into
the smallest
possible space,
and its radiat-
ing length may
thus be effec-
tively reduced.

FILTERETTE

Fia. 31. Battery of drink mixers silenced

by Filterette 110-PO.
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Q. How may the interference from dish wash-
ers, refrigerator equipment, compressors and
czrbonators be suppressed?

A. The apparatus in class two, when installed in
communities supplied with alternating current, seldom
causes serious radio interference, the interference usually
Lcing confined to a click on starting and to an inter-
farence lasting only until the starting mechanism of the
motor throws out. As long as the alternating current
motors operating appliances in class two are in good
elcctrical and mechanical condition, they should create
only the interference just described. If they appear to
be causing continuous interference, it is advisable first
t inspect the starting mechanism, and second to check
tae grounding of the motor and its connecting wiring,

{f the starting mechanism is not functioning properly,
the motor may cause radio interference during its entire
pe-iod of operation., Adjusting the starting mechanism
o- installing a suitable Filterette will suppress the inter-
fer>nce. Figure 17 shows the application of a No. 110
Fikerette to a commercial ice machine having a motor
drewing 4.6 amperes, at 110 volts. It will be noticed
thet all connecting wires between the Filterette and
the motor are carried in BX. A further possible source
of nterference from apparatus in class two is an inter-
ri-tent contact between two metal parts of the appa-
r:tus. The compressor unit of an electric refrigerator
or >f a carbonator is generally suspended on springs in
orcer to minimize the transmission of mechanical
vikration. If any part of the apparatus which is
mounted on the spring suspension is allowed to make
int>rmittent contact with other metal parts of the
apparatus, radio interference will result. It is, there-
for», necessary to bond together all metal parts of a
ref-igerator or carbonator installation in order that
ttey may be kept at the same radio frequency poten-
tial and in order that the interference due to discharges
fron one ungrounded conductor to another may be
prevented.

(. What special care is required in the filter-
izing of a soda fountain located in a direct current
district?

4. In direct current districts there is likely to be, in
accition to the interference possibilities just described,
a possibility of interference due to rotary converter or
m> or-generator equipment used to supply alternating
cur-ent to apparatus in class two. In addition to the
Filterettes normally applied to the compressor or car-
ber ator motors, it will be necessary to install a Filter-
ette in series with the D. C. input leads to the converter.
This Filterette should be capable of handling the maxi-
min continuous operating current of the converter
arc should be designed to operate at the voltage of the
D . line. Converters of this type are most commonly
connected to a 220-volt D. C. line, and Filterette No.
221 is the Filterette generally required.*

* For a complete description of the filterizing at converters
and motor-generators see pages 23-30.

SUMMARY

Summarizing the types of Filterette required for ap-
plication to soda fountain equipment, it may be said
that plug-in types of Filterette such as the Junior and
No. 110-PO may be applied to all of the apparatus
listed in class one, and that Filterettes designed for
installation in building wiring circuits are generally
required for application to the electrical equipment in

class two. The Filterettes most commonly required
for this application are as follows:
Working Works!
Filterette Voltage Currer':tg
A.C.or D.C. Amperes
No. 110 110 5
No. 131 110 10
No. 221 220 5

These Filterettes are contained in standard metal
cabinets and are suitably fused to protect both the
Filterette and the apparatus to which it is applied.

Ritter Dental Motors

Q. What type of interference is created by a
dental engine?

A. The interference from this source is in the form
of a high-pitched whine varying in pitch with the
variation of speed of the dental engine.

Q. How may this interference be suppressed?

A. A Tobe Ritter Filterette applied to the drive
shaft end of the dental engine should suppress this
interference.

F 25

Fia. 32. A modern dentist’s office contains many potential
interference sources.
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Q. How is this Filterette installed?

A. Remove the attachment plug from the power
receptacle. Turn off the two cap nuts as shown in Fig.
33 and remove the two covers. Remove the drive
shaft and turn off the cap nut or pulley. Place the

Tobe Ritter Fil-

terette over the

) drive shaft end of

the motor as
shown in Figure
34. Push the two
wires from the
Filterette, leads
No. 1 and No. 2
through to the
other end of the

BRACKET

) CORD 110 YOUTS

f -] )
BLE COVERS
RITTER

engine keeping
ENTAL ORIVE SHAFT END the wire behind
/ ' the field coils as
1 illustrated. Con-

nect these same

i
i

TURN OFF i
Agl'é" o Relove two wires to the
=1 TRELCVER brush holder ter-
F1a. 33. Typical dental engine 'mma.,ls as shown
mounting. in Figure 35. Do

not remove any

of the other wires
now on the terminals. Replace the covers and turn
on the cap nuts as before. Reconnect the flexible drive
shaft or replace the pulley. Occasionally an auxiliary
Filterette is required, in which case Filterette No. 110
P. O. should be installed as follows:

Insert the attachment plug of Filterette No. 110
P. O. in the wall receptacle. Insert the attachment plug
of the dental engine in the receptacle provided on the
Filterette. Connect a wire from the binding post on
the Filterette to a carefully cleaned part of the dental
engine frame. Coil the attachment cord of the dental
engine into the smallest possible space, in order that
the likelihood of interference radiation from this cord
may be minimized.

Q. What other dental apparatus may cause
interference?

110 VOLT LEADS

RITTER DENTAL ENGINE e
(ORIVE SHAFT END) RITTER DENTAL ENGINE
Fia. 34. Location of Tobe Fi1a. 35. Connection of Tobe
Ritter Dental Filterette Ritter Dental Filterette leads

inside motor shell. to motor brushes.

A. The high speed laboratory motor may be an
offender as also may the motor used for elevating the
chair.

Q. How may interference from this source be
identified?

A. This interference is usually in the form of a
steady clicking, and is due to the operation of the
centrifugal governor used for maintaining the motor
at a constant speed.

Q. How may interference from this type of
apparatus be suppressed?

A. A Filterette No. 110 PO installed in the same
manner as previously described should provide com-
plete elimination of the interference from this source.
If satisfaction is to be obtained, however, the lead
between the Filterette and the motor should not be
over 4" long, and the Filterette should be so located
that it is not affected by the field of the motor.

Should the application of Tobe Filterette No. 110
PO fail to provide elimination from a motor of this
type, the position of the Filterette with relation to the
motor should be varied, since this relation usually has
a material bearing on the benefit obtained from the
Filterette.

The Tobe Dental Filterette, which is specially de-
signed for application to the Ritter Dental Engine
may be obtained from the Ritter Dental Manufactur-
ing Company, Rochester, New York.

Motor Generator Sets and Rotary Con-
verters

Q. What type of interference is created by a
motor-generator set?

A. The interference created by a motor-generator
set is usually heard as a high pitched crackling, vary-
ing slightly in intensity from time to time. This in-
terference originates at the D. C. end of the machine
when it is used for converting direct current to alter-
nating current, and may originate at either the D. C.
or A. C. end when the machine is used in changing
alternating current to direct current.

Usually, however, A. C. to D. C. Converters employ
3-phase motors, which are not likely to create radio
interference.

Q. How may interference from a machine of
this type be suppressed?

A. The procedure necessary for suppressing inter-
ference from a motor-generator set will vary with the
type of apparatus used and the location and manner
in which it is installed. As a rule, it is necessary that a
Filterette of the inductive-capacitive type be applied at
both the D. C. and A. C. ends of the machine, although
in some cases a capacitive type Filterette at one or both
ends may prove satisfactory.

Q. How may the type of Filterette or Filter-
ettes for application to a motor-generator set be
determined?

A. This determination must be made experimentally.
For suppressing the interference due to small D. C. to
A. C. Converters such as are commonly used for the
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of eration of radio receivers, electric phonographs, neon
signs, and certain types of electric refrigerators, it is
practically always necessary that Filterettes of the
in | 1ctive-capacitive type be used.

Snce the majority of these machines are rated at
500 watts or less, Filterette No. 110 is the type most
coxmonly used. One of these Filterettes should be
co11iected directly in series with the input leads to the
machine and should be so located that the connecting
leccs between the Filterette and the motor are not
ov>~ 8 in length.

The return wire from the Filterette should be con-
nexed in the most direct manner possible to a care-
full¥ cleaned part of the motor frame.

Another No. 110 Filterette should be connected
direztly in series with the output leads from the gener-
ater and installed in the manner previously described.

The use of these two Filterettes should effectively
prevent the radiation of any radio interference from
this apparatus.

). Why, if the interference is created at the
D. . end of the machine, must a Filterette be
us2d at the A. C. end?

A Although the interference is created at the D. C,
end of the machine, and is fed back into the D. C.
po=r lines from which it may be radiated, it may also
be cirried by the A. C. power lines, due to the coupling
between the A. C. and D. C. ends of the machine.
Thi, of course, means that if complete suppression of
the nterference is to be obtained, a Filterette must be
applied at the A. C. and as well as the D. C. end of
the machine.

I view of the fact that the interference may be
traasferred from one circuit to another, it is obviously
necessary that all long leads to the machine be filtered.
In some cases a rheostat for obtaining voltage control
mag be located at some distance from the machine.
It is likely that interference will be carried by the leads
to tae rheostat and radiated from them to such an
ext-mt that objectionable interference will be present
even though Filterettes are applied at both D. C. and
A. 2~ ends of the machine.

This condition is remedied by locating the rheostat
dircctly at the machine or by filtering the rheostat
leads by means of Tobe Filterette No. 110.

Q. Are two Filterettes required for suppressing
int2-ference from a machine for converting alter-
nating current to direct current?

A. In some cases, yes, However, since the interfer-
enc: created by a direct current generator is usually
less han that created by a direct current motor, we
som etimes find that the application of capacitive type
Filterettes to machines of this type is entirely satisfac-
tory.

Asuming, for example, that the machine in question
is a 1.0 K.W., 110 volt generator, driven by a three-
phase, 220 volt motor, a No. 10 Filterette connected
at tke D. C. end, and a No. 23 Filterette connected
at the A, C. end, should be satisfactory for suppressing
whe tever interference may be created by this apparatus.

If this procedure does not provide complete elimina-
tion of the interference, an inductive-capacitive type
Filterette (No. 131) at the D. C. end of the machine
will probably complete the elimination of the interfer-
ence.

It is important that the Filterette used conform with
the voltage and amperage rating of the apparatus to
which it is to be applied. It is important that the load
side of the Filterette be connected to the apparatus
causing the interference. When connected to a rotary
converter both the A. C. and D. C. ends of the convert-
er are considered the apparatus causing the interference.
In other words the converter is connected between the
two load sides of the two Filterettes being used.

Q. Where are motor generators or synchronous
converters causing interference likely to be found?

A. The most frequently found application for this type
of apparatus is to provide alternating current for the
operation of A. C. powered radio receivers in locations
where only direct current is normally available. These
locations include the business districts of many large
cities, the whole of some smaller cities, mining com-
munities, farms and camps having individual lighting
plants, as well as large vessels, yachts, and power boats.
Railroad cars, also, are normally supplied with direct
current.

Fig. 36. A workman-like installation of Filterettes 131

and 221, applied to Westinghouse converters used for

supplying alternating current to radio receivers in a de-
partment store.

If it is desired to operate a modern radio receiver
or electric phonograph in any of these places, some
source of alternating current must be provided. This
A. C. source may be a motor-generator set or an invert-
ed synchronous converter. The latter is often referred
to simply as a rotary converter.

A motor-generator set is a unit comprising a motor
and a generator, mounted on a common base and hav-
ing their rotors mounted on a common shaft or coupled
together. For the applications just described, a direct
current motor and a single phase alternator are used.
Figure 37 is a diagram of a motor-generator set of this
description. A three-point starting box is shown in the
motor circuit. “M” is the motor field and “G” is the
alternator field, normally connected across the D. C.
line as shown.
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Origin of M-G Interference

In an installation of this type, interference originates
at the brushes and commutator of the motor. This
interference, which is due to the making and breaking
of the electrical circuit is impressed on the direct current
lines supplying the motor, is distributed along these
lines, and being radiated from them, may be picked
up by the antenna system of the receiver. It is, there-
fore, evident that if the receiver being used in conjunc-
tion with a motor-generator set is to be independent
of the interference created by the D. C. motor, some
means of preventing the feed-back of this interference
to the D. C. lines must be provided.

The application of a Tobe No. 110 Filterette to the
D. C. motor to prevent this feed-back is shown in
Figure 38. The Filterette, which is of the inductive-
capacitive type is connected in series with the arma-
ture leads “A’” and “L”. If these leads are not acces-
sible, the Filterette may be connected in series with
the two line leads ahead of the starting box. This con-
nection is not to be recommended because it generally
results in the carrying of long connecting leads be-
tween the Filterette and the motor.

F1a. 37. Motor-Generator of the t
A. C. to operate radio apparatus.

Keep Filterette Leads Short

In applying any Filterette, and particularly in the
case of filterizing motor-generator or converter equip-
ment, all wiring between the Filterette and the inter-
ference source must be kept as short as possible. This
connecting wiring should preferably be carried in
metallic conduit, either solid or flexible, and must be
so carried if the Filterette is more than eight inches
from the interference source. The conduit carrying this
wiring must be bonded to the motor frame. If any
appreciable length of open wiring exists between the
motor and the Filterette, interference radiated from
this wiring is likely to lessen the benefit obtained from
the application of the Filterette. By keeping all con-
necting leads short, and by carrying them in metal con-
duit, a minimum of interference radiation is assured.

To complete the Filterette installation, a return con-
nection must be made from the Filterette to the motor
frame. This connection should be short and direct.
The spot at which the Filterette return wire is con-
nected to the motor frame must be clean, and firm
contact between the motor frame and return wire must

generally used for supplying

be maintained. If the motor frame is provided with a
grounding lug, the return wire may be connected to
this lug. Otherwise, a lug should be soldered to the
end of the Filterette return lead, and should be fastened
with a screw to the motor frame. Before fastening the
lug in place, all of the finish at the point where con-
nection is to be made to the motor frame should be
carefully removed so that the terminal lug of the return
wire will be in direct contact with the metal of the
motor frame.

Importance of Return Connection

At this point it should be clearly understood that
the question of circuit resistance has a decided bearing
on the treatment of filtering problems. The frequencies
which are responsible for radio interference have entirely
different characteristics from the frequencies (25-60
cycle) generallyused for power transmission. Resistance,
so slight as to be negligible at power line frequencies,
cannot be tolerated in the return circuit of a Filter-
ette. Minimum contact resistance and length of return
wire are, therefore, of extreme importance in order
that a satisfactory shunt path may be provided
for the localizing of interference frequencies.

Satisfactory grounding of power circuits
does not mean that disturbing impulses will be
carried to ground thru this circuit. Grounding
the return wire of a Filterette does not con-
stitute a satisfactory filtering circuit, as it is
necessary to provide a path of low impedance
for the return of interference to its source.

No Interference from Alternator

In view of the fact that alternators in good con-
dition do not normally create radio interference, since
there are no making and breaking contacts, it might
be assumed that the application of a Filterette at the
D. C. end of a motor-generator set, as just described,
would provide satisfactory reduction of interference.
Further consideration of the manner in which inter-
ference is distributed will show why this is not the case.

Radio interference may travel along the wiring
system on which it originates; it may be transferred in-
ductively to other wiring systems; it may be transferred
capacitively to wiring or conductors such as piping
systems, metal lath, and even stoves or bathtubs; it
may be picked up by the antenna system of a radio
receiver; or it may enter the receiver thru the power
connection.

By referring to Figure 37 it will be seen that, since
the alternator field is connected in multiple with the
D. C. motor, the interference created by motor is
carried directly into the alternator field. It is then
inductively transferred to the rotor and thus carried
out on the A. C. lines to the receiver.

Furthermore, due to the capacitive coupling, as
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shown in Figure 39, between the motor and alternator,
th» motor interference is transferred from the D. C.
to the A. C. side of the set. The interference thus in-
ductively and capacitively impressed on the A. C'. out-
put of the motor-generator will be distributed along
th» wiring to which the receiver is connected, and being
ral ated from this wiring will enter the receiver thru
its antenna system as well as thru its power connection.

Filterette Required in A. C. Circuit

It will, therefore, be seen that, in addition to the
fil-crizing of the D. C. motor, Filterettes must be in-
stalled in the A. C. circuit as well if it is to be possible
to obtain satisfactory radio reception from a radio
rerciver supplied with alternating current from a motor-
gencrator set.

The correct method of connecting a Filterette in the
A. 7. circuit is shown in Figure 38. The Tilterette
shown is the Tobe No. 110, an inductive-capacitive
uri . It is connected in series with the output leads of
th> alternator in the manner already recommended for
th» application of a similar Filterette to the D. C.
mo-or. All of the precautions given as regards short
le.ds, conduit wiring and firm return connections must
be observed when applying the Filterette to the gener-
atoy.

There is one essential difference in the method of
coanecting Filterettes at the D. C. and A. C. ends of a
mo-or-generator set. At the motor, the Filterette ter-
mrals marked “Load” are connected to the motor
in1t leads, and the Filterette terminals marked “‘Line”
ar> connected to the incoming line. At the generator,
th» Filterette terminals marked ‘“Load” are connected
to the generator output leads, and the Filterette
te~minals marked “Line” are connected to the wiring
from which the receiver is supplied current.

V/hen the two Iilterettes are installed in the manner
just deseribed, and when all of the precautions given
have been carefully observed, it should be possible to
operate a sensitive radio receiver being supplied with
altcrnating current from a motor-gencrator set, with
complete freedom from the radio interference which,
ur cer ordinary circumstances, would make it extremely
diT cult if not impossible to obtain satisfactory radio
rezeption.

Additional Precautions

There is one more step which may be taken to de-
crease further the possibility that the interference
created by the motor may be transferred to the alter-
nator. As has already been noted (Figure 37), the
alternator field is directly connected to the interference
source, i. e., the D. C. motor. It, therefore, appears
that a means of keeping the interference out of the
alternator field would minimize the inductive transfer
of interference to the A. C. output of the set.

Some motor-generators are so constructed that the
motor and generator field and armature leads are easily
accessible. When this is the case, the alternator field
leads may be connected at the ‘“Line” side of the Fil-
terette applied to the motor, as shown in Figure 38.
In this way, the alternator is supplied with field current
directly from the D. C. line, and the Filterette in the
motor circuit prevents the entrance of motor interfer-
ence to the alternator field.

Altho a field rheostat for controlling the voltage of
the alternator is not normally required, in some in-
stances such a rheostat may be used. If this rheostat
is located at some distance from the motor-generator,
interference coupled either inductively or capacitively
to the alternator field will be carried along the leads
to the rheostat, and being radiated from them, is likely
to be picked up by the antenna system of the receiver.
If this condition is found to exist, an additional Filter-
ette (Tobe No. 110 or No. 221) should be connected
in series with the rheostat leads at the point where they
connect to the alternator. When this Filterette is in-
stalled its “Load” terminals should be toward the field.
When the alternator field is connected at the ‘“Line”
side of the Filterette in the motor circuit, as shown in
Figure 38, there is little likelihood that interference
will be carried on the rheostat leads.

Choice of Filterettes

In choosing Filterettes for application to a motor-
generator set, the following data must be determined:
The voltage of the D. C. line.

The number of amperes drawn by the motor.
The voltage output of the alternator.

The number of amperes delivered by the alter-
nator.
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With this information available, Filterettes
capable of being operated continuously at the
voltage of the motor and generator, and cap-
able of carrying the maximum current flowing

in the motor and generator circuits may be
chosen.

The Filterettes most commonly used for
filterizing small motor generator sets supplying
a single radio receiver are No. 110, No. 131,
No. 221, No. 110-PO and No. 110-PL. The
various combinationsin general use are listed in

Fie. 38. Motor-generator used for supplying alternating current

to a radio receiver. Note that there is no direct wire connection

between the A. C. and D. C. circuits: therefore interference

caused by the motor can reach the A. C. circuit only by induetive
or capacitive coupling.

the chart on page 75.

When the motor and generator are wired
to the building circuits, whether BX, conduit
or open (knob and tube) wiring is used, the
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Filterettes should be mounted in cut-out cab-
inets so that their installation may conform
to the requirements of the National Electric
Code. They should also be fused for protection

from overload. MOTOR
ARMATURE
Filterizing Portable M-G Sets
Some of the smaller and portable motor-
generator sets are connected to the building /‘;/0671:00’?

wiring by means of attachment cords and plugs.
Provided these machines do not carry more
than five amperes at 110 volts, plug-in type
Filterettes may be used to suppress the inter-
ference. Filterette No. 110-PO is the correct
type for use at the D. C. end of the machine,
and Filterette No. 110-PL should be used at
the A. C. end.

To apply Filterette No. 110-PO to the D. C. motor,
the motor attachment cord must be cut a few inches
from the motor, and an attachment cap connected to
the short lead which remains. The prongs of this cap
may then be inserted in the Filterette receptacle, after
which a short wire must be connected from the Filter-
ette binding post to the motor frame. It is important
that a clean spot on the motor frame be provided for
connecting the return wire.

In applying Filterette No. 110-PL to the generator,
the attachment cord connected to the generator should
be cut as short as possible, and the female end of a
separable connector should be attached to this cord.
The prongs of the attachment cap of the Filterette
should then be inserted in the receptacle just described,
and a short wire must be connected from the Filterette
binding post to the generator frame.

To ensure a minimum length of lead from which
interference may be radiated, the attachment cord of
the Filterette No. 110-PL should be cut off short, or
should be coiled into the smallest possible space and
fastened in place.

Since field rheostats are not normally used with small
motor-generator sets, it is seldom necessary to take
further precautions in the filterizing of this apparatus.

Synchronous Converters

The filterizing of small inverted synchronous con-
verters used to obtain alternating current for the oper-
ation of A. C. powered radio receivers in D. C. districts
is a somewhat different problem from that of filterizing
motor-generator equipment used for radio purposes.
Consideration of the operating principles involved with
both motor-generator and converter equipment will
show why this is the case.

A synchronous converter is an electrical machine
having one field and one armature, the armature being
connected both to slip rings and commutator bars.
The machine is designed to be operated at synchron-
ous speed. If it is driven by a prime mover, both direct
current and alternating current may be obtained from
the armature; if it is operated at synchronous speed,
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Fic. 39. Diagram showing capucitive coupling which may allow the
transfer of interference from the D. C. to A. C. side of a motor-generator.

as an A. C. motor, direct current may be obtained at
the commutator; if it is operated as a D. C. moter,
alternating current may be obtained at the slip rings.
It is the last named operation that is of primary interest
to radio dealers and service men, since the inverted
synchronous converter is extensively used, not only for
changing direct current to alternating current for oper-
ating radio receivers and electric phonographs, but
also for other purposes not directly associated with
radio, but nevertheless likely to be encountered by the
radio dealer.

Difference Between Motor-Generator and
Synchronous Converter

There are a number of essential differences between
a motor-generator and a synchronous converter, par-
ticularly as these machines are applied to radio work.
These differences are indicated in the wiring diagrams
Figure 37 and Figure 40. As Figure 37 shows, the A. C.
and D. C. circuits of a motor-generator are largely
independent of each other. The motor and generator
have individual armatures, as well as separate fields.
Thus the radio interference which originates in the
D. C. motor circuit may enter the A. C. circuit only by
induction, or by capacitive coupling.

Such is not the case, however, with the inverted
synchronous converter. The radio interference originat-
ing in the D. C. circuit of this type of equipment is
connected by direct wire, to the A. C. circuit, since the
converter is so constructed that alternating current
and direct current flow in the same armature windings.
Consequently there is usually superimposed on the
A. C. out-put of a D. C. to A. C. converter, more or
less radio interference due to the normal operation of
the D. C. side of the machine.

