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Not when

YOU'RE EQUIPPED
TO HANDLE THEM

In addition to the electrical charac-
teristics, many customers’ application
problems are related to the physical
appearance and dimensions of their
transformer components. Fortunate-
ly, the UTC sheet metal division sup-
plies practically all the housings,
laminations, brackets, and other de-
vices which control the mechanical
characteristics of UTC units. Instead
of restricting designs to specific cases,
the sheet metal division can run off a
special case to more closely fit the
final transformer dimensions, or to
effect the particular mounting provi-
sions required by the application.

The sheet metal division has
drawing, forming, and other press
facilities to cover the entire
gamut of transformer housings
from tiny transformer channels,
to large oil tanks for broad-

g cast and industrial service. Since
these housings are produced at
UTC, fast service can be given.

Illustrated are a few (just a very few) typical cases as supplied for some special applications

IF YOU HAVE A SPECIAL PROBLEM, MAY WE HAVE AN OPPORTUNITY TO COOPERATE?

UNITED TRANSFEORMERCO.

150 VARICK STREET NEW YORK, :
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All of us at the Hallicrafters  That our efforts have justified
are both proud and humble to  the award of the famous Army-
have important assignments in ~ Navy "E” flag is a great honor.
defeating America’s enemies. ~ We shall keep it proudly flying.

all of the hallicrafters
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DITORIAL

RADIO AND ELECTRONICS

Definitions, like the four freedoms, cannot be estab-
lished without effort. Both words and freedoms can
be tampered with or looscly applied.

There is now some question as to the proper defini-
tions of the words Radio and Electronics ; and differ-
ences of opinion as to whether or not they are synony-
mous. As obvious as the answer is, it presumably
needs clarification in some quarters.

The word Electronics was coined by the McGraw-
Hill Publishing Company as the name for a so-called
“horizontal” magazine to straddle the whole field built
up around the electron tube. By virtue of the ever-
increasing number of applications for the electron
tube and the undisputed fact that the name is a “nat-
wral,” Flectronics has become a generic term. If it is
to be correctly defined. then it covers, among other
things, the field of Radio: but, bv the same token, is
not synonymous to it; for Racio is hut one hra:ch
of the Electronic field.

There is a tendency on the part of many radio pub-
lishers to hop aboard the electronics bandwagon,
either by instituting new ‘‘horizontal” papers in this
field, or changing “vertical” papers to cover the
broader field. Whether or not there is room for all
of them, we do not profess to know. Ve do know,
however, that were all radio magazines to follow suit.
the division of attention or scattering of effort would
work a hardship on the thousands of engineers, tech-
nicians and operators who deal almost exclusively
with radio frequencies and seldom if ever deal with
any other phase of electronics.

Radio, as a branch of electronics. is a large field in
itself. and will be larger still after the war. Tt is en-
titled to a magazine devoted exclusivelv to its in-
terests, now and hereafter. Rapro magazine will
stick to those interests through hell and high water.

THE ENGINEER AND PETRILLO

One of the latest of a string of orders issued by
James C. Petrillo, president of the American Federa-
tion of Musicians, forbids members to take part in
the making of one-shot transcriptions for broadcast
stations. This edict is a minor annovance or a major

* SEPTEMBER, 1942

catastrophe, depending upon which side of the fence
one 1s on; but, in any event, it poses a nice problem
for engineers who contribute in one manner or an-
other to technological progress, and feel, along with
Mr. Van Dyke, that the engineer should have some
voice in sociological matters.

We said, in an editorial in the August issue. that
should the engineer make the mistake of thinking that
life can be arranged to fit a plan derived from an ideal,
then the reality of life as contradistinguished from
the reality of pure truth will have escaped him, and
the effort to improve society will have been in vain.
Mr. Petrillo’s ban on electrical transcriptions is a
periect example of the oil-and-water characteristics
of idealistic planning and life as she is lived.

It is an interesting conmnentary on modern life
that something the engineer conceived and developed
may now not be used by him or for him. It is also
sad; and more than likely a warning of similar con-
flicts between technological progress and the profes-
sions or crafts such progress appears to endanger.
The Petrillos of this world do not react to truths or
logic. and more than likely can be “convinced” by
nothing less than the counterforce of an engineering
power group in the form of a guild. As displeasing
as such 2 setup may sound to engineers who never
wish to do anything more than mind their own husi-
ness. @ union of technologists seems to he the only
answer.

We do not have to be told that the backlog of war-
time inventions will alter the shape of our future
society ; nor do we have to have it impressed upon
us that progress in all technological fields will tend to
snufl out many crafts. Somehow, in some manner,
men who have spent their lives in developing pro-
ficiency m a given trade will have to be reconditioned
and placed elsewhere, and this cannot be done entirely
by planming.  The eugineer will have to make his
voice heard and his power felt: else there will be a
peck of trouble, and our technological gains will sour
the world.

We hold with Mr. Van Dyke that something should
he done. Discussions should take place now, before
the wartime backlog of developments is released.

M.IL.M.
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NOTE— Tiin Motoeo Case
Wirk fFuee S1ze TRiPLETT FoLe Sr12e
MECHANISM. JRIPLETT

MEcHANISA.
D

INSTRUMENT

SSPECS”

® Minimum case depth.

® Full standard size rigid mechanism . . .
no projecting base.

® Wider shroud strengtheas face: focuses
attention on scale.

® Simplified zero adjustment.

® Sapphire or equivalent jewels. All com-
ponent parts finely made and of superior
quality.

® Balanced Bridge Support.

® Metal Bridges at both ends.

® Separate Scale Mounting.

® Doubly Supported Core. Oimensions Overatt

Also available in metal case Witwn 57ves & Murs. Oroer.