Distribution of Interference

Consider the manner in which the interference is
created and the way it reaches the receiver. When an
inverted synchronous converter, supplying alternating
current to a radio receiver is in good electrical and
mechanical condition, interference should originate only
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should be connected to the Filterette terminals

marked “Load.” If a double-pole line switch
is used, the two leads from the switch blades
should then be connected to the Filterette term-
inals marked “Line.” If a single-pole switch is

-

ke

A-C.  used one lead from the switch should be con-

145
|

nected to one of the “Line’’ terminals of the
Filterette and the remaining Filterette “Line”
terminal should be connected to the opposite
side of the D. C. line.

Fia. 40. Inverted synchronous converter used to supp]é'
current to a radio receiver. Note that the D. C. and A. C.

by direct wire to the receiver.

r the D. C. circuit. This interference, due to the
1 aking and breaking of electrical circuits, is conductive-
-y impressed on the D. C. supply lines and may travel
ajong these lines for a considerable distance. Being
cediated from the D. C. lines, the interference may be
2:cked up by the antenna system of the receiver con-
aected to the converter, and may also affect other
~eceivers whose antenna systems are in any way asso-
eiated with the D. C. cireuit supplying the converter.

Since the A. C. output of the converter is directly
ecnnected to the D. C. circuit in which the interference
originates, it is obvious that the alternating current
w ring system supplied by the converter will carry in-
terference as does the direct current wiring system
wich supplies power to the converter. The receiver,
being directly connected to the interference-distribut-
inz A. C. lines, will not only be affected by the radia-
tion of interference from these lines, but may also be
efected by electrical disturbances which enter it
through the power supply unit.

D. C. and A.C. Circuits Must Be Filterized

Thus it is evident that, if satisfactory radio reception
is to be obtained from a receiver used with an inverted
svauchronous converter, both the direct current and the
al-ernating current circuits must be filterized. Figure
40 shows the correct method of connecting two induc-
t.ve-capacitive Filterettes in a converter circuit. In
t1s diagram the converter is a one-quarter kilowatt
umit having a D. C. input of 3.2 amperes at 115 volts
and an A. C. output of 2.3 amperes at 110 volts.

For a machine of this rating Tobe Filterette number
11) rated at 110 volts 5 amperes A. C. or D. C. is the
crrect inductive capacitive type Filterette to use. One
oi these Filterettes should be connected in series with
bosh D. C. input leads to the converter and the other
should be connected in series with both A, C. output
leads as indicated in Figure 40.

Installing Filterette in D. C. Circuit

“n applying a Filterette at the D. C. side of the
comverter, the two D. C. input leads of the converter

alternating
circuits are
common; therefore, interference originating in the D. C. circuit is carried

All connecting leads must be carried in con-
duit,either flexible or rigid, if satisfactory results
are to be obtained from the Filterette installa-
tion. (Note: BX may be classified as flexible
conduit.) The conduit must be bonded to
the Filterette cabinet as well as to the con-
verter frame, and the connection to the
converter should be so made that none of the wiring is
exposed. Under certain conditions encugh interference
to minimize the effect of Filterettes may be radiated
from as little as two inches of exposed wiring. Too much
stress cannot, therefore, be laid on the importance of
carrying, in conduit, all wires on which interference
may be travelling. For best results the distance be-
tween the Filterette and the converter should not
exceed eight inches.

If for any reason it is impossible to use conduit or
BX when installing the Filterette, care must be taken
that the input and output leads of the Filterette are
kept separate. If these leads are allowed to parallel
each other, interference will be inductively bypassed
around the Filterette, thus nullifying its effects.

To complete the installation of the Filterette at the
D. C. side of the converter, the return lead (not shown
in the wiring diagrams) must be connected to a care-
fully cleaned part of the converter frame. This return
lead must not be connected to a water pipe or other
ground and should not be thought of as a ground wire.
It is to be kept as short as possible as it carries inter-
ference which may be radiated. To insure firm contact,
a copper terminal should be soldered to the end of the
return wire and fastened under a screw in the converter
frame. Before fastening the terminal in place, all of the
finish must be removed from the converter frame, at the
point of contact. The use of a lock washer is recommend-
ed, in order that firm contact between the Filterette
return wire and the converter frame may be maintained.

Installing Filterettes

The Filterette used at the A. C. side of the converter
should be installed close to the output leads from the
machine, and the procedure already outlined for the
use of conduit should be followed. In connecting the
Filterette, the converter output leads should be con-
nected to the Filterette terminals marked “Load”
and the supply lines to the receiver, or receivers, should
be connected to the Filterette terminals marked ““Line.”
A terminal should be soldered to the end of the Filter-
ette return wire as previously described, and this termi-
nal should be fastened under the same screw as that to
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which the return lead from the Filterette at the D. C,
side of the converter is connected.

Since a rheostat for voltage control is seldom used
with a converter, the installation of these two Filter-
ettes usually provides all the filterizing necessary to
allow the operation of a receiver from the converter.

The entire installation must be made in strict ac-
cordance with the requirements of the National Electric
Code. Figure 36 is a photograph of a workman-like
Filterette installation. The converters shown are one
kilowatt units operating from a 220 volt D. C. line
and delivering 110 volts A. C.

Suggestions for Mounting Filterettes

In making this installation there is constructed a
strap iron frame of suitable dimensiors to provide a
base for the converter, as well as mounting for the two
Filterettes. A number 231 Filterette, rated at 220 volts,
10 amperes, is mounted on the frame at the D. C. side
of the converter, and is connected to the machine with
a short piece of BX. In the same way a number 131
Filterette, rated at 110 volts, 10 amperes, is
mounted on the frame at the A. C. side of the
converter. When this construction is used, the
converter and Filterettes may be handled as
a single unit, and, if need be, may readily be

4. The maximum number of amperes delivered by

the A. C. side of the converter.

When this data has been obtained Filterettes may
be chosen for operation at the voltages and currents of
both the input and output circuits of the converter.

Note: If the converter is to be used in a store or other
location where it may be overloaded, the Filterettes
should be fused at their exact rating or less in order
that both the Filterettes and the converter may be
protected from damage due to overload. The use of
small fuses will also tend to protect the equipment in
case insufficient lubrication causes the converter to draw
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moved to various locations where alternating
current may be required in the building.

There is one precaution which must be observed
when a Filterette installation of this type is made, that
is that the metal framework is welded together; or if it
is bolted, that lock nuts are provided to preclude any
possibility of loose joints. The reason is that such
loose contacts, even tho they are not in the electrical
circuit of the converter, are likely to cause radio inter-
ference which will be difficult to locate. The BX used
to connect the Filterettes and the converter must be
go installed that its sheath makes contact with the
metal parts of the associated apparatus only where
fittings are provided. In other words, no slack is allow-
able in the BX. If slack is unavoidable the BX sheath
should be bonded to any metal with which it might
come in contact. It is not enough to assume that all
metal parts of the installation are normally bonded
together. The bonding must be provided at the actual
point of contact. In this way all parts of the installa-
tion which might be of different radio frequency poten-
tials are connected together.

Choice of Filterettes

To determine the correct Filterettes to be used in
the Filterizing of an inverted synchronous converter
it is necessary to know certain of the electrical charac-
teristics of the machine. These are:

1. The voltage of the D. C. line from which the con-

verter is operated.

2. The number of amperes which the converter

draws from the D. C. line.

3. The A. C. output voltage delivered by the con-

verter.

F1g. 41. Motor-generator used for charging storage batteries.

Single phase motor coupled to D. C. generator. Interference due

to generator only. Filterette No. 20 across generator armature
suppresses interference.

excessive current. If interference is still present after
Filterettes have been installed in exact accordance with
the information contained in this article, it is probable
that there is some defect in the wiring or in the con-
verter. In such a case the defect should be found and
remedied. Filterettes are designed to suppress only the
interference created by the normal operation of elec-
trical apparatus in good electrical and mechanical con-
dition. They should not be used to compensate for
defective or overloaded apparatus.

When the converter is directly connected to open
wiring (knob and tube) BX, or conduit, the Filterettes
used should be mounted in metal cabinets. In the case
of small converter units, usually not over one quarter
kilowatt, it is common practice to use standard attach-
ment plugs and cords for connecting both to the D. C.
line and to the radio receiver. In this case, plug-in
type Filterettes may be used provided the current does
not exceed 5 amperes at 110 volts.

Use of Plug-in Filterettes

The Filterettes for this application are number 110-
PO and number 110-PL. To prevent the feed-back of
interference into the D. C. line, Filterette 110-PO must
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be connected in series with the input leads to the con-
verter. To install this Filterette, first cut off the attach-
ment cord at the D. C. side of the converter and apply
an attachment plug. Insert this plug in the Filterette
receptacle and connect a wire, not over eight inches
long, from the Filterette binding post to a carefully
cleaned part of the converter frame.

To install the Filterette No. 110-PL at the A. C.
side of the converter, first cut the Filterette attachment

Fic. 42. Westinghouse inverted synchronous converter
with special Filterette installed. See table on page 74
for specifications of Westinghouse Converter Filterettes.

sord to a length of six inches or less. Then strip the
sonductors of the cord and connect them to the A. C.
jutput terminals of the converter. If the converter is
srovided with a cord and receptacle, cut the cord close
o the converter and connect the Filterette either by
neans of a separable connector or by splicing the leads.
“onnect a short wire from the Filterette binding post
-0 the converter frame. Note: The wires from both
Tilterette binding posts must be connected to the same
earefully cleaned spot on the converter frame.

Suppressing Interference Created by
Motor-Generators and Converters
not Used for Radio

Although the radio interference created by a motor-
generator or a synchronous converter is usually most
objectionable when the receiver affected is being sup-
plied with alternating current from the converter or
motor-generator, a great deal of interference may be
created by this type of electrical apparatus when it is
used for purposes wholly unrelated to radio. This inter-
ference is generally radiated from the D. C. and A. C.
¢ircuits connected to the converter, and in some cases
it is carried along the circuit to which the radio
receiver is connected and may enter the receiver thru
its power connection.

Electric Refrigerators in D. C. Districts

This condition is most often encountered in D. C.
Cistricts when a direct current operated receiver is used
i1 the same building with an electric refrigerator of the
type employing a small D. C. to A. C. converter to
supply alternating current to the motor which drives
the compressor. In this case the interference originating
in the D. C. circuit of the converter travels back along
the building wiring to the radio receiver, entering the
rceiver thru its power connection as well as thru the
antenna system.

As in the case with a converter used to supply alter-
nating current to a radio receiver, the interference may
be transferred both inductively and capacitively from
the D. C. to the A. C. side of the converter. However,
since the external A. C. circuit is usually limited to the
refrigerator motor and a few feet of connecting cable
and since the converter, the motor and the connecting
cable are usually contained in the metal housing of the
refrigerator, there is little probability that interference
will be radiated from the A. C. circuit. Consequently a
single Filterette, installed at the D. C. side of the con-
verter, is usually sufficient to overcome the interference.

For this application an inductive-capacitive type
Filterette is required. This Filterette may be Tobe
Number 110, 221, or 131, the size of the Filterette
being governed by the voltage and current requirements
of the D. C. side of the converter. In direct current
districts the converter may be operated at 220 volts
D. C., in which case Filterette number 221 will probably
be the correct type to use. If the converter is operated
at 110 volts D. C. Filterette number 110 will probably
be required. If the direct current source is a small
farm lighting plant the converter will probably be oper-
ated at 32 volts D. C. in which case Filterette number
131 will normally be used. The voltage and amperage
of the converter, given on its name plate, should be
taken as a guide to the size of Filterette to be used.

Installation of Filterette

To be effective the Filterette must be connected in
series with the power input leads to the converter, and
the Filterette return wire must be connected to a care-
fully cleaned part
of the converter
frame. All wiring
should be carried
in conduit which
should be bonded
to the Filterette
case, the converter
frame, and the
metal frame of the
refrigerator. If BX
is used its sheath
must be bonded
to all metal parts
of the installation
with which it may
come in contact. If
this precaution is
not taken considerable interference may result from the
intermittent discharge of charges accumulated on the
BX sheath.

Fic. 43. Special Filterette contained

in mounting base for Westinghouse

inverted synchronous converter. See

page 74 for specifications of the Fil-
terette.

Electric Refrigerators in Radio Demon-
stration Rooms

Another instance in which the converter used in con-

junction with electric refrigerators may cause radio

interference affecting a radio dealer is found when such

a dealer, having his display and demonstration rooms
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in a D. C. district, is located in the same building with
a refrigerator dealer, or is, himself, selling electric re-
frigerators. In this case the converter supplying alter-
nating current for the operation of the refrigerators is
likely to be located at some distance from the refriger-
ator. Consequently there will be a considerable length
of A. C. wiring in addition to the D. C. wiring from which
interference may be radiated. The Filterette require-
ments of such a converter will therefore be an inductive-
capacitive Filterette at the D. C. side, another at the
A. C. side, and,# a voltage control rheostat-istocated in
the demonstration room, a third Filterette in series with
the rheostat leads at the converter. The Filterettes
should be located as close as possible to the converter
and should be connected in series with the D, C. and
A. C.leads. All connecting leadsshould be carried in con-
duit, and both Filterette return leads should be connected
to the same carefully cleaned spot on the converter frame.

Interference from Converter Used with
Neon Sign

Radio dealers, having demonstration rooms in D. C.
districts are likely to encounter radio interference creat-
ed by the converters used to supply alternating current
for the operation of Neon signs on their own or nearby
buildings. As is the case with a converter supplying
current for refrigerator demonstration, the converter
used with a Neon sign is generally located at some
distance from the load being supplied. Therefore the
interference is radiated from both D. C. and A. C.
leads and the Filterette requirements
given in the preceding paragraph
apply to converters used with Neon

Filterizing Motor-Generators Used for
Charging Batteries

Motor-generators used for charging storage batteries
are often responsible for considerable radio interfer-
ence. In this case, the change is from alternating cur-
rent to direct current rather than from direct current
to alternating current as in the case of a motor-gener-
ator or converter used for operating a radio receiver
in direct current districts. Due to the fact that the
radio receiver is seldom in close proximity to the motor
generator set, and is but indirectly connected electri-
cally to its circuit, it is generally a simple matter to
suppress the interference due to the charging generator.

A motor-generator set used for battery charging
may employ either a single phase or a three-phase
motor. In either case the motor should not cause radio
interference. The generator is responsible for the inter-
ference which will be radiated from the leads connect-
ing the generator and the batteries and may also be
radiated from the leads between the generator and its
field rheostat. Some interference may be transferred
capacitively from the D. C. circuit to the A. C. lines
but the amount of interference thus transferred is
usually so slight as to be negligible.

The type and number of Filterettes required for
suppressing the interference will depend upon the
manner in which the charging equipment is installed,
and upon the proximity of the receiver to this equip-
ment. In many cases the use of a Filterette number
20 connected directly across the armature terminals

or other gas tube signs.

Neon signs have often been held
responsible for radio interference
when, if the truth were known, the
disturbance was created by the
motor-generator or converter equip-
ment used to supply alternating cur-
rent to the sign transformer. A Neon
sign in good condition should create
no radio interference. If interference
is reported the tubing and bushings
should be carefully inspected and
cleaned, and a check should be made
to determine whether or not the sign
transformer is connected to a con-
verter which is responsible for the
interference.

All of the preceding uses for con-
verters or -motor-generators affect
only radio dealers or broadcast list-
eners in districts normally supplied
with direct current. There are, how-
ever, other uses for converters or
motor-generators, which may affect
radio reception in towns and cities
using alternating current.

The converters shown are 500 K.

Fig. 44. Street railway converters filterized by application of Filterette No. 60.

. machines.
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of the generator and having its return wire connected
to 1 carefully cleaned part of the generator frame
prozides satisfactory reduction of the interference
crested by the generator (Figure 41). Usually there
are three flexible leads brought out of the gener-
ator frame. These leads are marked ‘“‘field”, “arma-
ture” and ‘“‘common’” or “line.” The Filterette should
be eonnected across the armature and line leads and
the connection should be made with the shortest pos-
sibde leads. If the field rheostat is located at any
apo-eciable distance from the generator it may be
necessary to connect an additional number 20 Filter-
ett> from the generator terminal marked “field” to
thc erminal marked ‘“armature.” In other words, this
Fil-erette is connected across the leads to the field
rheostat. In rare instances it may be necessary to use
an inductive capacitive type Filterette (Tobe Filter-
ette number 221) in series with the generator output
lea:ds, and to apply a Filterette to the A. C. motor to
suyrress whatever interference might be capacitively
cotpled to the A. C. line. These instances, however,
are  rare that they need not be considered at this time.

Motor-generators used for battery charging are gener-
ally found in police or fire alarm telegraph stations, in
telecthone offices, in garages and in railway signal
offices. The generator used for charging police tele-
gras1 or fire alarm system batteries usually delivers
bet veen 150 and 250 volts. Filterette number 20 is
the correct type for application to this generator. The
gen>~ator used for charging telephone or automobile
bat-cries usually delivers from 6 to 100 volts. Filter-
ettc number 10 is the correct type for application to
this generator. The generator used for charging railway
sigral system batteries usually delivers about 500 volts.
Tilta-ette number 60 should be applied to this gener-
ator.

Theatre Converters

There is one other piece of electrical apparatus used
for 2)taining direct current
in cl-ernating current dis-
tricts which has been found
to be responsible for con-
side -sble radio interference.
This s the synchronous con-

interference may be kept out of both the A. C. and the
D. C. circuits. This Filterette may generally be a Tobe
number 23, designed for application to three-phase
apparatus, since the converter in most common use is
operated from a three-phase, 220 volt line. The Fil-
terette for use at the D. C. end of this machine is
number 10, since the D. C. out-put is usually between
50 and 100 volts. On some occasions it may be neces-
sary to use an inductive capacitive type at the D, C.
end of the machine, in which case Filterette number
135, which is capable of handling 50 amperes, is recom-
mended.

~When motor-generator sets are used for obtaining
direct current to operate motion picture equipment, it
is generally sufficient to filterize the D. C. gencrator,
since the capacitive transfer of interference to the A. C.
lines is generally so slight as to be negligible.

Summary

1. Any motor-generator or rotary converter may
create interference.

2. This interference originates in the D. C. circuit of
the apparatus, whether motor or generator.

3. The interference travels along all wiring circuits
to which the converter or motor-generator are
connected and, being radiated from them, may
enter the receiver through the antenna system as
well as through the power unit.

4. If satisfactory radio reception is to be obtained
the interference must be kept from getting out on
the wiring circuits. To accomplish this Filterettes
must be applied to the motor-generator or con-
verter.

5. D. C. to A. C. machines are generally more
difficult to filterize than are A. C. to D. C.
chines.

6. Filterettes must be chosen with due consideration
of the characteristics of the apparatus to be
filterized.

The Tobe Deutschmann Corporation will gladly
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F1c. 45. Diagram showing inductive transfer of interference from a street car to the feeder
and primary and secondary distribution network.
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recommend Filterettes for application to any motor-
generator or synchronous converter. When requesting
information be sure to specify the purpose for which the
apparatus is being used, and also to copy and forward
with your letter all of the information on the name
plate of the machine.

Fi1c. 46. Filterette SC-1 applied to
call buzzer.

Street Railway Interference

Q. How may the interference created by a large
rotary converter, such as is used in street railway
work, be overcome?

A. A number 60 Filterette installed as shown in
Figure 44 usually provides a satisfactory reduction of
interference from a rotary converter of this type. In
this installation the Filterette is connected across the
D. C. output terminals of the machine.

Q. Is this type of Filterette installation adapted
to all street railway converters?

A. Usually, altho if the converter frame
is well grounded, and if the negative bus is
also grounded it will be preferable to connect
a capacitive Filterette section type SC-1
from each positive brush to the converter
frame. When this type of filtering is used
all leads must be kept as short as possible.

should be connected in series with each of the D. C.
output leads from the machine.

NOTE: Tests have shown that the location of these
choke coils at the bus bars is usually not satisfactory,
since the length of feeder between the converter and
the bus bars is likely to be sufficient to allow the radia-
tion of considerable interference.

Q. What parts of a street car create radio
interference?

A. The first and most obvious source of interference
in the car itself is found in the driving motors. Since
these motors are in operation practically all the time
that the car is moving, the interference which they
create constitutes a serious impediment to radio re-
ception, and any remedy for street car interference
must give primary recognition to the driving motors.

The next source of interference in the car is the
motor which drives the air compressor. This motor is
operated intermittently, but as its operation frequently
overlaps periods during which the car is not in motion,
it tends to keep the interference in evidence at all
times.

The call buzzers used for signalling the operator of
the car also create considerable interference. On one
street railway system it was found that the interference
due to call buzzers was audible as far as 12 blocks
from the car line, while the interference from the various
motors was audible within only one block of the trolley
line and feeder.

In addition to the motors and call buzzers there are
numerous other making and breaking contacts in the
car which may cause radio interference. Most of these
contacts, however, occur at such infrequent intervals
that the interference they cause is not a source of
great annoyance to broadcast listeners. Light switches,

2 Ce (nolor cQse.

HMeunt- SC2_directly em metor Casizg.
\M&n&g&y_

Q. Are inductances ever required in
filtering a street railway rotary?

A. In addition to the capacitive type
Filterettes described above, inductances,

connected in the D. C. output leads from
the machine are sometimes required, espec-
ially if the converter is of an old type.

Q. How should these inductances be
installed?

A. These inductances should be mounted
as close as possible to the D. C. output
terminals of the converter. The distance
between the inductances and the converter
should not exceed 2 feet. One inductance

08 .

Fia. 47. Simplified wiring diagram showing the filterizing of a two-motored

street car.
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Jeater switches, and door switches are among the
~ossible sources of slight interference.

Another source of interference is the controller.
Since the operation of this part of the car equipment
occupies a considerable part of the time that the car is
in motion, the interference from this source is also
sbjectionable.

One further source of interference, which will be in
evidence only when the car is in motion, is the rolling
contact between the trolley wheel and the trolley wire
«nd between car wheels and rails. This interference,
which is heard when the car is coasting under no power
¢s well as when power is being used to drive the car,
must be overcome if satisfactory radio reception along
street railway systems is to be made possible.

Q. How should the filterizing of a street car be
undertaken?

A. In filterizing a street car it has been found neces-
cary to consider the entire car rather than the various
components which are individually responsible for the
interference. Figure 47 is an abridged wiring diagram
«f a street car circuit. This diagram shows the sources
«f interference in a two-motored car.

Q. How is street car interference distributed?

A. The interference created by the various parts of
the street car is carried along the power, lighting,
Leating, and signal circuits of the car, many of which
cre cabled together or parallel each other, thus making
for ease of inductive or capacitive transfer of inter-
forence from the circuit on which it originates to the
cther circuits in the car. From any of these circuits
interference may be conductively impressed upon the
trolley and trolley wire or it may be radiated from the
car wiring and picked up by the trolley wire. The inter-
frence which reaches the trolley wire either by direct
connection or by inductive coupling may be distribut.,ed
tlong the entire trolley line and may also be carried
cver to the feeder and distributed along the feeder
system.

In view of the fact that the greater part
¢f the interference is distributed along the
trolley wire and feeder, it is evident that the
frst step to be taken in suppressing street
car interference is the provision of some
reans whereby interference will be prevent-
ed from reaching the trolley wire and feeder.
~his is best accomplished by use of suitable
Tilterettes connected in the main lead from
the trolley to the controllers and other
sources of interference in the car.

Q. What Filterette is required for pre-
venting the transmission of interfer-
ence to the trolley wire?

A. The correct Filterettes for this appli-
cation are the Type SC-100 and SC-1. As
shown in Figure 47, Filterette SC-100 is con-
rected in series with the lead from the trolley
to the controller and is bypassed by Filter-
ette SC-1.

Filterette SC-100 carries the entire current

load of the car and must be firmly mounted as close as
possible to the controller. The location of Filterette SC-
100 in the electrical circuit of a two-motored car is shown
in Figure 47, and the installation of this Filterette on
such a car is shown in Figure 48. As this photograph
shows, the Type SC-100 Filterette is mounted under the
car directly beneath the controller. If possible the lead
connecting the Filterette to the trolley should not be
cabled with other wiring but should be, as far as pos-
sible, separated from all wiring. With the car shown
in Figure 47, this is a relatively simple matter since
the two down leads to the controllers are carried on
opposite ends of the car. In some cases a single down
lead is used near the center of one side of the car, in
which case some rearrangement of wiring may be
necessary to avoid the possibility of coupling between
the main controller lead and the motor wiring of the car.

Q. How does Filterette SC-100 affect motor and
buzzer interference?

A. When the Filterette is correctly installed it is not
only effective in overcoming controller interference but
it also aids in preventing the distribution of inter-
ference created by motors, buzzers and other con-
tactors in the car. The Type SC-1 section used in con-
junction with the Type SC-100 section is connected
directly across the input and output terminals of the
controller, as shown in Figure 47. To obtain satis-
factory reduction of controller interference one combin-
ation SC-100 and SC-1 Filterette must be applied to each
controller. The use of the Type SC-100 and SC-1 com-
bination effectively suppresses whatever interference
may be caused by the operation of the controller.

Q. How are the driving motors filterized?

A. After suitable Filterettes have been applied to
the controller, the next step to be taken is the filterizing
of the driving motors. The interference which these
motors create results from the making and breaking of
contact between motor brush and commutator, and is

FILTERETTESRY,
K‘f’\

-
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X

Fia. 48. Filterettes SC-100 and SC-1 in the controller circuit.




RADIO NOISES AND THEIR CURE

generally as pronounced in the case of motors in good
condition, as when defective or improperly maintained
motors are found. It is, therefore, seldom possible to
eliminate driving motor interference by adjusting
brushes, turning down commutators, or otherwise
servicing motors, although whatever reconditioning of

Q. What Filterette is required for application
to the compressor motor?

A. After the driving motors have been filterized, the
air compressor motor should receive next consideration.
The interference created by the compressor motor is
similar in character to -hat created by the driving

motors, but due to the manner in which the

FiG. 49. Filterette SC-1 applied to compressor motor.

equipment may be required should be accomplished
before other steps are taken toward the elimination of
interference.

NOTE: All apparatus must be placed in the best pos-
sible electrical and mechanical condition before Filter-
ettes are applied, as they are intended to be used only
for overcoming the interference created by the normal
operation of electrical apparatus in good condition.

Filterette SC-2 has been developed for application
to driving motors. Filterette SC-2 is contained in a cast
iron housing and has two screw terminals from which
2 No. 14 wires, suitably insulated, are connected to the
positive and negative brush holders of the driving
motor. The Filterette leads should enter the motor
housing through a porcelain bushing and should be
provided with drip loops to prevent accumulated
moisture from following the leads to the terminals
and causing flash-over on the Filterette terminals.

NOTE: In the photographs the Filterettes are
shown without covers. In actual practice Filterettes
are provided with external housings which enclose
the terminals, protecting them from moisture.

Filterette SC-2 is designed to be mounted on the
housing of the driving motor, or it may be mounted on
the frame of the truck. If the Filterette is not mounted
on the motor frame it may be necessary to bond the
Filterette case to the driving motor frame. One Fil-
terette SC-2 is required for each driving motor.

motor is connected in the wiring circuit of
the car a somewhat different procedure is fol-
ed in suppressing the interference.

The Filterette required for application to
the compressor motor is the type SC-1 con-
nected, as shown in Figure 47, directly across
the brush holders of the motor. This Filter-
ette also is contained in a cast iron housing
with screw terminals to facilitate its connec-
tion in the motor circuit. Number 14 wire,
suitably insulated, should be used for con-
necting this Filterette, and drip loops, as
previously described should be provided.
Filterette SC-1 may be either grounded or
ungrounded, whichever is more convenient.
Figure 49 is a photograph showing the appli-
cation of this Filterette to a compressor motor.

Q. How is call buzzer interference over-
come?

A. A further application of Filterette SC-1
is for suppressing the interference created by
the call buzzers. As will be seen from the
diagram, Figure 47, the buzzers break a highly
inductive circuit with the result that inter-
ference is impressed on a number of wiring
circuits extending throughout the car. In
order to obtain satisfactory reduction of buzzer inter-
ference, a type SC-1 Filterette must be connected
directly across the buzzer terminals, using the shortest
possible connecting leads. Figure 46 shows a Filterette
SC-1 applied to a call buzzer. In this application it is
not necessary to ground the Filterette case, although
this may be done if
it is desired.

NOTE: Although
the Filterette ap-
plied to the call
buzzer is not ex-
posed to moisture,
it is advisable to
provide a cover for
the Filterette term-
inals, since in many
cases the Filterette
will be installed
where it will not
be advisable to
leave the terminals
exposed.

Q. After the
car has been fil-
terized, what in-
terference possi-
bilities remain?

Fia. 50. Application of Filterette 235
to an automatic D. C. elevator.
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A. After Filterettes have been correctly applied to
the controllers, driving motors, buzzers and compressor
mc tor, there remains the possibility of interference from
trclley contact and rail contact. Rail contact is not
no-mally a source of interference, except when the

COMPENSATING

A. In practically all cases it has been found that the
installation of Filterettes at the sources of interference
in the car provides satisfactory reduction of inter-
ference from the trolley contact as well as from the
apparatus within the car. In rare instances, however,

the trolley interference may persist, in

MAIN CONTACTS " wINDING CURRENT which case it will be necessary to provide
5 KL TR | some other means of eliminating trolley
§ COUNTER - 3 contact interference.

WEISHT = Since this interference is due to differ-
ences in the resistance of the contact
oc foggf."l JERET . NTIAL between trolley wheel and trolley wire,
b CO'IDE":EEMY WINDING s the elimination of the interference may
SPRING—— CONTACTS R necessitate the establishment of some
mm’ﬂ"mfp MAINS  means of keeping this contact resistance
- at a steady value. In determining how
RESISTANCE | EXCITER tl}:ls li to be accomplished, the reasons for
s FIELD the change in tact resist t be

$ oeler Iy contact resistance mus

2 MAGNET RRELAE discovered.

‘ Although it might seem that the rolling
awrm@g contact of trolley wheel on trolley wire
\ should be reasonably frictionless and
kﬂﬁﬂfw 'AC GENERATOR relatively constant, it will be seen that
_ _mm many variable factors affect the contact.
".G. 51. Filterette FS-110 used for suppressing the interference created by In the first place, speed of travel is con-

the main contacts of a type TA voltage regulator.

track is laid on an unpaved street so that dirt on the
rai = causes an increase in contact resistance as well as
son- sparking. The only remedy for this interference
is the provision of a brush to clear dirt from the rails
ahesd of the driving wheels.

Although the interference due to the rolling contact
between rails and car wheels is generally negligible,
thet due to the varying contact between trolley wheel
and trolley wire is highly objectionable. In order to
determine what must be done to overcome this inter-
feremce it is necessary to understand the cause of the
int >rference.

Q. What causes trolley contact in-
terference?

A Trolley contact interference is caus-
ed by rapid changes in the resistance of
cor tact between trolley wheel and trolley
wire. These changes cause fluctuations
in -he flow of current to the car so that,
ever tho there may be no measurable
int>-ruption to the flow of current an
ele~trical disturbance which will cause
" raci> interference is likely to result.
This interference may be in evidence

tinually changing with resultant change

in pressure between wheel and wire.
Changes in the suspension of the trolley wire and
differences in the length of span also cause variation
of pressure with consequent differences in contact
resistance.

These changes in contact resistance cause wide varia-
tion in the amount of heat developed at the point of
contact, and as a result the wearing of both wheel and
wire is highly irregular.

Since the trolley contact interference becomes in-
tensified as contact irregularities produce pitting of
trolley wheel and trolley wire, it is obvious that any
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whon the car is coasting under no power
as well as when power is being used to
drive the car. In this case there is no
chenge in the flow of current to the car,
bu- the interference is due to the varying
diszharge of potentials accumulated on
trolley wires and feeders.

Q. How may trolley contact inter-
ference be overcome?
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Fig. 52. Flour bleacher interference feeds back into the line, requiring the

use of Filterette 231.
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procedure which will tend to maintain even pressure of
wheel on wire will help to overcome this condition.
Experience has shown that the provision of a com-
paratively long contact surface tends to provide a
uniformly decreased contact resistance and thus to
minimize pitting of the trolley member. A sliding shoe
has been used with considerable success for providing
increased contact area with consequent decreased con-
tact resistance. The use of a shoe, however, is not a
cure-all since with this greater contact area there
is naturally a greater amount of friction on the trolley
wire, resulting in increased wearing which shortens the
life of the wire. In order to overcome this situation, it
is necessary to lubricate the trolley wire for the purpose
of decreasing friction. The lubricant used must be of
such consistency that it need be applied to the trolley
wire approximately once a month, and will remain on
the wire under all weather conditions.

The substitution of a sliding shoe for a trolley wheel
requires that the overhead system be changed to ac-
commodate the shoe. Consequently it is possible to
use shoe-equipped cars only on lines which have had
the overhead changed to allow for shoe operation.
Moreover, the use of the shoe eliminates contact in-
terference only, and has no effect on controller, motor
or buzzer. It is, therefore, advisable to filterize all of the
apparatus in the car before making any mechanical
changes. This is particularly true in view of the fact
that in many cases the application of Filterettes is
found to eliminate trolley contact interference.

Q. What other parts of a street railway system
may be responsible for radio interference?

A. After the rolling stock has been properly equipped
to prevent the distribution of radio interference, con-
sideration must be given to other parts of the railway
system. One of the first things to be considered in a
study of the remainder of the system is the bonding of
rails, since improper rail bonding is responsible for a
great deal of radio interference. It should not be neces-
sary to emphasize the need for satisfactory bonding of
rails, since poor bonding is also responsible for harmful
electrolysis, which has been the cause of costly litiga-
tion between street railway and water and gas com-
panies. Proper rail bonding is essential in preventing
street railway interference.

Another point at which interference may arise is at
each of the section gaps. The passage of a car under
power over a section gap results in the creation of con-
siderable interference. The interference is due to the
interruption of current flow. On a heavily traveled line
this interference may be decidedly objectionable. To
overcome the interference it is necessary to bridge the
section gaps with Type SC-2 Filterettes connecting
them to the rail also under some circumstances.

Signal systems may also cause some interference.
This interference, however, is usually so intermittent
that it is not objectionable. If signal interference ap-
pears to be objectionable, specially designed Filterettes
may be applied to the various contactors which ener-
gize the signal circuits.

Elevators

Q. What part of an elevator installation may
cause radio interference?

A. Interference may be caused by the driving motor,
if it is D. C. operated, and by the various contaects in
the control circuit. These contacts are located on the
main control panel and at the different floors.

Q. How may the motor interference be iden-
tified?

A. This interference usually causes a heavy roaring
noise in the loud speaker. The progress of the car from
floor to floor may easily be traced by the indication in
the loud speaker.

Q. How may the interference due to control
contacts be identified?

A. If the motor interference is interspersed with loud
clicks it is probable that the contacts in the control
circuit are causing interference.

Q. How may the motor interference be sup-
pressed?

A. In most cases a capacitive type Filterette No. 23,
connected directly across the motor terminals, and
having the return wire connected to a carefully cleaned
part of the motor frame, provides satisfactory reduction
of interference. With D. C. motors it is often necessary
to use an inductive-capacitive type Filterette. (See
Chart of Inductive Capacitive Types.)

Q. How may control contact interference be
suppressed?

A. It has been found that the use of a suitable in-
ductive-capacitive type Filterette connected directly in
series with the main supply line to the elevator installa-
tion generally provides satisfactory reduction of the
interference from both the control panel contacts and
the motor. Figure 50 shows a type 235 Filterette ap-
plied to a fully automatic D. C. elevator. In some cases
it will be found that in addition to the use of the Fil-
terette in series with the supply line to the installation,
a capacitive Filterette must be connected across the
motor terminals. Filterette No. 20 is the correct
Filterette for this application when the motor is oper-
ated at 220 volts D. C.

In some cases a motor generator is used in connection
with an elevator installation. When this is the case,
the motor generator may create interference, which
should be suppressed by application of Filterettes as
described on pages 22-31.

Q. What other parts of an elevator system may
require filterizing?

A. The call buzzer may cause radio interference,
which may be suppressed by connecting a type 301-T
Tobe Condenser across the buzzer terminals.

Q. May shielding be used in any part of an
elevator installation?

A. It has often been found that the construction of a
screen, of 16 mesh copper or galvanized iron, en-
closing the control panel provided a material reduction
in interference. This procedure is experimental and the
results cannot be forecast.
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Voltage Regulators

QO How may interference from voltage regula-
tors, as used in power stations, be identified?

A A rapid clicking may indicate interference from an
autamatic line voltage regulator.

Q What part o% this apparatus creates inter-
ference?

A. Interference may be due to the operation of the
main contacts or of the relay contacts.

Q How may this interference be suppressed?

A. An inductive capacitive type Filterette connected
in s-ries with both main contact leads as shown in
Figure 51 should eliminate the interference from this
sourze. For use in circuits not over 5 amperes, at
11¢ volts, Filterette FS-110 is recommended.

Flour Bleachers

Q What type of interference is created by a
flou- bleacher of the type commonly termed
“‘continuous arc electrifier?”’

Eig. 50. Filterette FS-110 applied to the thermostatic
control of an electric incubator.

2. The interference created by a flour bleacher of
this type is similar to that created by the electric ig-
nition system of an oil burner, and is heard as a steady
roaring.

(. How may this interference be suppressed?

2. A Filterette of the inductive-capacitive type, such
as Twbe Filterette No. 231, should be connected directly
in se-iés with the power input to such a machine to pre-
vert the feed back of interference into the power line.
Ths Filterette should be connected at the load side of
the switch controlling the bleacher. Its return wire
ghoudd be connected to a carefully cleaned part of the
bleaeher frame.

Q. What shielding of the high tension side of
the apparatus is required?

A. Since most flour bleachers are so constructed that
the entire high tension system is enclosed within the
metal housing of the machine, additional shielding is
seldom required.

Q. What governs the choice of the Filterette
used with a flour bleacher?

A. The Filterette, which must be of the inductive-
capacitive type, should be designed to carry the maxi-
mum current required by the bleacher, and should
bear the same voltage rating as the bleacher. See table
on Page 75 for Filterette ratings.

Electric Incubators

Q. How may the interference which is created
by an electric incubator be identified?

A. This interference is heard in the receiver as an
intermittent clicking or as an irregular, fairly low-
pitched roaring which varies in intensity and in du-
ration.

Q. Where does this interference originate?

A. This interference originates at the contacts of the
thermostat which controls the heating elements of the
incubator.

Q. How is this interference distributed?

A. The interference which originatesat the thermostat
contacts is distributed along the wiring from the thermo-
stat to the heating element, or elements and is also
fed back on the power line which supplies the incubator.

Q. How may interference created by the ther-
mostat contacts be suppressed?

A. In order to prevent the distribution of this inter-
ference, it is necessary to connect a Filterette in series
with each side of the thermostat contacts.

Q. What is the correct Filterette for this appli-
cation?

A. The exact type of Filterette to be used depends
upon the voltage at which the heating element is oper-
ated and the number of amperes handled by the ther-
mostat contacts. Figure 59 shows a small thermostat
and heating element operated at 110 volts and drawing
a current of approximately 3 amperes. As this photo-
graph shows Filterette FS-110 is connected in series
with the thermostat contact leads, and the Filterette
return wire is connected to the metal frame of the
heating element and thermostat assembly. The use of
this Filterette prevents the distribution of interference
along the incubator wiring or the power supply line.
If the thermostat breaks a current in excess of 5
amperes, standard inductive capacitive type Filterettes
such as No. 131, 231, ete., will be required. When a
Filterette of this type is used to suppress thermostat
interference, it should be installed as close as possible
to the thermostat and all connecting leads should be
carried in BX or conduit. To install this Filterette it
is necessary to disconnect the two leads which are con-
nected to the thermostat contacts and to connect these
two leads to the Filterette terminals marked ‘load”.
Short leads, preferably not over 6’ in length, should
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then be connected from the thermostat contacts to the
Filterette terminals marked “line”. The Filterette
return wire should be connected to the metal frame or
housing of the thermostat.

Q. If the heating elements are indirectly con-
trolled, that is, controlled by a relay, which is
itself controlled by a thermostat, what procedure
will be required to overcome the interference?

A. In an installation of this type, the relay contacts
will cause a single click on opering or closing and, unless
they are so adjusted that they may chatter, this inter-
ference will probably not be objectionable. It will,
therefore, be necessary only to install a Filterette FS-
110 in the thermostat circuit. If relay-contact inter-
ference is found to be objectionable, Filterettes as pre-
viously recommended for application to the thermostat
contacts should be applied to the relay contacts. Fil-
terettes No. 131-235, as described on page 75 of this
book, are the correct type to be used.
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F1a. 60. Filterette NYL-4 applied to a four-circuit flasher of the
type used for controlling running borders.

Neon Signs

Q. Do Neon signs cause interference?

A. A steady burning Neon sign in good condition
should cause no radio interference. If a sign of this
type appears to be causing interference, it should be
carefully inspected for broken bushings or other defects.
In many cases an accumulation of dirt on the glass
tubing of the sign will result in the passage of minute
currents causing radio interference. A thorough over-

hauling of the sign should be all that is required to
eliminate the interference. A neon sign which consists
of glass tubing alone, with no metal backing will some-
times affect nearby receivers. A mass of metal near the
tubing usually tends to absorb the interference. If in-
terference is being caused by the flashing on and off of
the sign, the same treatment as required for any flash-
ing sign should be followed. In the choice of Filter-
etts for application to neon signs, the measured pri-
mary current of the sign transformer or transformers
must be known.

Sign Flashers

Q. What types of sign flasher create radio inter-
ference?

A. Practically all types.

Q. How is this interference distributed?

A. This interference may be conductively imposea
on the power lines to the flasher mechanism or on the
leads between the flasher and the sign, and may be
distributed along and radiated from either the power
line or the load leads.

Q. How may the interference from the various
types of sign flasher be suppressed?

A. The simplest type of sign flasher is the thermostat-
ic button designed to be placed under a lamp in a
receptacle. It is not advisable to attempt to eliminate
the interference from a flasher of this type, since a
Filterette for this purpose would be considerably more
expensive than the flasher. However, certain types of
small illuminated display employ several thermostatic
flashers controlling a total load of approximately 50
watts. These flashers are usually installed in the same
housing with the load which they control, and may
usually be quieted by use of a single Filterette of the
inductive capacitive type, such as Tobe Filterette No.
110, connected directly at the power input to the dis-
play. O

The suppression of interference from small mercury
switches is described in considerable detail under the
heading “Traffic Control Apparatus.” For controlling
sign loads heavier than may be controlled by a ther-
mostatic switch, flashers of the mercury switch or rotat-
ing drum type are in common use. When the flasher is
so located that the load leads are relatively short, it is
often possible to eliminate whatever interference is
created by use of a Filterette, of the inductive capacitive
type, connected directly at the power input to the
flasher mechanism.

Such an installation is usually most effective when
the flasher mechanism is insulated from the ground,
and the return wire from the Filterette is connected to
the frame of the flasher mechanism. This procedure
will often result in complete elimination of interference,
even when the leads between the flasher mechanism
and the sign are of considerable length. Usually, how-
ever, a great deal of interference is radiated from these
load leads so that a different type of Filterette installa-
tion is required. The installation of such a Filterette
must be such that the interference is not only kept out

38



RADIO NOISES AND THEIR CURE

IO CIBCUT FLASHER
Wa;mwm
v C
0 } .‘
)
B LUTERETTE
N2 ¥
P = & 7

F1a. 61. Application of Filterette NYL-2 to a two-
circuit flasher.

of the supply line but is also prevented from reaching
the load leads.

Q. How may the correct type of Filterette for
epplication to a sign flasher be determined?

A. In choosing a Filterette for application to a sign
f asher it is necessary to know:

1. The voltage at which the flasher is operated.

2. The number of flaghing circuits.

3. The number of amperes flowing in each flashing

circuit.

0. What are the requirements of the most
common types of sign flasher?

A. Probably the most common type of flasher is the
four-circuit unit shown in Figure 60. This flasher is
wilely used for obtaining running border and other
motion effects and is commonly supplied to handle 40
aaperes in the feeder circuit and 10 amperes in each
flashing circuit.

Another common flasher combination is a two circuit
un:t handling 20 amperes in the feeder and 10 amperes
ir. 2ach flashing circuit. This type of flasher is commonly
used for flashing opposite sides of a double faced sign
o~ as a speller for two names. NOTE: Although
Figure 61 shows a mechanical flasher, mercury switch
flashers also require filterizing,
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Fic. 62. Single circuit mechanical contactor used for controlling flashing

traffic beacon.

Q. What Filterettes may be used for suppress-
ing sign flasher interference?

A. Filterette NYL-2 has been developed for applica-
tion to two-circuit flashers, and Filterette NYL-4 for
application to four-circuit flashers or ‘“chasers”.

Q. How are these Filterettes installed?

A. The installation of Filterette NYL-2 is shown in
Figure 61 and that of Filterette NYL-4 is shown in
Figure 60.

The following procedure should be followed in in-
stallation of either of these Filterettes:

The Filterette must be mounted as close as possible
to the flasher mechanism and its case must be carefully
grounded, preferably by bolting to the metal cabinet
containing the flasher mechanism. The flexible leads
coming from the outlets marked “F’’ must be connected
to the terminals of the flasher mechanism. The lead
from opening ‘“C”’ connects to the common terminal of
the flasher mechanism. The leads from the opening
marked ‘S’ are connected to the line wire which would
normally be connected to the common terminal of the
flasher mechanism. The lead from opening “R’” must
be connected to a carefully cleaned part of the flasher
frame, and that from opening “O” must be connected
to the opposite side of the line from that to which “L’”
was connected. For best results motor lead “N’’ and
the return leads from the sign should be made neutral.
When this Filterette is installed in accordance with
these instructions, complete elimination of interference
due to the feed back into the line or the radiation from
the load leads should result.

Q. Does the motor used for operating a sign
flasher create interference?

A. No. In practically all cases, this motor creates
no interference. However, should it be found that in-
terference is being created by the motor, lead “M’”

Fia. 63. Photogaph showing installation

of Filterette FS-110 in a typical traffic
flasher control box.
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should be connected to the lead coming from “C” in-
stead of being connected as shown.

Q. How may the interference from a flasher
having more than four contacts be suppressed?

A. Standard practice provides for the construction
of four contact units. This means that if a flasher is
required for operating more than four circuits, several
four circuit flashers may be combined. When this is
done, a Filterette of the NYL-4 type should be applied
to each four-circuit section. A condition frequently
encountered is the use of three-wire 110-220 volt wiring
systems. When applying Filterettes to a flasher in-
stalled on such a system, the lead “O” should be con-
nected to the neutral wire of the system.