K.5 8789

NO’IHE: _Whenhspace is at aﬂipgemilum angfqr lall - - : -
installations where space is efficiently used, Triplett

Thin-Line Instruments set a new standard of pre- THE TRIPLETT ELECTRICAL INST RUMENT CO.
cision performance in “condensed” space. For full BLUFFTON. OHIO. U.S.A.

details write for Triplett Thin-Line Bulletin to The

Triplete Electrical Instrument Co., Bluffton, Ohio. T = 4 42992

CHECKED /. 7# 5.4
APPROVED 7&/ i/‘/‘;?/’;g 5 7/7/\/
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ince the curtailment of civilian radio
production, RAYTHEON engineers and
scientists are devoting all their energies to
designing and building special tubes for to-
day’s important electronic developments.
It has long been the opinion of our research
engineers that special electronic services
required tubes designed for their individual
application. RAYTHEON'S new development
work is going forward with amazing speed.
This new challenge for special tubes of
intricate design to meet the rapidly expand-
ing use of electronic devices is being met
by our engineers in the same manner with
which we, In the past, produced tubes for
civilian use.

Our laboratories will, when this conflict
is past, produce the latest design in tubes,
incorporating many new principles in elec-
tronic engineering.

For military reasons, the tube shown is not a new development

L

g,

' B IR,
Raytheon Manufacturi
Company
Waltham and Newton, Massachusetts

DEVOTED TO RESEARCH AND THE MANUFACTURING
OF TUBES FOR THE NEW ERA OF ELECTRONICS

[RADIO] * SEPTEMBER, 1942
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Brocdeail Station

MAINTENANGE and OPERATION

PART |

4 Now, more than ever before in the
history of broadcasting, it has become
imperative that all broadcast station
equipment be operated and maintained
at peak performance, and at its greatest
possible efficiency. The problems in-
volved are aggravated in many cases by
the fact that some of the older and more
experienced engineers have left their
berths with broadcast stations, and are
now taking part in the war effort in the
employ of manufacturing organizations
and the armed forces. Added to this is
an increasing scarcity of tubes and other
necessary replacement parts, with little
or no prospect of relief in sight. As a
result of these factors and conditions,
the average broadcast engineer is more
“on his own” now than ever before, and
his station’s as well as his own survival
depend frequently upon his ingenuity
and originality in devising ways and
means of maintaining his equipment in
top-notch condition. yet maintaining the

C. H. WESSER
Chief Engineer, W45D

high standards of performance that have
made broadcasting one of the nation’s
most important and necessarv public
services.

Station Routines

Since only closely-adhered-to routines,
and the keeping of accurate records will
make for top efficiency, this paper pre-
sents ideas and suggestions in the form
of a description of such routines. The
establishing of, and adhering thereto
will materially ease the task of the
broadcast engineer in the operation and
maintenance of his equipment.

Rather than using a hypothetical case,
the operation and maintenance routines
of F.M. Station W45D are used as an
example, but not necessarily as an abso-
lute standard, although they have shown
over a period of more than a year that
they cover regular operation very thor-
oughly, and have provided good guid-
ance for all members of the station’s
Technical Department. They have made
passible a good record of performance

Form 1207

W45D—-THE D

Frequency 44.5 MC. Eaginrering

DAILY LOG

ETROIT NEWS

Dopartmont

Date 194
Day

Log_sheet No.

PROGRAM TRANSMITYER
Siart

REMARKS

“Ene Origie | Ann | Fuel £ ] Fupel 1| 31

Treq K C

PROGRAM TOTALS

sk ©ay

Air
Progeam

T.ocal Stutia
Local Trans
Wre remote
Radia remots
Network

ww]

Fed Programs

t
ON REVERSE SIDE OF SHEET

=

The daily log sheet used by the engineering department at W45D. Data with regard to pro-
gram totals appears on the reverse side of the log sheet. The routine is described in the

accompan

10

ying text.
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in spite of the fact that practically all
of the station equipment was new to
every member of the staff. Very little
if any precedent existed for the staff’s
guidance, since 50-kw F.M. transmitters
are few and far between and have been
in existance for only two or three years.
W45D, operating on a commercial basis,
is treated exactly as an A.M. station as
far as operating and maintenance rou-
tines are concerned. Therefore, W45D’s
routines would be applicable to anv A.M.
broadcast station.

Operating Schedules

The routines presented are based on
the following operating schedule:

Weekdays :

..5:00 AM-12:00 MN
6:00 AM-12:00 MN

Sundays:

Air time ... ....7:00 AM-12:00 MN
Program time ... 8:00 AM-12:00 MN

This schedule is pretty much represen-
tative of that of most broadcast stations,
providing for 124 program hours and 16
warm-up and maintenance hours per
week. The members of the staff are
full-time employees working 40 hours
weekly, and no part-time help is consid-
ered. Each man works six days per
week, although with slight modifications,
and possibly an extra man, a 40-hour,
5-day week could be handled in much
the same manner. The schedule provides
for two men on both the opening and
sign-off shifts, withthe Chief Engineer
available to fill in and provide extra
help when and where needed (see “En-
gineers Schedule” chart). Shifts are
assigned with due consideration of the
individual’s preferences whenever pos-
sible, but the main shifts rotate every
eight weeks. A Remote Engineer is
provided and is expected to perform cer-
tain station maintenance and operational
duties when not engaged in remote work
or maintenance of the remote equipment
for which he is solely responsible.

Air time .
Program time

1942 * [RADIO
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ENGINEERS' SCHEDULE

(1) :2) ACE. @) ) 6 )
Sun. A I B X X F C R
Mon. A D B IE C X F R
Twee A D B E C F X R
Wed. X D B E C F A R
Thuu A X B E C F D R
Fri. A IhB E CF R X
Satt. A D X E C F B R
Snifts run as follows:

“AV— 5:00 AM—11:40 AM

H1D”’— 5:00 AM—11:40 AM

“B—11-40 AM— 6:20 PM

“E’—\When available and needed

-C" 6:20 M 1:00 AM

i O 6:20 PM— 1:00 AM

“R”—Remotes, 6:40 hours daily. when needed

=X Tudicates off-day

The reader’s reference to the article
on W45D in the June, 1942, issue of
Rapio may aid materially in following
the routines described, in relation to the
physical layout of the station, and the
consideratior of the layout in the de-
velopment of the work schedule.