Traffic Control Apparatus

Q. What types of traffic control apparatus
cause radio interference?

A. Both the flashing beacon used as a warning signal
at dangerous crossings and the synchronized or pro-
gressive form of traffic control apparatus may cause
radio interference when operated electrically.

Some flashing traffic beacons are gas operated, and
they, of course, do not cause radio interference.

Q. How may interference from a flashing
traffic beacon be identified?

A. Interference from a device of this type will be in
the form of a steady clicking corresponding to the flash-
ing of the signal. This clicking may occur from 50 to 80
times per minute.

Q. Over how great an area may this disturbance
be noticed?

A. This depends on the manner in which the flashing
beacon is installed and on the manner in which the
power and telephone wiring is carried. If all wiring is
exposed, and particularly if the leads between the
flasher mechanism and the load are long, the interfer-
ence may be in evidence at a distance as great as one
mile from its origin. However, it is usually noticeable
only within a few blocks of the beacon.

Q. How may this interference be suppressed?

A. The exact procedure to be followed in suppressing
radio interference created by the single circuit con-
tactor normally used to control a flashing traffic beacon
depends to some extent upon the type of flasher being
used. There are a number of common types of mecha-
nism used for controlling flashing traffic beacons. One
of the most common types is shown in Figure 62. This
control consists of a synchronous motor of the telechron
type which drives a toothed wheel of an insulating
material. Contact points, mounted on springs, are
placed in such relation to the toothed wheel and to each
other that the rotation of the wheel alternately closes
and opens the load circuit. With this type of flasher
the motor is connected to the line during the entire
period of operation of the flasher, the contacts being
used to break the load circuit only.

Another type of contact actuating mechanism used
for operating flashing beacons consists of a disc type
induction motor geared to a shaft on which a cam is
mounted in such relation to the contacts that the ro-
tation of the cam opens and closes the load circuit.

Flashers of
the two types
just described
are normally
mounted in
wood or metal
housings near
the beacon or
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(See Figure

63.) In this Fia. 64. Diagram of mercury switch
case, Filterette flasher in which the switch breaks both
FS-110 may the load and motor circuits.

be mounted in
the flasher cabinet and connected in the contact circuit
as shown in Figure 62.

NOTE: Since the interference is due entirely to the
making and breaking of the load circuit, the Filterette
is not connected in the motor circuit.

Q. Are Filterettes required in flashing circuits
controlled by mercury switches?

A. Yes. Tests have shown that as far as radio inter-
ference is concerned there is practically no difference
between mercury switches and mechanical contactors.

Q. What types of flasher mechanism employ
mercury switches and how may Filterettes be ap-
plied to these mechanisms?

A. There are three common types of flasher mecha-
nism employing mercury tube contactors. The first
of these consists of a telechron type motor driving a dise
which has a pin projecting from its face near the rim,
and a yoke pivoted above the disc which is placed over
the pin so that as the disc rotates, the yoke moves from
side to side im-
parting a rock-
ing motion to a
mercury tube
mounted on a
cross member
at the head of
the yoke.

Anothertype
of mercury tube
flasher employs
a disc type in-
duction motor
in place of the
telechron motor
with a cam
movement for
rocking the
tube. A third
type of flasher
switch employs
a disc type in-
duction motor
driving a disc
on which is
mounted a ring
of glass tubing

Fie. 65. Checking interference from a
trafhe flasher.
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Fie. 66. Application of Filterette FS-110 to the flasher
shown in Figure 64.

irto which electrodes are sealed. The ring contains
mercury in such quantity that when the ring is rotating
tke mercury, which tends to remain in the lowest
section of the ring, closes the circuit between the elec-
trodes as they pass through the mercury.

The operation of these three types of mercury switch
is similar to that of the mechanical flashers previously
described in that the motor is connected to the line dur-
ing the entire operating period of the flasher. Being of a
type which contains no making or breaking contacts,
tke motor causes no interference.

These flashers also are normally mounted in wood or
m=tal housings in which ample space is available to
al.ow the installation of Filterette FS-110. This Fil-
terette is connected in the flasher circuit only, in the
same manner as is shown in Figure 62,

There is another type of mercury tube flasher which
orerates on a slightly different principle from the
fleshers previously described. A schematic diagram is
shown in Figure 64. As will be seen from the diagram,
the mercury switch used with this flasher is connected
in series with one side of the line and the load is con-
nected in parallel with the motor coil. The cycle of this
fle sher is as follows:

1. The mercury switch makes contact, allowing cur-

rent to flow through the load and the motor coil.

2. The motor coil attracts an armature or causes

Fia. 67. A typical indoor installation of a single circuit flasher
and an OB-110 Filterette.

torque to be developed in a disc. Either of these
actions causes sufficient motion of the mercury
tulie to open the circuit to both load and motor

coil.

3. The torque being removed, a spring or counter-
weight causes the mercury tube to assume its
original position, thus completing the cycle

In the design of a Filterette for application to this
type of flasher, consideration must be given to the
amount of current drawn by the motor coil as well as
to the amount of load current.
The motor current, however, is usually relatively
small so that it does not necessitate any great increase
in the size of the Filterette. With this type of flasher,
the Filterette is connected directly in series with the
leads to the mercury switch, as shown in F igure 66.
Here again Filterette FS-110 is recommended.
Q. If there is not sufficient space available in the
flasher housing to allow the installation of a
Filterette FS-110, what procedure may be fol-
lowed ?
A. In this case, a Filterette, mounted in a cutout
cabinet, should be located as close as possible to the
cabinet in which the flasher mechanism is contained.
Figure 68 shows the method of connecting Filterette
No. OB-110 under these circumstances. In this type
of installation the two Filterette terminals marked
“line”” must be connected to the switch contacts, and
the two Filterette terminals marked ‘“load’”’ must be
connected to the line and load wires as indicated in the
diagram. Figure 67 shows a workman-like installation
of Filterette OB-110 used in conjunction with a flasher
of this type.
Q. How is interference from synchronized
traffic control apparatus indicated ?
A. This interference usually consists of a steady
clicking, usually at such frequency as to constitute an
almost continuous roar, punctuated by heavier clicks
as the various indicating circuits are switched on and
off.
Q. Over how great an area may this interference
be noted?
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Fic. 68. Wiring diagram of installation shown
in Figure 67.
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A. Since a synchronized traffic control system may
extend for several miles, the interference will probably
be noted over the entire area in which the traffic control
system is in operation.

Q. How may this interference be suppressed?

A. The treatment of this problem requires specialized
knowledge and instruction as to the installation of
Filterettes which are designed for application to specific
types of apparatus.

The Filterettes may be supplied on receipt of the
manufacturer’s name, and model number of the traffic
control apparatus, and complete information as to the
manner in which the apparatus is installed, the number
of relay circuits, the load on each of the switching cir-
cuits, and the voltages at which the apparatus is op-
erated.

Autocall Systems

Q. What parts of an Autocall System may be
responsible for radio interference?

A. Radio interference may be created by the small
motor at the ‘“‘central’’ station, by the primary contacts
in the “central’”’ station, or by the relay contacts.

Q. How may the interference from these sources
be identified?

A. The interference created by the operating motor
will be heard as a high pitched whine starting a few
seconds before the signal is heard and continuing during
the entire period of operation of the signal. The inter-
ference created by the primary contacts is heard simul-
taneously with that created by the various relays, and
may be definitely identified only by operating the
“central” station with the signal circuits of the relays
disconnected. The interference created by the relays
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the relays are operated by hand as when they are en-
ergized from the central station.

Since the interference from the primary contacts in
the ““central” station will also appear as a clicking co-
incident with that due to the relay contacts, it will be
necessary to disconnect the load circuits of the various
relays and operate the “ central”’ station with the relays
blocked to determine just how much of the interference
is due to the primary contacts.

Q. How may interference created by the relays
be overcome?

A. In order to overcome relay interference it is neces-
sary to apply one Filterette to each relay contact. The
Filterette required is Type F'S-110 for use in 110 volt
circuits, and Filterette No. 221 for use in 220 volt eir-
cuits. Figure 69 shows the application of Filterette
No. FS-110 to a single cireuit Type GPA relay and
also shows the application of two Type No. FS-
110 Filterettes to a double circuit Type GS-2 relay.

For overcoming the interference created by a Type
GS-1 relay a single Filterette No. FS-110 connected in
series with both sides of the relay contact is required.

Q. How may the interference created by the
central station motor be suppressed ?

A. In order to suppress this interference, which is due
to the operation of the small series-wound motor, a
Type JA Filterette should be connected directly across
the power input leads to the motor.

Q. How may the interference due to the prima-
ry contacts in the central station be suppressed?

A. In practically all cases it is found that no inter-
ference results from the operation of the primary con-
tacts of the central station. If it is found that interfer-
ence is resulting from the operation of these contacts, a
special Filterette, designed to be con-
nected in series with each contact bar
and the rotating arm, will be required.

Q. What information is neces-
sary to determine the correct type
of Filterette for application to
= relay contacts?
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A. The voltage of the signal circuit
and the number of amperes being
handled by each contact must be

known and the Filterette must be
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Fic. 69. FS-110 Filterettes are required for filterizing Autoeall relays.

originates in the load circuits of the various relays and
is heard as a series of clicks corresponding to the station
being called.

Q. How is it possible to determine what parts
of an Autocall System are causing radio inter-
ference?

A. The interference created by the ‘‘central” station
motor is easily identified and may be checked simply by
placing the system in operation. The interference
created by the various relays may be checked by operat-
ing these relays by hand. If the relays eause interfer-
ence, the interference will be as much in evidence when

designed to operate at this voltage
and current.

Q. What other types of call
system are found to create radio interference?

A. The doctor paging system, commonly used in
hospitals to signal members of the staff, is a source of
considerable radio interference. A typical system of this
type is shown in Figure 70.

Q. What is the operating principle of this type
of call system?

A. This system consists of a group of contacts con-
nected to a keyboard by means of which various com-
binations of numbers may be set up. The rotation of a
set of cams closes the keyboard circuits intermittently,
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this energizing

rclays  which
close  second-
a~¥ circuit

lamps in an-
nunciators.
The rotation
of the cams
caiuses the
number being
celed to flash.
In-erference
from this type
of system is due
prinarily to
the relay con-
tects and may
be suppressed
by application
of specially de-
sizaed Filter-
ett2sin the var-
ious relay con-
tect circuits. The primary contacts in this type of call
system seldom cause radio interference, since they are
encrgized from a low voltage circuit which is wholly
cortained within the metal cabinet of the call system.

Fic. 70. Special Filterettes applied to a
hospital call system.

Automatic Stokers

Q. What parts
of an automatic
stoker installa-
tion may cause
radio interfer-
ence?

A. Interference
from an installa-
tion of this type
may be due to the
fuel feed motor or
tothe blower motor.,

Q. How is this
interference dis-
tributed?

A. The interfer-

Fic. 71. Fiiterette OB-110 applied 1
te the blower motor of an auto- ence from either

matic stoker. the blower motor or
the fuel feed motor is fed back into the building wiring
from which it is radiated and enters the receiver
through the antenna and ground connection.

1). How may this interference be suppressed?

A. In order to suppress this interference it is neces-
sary to apply a Filterette to each motor.

). What type of Filterette is required?

A. The Filterette used should be contained in a
me tal cut-out cabinet so that it may be installed in con-
duit or BX wiring. Filterette No. OB-110 is the correct
ty0e for application to automatic stokers operated from

110 volt supply lines. The applization of this Filterette
to the fuel feed motor is shown in Figure 72, and to the
blower motor is shown in Figure 71. Some makes of
automatic stoker employ 220 volt motors, in which case
Filterette No. 221 is the correct type to be used.

Farm Lighting Plants

Q. What causes interference from a farm light-
ing plant?

A. The interference from a farm lighting plant is
due partly to the ignition system of the gas engine
employed as prime-mover for the generator and partly
to the D. C. Generator.

Q. How is this interference distributed?

A. The distribution of interference depends on the
construction of the plant. If the plant is of the type
having the generator connected to the building wiring
at all times, the interference will be impressed on the
building wiring and will be in evidence whenever the
plant is in operation. If the plant is of the type em-
ploying a floating battery which supplies the load part
of the time, the interference will be carried along both
the building wiring and the leads to the battery, and
will be in evidence only when the generator is in oper-
ation.

Q. How may the interference from the fully
automatic, or non-battery charging type of plant
be overcome?

A. In order to overcome the interference from this
type of plant, it is necessary only to prevent its distri-
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Fic. 76. Typical installation of Filterette DM-32.
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Fic. 73. Application of Filterette DM-110 to a Deleo light plant.

bution along the load wiring connected to
the generator. This is best accomplished
by use of an inductive-capacitive Filterette
installed at the generator.

Q. What are the governing factors
in the choice of a Filterette for appli-
cation to a non-battery charging farm
lighting plant?

A. In order to determine the correct
type of Filterette it is necessary to know
the voltage and current output of the
generator. Non-charging plants may em-
ploy either 110 volt or 32 volt D. C.
generators, and are commonly rated at
from 15 to 50 amperes.

Q. What are some of the common
types of non-charging plants?

A. Most Kohler plants do not employ a
floating, or standby battery. These plants
are mostly rated at 110 volts, 800 watts,
1500 watts or 2000 watts. Delco Light
plants Models 8A3, 8M3, 750, 1275 15FAl
and 15H1 are also operated without a

3

Fig. 75. Installation of ignition unit of Filterette DM-110.

standby battery. The ratings of these
plants and the correct type of Filterette to
be used are shown in the chart Figure 74.

Q. How should the Filterette be applied to this
type of plant?

A. The Filterette should be mounted on or as near
as possible to the generator and should be connected in
series with the generator output leads. When a standard
Filterette is applied to a farm lighting plant the Fil-
terette terminals marked “Load” should be connected
to the generator terminals and the Filterette terminals
marked “Line” should be connected to the wiring
system being supplied by the plant. The Filterette
return wire must be connected to a carefully cleaned
part of the generator frame. When the Filterette is in-
stalled in this manner it should effectively prevent the

Fic. 72. The fuel feed motor of an automatic stoker generally requires

Filterette OB-110.

distribution of interference along building wiring con-
nected to the plant.

Q. If interference is in evidence after the Fil-
terette has been correctly installed, what may be
responsible?

A. In such a case it is probable that interference is
being carried along wiring connected to a remote
starting switch. To overcome this interference a No. 10
Filterette should be connected across the switch leads,
at the point where they are connected to the plant.

There is also a possibility that interference may be
radiated from the wiring of the ignition system of the
gasoline engine employed as a prime mover for the
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Make Model No. Volts Watts Filterette
Delco 8A3 32 800 133
Delco 8\M3 32 800 133
Delco 15-FA-1 110 1500 DM-110
Delco 15-H-1 110 1500 DM-110
Delco 1275 110 1200 DM-110
Delco 750 32 750 133
{ohler S, T 110 800 110
<ohler D, E 110 1500 DM-110
<ohler K, L 110 2000 132
{ohler 5A1, 531 110 5000 135

Fic. 74. Chart showing Filterettes required for application to
non-charging farm lighting plants.

gencrator. If this proves to be the case, it will be
necessary to shield the ignition wiring. The shielding
usec should enclose the spark plugs, the distributor,
and all connecting wiring.

O How does the procedure required for filter-
izin3 a battery-charging plant differ from that
required for a non-battery plant?

£. In the case of a plant employing a standby bat-
tery it is necessary to prevent the distribution of inter-
fererce along the leads from the generator to the
bat ery as well as along the building wiring. This is
accomplished by connecting an additional Filterette in
seri>s= with the charging circuit. A special Filterette,
Type DM-32, is available for application to Delco
Light Models 751,
752.B3,8C3,and850.
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Q. How may the
interference from
an Oaan Lighting
Plan-)Hesuppressed?

A. The interference due to the D. C. Generator is
suppressed by use of a special inductive-capacitive
type Tiltcrette connected in series with the output
terminals of the generator and having its return wire

OF MACHINE

DELCO _OM32 IGMITION FILTERETTE.

Fia. 79. Application of Filterette DM-32 to Delco light plants 8-B-3 and 751.

connected to a carefully cleaned part of the generator
frame. Installation of Filterette is shown in Figure 80.

Q. How is the ignition interference from the
prime mover of this plant suppressed?
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Fic. 80. Special Filterette and ignition shielding applied to
Onan lighting plant.

| | : __ Filterettes
Make | Model | Volts l Watts | Load |Charging
! Circuit | Circuit |
Delco 751 32 800 DM-32
8B3
Delco 752 32 800 DM-32
8C3
Delco 1581 110 1500 DM-110 131
15C1
Delco 15C3 32 1500 135 131
Delco 1278 32 1200 134 131
1250
Delco 1271 110 1200 DM-110 131
Delco 850 32 850 DM-32

Fi6. 78. Chart showing Filterettes required in load and charging
circuits of farm lighting plants employing standby batteries.

A. This interference, which is radiated from the
high tension leads of the ignition system, is suppressed
by complete shielding of this wiring. A special shield
shown above the fuel tank in Figure 80 is mounted
over the spark plug, and the lead to the coil is carried
in flexible metal conduit. The shield and conduit
must be bonded to the frame of the plant. The special
Filterette and shielding required for this plant may be
obtained from the D. W. Onan and Sons Company,
Minneapolis, Minn.

Bakery Ovens

Q. What part of a large bakery oven installa-
tion may cause interference?

A. The electric spark ignition system.

Q. When is this ignition system in operation?

A. Whenever the oven is being used.

Q. How may this interference be suppressed?

A. By a combination of filtering and shielding ap-
plied according to the principles outlined in the “Oil
Burner”’ section of this book.

Q. What type of Filterette is required?

A. An inductive-capacitive Filterette.

Q. Where should this Filterette be installed?

A. This Filterette should be connected directly in
serieswith the power inputleads to the transformerbank,

Q. What governs the size of the Filterette used?

A. The Filterette must be designed to carry the
maximum current, in amperes, drawn by the trans-
former bank, and must operate at the voltage of the
line from which the transformers are supplied. The
table on page 75 may be taken as a guide in the choice
of Filterettes. Usually this equipment operates from
a 220 volt line and requires from 20 to 40 amperes.

Q. How is the current carried from the trans-
former bank to the spark plugs?

A. Thru a special type of conductor known as
Curtistrip.

Q. Does this conductor provide sufficient
shielding?

A. Sometimes. However, at the point where the
ignition cable leaves the conduit to enter the oven there
may be several inches of unshielded cable which must
be carried in flexible metal conduit, bonded to all
metal parts of the oven.

Q. Should the oven be grounded?

A. An oven installation is usually grounded. Benefit
is often obtained, however, by providing driven grounds
for the entire installation.

Q. Does the transformer always supply current
directly to the spark plugs?

A. Not always. Spark coils are sometimes operated
from a step-down transformer.

Q. Will the Filterette installed at the primary
of the step-down transformer suppress the in-
terference?

A. With this type of ignition system an inductive-
capacitive type Filterette is required in the primary
circuit of each spark coil. To determine the proper
Filterette, measure the current in the primary circuit
and refer to the table on page 75.

Portable Electric Tools

Q. How may the interference from a portable
electric drill, screw driver or grinder be identified?

A. A high pitched whine or a slightly lower pitched
and coarser rushing sound indicates that interference
is being caused by a high speed electric tool. The
heavier sound usually indicates that the tool is being
operated at its full capacity.

Q. How is the interference from electric tools
distributed?

A. This interference is radiated from the long flexible
cord commonly used to supply power to the tool.

Q. How may interference from portable elec-
tric tools be suppressed?
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A. An inductive-capacitive type Filterette connect-
el in series with the power input leads to the tool and
having its return wire connected to a carefully cleaned
pa-t of the frame of the operating motor should sup-
press the interference from this source.

1). May theFil-
terette be located
at the power out-
let to which the
toel isconnected?

A. No. In this
ccse sufficient in-
terference might
be radiated from
tte long attach-
meat cord of the
tcad to nullify any
berefits obtained
from the use of the
Fil-erette.

0. What is the
prccedure recom-
mended for the
installation of a
Fil:erette?

2. Remove whatever part of the tool housing is
necssary to reach the attachment cord terminals. If
a two-wire cord is used, disconnect both conductors
and attach to them the female end of a separable con-
nec-or. Connect a two-wire cord to the terminals from
which the original conductor was removed. This cord
sh>1ld not be over four inches long and should be pro-
vided with an attachment plug to be inserted in the
ree¢ ptacle provided on the Filterette. Connect a wire,
not over six inches in length, from the Filterette bind-
ing post to the metal housing of the motor. Insert the
atiechment plug of the Filterette in the connector at
the end of the power supply cord. Provided the motor
do2s not require more than five amperes at 110 volts,
the Filterette Senior is the proper type for use with a
po-table electric tool.

When using this Filterette it may be necessary to
reverse the position of the Filterette attachment plug
in the power receptacle in order that the inductance
mey be located in the hot side of the line. If the tool
is ecnnected to an ungrounded line, it will probably be
neeessary to use Filterette No. 110-PO. If a third
conductor is provided in the attachment cord of the
tocl to allow for grounding of the tool housing, the
continuity of this conductor must be maintained.

Portable electric tools of
this type cause much interference.

Fig. 81.

Electric Clock Systems

Q. How may the interference created by an
electric clock system be identified?

A This interference is generally heard as an inter-
mittent clicking, the number and frequency of occur-
renc® of the clicks being dependent upon the type of
clo-k system which is causing interference.

O. What parts of an electric clock system may
cause radio interference?

A. Since any making or breaking circuit causes inter-
fererce, it is obvious that the various contactors and

relays in a clock system are likely to be sources of in-
terference. This is particularly true in the case of
modern systems which are connected to 110 volt A. C.
supply lines.

Q. How is the interference which originates in
various clock circuits distributed?

A. This interference, some of which originates in the
master clock, and some of which originates at the relays
on the distribution panel, is impressed on the wiring
connecting the master clock to the distribution panel
and upon the wiring connecting the various secondary
clocks to the distribution panel.

Q. How may the interference from an electric
clock system be suppressed?

A. To suppress this interference it is necessary to
apply a Filterette section to each breaking contact in
the master clock and on the distribution panel. Figure
82 shows a special Filterette applied to the contacts
in the master clock of an electric clock system. In
addition to this special Filterette mounted in the master
clock, it is also necessary to apply a Filterette section
to each relay on the control panel and on the distri-
bution panel. Special Filterettes have been developed
for application to these relays and complete informa-
tion regarding their use may be obtained from the
Tobe Deutschmann Corporation, Canton, Mass.

When requesting information regarding the filteriz-
ing of an electric clock system, please specify the type
and number of relays used in the entire system, the
maker’s name and model number of the system, the
number of secondary clocks per relay, the number of
signal bells controlled by relays, whether or not a pro-
gram mechanism is used, and whether or not the clock
uses a synchronous motored movement. A sketch or

Fia. 82. Application of special Filterette
to contacts in the master clock of an
electric clock system.
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blueprint showing the size of distribution panel and
location of relays will also be of value.

Q. Do small, synchronous motored clocks such
as are commonly used in the home, cause radio
interference?

A. If these clocks are in good condition they should
create no radio interference. It is sometimes found,
however, that when a synchronous motored clock is
placed on a radio cabinet, the magnetic field of the
motor induces a hum in the audio amplifier of the
receiver. In such a case the audio amplifier should be
shielded or the clock should be placed farther from the

receiver.
Switch Clicks

Q. How may the clicks heard, when electric
light switches are operated, be eliminated?

A. The most satisfactory way is by application of a
suitable filter to each switch. This, is seldom practicable.

Q. Why are these clicks more noticeable in
some buildings than in others?

A. This may be due to the type of receiver used, to
the manner in which it is installed, or to the type of
building wiring.

Q. How does the building wiring affect this
interference?

A. In modern wiring practice all wires are carried
in metal conduit which must be grounded. Such con-
struction tends to prevent the radiation of interference
which may be impressed on the wiring. In older build-
ings, having “open’’ wiring, interference may be radi-
ated from all conductors.

Q. Will a filter at the power input to the re-
ceiver eliminate switch clicks?

A. If the filter is used in conjunction with a shielded
lead-in as shown in Figure 84, and if the operation of
the switch does not affect the line voltage to the re-
ceiver, a number 110-PL Filterette should be effective.

Q. What other steps may be taken to eliminate
these clicks?

A. In many cases it has been found that grounding
the metal switch plate would eliminate the click.

Tuning of Radio Receivers by Lighting
Circuits

Q. Why is it that the volume of signal output
from a radio receiver is sometimes increased or
decreased when lights are turned on or off in the
building in which the receiver is installed?

A. This is apparently a tuning effect of the lighting
circuits, although it may be due also to changes in
line voltage.

Q. What possible relations are there between
volume of receiver output and changes in circuit
conditions?

A. 1. Volume decreases when lighting or power cir-

cuits are turned on.

2. Volume increases when lighting or power cir-
cuits are turned on.

3. Volume decreases when lighting or power cir-
cuits are turned off.

4. Volume increases when lighting or power cir-
cuits are turned off.

Q. What is the probable cause of the condition
described in *‘1’’ and ‘‘4”?

A. If the only change in volume is a decrease when
lighting or power circuits are energized and an increase
when they are cut off, the possibility is that the volume
change is due to changing line voltage. This line
voltage change is due to varying load on the building
wiring or on the distribution transformer. If the dis-
tribution transformer is being operated at full capacity,
or at a slight overload, or if the building wiring is
overloaded, any change in the load on the building
wiring or distribution transformer will cause a change
in the voltage applied to the radio receiver. In either
case the remedy is to provide building wiring capable
of handling the required load without undue voltage
drop, and to install a distribution transformer of
sufficient capacity to carry the load. The use of main
and branch circuits wired with conductors too small
to handle the maximum load current required is a
too common mistake in building construction and
should be corrected whenever it is found.

Q. What may be the reason for the conditions
described under ‘2"’ and “‘3’’?

A. If wiring conditions are as deseribed in the pre-
ceding paragraph, it is possible that increased line
voltage might cause a decrease in the volume of signal
delivered by the receiver because of overloading of the
detector or audio amplifier tubes. This condition,
however, is seldom encountered. It is usually found
that volume changes, as described in “2” and “3” are
due to a tuning effect in the building wiring. This is
particularly likely when the receiver is used with an
indoor antenna or a long unshielded lead-in and when
the building wiring is not carried in conduit or BX.

Q. How is it possible to determine whether the
volume changes are due to variation of line volt-
age or to tuning of the building wiring?

A. One way to obtain this information is to note
the effect of energizing light circuits, at various points
in the broadeast band. If the change in volume is
consistently the same, over the entire broadcast band,
it is reasonable to assume that changing line voltage
is responsible. If, however, it is found that the ener-
gizing of a certain electrical circuit causes an increase
in volume when the receiver is tuned to one of the
high frequency stations, and a decrease when the re-
ceiver is tuned to a low frequency station, or vice
versa, it is safe to assume that changing line voltage is
not, responsible for volume change. Under these cir-
cumstances it is probable that the building wiring is
being tuned in such a manner that it acts as a wave
trap accepting or rejecting signals of the frequency to
which the receiver is tuned, thus causing an increase
or decrease in volume as the case may be.

Q. How may this tuning effect be overcome?

A. Tobe Filterette No. 110-PL should be connected
at the power input leads to the receiver, and the Filter-
ette binding post should be connected to the same
ground as is used for the receiver. When this is done,
the receiver is isolated from a power line as far as radio
frequencies are concerned and the tuning effect is
overcome.
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Electro-Medical Apparatus

Q. What effect does the operation of high fre-
q-ency electro-medical apparatus have on radio
reception?

A. High frequency apparatus such as is used in the
e lical profession, has long been one of the most
prolific sources of radio interference. Unlike the major-
it of electrical evices which create interference in
their immediate locality only, certain types of high
frequency apparatus set up interference which destroys
reception over a large area. In fact, in some cases
w.rre the supply lines to the apparatus parallel the
primary supply or telephone circuits, the disturbance
m sy be spread over a considerable distance and even
carried into cities several miles away.

Q. Why does electro-medical apparatus cause
interference?

A In order to understand the reason for the some-
what complicated procedure which must be followed
in svercoming Diathermy interference, it will be well
to consider the principles underlying the operation of
high frequency electro-medical apparatus. A Diather-

TOP,.S/DES AND \
DOOR ON INSIDE \
QF CAGE
SCREENING ON_
BOTTOM IS ON
UNDERNEATH SIDE

my machine is a device for the production of high

. frequency currents to be used in the treatment of
certain diseases. The frequencies used in the earlier
models were from 900 to 1400 K. C., or practically the
whole of the broadcast band. In some of the newer
models an attempt is made to keep the frequencies
used outside the broadcast band, but this is difficult
due to the tendency of this apparatus to propagate a
broadly tuned wave.

The circuit used for obtaining these frequencies is
essentially the same as that used in early spark trans-
mitters whose operation is now forbidden by federal
law. In the Diathermy machine a transformer, con-
denser, and adjustable spark gaps are used to produce
high frequency currents. These currents are carried
along flexible leads to metal electrodes applied to the
body of the patient. The similarity to a spark trans-
mitter is obvious. The high frequency generator is the
Diathermy machine. The antenna consists of the
electrode leads and the body of the patient. In the case
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is also a part of the antenna system. The counterpoise
is the power line.
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Pi6. 53. Assembly of Diathermy screen.

19



RADIO NOISES AND THEIR CURE

rd" 3 f Ia ] nﬁi—
-

9 ACS
16 PCS /‘1

Scae- 7*1*-//»«
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The maximum high frequency current used in Diath-
ermy treatments is usually 4000 milliamperes or four
amperes. When it is understood that a radio trans-
mitter with an antenna current of 4 amperes may have
a working range of several thousand miles, it is obvious
that a Diathermy machine can do considerable dam-
age to broadcast reception. Fortunately, the “antenna
system’ of the Diathermy apparatus is not designed
for maximum radiation at the frequencies used, conse-
quently, the area affected by the direct radiation from
the electrode leads and the body of the patient is
relatively small. This directly radiated interference
seldom affects receivers more than 200 feet from
the Diathermy apparatus.

Q. How is Diathermy interference dis-
tributed?

A. The greater part of the Diathermy inter-
ference which affects receivers located at a greater
distance than 200 feet from the apparatus is car-
ried along wiring circuits in a manner similar to
the transmission of ‘“‘wired wireless’’ or more cor-
rectly speaking, carrier telephony. This dis-
turbance is impressed upon the various wiring
circuits in two ways. The first of these is by
feed-back from the Diathermy machine to the
power line to which it is connected. The high
frequency currents flowing in the electrode circuit
of the Diathermy machine cause voltages of the
same frequency to be induced in the primary of
the transformer used and thus to be superimposed
on the power supply line. The high frequency
currents flowing as a result of this induced voltage
may travel back along the secondary distribution
network for many miles, unless a suitable Filter-
ette is installed in the power supply line to the
Diathermy machine. This Filterette must be of
the special type designed by the Tobe Filterette

LIST OF rumf. FOR SCREENED CAGE
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Laboratories after a thorough study of the
Diathermy interference problem.

Q. What are the governing factors in the
choice of a Filterette for preventing feed
back of Diathermy interference?

A. In the choice of a line Filterette for applica-
tion to a Diathermy machine, three factors must
be considered. They are:

1. The voltage of the line to which the Diather-
my machine is connected.

2. The number of amperes flowing in the prim-
ary circuit of the Diathermy machine.

3. The frequency of the power supply.

NOTE: 60 cycles is the frequency most widely
used in this country, but 50 cycles, 40 cycles, 30
cycles and 25 cycles may also be encountered.

In the development of line Filterettes for appli-
cation to Diathermy machines it was found that
the single section inductive-capacitive type Fil-
terette, widely used for other applications, was
not satisfactory for suppressing Diathermy inter-
ference. In order to prevent the feed back of
Diathermy interference into the power line it
was necessary to construct a three-section in-
ductive-capacitive type Filterette. This was, of course,
not commercially practicable because of the high
voltage drop in the Filterette, the large size of the
Filterette, and its excessive cost. If this construction
were to be used, the first difficulty, that of excessive
voltage drop, might be eliminated only by a procedure
which would further increase the cost of the Filterette.
It was, therefore, necessary to develop a Filterette
which would combine with high efficiency, the desired
characteristics of compactness and low cost. This was
successfully accomplished in the Tobe Diathermy
Filterette.
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Q. What special Filterettes have been developed
for suppressing Diathermy interference?

A. There are three standard models of Diathermy
Filterette. These are types 1-HFO, 1-HF-2 and 1-HF-3,
rated at 6, 15, and 25 amperes respectively.

Q. What additional precautions may be
required to ensure complete elimination of
Diathermy interference?

A. Although the use of the Filterette alone will
prevent the feed back of interference from the

Jiathermy machine to the power supply line, it
will not of itself entirely prevent the distribution
of interference. Unless steps are taken to prevent
the radiation of interference from the electrode
leads and the body of the patient being treated,
this interference will be picked up by the various
wiring circuits in the building, such as the light-
ing or telephone circuit, and may thus be carried
out into the neighborhood even thought the cor-
rect Filterette is installed at the power input to the
apparatus. It is, therefore, obvious that if the
interference from a Diathermy machine is to be
successfully eliminated, steps must be taken to
prevent the radiation of interference from the
secondary side of the apparatus.

Q. May a Filterette be installed in the
high frequency output circuit of a Diath-
ermy machine?

A. It is not advisable to install Filterettes in
the output circuit of the Diathermy machine since,
if these Filterettes were effective in suppressing the
interference, they would also prevent the passage of
high frequency currents to the body of the patient,
and would thus render the apparatus ineffectual in the
treatment of disease. It is, therefore, evident that the
only remaining possibility is shielding, and that this
shielding must enclose the Diathermy machine, the
patient being treated, and the operator of the machine.

Q. To what extent is shielding required?

A. The following quotation from the laboratory
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report covering the experimental work undertaken in
the development of this screen describes the necessary
screening:

“A screen cage sufficiently large to contain both the
apparatus and the patient was constructed. This cage
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was constructed of copper screening bolted to an angle
iron framework, and to all appearances should have
been entirely satisfactory. However, upon further ex-
perimentation, it was found necessary to solder screen-
ing across all the joints in the angle iron framework in
order to prevent radiation. As this construction was
quite complicated, a third shield was constructed.

“In the construction of the third shield, copper
screening was again used. A wood frame, however,
was substituted for the iron, and the screening was so
arranged that firm metallic contact was maintained
between screen sections. This shield proved
entirely satisfactory.

“A fourth screen was then constructed on the
same principle as that previously employed, with
the exception that galvanized iron screening was
used in place of copper screening. This screen
was, if anything, more satisfactory than the
copper screen.”’

The blue prints show the constructional details
of the screen finally adopted as standard for pre-
venting the radiation of interference from a
Diathermy machine. The important feature in
the construction of this shield is the continuity
of the screening. The exact size of the screen cage
is not important. Slight variations from the sug-
gested construction are not likely to affect the
results obtained from the use of the screen. It
must be remembered, however, that the screen
alone will not provide satisfactory suppression of
Diathermy interference, since the interference
which is fed back into the power line is sufficient
to minimize the benefit obtained from the use of
shielding.
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Q. Would the construction of a metal housing
surrounding the Diathermy machine and em-
bodying the line filter provide a satisfactory re-
duction of interference?

A. No. The shiclding must enclose both the machine
and the patient taking the treatment, since the applica-
tion of the electrodes to the body of the patient causes
the patient to act as a broadeast antenna so that if
complete elimination of interference is to result, the
patient also must be enclosed within the shielding.

Q. How should Tobe High Frequency Filter-
ettes be installed in a screen booth?

A. Figure 59-A shows the correct method of install-
ing Filterette No. 1-HFO in the screen booth. As this
picture shows, the Filterette is contained in a metal
housing and a short piece of BX, bonded to the Filter-
ette housing, is provided to facilitate connection to the
110 volt line.

A receptacle is provided in the Filterette so that the
Diathermy machine may be connected to the supply
line by means of its attachment cord and plug. The
Filterette may be located at any point within the
Diathermy screen, although for best results it should
not be located further from the screen than the distance
allowed by the length of BX lead supplied with the
Filterette.

In making the Filterette installation, standard wiring
practices, as recommended in the National Electric
Code should be followed. A shallow flush switch box
(such as G. E. catalog No. SP6976) is mounted in any
one of the sections of the screen, being held in place
by a wood frame of 134" material extending over the
top and one side of the box. The bottom and other
side of the box are supported by .the vertical member
and the cross member of the wood frame of the screen
section in which the box is to be mounted. When the

box is mounted in this manner, its back will be
flush with the screening of the section. A small
hole should be made in the screening at the point
where the BX is to enter the switch box and a
BX connector, fastened to the end of the short
piece of BX supplied with the Filterette should
be used to hold the BX in place.

It is suggested that a washer be placed over
the BX connector in such a manner that the
metal screening will be held in firm contact with
the switch box when the BX connector has been
fastened into the switch box. It is important
that the BX sheath, the switch box and the metal
screening be bonded together for most satisfactory
results. To complete the Filterette installation,
a short wire must be connected from the Filter-
ette binding post to the metal screening. An
excellent method of making this connection is to
wrap the return wire around the BX connector
8o that it will be held between the screening and
the washer which has been recommended.

Q. How should the power connection be
made to a Diathermy Filterette?

A. Thefollowingmethodisrecommended. Mount
on the front of the switch box a flush plate having an
outlet for a telephone ecord. A composition plate
(such as G. E. catalog No. (G}i-2349) is recommended.
Carry through this plate a type PO cord of sufficient
length to reach the nearest baseboard outlet or wall
receptacle.

NOTE: Do not connect the apparatus to a lighting
fixture. (as the wiring of fixtures is not designed to
handle the current required by Diathermy apparatus.

Whenever the Diathermy apparatus is not in use,
the attachment plug of the entire installation should
be removed from the baseboard or wall receptacle.

In installing Filterette No. 1-HF-3, a separate branch
circuit of No. 10 wire should be run from the service
entrance of the building to the Diathermy screen and
an indicating switch opening the ungrounded conduct-
or should be mounted on the outside of the screen
booth. The Filterette should be mounted just inside
the booth opposite this switch, and a short piece of
flexible metal conduit should be connected from the
switch box to the input side of the Filterette.

Terminals, protected by a metal housing, are pro-
vided at the output side of the Filterette to facilitate
connection of the Diathermy machine to the Filter-
ette. Be sure to protect the connecting cord by means
of a porcelain bushing where it enters this housing. A
switch is also provided in this Filterette to compensate
for the line drop when the Diathermy apparatus is
used at its full capacity.

Q. May lighting fixtures or telephones be locat-
ed within the screen booth?

A. It is important to note that any wiring which
enters the screen booth must pass through the Filter-
ette, otherwise, interference will be picked up on this
wiring and carried out of the booth, thus reducing the
value of the shielding.
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Electric Heaters

D. Does an electric heater normally cause radio
interference?

A. This depends upon the operating principle of the
h=iter. There are two common types of electric heater,
tae older type consisting of a heating element located
in front of a reflector and a more recent type consisting
0" a heating element having a fan in the housing with
the heating element.

). What may cause interference from a reflec-
tor type heater?

A. If a heater of this type appears to be causing
redio interference, it is probable that the heating
eknent is loose in its socket or that the element or at-
techment cord is defective.

©). What is likely to be responsible for interfer-
e1ce from the blower type heater?

A. Interference from this type of heater will be due
te the small motor which drives the fan.

). How may this interference be overcome?

A. To overcome this interference a Filterette JA
shculd be connected directly across the motor termi-
nalks, and its return wire should be connected to a care-
ful y cleaned part of the motor frame.

NOTE: In applying a Filterette to this type of
hecter, it is essential that the Filterette be separated
as far as possible from the heating element.

Humidifiers

Q. How may the interference created by a
himmidifier be identified?

A. This interference may be heard as a steady, high-
pit>hed whine or as a fairly heavy rushing sound.

Q. Where does this interference originate?

A. The interference created by a humidifier is due
tc the small motor on which the operation of this
device depends.

Q. How is this interference distributed?

a. This interference is fed back through the attach-
nweat cord of the humidifier into the building wiring
fron which it may be radiated to enter the radio
reciver through its antenna system.

0. How may interference from the humidifier
be suppressed?

a. In order to overcome this interference it is neces-
sary to apply a Filterette to the operating motor,
locating this Filterette as close as possible to the motor.

0. What is the correct Filterette for this appli-
cation?

a. Filterette JA or Filterette Junior may be used.
If Tilterette Junior is to be used, the attachmeqt cord
of -he humidifier should be cut as close as possible to

the point at which it enters the humidifier and a
separable connector should be installed at the point
where the cord is cut. A Filterette Junior may then
be connected between the two sections of the separable
connector, and a short return wire may be connected
from the Filterette binding post to a carefully cleaned
part of the humidifier frame. If Filterette JA is used,
it may be mounted within the housing of the humidifier
being connected directly across the motor terminals
and having its return wire connected to a carefully
cleaned part of the motor frame.

Ozonators

Q. How is the interference due to the operation
of the so-called ‘‘ozonator’ or air purifier iden-
tified ?

A. This interference is heard as a steady rushing
noise which may be loud enough to drown the broad-
cast signal.

Q. How may this interference be suppressed?

A. A capacitive type Filterette (Tobe Filterette
Junior or JA) connected directly across the input term-
inals of the transformer used in the air purifier should
suppress the interference from this source.

Q. How is this Filterette installed?

A. The success of this Filterette installation depends
upon the proximity of the Filterette to the transformer.
If maximum satisfaction is to be obtained, the Filter-
ette must be connected directly across the transformer
terminals, and its return wire must be connected to a
carefully cleaned part of the transformer case. This
means that the installation of the Filterette at the end
of the ozonator attachment cord is not likely to be
satisfactory. The Filterette should be installed by
cutting the attachment cord of the appliance and using
a separable connector as described under the heading
“Humidifiers.”

Electric Fish Diverter

Q. How may the interference from an electric
fish diverter be identified?

A. This interference is usually indicated by a low-
pitched roaring sound.

Q. How may the interference from this equip-
ment be suppressed?

A. An inductive-capacitive type Filterette (No. 132)
connected in series with the power input leads to the
commutator portion of the diverter should prevent the
feed-back of interference into the power line.

Q. Is there any secondary radiation from this
equipment?

A. Due to the extremely low frequency at which
this apparatus operates, there is no radiation of inter-
ference from the secondary circuit.
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Effect of Filterette Applied to Receiver

Q. Can interference which comes in over the
power lines and is not caused by apparatus on
the owner’s premises be eliminated?

A. While it is still possible for the owner of a radio
receiver to call his dealer and say that his receiver is
noisy, or to call the power company and complain of
trouble on the lines, and while either of these complaints
may be justified, if the listener is in earnest in his
desire to obtain improved radio reception, there are
many ways in which he can help himself.

O>. How does this interference enter the radio
set?

A. Before outlining these methods, consideration
should be given to the manner in which interference is
distributed and to the manner in which it enters the
receiver. Radio interference, or “man-made static,” is
caused by interruption to the flow of electric current
and also by the discharge of potentials accumulated on
conductors. Whenever such current interruption or
potential discharge occurs, the resulting high-frequency
voltage causes a current to flow along the conductor
in which the effect takes place. This current may be
carried for considerable distances along the conductor
and may enter the receiver through its connection to
the power line.

A high-frequency voltage may be induced in other
conductors, whether power lines, telephone lines, or
antenna systems. In this way, the interference may be
carried to receivers at a considerable distance from the
interference source. The interference may also be
radiated from any conductor on which it is traveling
and may enter the receiver through the aerial or
ground connection.

£

It will, therefore, be seen that there are three ways
in which interference may enter the receiver; first, by
conductive coupling, or direct connection to the power
line; second, by inductive or capacitive coupling to the
aerial, and third, by conductive, inductive, or capacitive
coupling to the ground lead. Consequently, numerous
methods may be used by the broadcast listener in
preventing the entrance of interference to his receiver.

Q. What are these methods?

A. The first of these is by providing the best possible
antenna system to carry broadcast signals to the re-
ceiver. Since the introcduction of the A. C. operated
receiver, using the latest developments in amplifier
tubes, there has been a tendency to neglect this im-
portant part of a radio installation. The fact that the
more sensitive, modern receiver will operate more or
less satisfactorily with almost any sort of antenna has
caused many set owners to depend on an improperly
erected antenna, or upon the use of a so-called “Ground”
connection to the antenna post of the receiver. Either
of these practices is likely to detract materially from
the efficiency of the receiver, as well as to increase the
pick-up of radio disturbances.

The modern radio receiver is a scientifically-designed,
carefully-constructed, thoroughly-tested instrument,
and as such it deserves the best possible installation
and auxiliary equipment. It is just as important that
the signal energy supplied the receiver be drawn from
the purest available source, and that the signal, once
collected on the antenna, be carrieit to the receiver
without contamination from outside agencies, as it is
that drinking water be drawn from unpolluted moun-
tain lakes and springs, and carried to the user in pipes
sealed against all other water sources.
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Fic. 83. Diagram showing inductive transter of interference from the input wiring of an oil burner to the antenna system of a receiver
in a neighboring building.
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To carry on with this analogy, the pure water source
is the air high above the building which houses the
r=eiver, and the sources of impurity are the various
wires, pipes, and metal surfaces in the building.

Q. Why are these conductors sources of im-
purity or interference?

A. One of the fundamental laws of electricity pro-
vides the answer to this question. It is an accepted
faet that when any conductor, by which is meant any
metallic object, is placed within an electrostatic or

an aerial separated forty or fifty feet from all power or
telephone wiring, and from all other antennae, should
be relatively free from local interference.

When the receiver is not located in an apartment
building, the installation of such an antenna is a rela-
tively simple matter. In the case of the apartment
house dweller, however, considerable difficulty is likely
to be encountered in securing a satisfactory location
for the antenna. Since coupling to other antenna
systems may result in the introduction of interference

duced along the conductor. Every metal

electromagnetic field, a voltage is in-
object, therefore, may act as a collector f;},

of electrical or radio-frequency energy. |“anTENnng =
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push button, or thermostat is, in effect, Fic. 84. Typical antenna installation, with shielded lead-in and ground cable.

a lhose antenna connection. Every elec-

trical appliance which depends upon commutation, or
moving contacts for its operation is a source of loose
antenna connections.

"0 determine the importance of firm antenna con-
nections, remove the lead-in wire from its connection
tc -he antenna binding post of the receiver. Now rub
tte wire back and forth over a metal part of this post.
T1- resulting sound from the loud speaker indicates
clearly the effect of a loose antenna connection. Mul-
tipZying these loose connections many times, as is the
cas> when an improperly installed antenna is used, will
ok.viously introduce much undesired noise to the re-
ceiver.

(. What is the best antenna location?

£.. Tt is evident then, that, if clear broadcast signals,
ur cisturbed by interference from within the building,
ar to be received, the antenna must be located away
from all conductors and the lead-in must be so installed
that it is not affected by the great number of antenna
sys-ems in the house.