Shift Routines

Following is the complete set of all
shift routines, prescribing, step by step,
the work to bz performed by cach man.
Each item of work is numbered and on
the accompanying routine check sheet

Fig. 1) ttese item numbers appear

under the heading of each shift. The
man who performs the various items
checks them off when completed. This
check sheet guards against the failure
to complete any routine duty. If for
sonie reason a certain item is not com-
pleted, the eagineer whose duty it was
to perform it notities his relief who com-
pletes it as scon as possible. The division
of work between the two men on any
one shift is done on the assumption that
one is Transmitter Engineer and the
other Main Control Room (MCR) En-
gincer. Acuually this division is not
closely adhered to because it is important
that every man be familiar with the work
of his shift-mate, since it is considered
bad policy to develop an “indispensable
man” on any shift. Preventing that
evil makes shifting of men and replace-
ment because ol war activities much
easier, although it may be impossible to
train and develop more than one par-
ticular man for administrative work.
Generally this work is handled by the
Chicf Engineer because he is usually the
man best acquainted with the organiza-
tion’s practces and policies, and is
therefore best suited to perform those
duties most efficiently.

The system: of numbering items of
work in the order in which they are to
be performel. and the use of a check
sheet, make it comparatively easy to
break in a new man who is totally un-
familiar with the station’s routines and

practices. Fig. 1 shows the form in
* SEPTEMBER,

Fi1G.1

The daily routine check sheet. The numbers designate specific duties to be performed on
the "A' to "F" shifts, as described in text.

which the check sheet is made up, and
the routines are as follows:

"A'" and "D" Shift, Daily Routine

1. Oune hour before program time, turn
on all bays and speech input equip-
ment.

2. Start Transmitter Log.

3. Chieck and log gas pressures on both
lines on 46th floor.

4. Check and log gas pressures on eight
lines in Doghouse.

5. Open manually-operated shutters in
both air ducts of Trane cooler on
46th floor.

6. Remove grounds from Driver and
50-kw tanks and transmission lines,
and plate transformer on 46th floor.

7. Twn on spare 8G9 rectitier pre-
heater.

8. Check air intake in P.A. room.

9. Check and log P.A. room temper-
ature.

1942
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10.
11.

12.

13.
14.

15.
16.
17.
18.

19.

Date......... 194 ...,
DAILY ROUTINE CHECK SHEET Da&y.e.er.veeeee e
.|A|| ||D|| HBII YIEH IlCU |F|l
1 2 1 4 1 2
F 2 6 16 >
6 g 3 Z 19
L 1 5 | 20 5
19 1 9 23 6
2 20 12 10 25
10 21 13 1L 26 g
11 26 1% 25 9
12 32 2 10
1 33 2¢ 11
i 2 30 12
- =
1€ 9 22* 1fv
17 0 Gox 15
22 41 41% 1
2 Ly Lox 1
2 46 Llx 1
25 48 46 il
2 52% 47> 22
2 Sh* L8 24
29 55*% 4o* 26
30 Zx 5
31 1% 2
3“ 52* 51*
35 53% 3%
O S4% 3?*
2 55% 3hx
U6 56* 7%
u 5 * 5 *
y 24+ S
Lgx o*
20 41%
L Lo
o3% L %%
5%
4o
L7
L8
Lo
50
Bl
Box
5 *
Bhx
—f
» meons otler than daily 56«-
A1l cthers [ave dail; itemp 57
5%
L ‘WWNW/‘*—&__/

Check P.A. room exhaust fan.
Check and log temiperature in Power
Control-Rectifier room.

Turn on spare 872 rectifier pre-
heater.

Check air intake in Driver room.
Check and log Driver room temper-
ature.

Check Driver room exhaust fau.
Check and log outside temperaturs,
Check [.I’.A.—Driver blower.
When shift-mate has returned from
46th floor: Start transmitter (P.A.
with minimum power, Driver with
normal power) and observe timing
of all relays.

Rough-check neuting, but do not
rezdjust unless absolutely necessary.

20. When all four phases have bheen

checked at 220 volts, set followirg
meters to normal according to tuning
records and meter logs:

a. Bias filament voltmeter ;

_ 44
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Engineering log sheets used for keeping data on operation of equipment.

b. P.A. filament voltmeter, both

positions;

¢. Grid-current  meters, both
tubes;

d. Plate-current meters, both
tubes;

e. Total plate current;
i. Plate voltage (minimum);
g. Water-flow meters.

o
. Rough-check Modulator Unit stages,

I.P.A,, and Driver for normalcy.

. Check NBC and WW]J loops for

proper level and noise.

. Make f{requency run on alternate

Turntables through all normal speech
input equipment and Transmitter,
using frequency record, and log re-
sults briefly on Transmitter Log.

. Check both Turntables and Q@ Ampli-

fiers for normalcy.

. Meter currents and voltages of all

audio equipment and log on proper
form.
Check
Union
essary.

all clocks against \Western
clock, and correct when nec-

all mikes and mike channels
for normal operation.

. Check all keys, faders, relays, and

selectors for normalcy.

3L
32.

. Check all amplifiers for normal oper-

ation.

. Check accuracy of time tick oscilla-

tor 30 minutes before start of pro-

gram.

Check automatic remote Q circuit.

After 15 minutes of low power oper-

ation, and before going to full power,

check the following 46th floor items :

a. Bearings of filament motor-
generator set,

b. Bearings of pumps and pump
motors;

c. Bearings of blower and blower
motor ;

d. Bearings of fan motor;

e. General heating of all rotating

equipment;

f. Temperature rise of circulat-

ing water and thermostatic
operation of fan and spray
pumps, as associated with pre-
vailing temperatures;
Note: Temperatures below
105: Fan off, Spray off ; tem-
peratures 103-110: Fan on,
Spray off ; temperatures above
110: Fan on, Spray on.

. Operation of Damper motors
by opening toggle switch in

IR
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Sub-

circuit in
control Cabinet. On reclosing
of switch, dampers should as-

low-voltage

sume intermediate positions,
depending upon prevailing
temperatures,;

h. Differential temperatures at
output of blower, and ahead of,
and behind water cooler;

i. Cooling system alarm bell by
opening toggle switch in coil
circuit of spray pump motor
starting contactors in Sub-
Control Cabinet, at 130°.

. Increase to full power.
. Recheck all meter readings for nor-

malcy.