Numerous tests have shown that the field of radio
in-erference, by which is meant all high-frequency
eme-gy except that radiated from the broadcast station,
se com extends more than forty or fifty feet from the
conductor on which it may be carried. Consequently,

to the receiver, it is essential that the antenna be separ-
ated as much as possible from other antennae on the
same roof and from all guy wires, metal drain pipes,
flashings, and other metallic objects.

Q. What is the best type of lead-in to carry
the signals to the receiver?

A. After a satisfactory antenna location has been
found, there remains the problem of conducting the
signal from the antenna to the receiver. It is apparent
that, if the lead-in is exposed to the fields of the various
conductors within the building, the isolation of the
antenna from interference sources will be of little value.
The connection between antenna and receiver should,
therefore, be so arranged that local interference will
not affect it. This result may be accomplished by
physical separation of lead-in from all conductors and
metal objects, by use of a transposition aerial, or by
carrying the lead-in through a suitable hollow metal
conductor, which when grounded, will act as a shield
between lead-in and interference fields.

The first of these methods requires no explanation.
The second, the transposition aerial, involves the erec-
tion of a special antenna and lead-in system. The an-
tenna should consist of two parallel wires, approximate-
ly 100 feet in length, insulated from each other and
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separated a minimum distance of 10 feet. Connection
from the aerial system to the receiver should be made
by means of a piece of twisted pair, each conductor of
which is connected to one of the parallel wires. When
this system is used, no ground connection is made to
the receiver, one of the lead-in conductors being con-
nected to the antenna terminal of the receiver, and
the other to the ground terminal. In many cases the
use of this type of aerial installation will provide a
material decrease in intensity of local interference.

The third method of overcoming interference by
special antenna installation requires the use of specially
constructed lead-in wire. This wire, consists of a
stranded No. 14 conductor, rubber insulated, and hav-
ing a metal braid outside the insulation. When this
wire is used, a long, high antenna, approximately three
times the length of the lead-in, should be erected and
the lead-in carried in one piece from antenna to re-
ceiver. The metal sheath should be stripped back a
distance of two inches from each end of the lead-in,
and should be connected to a ground. This ground
should, whenever possible, be independent of that used
for power and telephone wiring, since the use of a
common ground may result in the introduction of inter-
ference to the receiver by coupling between the shield-
ing and conductor of the lead-in.

The use of the transposition aerial or shielded lead-in
alone can seldom be depended upon to provide a maxi-
mum of satisfaction, since a considerable amount of
interference may enter the receiver through the ground
connection, and since the sensitivity of the receiver to
local interference is usually increased by its connection
to the power line. Consideration of the characteristics
of various connections commonly used for grounding
will lead to a clearer understanding of the importance
of a good ground connection.

Q. How may a good ground be constructed?

A. Next to the antenna, the ground is the most
neglected portion of a radio installation. The modern
radio receiver will, in many cases, provide a reasonable
degree of satisfaction if no actual connection is made
to the ground terminal provided by the manufacturer.
Furthermore, it sometimes happens that the sensitivity
of the receiver is apparently increased by the use of a
wire from a water pipe or gas pipe to the antenna post
of the receiver. Consequently many persons operate
receivers under conditions which were not intended in
the design of the receiver.

If clear, interference-free radio reception is to be
enjoyed, the receiver must be installed according to
the best accepted standards. Just because it is possible
to obtain some sort of reception without adhering to
accepted standards for antenna and ground installa-
tion, the broadcast listener should not assume that his
reception is ‘“‘good enough.” The modern broadcast
receiver was designed to operate in conjunction with a
carefully erected antenna system and a good ground.

Considerable misapprehension exists as to the re-
quirements for a good ground. The following are the
recommendations of the United States Bureau of
Standards as regards grounding:

“Dig a hole in the ground, one foot deep, and one
foot away from all buried pipes. Place in that hole
five pounds of rock salt. Pour water in the hole until
the salt dissolves. Drive an eight foot rod or section
of half inch pipe through the center of the hole. In
sections where there is little moisture in the earth use
four of these, six feet apart, all connected together.”

The fact that a gas pipe eventually enters the ground,
or that a steam pipe is connected to the water system,
does not necessarily mean that a con-
nection to either of these pipes will

"I' TOANTENNA

SHIELOED

LEAD-IN amogyo

SHIELDED

provide a satisfactory ground connec-
tion for the receiver. This is particu-
larly true if the building is located on
dry or rocky terrain. The distance
between the point at which connection
is made to the pipe and the point at
which this pipe is thoroughly grounded
may be so great that the pipe will act
as an antenna and will pick up radio
interference which will enter the re-
ceiver through the so-called “Ground”
connection.

Ever water pipes are not always
satisfactory for grounding, since the
water system of a building is com-
monly used as a ground for the power
wiring as well as for the telephone
system. The fact that the water
system may provide a relatively high
resistance ground results in the intro-
duction to the receiver of interference
carried on power and telephone wiring,

F1a. 85. Use of Filterette 110-PL at the receiver.

if the receiver is grounded to a system
common to these lines.
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This is due to the fact that the ground connection
‘rom a receiver is a part of the signal collecting system
11d may rightly be considered a continuation of the
11tenna system in that it completes the circuit between
he air and earth waves, which is necessary for satis-
‘tetory signal reception. It is, therefore, obvious that
Le ground lead should be shielded from possible in-
Inetive or capacitive coupling to interference, as care-
tly as is the antenna lead-in, and that it must not
w common to the ground system of power or tele-
Daone lines.

It is recommended that a driven ground be provided
i the ground eonnection of the receiver. In order to
prevent the introduction of interference to the receiver
b= induction between ground wire and other conductors
in the building, or due to the connection of the receiver
ic the same ground system as is used for power and
tedephone, shielded conductor similar to that used for
tle lead-in should be connected between the ground
terminal of the receiver and the driven ground. The
skeath of the ground wire shouldl be connected to the

steath of the lead-in and to the driven ground, al-
ik ough in some cases it may be found that satisfactory
»essults are obtained when the cable sheath is connected
ot the street siille of the water service entrance, as
shown in Figure 85.

Q. Is a Filterette also necessary?

A. Yes, it is recommended that a Tobe Filterette No.
110-PL be used with all shielded lead-in installations
c= illustrated in Figure 85.

Q. How is the Tobe Filterette 110-PL installed
$ar best results?

A. Although the use of shielded lead-in and ground
ccnnections, as described, may provide some reduction
«f interference, full benefit will not be obtained unless
< correctly designed filter is used at the power input
to the receiver. There are two reasons for this. The
frst is that interference carried on the power lines may
I fed into the receiver through the power supply, and
the other is that the coupling to ground, which is pro-
viled by the power connection, may result in the intro-
cretion of interference through the ground connection
in the same manner as when the receiver is grounded
to the power and telephone ground.

The filter recommended for use at the power input
to the receiver is Tobe Filterette No. 110-PL. This
Viterette is installed in conjunction with suitable
<hielded lead-in and ground wires as shown in Figure
££. A ground terminal is provided on the [Iilterette
f5- connection to the sheath of the shielded lead-in
:rd ground. It will sometimes he found, however, that
11ore satisfactory results may be obtained if this con-
rection is not used. The Filterette should never be
grounded to the same point as the receiver.

The following experimental procedure is recommend-
e for the installation of shielded lead-in and line filter.
First determine the amount of background noise when
the volume control of the receiver is in the “full on”
pesition and neither antenna nor ground are connected
to the receiver. Then install Filterette No. 110-PL

and note the decrease in noise level. Next erect the
shielded lead-in to the point at which the aerial is to
be located. Do not connect the aerial! Note the in-
crease in noise level. Ground the shielding of the
lead-in, changing the location and number of ground
connections until the background noise is reduced to
its original level. Next connect the shielded ground
wire in the same manner. The aerial may then be con-
nected and any interference remaining will be due to
pick-up on the acrial.

In view of the fact that a great deal of interference
obviously enters the receiver through the antenna and
ground connections, it will be appreciated that the use
of the Filterette without the shielded lead-in and
ground wires and careful installation of the antenna
away from possible interference sources will not be
likely to prove satisfactory. Since the results to be
obtained from the procedure outlined will depend upon
the care with which instructions are followed as well
as upon local conditions, it should not be expected that
1009, elimination of interference will be obtained in
all cases.

This procedure is most likely to be found satisfactory
when the receiver is located in a single house so that a
reasonable separation of antenna from power lines or
other antenna systems is obtained. If the receiver is
located in an apartment building, satisfactory results
may be obtained only when the aerial is located ap-
proximately fifty feet above the roof, all power lines,
telephone lines, guy wires, or other antenna systems.
This system of interference elimination cannot be ex-
pected to overcome the interference radiated directly
from electrical equipment such as diathermy machines,
oil burners, and other sources of intense interference.
This interference must be suppressed at its source.

Since a considerable amount of interference un-
doubtedly enters the receiver through the antenna con-
nection, it is recommended that, as far as possible,
electrical appliances located within the home be equip-
ped with suitable Ifilterettes to suppress whatever inter-
ference they may be creating. The oil burner, vacuum
cleaner, electric mixer, refrigerator and all appliances
which are motor operated or contain thermostats may
be sources of interference. It is further recommended
that a periodic check of all wiring connections be made
in order that loose connections may be eliminated and
local interference kept at a low point. At least once a
month all bulbs should be tightened in the sockets, all
fuses inspected, and the attachment plugs of all ap-
pliances checked for firmness of contact. By taking
these precautions, the broadcast listener can do much
to ensure himself of satisfactory radio reception.

There, of course, remains the possibility that con-
siderable interference originating outside the home will
affect the receiver. A survey of the city or town con-
ducted by experienced interference engineers, author-
ized to recommend or make whatever adjustments or
filter applications may be required, has often been
found to be productive of great henefit to the broad-
cast listeners of an entire community. Such a survey
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is usually made under the auspices of a Chamber of
Commerce, Broadcast Listeners’ Association, or other
organization interested in civic improvement.

Interference Surveys by Tobe Engineers

Many progressive communities, in various parts of
the United States, having decided that radio interfer-
ence can no longer be tolerated, have instituted vigor-
ous campaigns to rid themselves of this enemy to radio
pleasure and profit. Although such campaigns might
seem at first to be for the benefit of the radio dealer,
investigation has shown that the individual broadcast
listener and the community as a whole have benefited
sufficiently from interference elimination projects to
render them highly worth while, To the credit of
many of the communities who have undertaken to
combat radio interference, it may be reported that the
Chamber of Commerce or the city government has
been the moving power in obtaining, for the community,
relief from radio interference.

The following report of a typical interference cam-
paign. in which engineers from the Tobe Deutschmann
Filterette Lab-
oratories co-
operated with
city officials,
may be taken
as a guide in
planning such
campaigns.

The first step
in planning this
campaign was
the organiza-
tion of a com-
mittee to con-
sider ways and
means.  This
committee in-
cluded city offi-
cials, radio
dealers, mem-
bers of the
Chamber of
Commerce, Ro-
tary Club, Ki-
wanis Club,
and LionsClub,
representatives
of the Public Utilities and the press. At the first meet-
ing of this committee it became evident that only by
the wholehearted cooperation of all the organizations
represented as well as by all the citizens of the com-
munity, could any lasting results be obtained. It was,
therefore, decided to place all findings of the committee
before the public and to enlist the aid of all citizens
to the fullest extent possible. In order to accomplish
this, a questionnaire similar to that shown in Figure
88 was run in the various newspapers for several days.

Fra. 86. Lack of spacing between high
and low tension circuits at this location
caused much interference.

All persons having definite complaints of radio inter-
ference were urged through the press and through local
broadcast stations to make complete reports on the
printed forms and mail them to the City Clerk. These
forms were separated into groups representing various
sections ‘of the city, particular care being taken that
all reports appearing to relate to the same interference
were kept together. When the majority of reports
had been classified, the Tobe Deutschmann Interfer-
ence Engineer was notified, and the reports were given
him. From an analysis of these reports he was able to
determine the approximate source of some of the major
interferences and by use of the interference locator he
checked the conclusions drawn from this analysis. Figure
86 shows one of the locations of a major interference.
On this pole were carried three 2300 volt circuits and
three fire alarm circuits. These were being brought
from an underground conduit in a single section of
non-metallic flexible conduit. Some of the wiring was
grounded to metal cross arm braces causing an inter-
ference which was distributed over the area in which
the power, lighting and fire alarm circuits were carried.

After checking the major interference sources and
recommending the procedure to be followed in over-
coming the inerference, the interference engineer next
visited the various districts of the city which were
affected by lesser interference. By use of the Model
230 Interference Locator the engineer was able to iden-
tify many of these interference sources while driving
along the city streets. In this way, many other inter-
ference sources were located and charted on a map of
the city. It was next necessary to visit some buildings
known to be housing special equipment and to locate
definitely the apparatus responsible for the interfer-
ence. After this had been done, a comprehensive report
of the interference sources and the procedure necessary
to overcome the interference either by repairs, adjust-
ments, or filterizing was presented to the City Council.

This report showed that approximately 589, of the
interference was due to the operation of comparatively
small electric appliances which created interference
even though they were in good electrical and mechani-
cal condition. The correct type of Filterette for appli-
cation to each appliance was included in the report.
Approximately 149, of the interference was found to
be originating on power lines, much of it being due to
tree grounds. The responsibility for this condition was
divided between the power company and the City
Park Commission. In the case pictured in Figure 91,
the fault was obviously that of the power company
which had allowed its lines to come in contact with a
tree until the insulation was worn from the wire and
the conductor was making direct contact with the tree.

In the transformer installation pictured in Figure 87,
much interference might have been avoided had the
City Park Commission allowed the trimming of trees
to allow clear space for power lines and street light
circuits. Approximately 129, of the interference was
found to be caused by Diathermy apparatus. As will
be seen from the partial survey map shown in Figure
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8 Diathermy interference covers the widest area of
any interference. The remainder of the interference
was divided among telephone equipment, telegraph
equipment, fire alarm equipment and traffic control
apnaratus.

The following is a condensed interference survey
report with a map of the particular section. The Tobe
Deutschmann Corporation will be glad to enter into
comrespondence with municipalities regarding all phases
of -adio interference. Inquiries will be treated person-
all> and we will make every effort to furnish accurate
information irrespective of whether the correspondent
prcposed to engage our engineers or not.

ENGINEERING REPORT COVERING
INTERFERENCE SURVEY

Heavy General Interference

Lrea— Section bounded by River, North Main,
Center and Niagara Streets.

Source—Corona discharge on high tension line coming
in on Washington Avenue and Bridge Street. Various
electric motors and sign flashers,

Heavy Individual Interference
L Area— North Main and East Center Streets,
with center of disturbance on Third Avenue at
Newport Avenue.
Source — Large Diathermy machine in Dr. Brigg’s
office. This interference blankets the entire area
preventing reception of even local stations. Also
X-Ray machine.
Area — East Center to South Main Streets with
center of disturbance along Walter Avenue to
East Center.
Source — Various tree grounds on 2300 volt
primary feeders and one broken insulator on cross
arm.

3 Area — Vicinity of Walter Avenue and South

Boulevard. Interference very strong but not
carried far.
Source — Boulevard flashing amber warning bea-
con, and ground leak underground street lighting
2300 volt line.

NOTE: Other traffic lights checked up. Some found

O.K., and others while creating some disturbance,
wer=> not bad but may become worse at some later date.

Other Individual Interference
1. Area — All Sections.
Source — Oil Burners, Sewing Machines, Com-
mercial Motors and Sign Flashers (business
blocks), Fire Alarm Generator, Western Union
Telegraph office, and Automatic Dial Telephones.

Interference Cleared
2 wer Lines —
Wita aid of Power Company Line Crew all sources of
linz trouble such as tree grounds, broken insulators,
locs2 cutouts, ground leaks, (defective insulation under-

ty

Fig. 87. Careful trimming of trees is
required to avoid tree grounds and conse-
quent interference.

ground) and other small defects found were cleared up.
Interference carried on power lines from other sources
cannot be immediately cleared up. All interfering dp-
pliances will require the application of the proper
Filterette to silence the interference caused by their
operation,

RADIO INTERFERENCE QUESTIONAIRE

... Telephon
............................. All Electric........

Interference Characteristics
Constant........... .. Intermittent.............. What Hours...

Describe as near as possible what noises sound like.

What, in your opinion, is the cause of this interference?....
If your residence is on or near Street Cars, can you tell
when cars are approaching by listening in on Radio?..............

Please fill out accurately and mail or bring to City Clerk
as soon as possible.

Do Not Write Below This Line

Fig. 88. Interference questionnaire.

High Tension Line 33,000 Volts —
Relief from this source of trouble may be secured by
either moving the line away from other parallel 2300
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.t

C™(-8S arms.

feeders or by use of “no static” insulators and wood
(Present construction is wood poles, steel

“aishbone’” cross arms and porcelain pin type insula-
ters.) 2300 volt feeder is carried on same poles and
p ks up interference of 33,000 volt line.

“nterference from the following commercialand house-

hyd

appliances has been silenced by the application of

the proper Filterettes.

[0

-

>

. McCarthy’s home, South Main St.

1 Junior Filterette on sewing machine.

. Flashing amber beacon, South Boulevard

FS-110 Filterette.

. Waldman, Center St.

No. 110 Filterette and shielding on Oil Burner.

. Smith, Niagara St.

No. 110 Filterette, Oil Burner.

. Wilkinson, Center St.

No. 110 Filterette Oil Burner.

. Print Shop, Belmont Ave.

No. 132 Filterette on variable speed motor.

. Royal Theatre

No. NYL-4 on Sign Flasher.

. Dr. Briggs, Third and Foley Ave.

1 HFO Filterette and High Frequency Screen on Diather-
my Machine. Due to high cost of necessary Filterette
devices and the fact that X-Ray interference lasted only a
few seconds, it was not deemed advisable to make any
Filterette installation on X-Ray.

. Western Union, Downing St.

FS-110 Filterette on local key circuit.

BB Business block LL Loose lamp

BI Broken insulator M  Motor

ES Belt static OB Oil burner

C Interference cleared PC Power line construction
CD Corona discharge PH Power house

D  Diathermy RC Regular complaint

DR Defective receiver RL Radio complaint cleared
FA Fire alarm generator SF  Sign flasher

HA Household appliance TC Traffic control

IC Loose cutout TG Tree ground

IJ Loose joint TS Telegraph

< mbination of several interferences. Smaller circles in-
JKcate area blanketed by individual interference sources.

Tel Telephone ringer

Large circles indicate areas of high noise level due to the

Fia. 90. Key to survey map shown in Figure 89.

10.

11.

12.

10.

Radio Service Co., Short St.
2 No. 221 Filterettes on Rotary Converter.

Meat Market, Belmont Ave.
No. 131 Filterette on Ice Machine.

MacKenzie, Walter Ave.
Defective Radio Set Repaired.

Recommended Installation

. Factory, No. 326 River St.

No. 131 on Battery Charger Generator. Bad Interference.

. Factory, No. 324 River St.

Several Filterettes on various small motors, ete., 3 Juniors,
2 No. 110 Filterettes and 2 Seniors.

. Garage, No. 328 River St.

2 Seniors on Electric drill and grinder.

. Jay’s Garage, Belmont Ave.

1 No. 132 plus condenser on Sign Flasher.

. Newspaper Office, Belmont Ave.

No. 110 on each charging generator.

. Telephone Office

Cleaning up of ringing machines and installation of
Western Electric Filter.

. Carpenter Shop, Downey St.

No. 221 on motor of rotary saw.

. Winship on Rockview St.

No. 110 on Oil Burner.

. Hotel Grand, Belmont Ave.

No. 22 on Ventilator Fan.
Filterette for Dial Telephone on all Automatic Dial Units.

General Recommendations

. Application of Filterettes to all new installations of inter-

fering appliances.

. Use, by Power Company, of Interference Locator, to check

their lines and other interference.

. Periodic trimming out of tree branches to prevent tree

grounds.

4, Use of latest type porcelain cutout boxes.

5. Bringing in of High Tension lines down upper Belmont

Ave., instead of through Washington Avenue.

NOTE: This would require changing about six miles of
line.

. Reporting of interference to Authorized Filterette Service

Station which is to handle all complaints and interference
work.
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Power Line Interference

Q. What proportion of radio interference is due
to power line equipment?

A. It is impossible to answer this question definitely,
since the amount and extent of interference from power
lines is so largely dependent upon local conditions. In
the surveys conducted by Tobe field engineers, inter-
ference actually arising on power lines was found in
less than 79, of the interference complaints checked
by field engineers. Reports of Radio Coordination De-
partments of Public Utilities show power line interfer-
ence to be responsible for varying percentages between
5%, and 309, of all interference complaints received.

Q. What is a “‘leaky”’ transformer?

A. A “leaky” transformer is a myth which has been
repeated so often that it is generally believed to be
true. A “leaky” transformer could not be a continuing
source of radio interference because any leak in a
transformer, of sufficient magnitude to cause radio in-
terference, would cause early breakdown of the trans-
former and its immediate removal from service.

Q. What interference may be caused by a trans-
former?

A. Practically all of the interference apparently
caused by distribution transformers has been found to
be due to arcing at the contacts of the plug type prim-
ary cut-outs. After primary cut-outs have been in
service for a considerable length of time the contact
springs tend to lose their tension, with the result that
arcing takes place, causing radio interference, which is
likely to be distributed along both the primary and
secondary distribution networks. The installation of a
new cut-out will remedy this interference.

Q. If it is
possible to
hear a hum
within the
transformer,
does not this
indicate that
interference
is being
created?

A. No. This
hum may be
due to vibra-
tion of core
laminations
and it will not
be responsible
for radio inter-
ference.

Q. Aside
from the
primary cut-
outs, what
sources of in-
terference

Fia. 91. Tree grounds are an easily avoid-
able source of interference.

may be associated with a distribution transfor-
mer?

A. Improper spacing of strain insulator bolts and
metal cross arm braces may be a source of considerakle
radio interference. Figure 92 shows a transformer in-
stallation in which metal cross arm braces were so
close to primary
insulator pins that
infinitesimal dis-
charges of high fre-
quency voltage
caused consider-
able interference.

Q. Why should
there be any flow
of current be-
tween insulator
bolts when these
bolts are not in
contact with wir-
ing circuits?

A. A study of
Figure 93 will show
the similarity, to a
condenser, of a
power line, a strain
insulator and an FI?. 92. Ir(literfetreml:e lt{racc;d to this
. e was ue to lac
insulator bolt. The ggtween insulator pins :ndsp:lctakgaﬁ
two plates of the cross-arm braces.
condenser are the
power line and the insulator bolt, while the dielectric
of the condenser is the insulator. Since the power line
bears a continually varying charge, it is obvious that
the insulator bolt which is the opposite plate of the
condenser, will also bear a continually varying charge.
While the quantity of this charge may be extremely
small, the radio frequency energy developed when the
charge leaks off to ground or to a metal object having
a different charge such as another insulator bolt, a
metal cross arm brace, a cross arm bolt, ete., is impress-
ed on the high tension line and also on the low tension
line by this same condenser action, and is thus distrib-
uted along the wiring system.

VM WooD
SOURCE OF TROUBLE

LOWER YOLTAGE LINE
,)/ IF T00 CLOSE
P HIGH LINE

TRANSFORMER

F16. 93. Interference, thought to be caused by a transformer,
is often due to proximity of insulator bolts.
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A. These bolts should he separated a sufficient
d tance to prevent discharge of high frequency vol-
t: ges from one bolt to the other.

Q. Does the discharge of accumulated poten-
tials on other metal parts of a power line cause
recio interference?

£, In many cases it does. Figure 94 shows a type
of construction which has been found to be particular-
ly oroductive of radio interference. As will be seen
from this diagram, a wood pole and eross arm are used
while steel cross arm braces, steel insulator pins and
steel cross arm brace bolts
are used. Due to the conden-
ser action previously described,
chiges are accumulated on
the insulator pins, and to some
exent upon the steel cross
arm braces. Other potentials
are accumulated on the cross
arm braces due to their loca-
tion within the electro-mag-
neti: field surrounding the
conductors of the transiission
line. The reaction between

Figc. 94. A loose joint at “C”, or lack of
spacing between “A” and “B” may cause
considerable interference.

Fia. 95. Loose insu-
lator pins are as ource

the charges on the cross arm ;)lflis i{‘“’);fe;?“ccgnst‘;itclf
braces and those on insulator i e

pins results in considerable
radio interference.

Tests have indicated that the amount of interference
created by a transmission line using this construction
is practically directly proportional to the proximity of
poi1; “B” to point “A”. A further source of interfer-

N

ALL WOOD
g

Fi6. 97. Wood poles, wood

cross-arms and suspension

insulators combine to give
minimum interference.

=Y

1)

ence on a line using this construction may be found at
point “C”, if this brace bolt becomes loose and allows
discharges between the cross arm hraces and the bolt
or each other.
Another type of line construction which may he pro-
ductive of considerable interference is shown in Figures
95 and 96. As
these figures
@ | show steel cross
Y arms are
mounted on
wood poles.
Varying
charges induec-
ed in the steel
CrOSs arms may
be discharged
to ground, to
guy wires or to
other line hard-
ware. Any
loose connection whether it be a loose cross arm bolt, a
loose guy wire or a loose insulator tie wire, will cause an
intermittent discharge which will be responsible for a
great deal of radio interference.
Q. Is there any type of line construction which
is normally reasonably free from interference?
A. All of the types previously deseribed may be
kept free from interference if proper spacingisn-aintained
between metal parts, and if loose joints are not allowed
to develop. Figure 97 shows a somewhat different type
of line construction which has heen found to be highly
satisfactory from an interference standpoint. As this
figure shows, two wood poles joined by a wood cross
arm are used. From this wood cross arm, suspension
insulators are hung. Guy wires are fastened to the
poles in such a manner that there is no probability
that charges induced in guy wires will discharge to other
metal parts of the installation. A test of a line using
this construction as compared to a line using the con-
struction indicated in Figure 95 showed that there was
approximately 609 more interference on the line shown
in Figure 95 than that shown in Figure 97.
Q. What other conditions on power lines may
cause radio interference?
A. Some of the most common sources of line inter-
ference are.—

STEEL ARMS

[~~~ WO00D FOLE

Fic. 96. Interference often arises at
the point where the two steel cross-
arms are joined.

Loose line connections.

Tree grounds, slight or otherwise (voltage about 1000).
(See Figure 91).

Arcing fuse contacts.

Arcing contacts in cutouts.

Loose fuse or cutout contacts.

Defective lightning arrestor.

Defective insulators.

Loose street lamps.

Partial on solid grounds on circuits.

Poor or loose grounds on neutrals.

Defective or broken transformer bushings.

Loose transformer cores (not alwayas).

Guy wires across lines (not necessarily grounded).
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Fic. 99. Installation of Interference Locator in the trouble
car of the Public Service Company of New Hampshire.

An interesting case of transmission line interference
was encountered some time ago. It was found that an
11,000 volt line which passed within a short distance
of a cement mill was apparently extremely noisy.
Investigation disclosed the fact that the noise was due
to leakage across insulators, the leakage being caused by
a deposit of cement dust on the insulators. In order to
keep this line free from noise it is now the practice to
wash the insulators periodically to remove the coating
of cement dust which causes the leakage and conse-
quent interference.

One further source of interference found on trans-
mission lines is the corona discharge which takes place
when long ends are left on insulator tie wires. This in-
terference may travel for a considerable distance along
the transmission line. To overcome this interference it
is necessary to cut short any loose ends of tie wires so
that there will be no discharge from them.

Q. May interference on one section of a trans-
mission line be kept from reaching other sections
?f tl;e line by application of filtering devices in the
ine

A. Up to the present time there has not been suffi-
cient experimental work conducted to determine the
effect of such devices. Considerable benefit has
been reported from the use of inductances in trans-
mission lines. In other cases reports have indicated
that little benefit was obtained from the use of such
inductances.

Q. What progress is being made toward the
elimination of transmission line interference?

A. Extensive research is being carried on by power
companies, universities and the National Electric
Light Association and many independent engineers.
At the present time a complete outline of transmission

line interference is not available. With attention being
focused on this problem, however, there is little doubt
that a satisfactory solution will be reached at an early
date.

Apparatus Required for Locating

Interference
Q. What ap-
paratus is re-

quired for use
in locating radio
interference?

A. The prin-
cipal equipment
required by an in-
terference locating
engineer is an
efficient  portable
instrument which
will respond to the
same impulses
which interfere
with radio recep-
tion.

Q. What are
the characteris-
tics of this in-
strument?

A. To be satis-
factory for use in
locating radio in-
terference, an interference locator must be light enough
so that it may easily be carried by one man, It must be
entirely self contained and it must be sufficiently
sensitive to receive any interfering impulse which is
affecting an A. C. operated receiver. This sensitivity
must be obtained without sacrifice of selectivity and
without the use of a ground or any connection to the
power line. The instrument must be rugged enough to
withstand ecomparatively rough treatment, and must
be provided with meters so that the intensity of inter-
ference may be measured.

Q. How does the Tobe Model 230 Interference
Locator meet these requirements?

A. The Tobe Model 230 Interference Locator is a
highly sensitive portable instrument. A specially de-
signed, four-stage, tuned radio frequency amplifier is
used to obtain the extreme sensitivity necessary in an
instrument of this type. In sensitivity and selectivity
this instrument is equal to the modern A. C. operated
broadcast receiver. The input circuit is so designed
that it may be tuned to various types of antenna, thus
providing a maximum of sensitivity under all condi-
tions. The tubes used in the radio frequency amplifier
of this instrument are type 232 screen grid amplifiers
having their filaments supplied from two standard
No. 6 114 volt dry cells. A type 230 tube is used as a
detector working into a two-stage, transformer-
coupled audio amplifier also employing type 230
tubes. The filament control knob operates a rheostat

Fig: 98: Model 230 Interference
Locator.
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Fi1a. 100. Model 230 Interference Locator with side
panel removed.

gcverning the voltage applied to all tube filaments.
A meter connected in the filament circuit indicates the
vcl-age being applied to the tube filaments. By de-
przssing the button at the top of this meter the plate
battery voltage may be read.

The output circuit of the audio amplifier includes a
tramsformer and intensity meter, the meter being con-
ner-ed across the output terminals of an oxide rectifier
in the secondary circuit of the output transformer.
Br means of the meter switch on the control panel, the
meter may be cut in or out of the circuit. A meter
sh int, controlled by a switch on the top panel, is pro-
vided to increase the operating range of the intensity
meter. In order to protect the meter it is advisable to
ke=p the meter shunt switch in the ‘“on” position. A
jaek is provided for the connection of head-phones or
spaker. When the meter is in circuit, a decrease in the
audible signal will be noticed.

0. What is the purpose of the intensity meter?

A. The ear alone is a poor indicator of noise in-
temsity, being comparatively easily overloaded so that,
after a certain noise level has been reached, the ear
does not respond to further increases in noise. The
intensity meter, however, is not subject to these limi-
taions, and will continue to record increases of inter-
ference intensity after the ear has been overloaded.
A farther value of the intensity meter is the ability to
comnpare interference intensities by setting the sensitiv-
ity control of the instrument at a pre-determined po-
sition and comparing meter deflections under varying
interference conditions.

2. What provision is made for varying the
frequency setting of the Tobe Model 230 Inter-
ference Locator?

A. A frequency selector or tuning dial is provided at
the: extreme right side of the control panel. This dial is
of the drum type graduated from “0” to “100” and

may be easily read at all times. It is operated by a
knob at the right-hand side of the instrument case.

In order to allow the detection of electrical disturb-
ances in the audio frequency range a jack, marked
“ Audio” is provided on the top panel. When the plug
of the audio coupling unit is inserted in this jack the
signal is impressed on the primary of the first audio
frequency transformer, consequently there is no
possibility of a radio frequency impulse being indicated
by the output meter when the audio jack is being
used.

To allow the use of external battery equipment two
jacks are provided, one in each of the end panels. The
jack in the right or tuning end panel is for the con-
nection of an auxiliary filament battery, and that in the
left end panel for the connection of auxiliary plate
batteries. Inserting a plug in the auxiliary “A” jack
disconnects the internal filament battery. Inserting a
plug in the auxiliary “B” jack disconnects the radio
and audio frequency plate circuits from the internal
plate battery. Screen grid and detector plate voltages
are at all times supplied by the internal “B?”’ batteries.

The Model 230 Tobe Interference Locator is con-
structed with cast aluminum frames and polished
bakelite panels. The instruments, switches, volume
control, jacks and tuning dial are mounted in the top
panel so that they are clearly visible and easily ac-
cessible at all times. This panel is so engraved that
the controls are readily identified. A carrying strap
of 14" x 2"’ webbing, having a nickeled buckle and end
tip, is provided. A space is provided within the Locator
to contain the batteries. The cabinet is 714" wide,
134" long, and 1214’ high. When fully equipped with
tubes and batteries the instrument weighs 35 pounds.

Q. What battery equipment is used with this
instrument?

A. The Model 230 Tobe Interference Locator is
wholly dry cell powered, the following batteries being
required: For filament power two No. 6 dry cells;
for plate supply, three small size 45 volt batteries

Fie. 101. Mounting bracket for resonance pole used with
Model 230 Interference Locator.
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(Burgess No. 5308); for grid bias, one 414 volt battery
(Burgess No. 432), and one 3 volt battery (Burgess
No. 422).

Q. What type of pick-up units are used with
this instrument?

A. For most interference locating, the resonance coil
will be used. This coil is encased in black bakelite
tubing having Yg’’ wall. The case of the resonance coil
provides sufficient insulation to withstand 2300 volts
A. C.; care must be taken that the bakelite housing
is not subjected to excessive mechanical stresses. The
split bamboo section provides an extension in length of
resonance pole of 2’ 514", The third, or handle section,
is of hardwood finished in black lacquer. The three
sections are joined by means of nickel plated brass
ferrules. The total length of resonance pole when
assembled is 7/ 17/, If greater length of pole is desired,
additional bamboo sections may be obtained.

The audio coupling coil consists of a multiple wound
coil, contained in an insulated housing, capable of
withstanding 600 volts A. C. The coil is used for
checking individual appliances for interference, where
space is limited, and for audio pick-up.

Q. How may this instrument be installed in an
automobile?

A. Figure 99 and Figure 101 show suggested methods
of installing the instrument in an automobile. In
Figure 99 is shown the mounting of the instrument in
the automobile. As will be seen from this photograph,
the folding seat is removed from the car, and the in-
strument is placed in a felt-lined box, where it is ac-
cessible to the operator of the car, and can easily be
used while the car is in motion. Figure 101 shows a
method of mounting the resonance pole on the car.
When mounting the pole on a steel bodied automobile,
it is essential that the bakelite housed top section of
the pole be kept well above the metal body of the car.

Q. What auxiliary equipment may be used with
this instrument?

A. To provide maximum portability, the batteries
used in the Locator are necessarily of small size. In
order to reduce the drain on these small batteries,
provision has been made for the connection of external
filament and plate batteries when the Locator is
operated in an automobile. The filament battery may
be a two-volt, storage cell or one of the new Eveready
air cells. It is connected to the Locator by means of a
cord and phone plug. The positive battery terminal
connects to the tip of the plug and the negative ter-
minal to the sleeve. Inserting the plugin the jack in the
right or tuning end panel of the instrument disconnects
the internal Locator battery, and allows the external
battery to be controlled by the switch and rheostats on
the Locator.

An external plate battery, which should consist of
three heavy duty 45 volt batteries, connects to the
Locator through a jack in the left end panel. The
negative battery terminal should be connected to the
negative terminal of the external filament battery, and a
single wire from the positive battery terminal should be
connected to the tip of a standard phone plug. When

this plug is in-
serted in the jack,
the radio and audio
frequency plate
circuits are dis-
connected from
the internal “B”
batteries. The bat-
teries within the
Locator at all
times supply screen
grid and detector
plate voltages.

Fia. 102. Tobe Filterette Analyzer.

The Tobe Filterette Analyzer

Q. What is the Tobe Filterette Analyzer?

A. The Tobe Filterette Analyzer is an instrument
containing fundamental Filterette circuits which may
be connected or disconnected by means of the switches
on the control panel.

Q. What is the purpose of the Tobe Filterette
Analyzer?

A. This instrument is designed for use by Author-
ized Filterette Service Stations. By means of this in-
strument it is possible to analyze the interference being
created by any electrical appliance which is connected
to the power supply lines by means of an attachment
cord and plug. This interfercnce analysis makes it
possible to prescribe the correct plug-in type Filterette
without following the cut and try method of applying
Filterettes of various types until the desired reduction
is obtained.

Q. How is the Tobe Filterette Analyzer used?

A. The use of the Filterette Analyzer is indicated in
Figure 103.

As will be seen from this photograph, the attachment
plug of the interfering appliance is inserted in the re-

-4

Fia. 103. Use of Analyzer to determine correct Filterette for
application to a dental lathe motor.
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Frs. 104. Measuring interference at different settings of
Fi terette Analyzer. Intensity meter of Tobe Interference
Locator gives comparative readings.

cessacle of the Analyzer. When this test is being made,
th> attachment cord of the appliance should be coiled
in-c¢ the smallest possible space in order that there may
be no radiation of interference from the attachment
cord. A short wire, preferably not more than 6’ long,
sho 1ld be connected from the binding post on the side
of the Analyzer to a carefully cleaned part of the metal
freme of the interfering appliance. For most satis-
factory results this connection should be made to the
freme of the motor which operates the appliance. The
at-cchment plug of the Filterette Analyzer should
th=1 be inserted in the wall or floor receptacle to which
th2 appliance was originally connected. When the
aprliance has been connected to the Analyzer in the
manner previously described, the various Filterette
cox.binations, as indicated on the name plate, should
be set up. After the combination, which provides
sa-isfactory reduction of interference, has been set up,
th> standard Filterette, which will accomplish the same
restlt, will be determined by reference to the name
plate of the Analyzer.

(*. What are the most common types of Fil-
terette indicated by the Analyzer?

3. Filterette Junior, Filterette Senior, and Filterette
No. 110-PO are generally indicated by the Filterette
Anclyzer. When the indicated Filterette has been
installed, satisfactory reduction of the interference is
bomd to result.

Inrerference from Electrical Systems of
Automobiles
C. What parts of the electrical system of an
at tomobile may cause radio interference?
A, The ignition system, the generator, the starter

and the small motor used in connection with the heater,
normally cause interference. Other interference may
be due to poor contacts in various parts of the car
wiring. In some cases interference has been found to be
caused by the rubbing together of two metal parts of the
car, such as the radiator shell and the sheath of the
headlight cable.

Q. For what percentage of the interference are
the various parts of the electrical system re-
sponsible?

A. This depends upon the type of receiver used, the
manner in which it is installed, and the condition of the
electrical system of the car.

Q. What is the first step to be taken in over-
coming interference in an automobile?

A. The first step should be a careful inspection of all
wiring, cleaning of all contacts, replacement of insulat-
ing bushings which have been lost, cleaning of generator
commutator, replacement of brushes if necessary, and a
careful check of all receiver connections, particularly
those in the antenna circuit.

Q. How may the interference created by the
generator be overcome?

A. To overcome this interference it is necessary to
connect a type AG-15 Filterette in the generator
circuit. The Filterette is connected in series with the
ungrounded terminal of the generator. To be effective,
this Filterette must be located within four inches of
the generator. In a great many cases the application of
Filterette AG-15 to the generator eliminates enough
interference to allow satisfactory radio reception while
the automobile is in operation.

Q. If, after the generator has been filterized,
interference which may be identified as due to the
ignition system is in evidence, what procedure
should be followed?

A. If objectionable ignition interference is present,
the antenna system of the receiver should be separated
as much as possible from all ignition wiring before
applying any filtering devices to the ignition system.
If, after this has been done, the interference persists,
changes may be made in the ignition system.

Q. Where does ignition interference originate?

A. This interference originates at every point in the
circuit where there is a spark discharge or an interrup-
tion to the flow of current. In other words, interference
originates at each spark plug, at the distributor and at
the breaker.

Q. How is ignition interference distributed?

A. This interference is impressed on the wiring from
the spark plugs to the distributor, from the distributor
to the coil, and from the coil to the ignition switch.
Since all of this wiring is in series with or coupled to the
spark gaps, it constitutes a part of an oscillating circuit
similar to that used in the old type spark transmitters,
and thus acts as a broadcasting antenna for the inter-
ference.

Q. How may the effect of these oscillations be
overcome?

A. Connecting a resistance in series with each gap
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provides sufficient damping of the high frequency dis-
turbance to minimize the interference. The value of
this resistance must be carefully adjusted as excessive
resistance in the ignition circuit is likely to interfere with
the operation of the ignition system. The maximum
total resistance which may safely be inserted in an
ignition system is from 30,000 to 40,000 ohms. Tests
show that little if any benefit is to be obtained from
higher values of resistance, while considerable detri-
ment to the operation of the ignition system results
from the use of higher resistance values. There has
recently been announced a new type of spark plug into
which the correct resistance value has been built.
This spark plug is shown in Figure 106. The resistance
which is built into the spark plug is located as close as
possible to the point at which spark plug interference
originates, and it is thus most effective. This resistance
also is protected against breakage and possible changes
of value which would result if the resistance were ex-
posed to the air. A further benefit from the use of the
built-in resistor is the elimination of external connec-
tions which may become loosened and thus increase
rather than decrease the interference. In addition to
the use of these resistances at each spark plug, it is
necessary to connect a resistance unit in series with the
common lead to the distributor.

Q. What adjustment of spark plug gaps is
recommended for satisfactory motor performance
with a minimum of radio interference?

A. The spark plug gaps should be kept at the lowest
possible value consistent with satisfactory motor
operation. A gap of from .020 to .025 is usually satis-
factory. The gap in the distributor between the rotary
arm and the stationary terminal should also be kept as
small as possible. In some cases it may be necessary to
peen the tongue of the distributor arm to obtain the
small gap required. A suggested method of accom-
plishing this peening is as follows: Remove the dis-
tributor head and apply a thick layer of chalk to the
end of the distributor arm. Replace the distributor
head and, with the ignition switch turned off, turn the
motor over slowly by hand, then remove the distributor
head and note whether the contacts show markings of
chalk. If all of the contacts are chalk marked, the gap
should be satisfactory. If some of the contacts are
marked and others show no marking, the contacts which
are marked should be scraped down until even spacing
between contacts and distributor arm is obtained. If
no chalk mark shows on any of the contacts, the tongue
of the distributor arm should be placed on a flat steel
block and hammered until it is lengthened slightly. It
should then be chalked once more and the procedure
already described should be followed once more. Be
sure that the rotor does not make actual contact with
any of the stationary points. The recommended dis-
tributor gap is from .002 to .004.

Q. What further procedure may be required to
prevent the distribution of ignition interference?
A. It may be necessary to connect a Filterette in

series with the primary leads to the ignition coil. Fil-
terette FS-110 is the correct type for this application.

Q. Of what value is shielding in the elimination
of ignition interference?

A. In some cases it may be found necessary to pro-
vide shielding for the high tension circuit of the ignition
system. Shielded wire is not recommended for this
purpose, but it is recommended that a metal housing
which will enclose the spark plugs, the distributor and
all connecting wiring be provided. Whenever shielding
is applied to an ignition system, suitable spacing should
be maintained between the shielding and the ignition
wiring to prevent any possibil-
ity of excessive damping of the
spark.

Fia. 107. Application of Fil-
terette JA to the fan motor
of an automobile heater.

Fig. 1068. Cut-away view of
an A. C. spark plug showing
filtering spark suppressor.

Q. How may the interference from the small
motor used in connection with hot water and hot
air automobile heaters be eliminated?

A. This interference will be heard as a high-pitched
whine varying in pitch when the speed of the fan is
changed.

Q. How may this interference be suppressed ?

A. To suppress this interference a type J. A. Fil-
terette should be mounted on the heater frame and its
leads should be connected across the brushes of the
motor. The Filterette return lead should be connected
to the frame of the fan motor. When applying a
Filterette to any heating device, be sure to provide
ample ventilation space for the Filterette.

How Communities May Attack the Prob-
lem of Minimizing Radio Interference

The first step to be taken to improve radio receiving
conditions in any city is to discover what is causing the
interference. In view of the misconceptions which
exist about the causes of radio noises, it is best not to
act on supposition, but to have the town surveyed by a
competent interference expert with an instrument de-
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signed to hunt down strays or radio noises. Almost any
town has several radio amateurs who are competent to
essist in this work. While the services of an expert are,
of course, to be preferred, it may still be possible to lo-
cate a large proportion of the trouble by enlisting the aid
«f local radio dealers and amateurs whose interests are
cirectly affected. Any work which these men do will, of
ccurse, be of immediate value. Causes of radio inter-
f=-ence can be verified by shutting off the apparatus
vrder suspicion. If the noises stop when the apparatus
is turned off, and are heard only when the apparatus is
cr, it is reasonable to suppose that you have found the
cause of vour trouble.

One of the first steps for those interested is to form a
radio listeners’ club. The small sum collected for dues
Felps to pay the expenses of locating interference.

The next thing to do is to enlist public support. This
nay be done through circulating petitions, through
rewspaper advertisements, and through radio broad-
casting. Most radio broadcasting stations are only too
glad to co-operate in any movement which will help
tazir own listeners to get better reception. Mr. James
H Weir in Pittsburg has done excellent work with a
dub of this sort which works in conjunction with
s>aeduled broadcasts from a station. Great progress is
keing made in providing Chicago broadcast listeners
with clearer radio reception through the efforts of the
Chicago Daily News Interference Club, under the
direction of K. A. Hathaway.

You will need money, of course, because filterizing
sts money, and unless you succeed in passing ordi-
mances against radio interference the listeners, in many
cases, must themselves install the Filterettes; although
as a rule the owners of industrial establishments do not
wish to antagonize the public by letting it be known
t1at they are refusing to do anything to help stop
poises from their apparatus which are ruining the
reeeption of their neighbors.

[n smaller communities money can be raised by
public subscription, by fairs, dances, or by other means
wkich will readily suggest themselves.

Best of all, perhaps, after your club has attained large
proportions, is to submit to the legislative body of your
c)ynmunity, a petition, preferably through a selectman,
c>ancillor, senator, congressman, alderman, etc., re-
questing the passing of an ordinance against needlessly
dis turbing radio reception.

The more names you can get to sign the petition, of
coarse, the greater weight it will carry.

J. By whom should the expense of Filterette
installation be borne?

A. The answer to this question is usually determined
by local conditions, the best solution generally being
ohtained by co-operation between the owners of the
offending apparatus and the broadcast listeners whose
r2eeption is being affected by the apparatus. In view of
ta> fact that benefits are being received by the broad-
cast listener, he should be willing to contribute his
saire toward the Filterette installation.

However, the owner of the interference-creating

apparatus has, of course, some responsibility toward
his community, and should, therefore, be willing to con-
tribute his share toward making his own apparatus
interference free.