. Fine-tune and fine-neut P.A.
. Check GR 620-A against WWYV and

measure carrier frequency. Log on
Transmitter Log and on Frequency-
Measuring Log.

. Recheck all 46th floor items.
. Log all Transmitter meter readings

and temperatures on proper forms
just before starting regular program
schedule.

. Log all meter readings as required

hyv F.C.C,, every half hour.

1942 *
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. Log all transmitter meter readings

on proper forms every two hours.

. Check all items on 46th floor hourly.
. At about middle of shift, check all

tuning adjustments.

. At about middle of shift, visit and

check basement transformer room.

. At about middle of shift, visit and

check 46th tloor transformer room.

. Enter all discrepancies on Transmit-

ter Log.

. Enter all iraintenance work in Work

Report Book.

. Before going oft duty, total and enter

program time on back of Trans
mitter Log.

Acquaint your relief man with any
and all unusual items that occurred
on your sitft.

Note: On Sunday of every week. 7n
addition ‘to daily routine, do the
following :

Check water tlow interlocks.

. Check air tlow interlocks.
a1
&2,

Check fnlament supply filter fuses.
Check and clean filters in water sup-
ply.

Measure Bias Supply voltage, and
log on Transmitter Log.

4. Check nlament m.g. set bearings for

play, commutator for scores, brushes

ETROIT NEWS
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for wear, tension and seating, and
any replacement requirements.

55. Check and service Relay Supply m.g.

set 11 shop.

“B" and "E" Shift, Daily Routine

. Start new Transmitter Log.

. Log Transmitter meter readings
every half hour, as required by
F.C.C.

3. Early during this shift, check GR
620-A against WWYV and measare
carrier frequency. Log on Trans-
mitter Log and on Frequency-Meas-
urement Log.

. Check all items on 46th floor hourly.

At about middle of shift, check all

tuning adjustments.

6. At about middle of shift, visit and
check basement transformer room.

. At about middle of shiit, visit and
check +46th floor transformer room.
8. Once per shift, check and log gzas

pressure on 46th floor.

9. Once per shift, check and log all
temperatures on proper form.

10. Every two hours, log all Trans-
mitter meter readings on proper
form.

11. Enter all discrepancies on Trans-

mitter Log.

N —

o e

~1
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12. Enter all maintenance work in Work
Report Book.

13. Before going off duty, total and enter
program time on back of Transmit-
ter Log.

14. Acquaint your relief man with any
and all unusual items that occurred
on vour shift.

15. Assist C.E. with records and paper
work, when needed.

"C" and "F" Shift, Daily Routine

1. Start new Transmitter Log.

2. Log 'Transmitter meter
every half hour, as
F.C.C

3. Early during this shift, check GR
620-A against WIVV, and measure
carrier frequency. Log on Trans-
mitter Log and on Frequency-Meas-
urement Log.

4. Check all items on 46th floor hourly.

5. At about middle of shift, check all
tuning adjustments.

6. At about middle of shift, visit and
check basement transformer roomn.

7. At about middle of shift, visit and
check 46th floor trausformer room.

8. Once per shift, check and log gas
pressure on 46th floor.

[Continned on page 36]

readings
required by

Log sheet for speech input meter readings, and record of frzquency measurements.
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Equalization of

CLASS G PROGRAM LINES

4 Many American broadcast stations use
network program lines known as Class
“C” lines. These circuits are decidedly
inferior in audio quality, but for reasons
of economy are used instead of Class
“A” lines.

The frequency response on a Class
“C” line is very poor compared to Class
“A” service. In the bass range the
response curve is down 30 to 35 db at
100 cycles from a 1000 cycle reference.
In the high end the response is down
approximately 9 db at 4000 cycles. If
the circuit can be equalized so that it
has substantially flat response from 100
cycles to 4000 cycles most of the “tinny”
quality 1s eliminated and a much more
listenable service results.

Frequency Characteristics

Fig. 1 shows the frequency char-
acteristics of the Class “C” program
line with the limits of variation as main-
tained by the American Telephone and

JAMES L. STAPLETON
Chief Operator, KOB

Telegraph Company. This chart is sup-
posed to represent all possible combina-
tions of Class “C” circuits used in this
country. Obviously, no one equalization
curve can correct all the variations pos-
sible within these limits.

A departure from the usual equaliza-
tion procedure has been made at KOB
with good effect. We have found it to
be flexible, economical, and simple to
operate. This equalizer will be de-
scribed, but possible changes will be
included to meet conditions found at
other stations.

Fig. 2 is the diagram of our Class
“C” line equalizer. The parts are in no
way critical and in most instances
should be found in any broadcast sta-
tion’s parts stock.

Circuit Design

The hasis for this equalizer circuit is
the Wien bridge, application of which
was described by H. H. Scott in the
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Fig. 2. Diagram, with parts values, of the Class C program line equalizer. The choke RFC is

cut to resonance at 5000 cycles. T! is a repeater transformer, or |-to-! ratio, with center-

tapped primary. T2 is a universal output to 500 ohms.
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Proceedings of the Institute of Radio
Engineers, February, 1938, and by Ray
L. Dawley in Rapio, June, 1940. The
chief problem in putting this circuit to

. 2000 ~ 0415
200 ~ -343 3000 ~ -1.5425
300 ~ -5+3 3500 ~ -4 44
200 ~ -6.5+35 3700 ~ -55+4.5
150 ~ -8 14 4000~ -915
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Fig. 1. Frequency characteristics of Class C
line, with the limits of variation as maintained

by the AT. & T.

practical use is to get symmetry in the
curves of the Class “C” line and the
equalizer.

The solution is difficult in direct pro-
portion to the degree of equalization
desired.

In Fig. 2 the resistances R: and Rs:
are indicated as being one megohm each.
However, by varving the resistors and
retuning with capacity to 100 cycles the
slope of the curve can be controlled
satisfactorily. In varying R: and R:
from 145 megohm to 3 megohms, a 10-db
change in response could be had at 120
cycles with the 100-cvcle peak remain-
ing the same. Fig. 3 shows this varia-

4

tion. The formula C = should be

27 R
used to calculate the capacity needed
(C in microfarads, R in ohms). In
changing these capacities and resist
ances, be sure to maintain conditions
whereby the equalizer can be made to
oscillate by running up the regeneration
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control.  Just before oscillation takes
place, a peak s high as 50 db can be
had.