The following quotation from the government bulle-
tin, “State and Municipal Regulation of Radio Com-
munication,” recently issued by the Legal Division of
the Federal Radio Commission, illustrates the attitude
shown by many owners of interference-creating ap-
paratus:

“There are also industrial activities which cause in-
terference with radio reception. For example, ‘Pre-
cipitator’ devices, which are designed to control smoke
and noxious fumes by the creation of an intense elec-
trical field within the stack, are, in effect, radio trans-
mitters. Interference is also caused by arc welders,
portable drills, motors and generators, bell ringers,
thermostats and starting contacts.

“Practically all these devices can be cured of their
interference effects by repair or the addition of filtering
attachments. In this connection, each industry is
greatly concerned with the maintenance of public good-
will as well as efficiency in its own processes. The oc-
casion when a manufacturer refuses to correct an abuse
once it is called to his attention is so rare that certainly
mere local legislation is not the most effective weapon.
Instances are known to every radio trades association
where manufacturers have gone to expense aggregating
thousands of dollars purely for the purpose of eliminat-
ing radio interference. Surely, it would not be expected
that merely because of the passing of an ordinance by a
community, an industry should go to prohibitive
expense”’,

Q. In the event that the owner of the offending
apparatus refuses to co-operate, how may legal
steps be taken to compel him to apply interference
eliminating devices?

A. In many cases local ordinances may be drawn to
compel owners of disturbing machinery to suspend its
operation, or to adjust it so that no interference will be
created.

Q. How drastic may these ordinances be?

A. These ordinances must be so drawn that they will
not conflict with any Federal laws and should be so
phrased as to be inapplicable to persons who are not
guilty of willful or negligent disregard of the radio
reception rights of the community.

Another quotation from the previously mentioned
bulletin of the Federal Radio Commission illustrates
this point:

“The spark and the are, together with their accom-
panying radio interference, are found in hundreds of
appliances in common use. In some such appliances
the disturbance is a necessary part of the apparatus.
Examples of this are X-ray, violet ray, and diathermic
machines.

“In these cases radio interference is cured or prevent-
ed by the insertion of attachments which prevent the
flow of the radio-frequency impulses back into the
power lines for general dissemination. In other devices,
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the interference is not necessarily produced by the
operation of the device and is due only to improper
design or to a defect which has developed. Devices
of this character are heating pads, vibratory battery
chargers, electric sign ‘“flashers,” and motors and con-
trols such as those used in vacuum cleaners, electric
refrigerators, washing machines, elevators, and innum-
crable other devices.

“The holding of the householder to a criminal or
penal responsibility because of the mere ownership or
operation of a device within this classification is cer-
tainly unjust.

“In many cities, however, ordinances of general appli-
cation have been enacted where the real purpose has
been to reach individual offenders who knowingly and
persistently operate interference-producing devices of
wide effect, refusing to attach corrective apparatus or
to make repairs.

“As to such persons, ordinances are valid if reason-
able. In such applications the ordinances are in nowise
burdens on interstate commerce but are rather in aid
thereof. They come with the power of the State to
prevent and abate nuisances.”

Q. Can electrical apparatus be purchased which
will not interfere with radio reception?

A. Another quotation from the previously mentioned
bulletin of the Federal Radio Commission illustrates
this point:

“Whether the device causes interference through lack
of “choke” or “filter” attachments or through improper
design, the cure for the interference lies in the education
of the manufacturer. Many brands of devices have
become specifically known as interference producers
and this reputation is compelling manufacturers to
improve their construction. Already a large number of
such appliances carry the guarantee of the maker
that they will not produce interference with radio re-
ception. The importance of the work along this line
of trades associations has been tremendous and the
time will soon arrive when this type of interference
will not longer exist.”

Q. What ordinances are recognized as enforce-
able?

A. The following model ordinances drawn by the
Legal Department of Frederal Radio Commission are
designed to provide a maximum of benefit to the
broadcast listener with a minimum of hardship to the
individual owner of electrical apparatus and to har-
monize with Federal laws.

AN ORDINANCE PROHIBITING ELECTRICAL
INTERFERENCE WITH RADIO RECEPTION,
AND PROVIDING FOR PUNISHMENT FOR
THE VIOLATION THEREOF.

Belit ondained 1y s st o ou - o o i T oo Sefeager o1 o
Section 1. That it shall be unlawful for any person,
firm, copartnership, association, or corporation know-
ingly or wantonly to operate or cause to be operated,
any machine, device, apparatus, or instrument of any
kind whatsoever within the corporate limits of the

OIS s i N between the hours of
.......... o’clock, .......m.,, and 12 o’clock mid-
night, the operation of which shall cause reasonably
preventable electrical interference with radio reception,
within said municipal limits; Provided, however, that
X-Ray pictures, examinations, or treatments may be
made at any time if the machines or apparatus used
therefor are properly equipped to avoid all unnecessary
or reasonably preventable interference with radio re-
ception and are not negligently operated.

Section 2. That this ordinance shall not be held or
construed to embrace or cover the regulation of any
transmitting, broadcasting or receiving instrument,
apparatus, or device used or useful in interstate com-
merce or the operation of which instrument, apparatus,
or device is licensed or authorized by or under the pro-
visions of any act of the Congress of the United States.

Section 3. That every person, copartnership, associa-
tion, firm or corporation violating any of the provisions
of this ordinancs shall, upon conviction, be punished

by fine of not less than......... dollars nor more than
.......... dollars, or by imprisonment in the city jail
fornotlessthan.......... days nor more than........

days or by both such fine and imprisonment. Each
day during which such violation continues shall con-
stitute a separate offense.

Section 4. That this ordinance shall take effect, etc.,
(here follow requirements of State Laws).

AN ORDINANCE PROHIBITING THE OPER-
ATION OF MECHANICAL DEVICES, MA-
CHINES, APPARATUS, or INSTRUMENTS TO
INTENSIFY OR AMPLIFY THE HUMAN
VOICE OR ANY SOUND OR NOISE BY WHICH
THE PEACE OR GOOD ORDER OF THE
NEIGHBORHOOD IS DISTURBED OR PER-
SONS OWNING, TUSING, OR OCCUPYING
PROPERTY IN THE NEIGHBORHOOD ARE
DISTURBED OR ANNOYED.

BeRityondainedyuby S L oms e

Section 1. That it shall be unlawful for any person,
copartnership, associaticn, firm, or corporation know-
ingly or wantonly to use or operate, or to cause to be
used or operated, any mechanical device, machine,
apparatus, or instrument for intensification or ampli-
fication of the human voice or any sound or noise in
any public or private place in such manner that the
peace and good order of the neighborhood is disturbed
or that persons owning, using, or occupying property
in the neighborhood are disturbed or annoyed.

Section 2. That every person, copartnership, associa-
tion, firm, or corporation violating any of the provisions
of this ordinance shall, upon conviction, be punished

by fine of not less than.............. dollars nor
more than.............. dollars, or by imprisonment
in the city jail for not less than ........ ... .. days
nor more than...... .. .. . . days, or by both such fine

and imprisonment. Each day during which such vio-
lation continues shall constitute a separate offense.
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Section 3. That this ordinance shall take effect, ete.
(here follow requirements of state laws).

For those who are desirous of examining a specimen
arlinance now actually in force in an American city,
we have reproduced below an ordinance now in effect
in Los Angeles, Cal.

“BE IT ORDAINED by the City Council of the
City of Los Angeles, California

An Ordinance Regulating the use of devices or ap-
Earatus which interfere with radio broadeasting recep-
tcn.

THE PEOPLE OF THE CITY OF LOS ANGELES,
CALIFORNIA DO ORDAIN AS FOLLOWS:

Section 1. It shall be unlawful for any person, firm
or corporation to operate in the City of Los Angeles
any apparatus generating or causing high frequency
oseillations which interfere with radio broadeast re-
c2ving apparatus or wireless receiving apparatus
be-ween the hours of 6 o’clock P. M. and 11 o’clock
. M. except that a person duly licensed to practice
medicine, osteopathy, chiropractic or dentistry by the
Srate of California, in a case of absolute emergency
arising in the course of practice of his profession and
wtich case demands immediate treatment between the
a’ere-mentioned hours may operate or cause to be
oo>rated under his direct supervision any machine
n2:essary to give emergency treatment in such case.

Section 2. Any device or apparatus such as Violet
F£y machines, machines using the Tesla Coil or prin-
¢ ral, X-Ray machines and Diathermy machines which
interfere with the intelligibility of reception under all
the following conditions shall be considered as coming
wi-hin the terms of this ordinance:

‘a). Such device or apparatus must be situated one
handred (100) feet or more from the radio receiving
eqi1ipment with which it interferes.

b). The radio receiving equipment interfered with
shall be operated at a volume comparable to a person
speaking in a normal tone of voice.

‘c). The broadcasting station whose program is
b>mg received when the interference occurs must have
a power output of at least one (1) kilowatt and must
b>located not more than twenty-five (25) miles distant
fram the receiving set.

“t is expressly understood and provided, however,
that this ordinance shall not apply to radio stations
eitaer broadcast, commercial or amateur, licensed by
the Federal Government and/or which are engaged in
irterstate communication or to public utilities under
the supervision of the State Railway Commission.

Section 3. The Chief of the Electrical Division of
the Department of Building and Safety or his duly
a1-horized Deputies, shall have the right to enter upon
a1y premises at all reasonable hours for the purpose
o’ inspecting the installation and working of all appa-
retus coming within the terms of this ordinance, and it
sh:ll be unlawful for any person, firm or corporation
to interfere with the Chief of the Electrical Division of
the Department of Building and Safety or his duly

authorized Deputies, in making said inspection or to
refuse to permit the said Chief or his Deputies to enter
the premises for such purposes.

Section 4. When an inspection and test shall have
been made by the Chief of the Electrical Division of
the Department of Building and Safety or his duly
authorized Deputies and it is found that equipment
or apparatus coming within the terms of this ordinance
is being operated in violation of this ordinance the
person or persons responsible for the operation of such
equipment shall be notified in writing to discontinue
the use of such machine or to make additions, repairs
or modifications thereof in order that the same may be
operated in a manner which complies with the provi-
sions of this ordinance. The mailing of a registered letter
addressed to the owner or operator of the machine at
the premises where the machine is located shall con-
stitute a sufficient notice for the purpose of this ordi-
nance. In the event that the owner or operator of such
machine or apparatus does not, within forty-eight (48)
hours after receipt of notice to repair or discontinue
the use of such machine, either entirely discontinue
the use of such machine during the hours the use of
such machine is prohibited by this ordinance, or repair
the same so that it complies with the provisions of this
ordinance, such owner shall be deemed to be operating
such machine or apparatus in violation of the provisions
of this ordinance and such persons shall be subject
to the penalties hereafter provided for such violation.

Section 5. Any person violating any of the provisions
of this ordinance shall be deemed guilty of a misde-
meanor and upon conviction thereof shall be punish-
able by a fine of not more than five hundred ($500.00)
dollars or by imprisonment in the City Jail for a period
of not more than six (6) months, or by both such fine
and imprisonment.

Q. What municipalities or states now have
legislation affecting the operation of apparatus
likely to create radio interference?

A. The following is a partial list of municipalities
now having interference ordinances against needless
disturbance of radio reception:

Brattleboro, Vt.

Grand Rapids, Mich.
Sault Ste. Marie, Mich.
Bay City, Mich.

Two Harbors, Mich.

Clinton, Iowa
Fairfield, Iowa
Wausau, Wis.
Stevens Point, Wis.
Los Angeles, Cal.

Chesaning, Mich. Inglewood, Cal.
Beverly, Mass. Pasadena, Cal.

State of Maine South Pasadena, Cal.
Hagerstown, Md. Santa Ana, Cal.
Cole Camp, Mo. Stockton, Cal.
Sedalia, Mo. Alhambra, Cal.
Boonville, N. Y. Riverside, Cal.

Millville, N. Y.
Miles City, Montana

San Buenavertura, Cal.
San Diego, Cal.

Portland, Ore. Valentine, Neb.

St. Paul, Minn. Mt. Pleasant, Mich.
Dumbright, Okla: Marinette, Wis.
Kimball, S. D. State of Vermont
Sioux Falls, S. D. Sturgis, South Dakota
Brazil, Ind. Manchester, N. H.
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Tag System Used in Enforcement of
Interference Ordinance

In order that full benefit may be obtained from radio
ordinances it is necessary that a definite means of
enforcement be provided. The enforcement of an in-
terference ordinance cannot be left to the usual police
authorities, as they do not have the equipment neces-
sary to determine when the ordinance should be applied.

The enforcement of interference ordinances is nor-
mally a function of the City Building Inspection Depart-
ment, or if a separate department exists for the super-
vision of electric wiring and installation, the enforce-
ment of an interference ordinance will be delegated to
this department. Building and wiring inspectors nor-
mally have police authority and are, therefore, familiar
with the procedure to be followed in the treatment of
building code violations as well as violations of elec-
trical wiring and interference ordinances.

In one city the Building Inspection Department
has adopted a system followed by the Traffic Depart-
ment in the treatment of violators of the traffic code.
A three section tag which is reproduced on this page
(Figure 108) is used to notify owners of interfering
appliances that the apparatus has been checked and
found to be operating in violation of the local interfer-
ence ordinance. This tag is returnable within 48 hours
and its use has proved to be highly effective in the
enforcement of the radio interference ordinance.

In order to locate electrical apparatus which is being
operated in violation of a radio interference ordinance,
a duly authorized official, usually a member of the
Electric Wiring Inspection Department covers the city
in a cruising car equipped with interference locating
and measuring equipment. (The Tobe Model 230
Interference Locator has been adopted by many mu-
nicipalities as the standard instrument for locating and
checking radio interference ordinance violations.)
The interference inspector also investigates all inter-
ference complaints and notifies owners of offending
electrical apparatus that said apparatus must be so
adjusted that its operation will not interfere with radio
reception, or that its use must be discontinued during
the hours specified in the ordinance.

Although the municipal interference inspector often
works in close co-operation with the radio co-ordination
department of the local power company, he is inde-
pendent, of all power company officials, radio dealers,
trade associations or other outside influences. He does
not repair defective electrical apparatus or radio re-
ceivers, although he may, at his discretion, advise the
owner of offending apparatus what adjustment, repairs
or additions will be required to make the apparatus
comply with the terms of the interference ordinance.

The enforcemen of a radio interference ordinance is
often simplified by public education. Radio broadcasts,
talks before luncheon clubs or schools, and demonstra-
tions of common interference sources are among the
devices used by the interference inspector for creating
public understanding of his work.

Authorized Filterette Service

In the installation of all Filterettes, certain funda-
mental rules must be followed. The most important of
these are as follows:

1. Be sure that the Filterette chosen is designed for
operation at the maximum voltage rating of the
apparatus which creates interference.

2. Be sure that the Filterette chosen is designed for
continuous operation at the maximum current
drawn by the apparatus which is causing inter-
ference.

O

The equipment des:ribed below has been checked
in accordance with the provisions of City Ordin-

aoce No, ... and found to be

operating in violation of the terms thereof.

Description ... i .
N° 1015

The equipment covered this notification has
been made oon-radio Interfering and is ready for

Process

N° 101
eceipt of this notification is hereby acksowledged.
discontinue.

Fia. 108. Tag used to signify in-
fringement of radio interference
ordinance.

NOTE: If there is any question as to the cur-
rent drawn or delivered by the apparatus, the
current should be measured. Do not attempt to
calculate the current from the wattage or H. P.
rating of the machine.

3. Be sure that all circuits in which interference is
originating or on which interference may be car-
ried are adequately filtered.

4. Be sure that the Filterette is located as close as
possible to the point at which the interference is
originating,.
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[0

. Be sure that any high tension wiring from which
interference may be radiated is shielded so that
radiated interference will be kept from reaching
building wiring circuits.

6. Be sure that the Filterette applied is designed for
application to the apparatus which is creating
the interference. Do not attempt to economize
by using a Filterette at voltages or currents in
excess of its rating or by using a plug-in type
Filterette with electrical apparatus which should
be wired to the power distribution circuit.

7. Do not depend upon unqualified persons for Fil-
terette service. There is an Authorized Filterette
Service Station near you. Look for the insignia
shown in Figure 109.

All Authorized Filterette Service Stations display
t1 s insignia on their letterheads, advertising and display
meterial, and store windows. This insignia is issued
oy to radio and electrical service men who have re-
czived special training in the handling of interference
problems and who are thoroughly familiar with the ap-
plication of Filterettes to interference-creating electrical
apparatus of the type shown in Figure 111, as well as
ot aer types described in this book. Every accredited
exployee of an Authorized Filterette Service Station.
ca-ries an identification card bearing the insignia shown
in Figure 109, and in addition is provided with an iden-
t f cation badge, as shown in Figure 110. To be sure
of satisfactory service, insist that your apparatusbe
filerized by trained interference experts associated
with Authorized Service Stations,

AUTHORIZED SERVICE STATION

Fia. 109. This insignia on a store window
or letterhead indicates that special training
in interference elimination has mn given the
individual or concern displaying the insignia.

INSPECTOR

4. OFFICIAL
$TeReTTE STAL

Fi1g. 110. Identification badge for

interference inspectors associated

with Authorized Filterette Service
Stations.

Fic. 111. Appliances of the type shown above are responsible for a large percentage of the radio interference in every city.
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REPRESENTATIVE TOBE FILTERETTES

Fia. 113. Tobe Filterette Senior. Portable

elestric appliances creating a more intense t

of interference than may be suppressed by

Tobe Filterette Junior or JA require the
Filterette Senior.

F16. 116. Tobe Filterette FS-110. When a

Fic. 112, Tobe Filterette Junior. . This Fil- Fi terette is required for use in limited space,
terette is T mended for application to Filterette 110 is recommended. This Filterette
appliances employing series-wound or universal is &uticu]arly suited to use with flashing
motors. traffic beacons, switches, call relays and other

types of switch mechanism operated at 110

volts.

F1a. 112A. Tobe Filterette JA. This Filterette
should be used when permanent installation is
required or when the Eielteretu is to be located

within the appliance housing.

Fia. 117. Tobe Filterette 1-HFO. This Fil-

terstte, installed as shown in Figure 59-A will

Bjevent the distribution of interference from

iathermy and other high frequency electro-
medical apparatus.

ag \NTERFERENCE
ol =

Fic. 114, Tobe Filterette 110-PO. This Fil-

terette is suitable for application to electrio Fre. 50A. High frequency screen used in con-
refrigerators, fruit juice extractors, adding junction with Tobe Dlpzttherm Filterettes.
machines and practically all office appliances. ,I'he use of this screen prevents distribution of

interference by radiation from the electrode
and the body of the patient.

F1c. 117A. Tobe Filterette 1-HF-3. For

F16. 116A. Tobe Filterette NYL-4. Sign application to electro-medical apparatus re-

Fia. 115. Tobe Filterette 110. This Filterette flashers of the four-circuit type such as are %\x.mn“g current up to 25 amperes at 110 volts,

is approved by Underwriters Laboratories for commonly used for obtaining motion effects in this Filterette is recommended. To be most

installation in any 110-volt circuit carrying § incandescent lamp signs may be filterized by effective, it should be used in conjunction with
amperes or less. application of this Filterette. suitable screening.

Filterettes for Application to Westinghouse Converters

KVA | Converter Volts I Amperes
Type D.C.| AC. | D.C. | AC. Dimensions Price
25 | 578137 1156 110 3.2 2.3 | 2 sec. each 515"'x614''x634" $20.00
.50 | 578138-B | 115 110 6.3 4.55 1 sec. 1334"'x814"'x215" 25.00
.75 | 578139-A | 115 | 110 9. 6.8 1 sec. 133{"'x814"'x214"" 35.00
1.00 | 578140-B 115 110 | 11. 9.1 1 sec. 1514"'x10""x234" 37.50
.25 | 578142-B | 230 110 2. 2.3 1 sec. 133{""x815"'x214" 38.00
1.50 | 578058-B | 115 110 | 15. 13.6 1 sec. 1614"'x10"'x25%¢" 45.00
25 | 675607 32 21 | 15. 12. 2 sec. each 514''x614''x634" 45.00*
.10 | 675608 32 21 6.5 4.75| 2 sec. each 514"'x614"'x634" 38.00*

*This price includes a 21 to 110 volt transformer.
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RADIO NOISES AND THEIR CURE

SPECIFICATIONS
and
PRICES OF ALL TOBE FILTERETTES

Model No. :
. unior
A
Senior
210-PO
210-PL
10
OB-110
¥S-110
131

BEBE

21
231
32

35
1)*
11**

60‘

1 HFO***
1 HF-2***
1 HF-3***
Lial
NYL4
NYL4
NYL-2
CM-32

CM-110

Rating

Volts

110
110
110
110
110
110
110
110
110
110
110
110
110
220
220
220
220
220
220
110
110
220
220
220
3 phase
550
550
3 phase

600
110
110
110
110
220
110

32
110

Amperes

TEEBES 88885 amocmo.:

6
15
25

10 per branch
10 per branch
10 per branch
| 25
15

T

Housing
Bakelite Cylinder
Bakelite Tube
Metal Cylinder
Metal Case
Metal Case
Cutout Box
Cutout Box
Metal Case
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box
Cutout Box

Cutout Box
Cutout Box

Cutout Box
Metal Case
Metal Case
Metal Case
Bakelite Tube
Metal Case
Metal Case
Metal Case
Cutout Box
Cutout Box

Connections
Plug-In
Flexible Leads
Cord and Plug
Cord and Plug
Cord and Plug
Screw Terminals
Flexible Leads
Flexible Leads
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Serew Terminals
Screw Terminals
Screw Terminals
Screw Terminals
Screw Terminals

Screw Terminals
Screw Terminals

Screw Terminals
BX-in Plug-Out
BX-in Plug-Out
Screw Terminals
Flexible Leads
Flexible Leads
Flexible Leads
Flexible Leads
Screw Terminals
Screw Terminals

[
|

Dimensions
114" diam. x 214"
14" diam. x 2
2"  diam. x 4"
5}/21/ X 3%:1 x 4%:1
514" x 314" x 415"
10" x 634" x 314"
7" X 6%” X 3%"
4" X 3%![ X 2%”

13" x 984" x 314"

16”7 x 1034 x 414"
19" x 1284" x 614"
19" x 123" x 614"
19”7 x 123" x 614"
137 x 634" x 34"

13”7 x 934" x 334"

16” x 1034" x 414"
19 x 1284 x 614"
19" x 128" x 614"
19”7 x 128" x 614"

7II X G%H X 3}/8"
ridd X 6%” X 3%[[

10" x 634" x 344"
10”  x 634" x 3"
13”7 x 634" x 3%11
13" x 1234 x 434"
13" x 1284" x 434"
13”7 x 12%11 x 4%11

7%[' X 6%[7 X 5%[[
7 x 114" x 9"

8" x 16" x 13"
1’ diam. x 14"
lall X 6[[ X 5”
13" X 6" X 5Il

4” X 2%[’ X 3%[’
11" x 151" x 414"

6%” X ]0%" X 4%1!

Price
$3.50

3.50

7.50
12.50
12.50
15.00
15.00
15.00
20.00
30.00
42.50
57.50
75.00
20.00
30.00
40.00
52.50
67.50
85.00
10.00
10.00
15.00
15.00
20.00

25.00
35.00

25.00
35.00
75.00
125.00
3.50
38.00
50.00
20.00
45.00
38.00

Ritter Dental Filterette obtainable thru Ritter Dental Mfg. Co. Rochester N. Y.
**For use in A. C. circuits only.

*For use in D. C. circuits only.

***For use in 50-60 cycle circuits only.
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