On the high end, the curve was cor-
rected by the rather simple trick of
shunting the :nverse feedback circuit
with a series-resonant circuit tuned to
5000 cycles. The heighth of this peak
1s controlled by the series resistor, Rs,
in Fig. 2.

Since the bass response is down be-
tween 30 and 35 db at 100 cycles, it is
mepractical to attempt to equalize flat
to lower frequencies. Should any am-
bitious soul try working below this limit,
he will (ind hirself involved with severe
distortion.

In the high range of the Class “C”
circuit equalization is limited by carrier
irequencies which begin in the vicinity
of 5500 cycles. No great efiort has
been made to equalize beyond the 4.000-
cvele pomnt hecause data on this range
of frequencies ‘s lacking, and because it
1s easy to bring up carrier sing to a
peint of annoviance.

The variable condenser incorporated
in the design ‘s essential if close toler-
ances in equa’ization are to bhe main-
tazned. [t 1s necessarily insulated from
ground. Since the bass response is not
necessarily fixed, variations here have
been known to he as extreme as 20 db
at 100 cycles. This necessitates retuning
th2 peak to a higher frequency. A capac-
ity of .00035 ufd. per section gives a
variation in the peak from 95 to 120
cvcles. The switch ST/ has heen very

0.5 MEG. 1,0 MEG. 3.0 MEG.
0 0
1.0 0.5
4.5 2.5
10.0 7.0
17.0 12.0
37.0 37.0

T

1

Ty

H H % |
Ligfl)]
1000

Fig. 3. Effect of resistance on the slope of the
curve; by change of values of Rl and R2 in
Fig. 2.

useful here, since at times we have been
changed to Class “A” service without
advance notice.

Any ordinary power supply should be
satisfactory  for this equalizer, though
sonie additional filter may be necessary.
It being essential to protect this equin-
ment from parts that may induce 120
cveles, the power supply should be kept
separate and at a little distance. The
noise level on this equalizer connected to

the line was 45 db down, noise consist-
ing mostly of carrier sing.

Running Curves

In running curves on this equalizer
it is important to have a well-calibrated
audio oscillator. If there is any doubt
about its calibration, an oscilloscope
should be used, with the power-line fre-
quency for reference. On the steep slope
of the curve an inaccuracy of 10 cvcles
is drastiz. It is also suggested that if
there is no control at the originating end
of the circuit that equalization be deter-
mined by ear rather than attempting to
get a 100-cvele point from the telephone
company. This should be done by con-
necting the equalizer to the station
monitor and making adjustments until
it sounds as natural as possible. Then
install the equalizer for program service.
using the same adjustments. For final
alienment check with a good quality
push-button receiver against a station
known to have a Class “A” line and
carrving the sime program as vour sta-
tion. It 1s possible to set this equalizer
so that vour station, served by a Class
“C” line. gives very satisfactory com-
parative quality.

The equalizer should be checked about
once a weck because of aging tubes and
variations in the Class “C” circuit. The
only precaution is not to let it hreak mto
oscillation if it is adjusted while in

service. The advantages of the circuit
will be more apparent the longer it is
in use.

AIRCRAFT DETECTION AND SOUND

4 There are certain types of people who
ga overboard when war strikes, and it
seems these irdividuals come up with
such ideas as using microphones and
amplitiers, or horns, for the purpose of
picking up the sounds of airplane engines
at a distance. All this. when the fact of
the matter is that by the simple exercise
of arithmetic and common sense we can
see the fallacy of expecting an airplane
detection systemn based on auditory ap-
paratus to function efhciently.

It 1s true that the Army has such
sound-detection apparatus, but the horn
collectors must be of a special type,
soundproofed t> keep out external noise
and to offer as much selectivity as pos-
sible. In all p-obability, such apparatus
is not used so mruch for aircraft detection
as it is for spotting guns and getting
their position. There is nothing secret
about this and the facts are well known,

[[abio] * SEPTEMBER,

WILLARD MOODY

and easily obtained from books on sound.
The details of equipment used by the
armed forces are, naturally, secret, and
civilians can’t expect to construct such
apparatus even if it does work. For one
thing, it is a definitely proven principle
of phvsics that supersonic or ultrasonic
audio signals having frequencies beyond
the range of audibility, do not travel ef-
ficiently through air but do travel fairly
well through such mediums as water and
substances having somewhat similar
properties. For this reason, supersonic
equipment has been used for sounding
of harbors and also has been emploved
by submarines for determination of dis-
tance of ships, to get the range. The
fascinating notion  that  supersonic
equipment is used for aircraft detec-
tion would seem to be, on the basis af
information available to civilians, quite
naive.

1942
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Plane and Sound Velocities

In order to clarify the situation, let’s
examine the relative velocities of plane
and sound. If the plane is traveling at
the rate of 500 miles per hour, the speed
per minute will be 500/60 or 8.33 miles/
minute. For various other speeds, then,
we have:

miles/hour miles/minute
400 6.66
300 5
240 {
200 3.33
180 3
120 2
60 1

The speed of sound at normal temper-
ature, around 70 degrees Fahrenheit, is
1100 feet/second. This is .2 mile/second
or 12 miles/minute and 720 miles/hour.

Suppose that we have two points 12

[Continued on page 45]
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0. & A STUDY GUIDE

—Theory and [Praciice

215. What is wmeant by
canf” in a d.c. motor?

It is the electromotive force induced
in the motor armature by the conductors
of the rotating motor armature cutting
the lines of force of the field, similar to
the armature in a generator. The induced
voltage is opposite in polarity to the volt-
age applied to the motor, and may be
determined by operating the motor as a
generator (at rated speed) and measur-
ing the output with a voltmeter.

216. IWhat determines the speed of
a synchronous wmotor?

I'he frequency of the source of power
and the number of poles of the motor,
using the formula:

“counter

where § = speed
P = number of poles
f = frequency in cycles per sec-

ond.
Line Field
5 !
SHUNT-WOUND D.C.MOTOR

FiG. 1

217. Describe the action and list the
main characteristics of a shunt-wound
d.c. motor.

See Fig. 1. The field winding 1is
shunted directly across the line, with the
flux practically constant. For excitation
only part of the current supplied by the
line is used, and this is shunted across
the armature by way of the field winding.
The shunt motor has the advantage of
constant speed; i.e.. the speed changes
but slightly with variations in the load.
The speed may also be adjusted, being
ucreased by inserting resistance in the
tield, and decreased by inserting resist-
ance in the armature circuit. The latter
method is inferior since it reduces effi-
ciency of operation also.

218. Describe the action and list the

matn characteristics of u« series d.c.
niotor.
See Fig. 2. The armature and field

are m series with the line. The applied

16

SERIES-WOUND D.C.MOTOR

F1G.2

voltage 1s constant and the tield excita-
tion increases with the load. As the load
and armature current decrease the flux
per pole will also decrease and the motor
must speed up to provide the required
back em.f. Consequently, alwayvs gear,
not belt, a series motor direct to load;
otherwise, should a belt slip or break,
thus removing the load, the motor will
speed up past a safe point. In regulating,
the speed may be changed by altering
the applied voltage or the flux per pole:
to reduce speed, insert resistance in the
armature circuit, and to increase speed.
reduce excitation by shunting the field
winding. Although the speed of the
series motor is unstable relative to the
load, its starting torque is quite large.
making it practical for cranes and sim-
ilar devices, where constant speed is not
a factor. hut where heavy loads are to be
moved.

219. Describe the action and list the
main characteristics of a series d.c. gen-
crator.

The load, field, and armature are con-
nected in series. See Fig. 3. The field is
of heavy wire. has few turns, and is
capable of carrying the load current.
Excitation of the field magnets is de-
pendent on the resistance of the external
circuit, since all current generated in the
armature passes through the field wind-
ings, to excite both these and the ex-
ternal circuit. Ontput voltage and cur-

——.Q00000 ————

| Field i
Load §

|

L -0

SERIES-WOUND D.C.GENERATOR
FI1G.3
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rent can be varied by shunting resistance
across the field coils.

220. To obtain an output frequency of
60 cycles per second, a 6-pole alternator
mast be driven at what number of r.p.m.?

PS
Solve by formula f
3 ! 60
where f=irequency in cycles per sec-

ond.
P=number of poles
S=r.p.m. of armature or field.

thus f=60
P=6
to find S
AN
60— 60 600 r.p.ur.

221. Describe the action and list the
main characteristics of a sclf-excited,
shunt-wound d.c. generator.

The field magnets (see Fig. #) are
excited by a small part of the armature-
generated current. The exciting current

Field Lood

SHUNT-WOUND D.C.GENERATOR
FIG.4

is largely independent of the load, since
it passes through the field winding with-
out passing through the external circuit.
Voltage is controlled by inserting resist-
ance in series with the field. There
should be sufficient residual magnetism
in the generator to start building up volt-
age; if not, a small source of power
must be connected to provide the neces-
sary flux. The voltage provided by the
residual magnetism will start the gen-
erator, thereby building up the voltage
produced by the generator, which in turn
increases the flux, and the geuerator
voltage again increases, etc., until a sat-
uration point or stabilization point has
been reached.
222. Describe the action and list the
main  characteristics of a flat-com
pounded d.c. motor.
See Fig. 5. The compounded motor
[Continued on page 35)]
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FROM BROADCAST T0 TELEVISION

The Station Operator Is Confronted With New Problems and
Duties When He Takes On a Television Transmitter. The New

4 \s we slated in the previous article,
the entire television channel is limited to
6 megacycles.  The picture carrier is
located 1.25 megacycles from the low-
frequency end of the channel, and the
scund carrier is located 5.75 megacycles

PICTUNRE SOUND
CARRIER cmman—l
! Y
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i \
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Fig. 1. The RMA Standard Television Channel,
limited to 6 megecycles. This curve shows the

disposition of the picture and sound carriers
in relation to total bandwidth.

from the same end. The aspects of the
RMA Standard Channel are shown in
Fig. 1.

The Video Transmitter

The oscillator of the video radio-ire-
quency section is generally crystal-
controlled aml in the region between
65 and 12 mc so that it may be con-
reniently doubled, then tripled, to the
required frequency between 44 and 72
mc.

The stages ollowing the tripler build
the r-f signal to the required output.
They are gererally Class C push-pull
transmission-line amplifiers of the type
shown in ['ig. 2. The transmitter oper-
ator must become acquainted with the
many advantages of this type of am-
plifier which has been found to be most
efficient and convenient at the high fre-

* SEPTEMBER,

Operating Concepts Are Detailed Here.

EDWARD M. NOLL

PART il

quencies required. The tubes utilizad
for this service are recently-developzd
air-cooled tvpes with cooling fins for
medium powers, and for the higher
powers ultra-high frequency water
cooled tubes. Tubes must be adequately
cooled with fans and blowers at these
frequencies, as the heating caused O3
circulating tube currents is high. Cir-
culating currents are high due to the
low reactance of interelectrode capaci-
ties at ultra-high frequencies.

The push-pull parallel-line construec-
tion presents a convenient mechanical
means for mounting neutralizing con-
densers, shorting bars, and tuning con-
densers so as to prevent the stray
inductance and capacity of long wire
leads. The parallel lines are made -ap
of quarter-wave or half-wave lines
shorted or open circuited, depending
upon the characteristics of the taak
circuit desired. The design of the lines
1s an engineering project. as the induc-
tance of tube leads and interelectrode

capacities, as well as stray inductance
and capacity, must be carefully consid-
ered. The distributed inductance and
capactity make up the frequency elements
of the circuit and are tuned by means of
shorting bars or disk condensers.

The push-pull circuit is a defnite aid
in obtaining sufficient neutralization and
its symmetrical mechanical construction
reduces the capacity eifect of unearby
objects.

In the Class B r-1 stages or modulated
r-I stages for television application.
damping resistors must be utilized in
the grid or plate circuits to insure flat
irequency response from carrier fre-
quency to approximately plus 4 mc and
minus 2 mec. These damping resistors
reduce the efficiency of the amplifier
considerably and they must be able to
dissipate a goodly amount of heat; in
some installations, water-cooled resistors
must be used. In the voltage feed cir-
cuits of the amplifiers a mica condenser
is generally paralleled with the usual
byvpass condenser to take care of the
bypassing of the very high frequencies
where the ordinary bypass condenser be-

IN. DAMPING
—-,—_L RESISTOR
T T
SHORTING ouT.
BAR .J <
L4
F4 axles
- —
TUNING
Cn
s , L
A 1
J a A
= 4
= PARASITIC 5J:. {
RESISTORS %
-Jj BY-PASS
BY PASS_E =
T e /y y
R = = PLATE =
VOLTAGE = P VOLTAGE =

Fig. 2. Basic diagram of a push-pull transmission-line amslifier. The parallel line construction
presents a convenient mechanical means for mounting neutralizing condensers, shorting bars

and tuning condensers so as to prevent ths stray inductance and capacity of long wire leads.
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comes inductance in operation.

The modulated radio-frequency signal
is applied to the sideband filter which
removes and dissipates a portion of the
fow-frequency sideband. The filter con-
sists of a group of coaxial transmission
lines, one operating with a capacitive

R
RLzé
3
!
li
B+
Fig. 3. Basic diagram of a direct-current am-

plifier for video use. This prevents the one-
polarity signal from alternating about an axis.

reactance (greater than I4-wave line)
which passes the higher frequencies to
the antenna, and another operating with
an inductive reactance (less than %4-
wave line) which passes the lower fre-
quency portion of the sideband to a
resistor where it is dissipated in the
form of heat.

The signal is then ready for applica-
tion to the antenna. The television an-
tenna, like the wideband amplifiers,
must have a flat response, and in order
to accomplish this it must present a
constant impedance to the final amplifier
over the frequency range required. This
is obtained by mechanically construct-
ing an antenna which, by the proper
proportioning of inductive and capacitive
components in a constant-impedance
network, will present an impedance to
the final stage constant and purely re-
sistive. [t 1s generally a turnstile ar-
rangement of coaxial transmission-line
sectiors.

The Sound Transmitter

The sound carrier is located 0.25 mc
from the high-frequency end of the band
and the sound channel is permitted a
total deviation of =75 kc or a total
bandwithi of 150 ke. The sound oscilla-
tor operates in the vicinity of 10 mc so
it can also be conveniently doubled and
tripled to the required frequency. The
deviation at oscillator frequency is
+125 k¢ which is increased corre-
spondingly to %75 ke at the required
irequency.

The deviation of {requency is con-
trolled by a reactance modulator which
varies at the frequency of the oscillator
in accordance with the audio signal ap-
plied. It must be capable, in order to
obtain the best audio response, of vary-

18

ing the frequency in a symmetrical man-
ner both sides of carrier frequency so
that a sustained note of constant voltage
amplitude would vary an identical
amount each side of the carrier fre-
quency. A decrease in voltage ampli-
tude will cause a decrease in deviation,
and an increase in voltage amplitude
will increase the deviation up to a limit
set by the limiting audio amplifier which
functions in a similar manner to those
utilized in broadcast stations, with the
exception of not permitting a frequency
deviation greater than -=75 kc instead
of preventing sustained over -modulation
peaks.

Frequency modulation permits a con-
siderable saving in audio equipment and
power as only a small aurdo voltage is
required for modulation. In addition,
under proper operating conditions, a
higher signal-to-noise ratio and a better
audio-frequency response is possible at
the receiving location.

In order to secure the utmost in fre-
quency response the operator must see
to it that all the r-f stages are properly
tuned and neutralized, permitting them

Fig. 4. Another form of direct-current ampli-
fier. The diode rectifies the television signal
and produces a voltage approximately equal
to the peak of the television signal across RL.

to produce symmetrical deviation. The
sound antenna is a peaked array because
of the small frequency band emitted,
and may consist of four dipoles, or
folded dipoles, depending upon the trans-
mission line construction and the match-
ing system. The audio signal can be
monitored on the line and by a signal
piped in from a remote receiver. The
sound and the picture carrier frequencies
are monitored by a commercial fre-
quency meter.

The Video Amplifier

The video amplifier section of a tele-
vision transmitter may be compared to
the equipment associated with audio am-
plifiers and modulators as utilized by
broadcast stations. A signal of a few
volts is to be amplified to that voltage
which is required for proper modulation
of the radio-frequency transmitter.

In the case of television, however,
this signal is of one polarity instead of
alternating about an axis as the audio

SEPTEMBER,
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signal associated with broadcast trans-
missions. This variation from normal
necessitates the use of a different type
of amplifier or the modification of a
present type. An amplifier is required
which will sustain a direct current com-
ponent; that is, will not permit the
signal to arrange itself as an average
about an axis, thus destroying the con-
struction of the television signal. Such
an amplifier is called a direct-current
amplifier.

A direct-current amplifier of the sim-
plest tvpe is shown in Fig. 3, and is a
modification of a resistance-coupled am-
plifier as used in audio amplification,
The battery Ec¢ is the means of coupling
between V1 and V2 and, in addition, sets
the operating bias of V2. A more posi-
tive voltage applied to the grid of VI
will increase its plate current and de-
crease the voltage across RLI which
will correspondingly reduce the voltage
applied to the grid of 72 through Ec.
This reduced voltage will decrease the
plate current of tube V2 and increase
the voltage across RL2. Thus it can be
seen that while each stage will operate
approximately 180° out of phase the
direct-current component will be main-
tained, the signal varying either one
side or the other of the operating bias
level, but never on both sides. It can
also be seen very definitely the magnified
result through successive amplifiers of
any small variations in potential in any
portion of the circuit. Therefore the
operating point of each stage must be
adjusted precisely and all applied elec-
trode voltages must remain constant and
free of ripple; thus the necessity for
exceptionally well regulated power sup-
plies to produce the tube potentials.

The use of a d-c potential source as a
method of coupling is restricted to low
television signal potentials. Beyvond a
certain potential the physical size of the

NWA— €,
i B

CO-AXiAL
CABLE

Eg =

Fig. 5. A cathode-coupled stage with coaxial

line. Gain is less than unity, but the circuit

provides an ideal means of coupling a high
impedance to a low impedance.

coupling source and its increased capac-
itv to ground will cause serious degen-
eration of the high frequencies involved.
For larger potentials another variation
of resistance coupling is used. In this
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system, as shown in Fig. 4, a diode
rectifier and its load resistor is shunted
across the output of the interstage
coupling system. The diode rectifies the
television signal and produces a voltage
approximately equal to the peak of the
television signal in its load resistor.
The peak of the television signal, as
vou know, is the tip of the sychroniza-
tion pulses and is of a constant ampli-
tude with respect to the blanking level.
The additive effect of this component
and the proper amount of applied bias

determines the operating point of tube
e

Video Frequency Response

Thus far we have not mentioned the
{requency response of the video ampli-
fiers. We find that in order to meet the
4-megacycle requirements the plate load
resistance of the video amplifier must
be reduced to a very low value which
correspondingly reduces the stage volt-
age gain to a painfully low value. In
addition, in many cases, tubes must be
operated in parallel so as not to exceed
the plate dissipation of a single tube
operating at normal potentials with such
a low plate load resistance, the low plate
load resistance having caused a serious
increase in plate current. Therefore, in
video amplification we must utilize more
stages to make up for the deficit in
voltage gain per stage. Throughout all
the video amplitiers precautions are
taken hy means of constant-impedance
networks and compensation filters to
prevent degeneration of high and low
signal frequencies.

Another type of amplifier used in
video amplification is the cathode-
coupled stage, as shown in Fig. 5. The
stage has a gain of less than unity, its
advantage being in its ability to couple
from a high impedance to a low im-
pedance at approximately the same volt-
age. The output is taken off the cathode
at low impedance and since one side of
the output is at ground potential and the
other side requires no blocking con-
denser, as no potential is applied to the
cathode, it can be conveniently coupled
to a coaxial line, thus preventing any
high frequency degeneration associated
with capacity coupling.

This system presents an ideal method
of coupling the television signal of the
order of a thousand volts as grid mod-
ulation to the radio-frequency amplifier.
The bias of the radio-frequency am-
plifier is conveniently applied on the
same line and by controlling this bias
the radio-frequency output of the trans-
mitter is controlled, and by operating
the bias at a point where the r-f am-
plifier plate current will saturate, the
~vnchronization pulses can be flattened
in case the ratio of picture to synchron-
ization is too small.

*
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Fig. 6. Block diagram of complete television tr
top and the sound transmitter at bottom. The
described in the accompanying text. Note the

and sound sig

Power Supptlies

The power equipment utilized in the
television transmitter is conventional
except for that used in the video am-
plification and modulated radio-ire-
quency stages. In the case of the lower
powered video stages especially de-
signed voltage-regulated power supplies
are used, and in the higher powered
video stages where voltage regulator
tubes are not practical, the equipment
is designed to be as well regulated and
ripple free as possible.

ansmitter setup, with picture transmitter at the

various units composing both transmitters are
three cathode-ray oscilloscopes used as picture
nal monitors.

The filaments of the higher powered
stages are supplied with direct current
from a motor-generator set in order to
prevent alternating current from leak-
ing into the video signal from the fila-
ment circuit. All circuits are well fused
and interlocked for the protection of
both the equipment and the operator.

A complete television transmitter set-
up, in block diagram form is shown in
Fig. 6. This will serve to illustrate the
points with regard to each section of
the transmitter as covered in this article.

(Conclusion)

Lock Review

RCA ISSUES NEW TUBE GUIDES

RCA announces the issuance of a new
16-page booklet on RCA Receiving
Tubes and Allied Special-Purpose
Types (Form 1275-B) as well as a new
1942 RCA Guide for Transmitting
Tubes. Both publications are just off
the press.

The RCA Receiving Tube booklet
contains three charts. Chart I classifies
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RCA Receiving Tubes according to
their cathode voltages and function.
Chart II gives characteristics of each of
329 receiving types arranged in nu-
nierical-alphabetical sequence. Atten-
tion is directed to the type numbers set
in light-face print. These types are in
cluded in the War Production Board’s
Limitation Order L-76 discontinuing
the manufacture of certain receiving
tvpes for general civilian use. Chart

[Continued on page 377
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SEMI-AUTOMATIC COTL WINDING

< Unless a manufacturer of communica-
tion equipment is producing quantative-
ly, he 1s most likely facing the difficulty
of getting finished coils and transform-
ers. The reason is obvious, as the ex-
isting facilities normally devoted to
manufacturing these products are al-
ready fully engaged to capacity by larg-
er organizations.

However, a small manufacturer can
overcome this handicap by setting up a
coil department in his own plant. From
the stand-point of economy and effici-
ency, it 1s more advantageous for him
to employ the semi-automatic process
rather than the automatic one. It is
the purpose of this article to discuss the
various elements involved in the semi-
automatic process. The principle of op-
eration of this method is the same as
that of the automatic one; that is, the
whole system is based on the application
of correct tension, even layering of wire,
and avoidance of straining of the wire
while winding.

Operational Setup

Fig. 1-A shows the schematic layout
on the working bench, and Fig. I-B

BON L. WONG

Coil Department
Times Telephoto Equipment

gives the relative position oi hobbin
and spool of wire with respect to that
of the operator. The actual winding is
done by rotating the bobbin; the best
way to drive it is perhaps by a capaci-
tor-start, capacitor-run, split-phase in-
duction motor whose circuit diagram and
starting performance are given in Fig. 2.
If such a motor is not available, a
single-phase or d.c. series motor is a
satisfactorv alternative. A motor of
1/50 horse power rating and about 1800
r.p.m. or slightly lower is quite satis-
factory for the handling of all enamel
wires from No. 26 to No. 42.

The bobbin is generally of square
cross-section’, and its length is about 1.5
times the side of the square section. The
shaft of the bobbin must not be out of
center: otherwise, the operator can not
control and guide the wire and at the
same time this eccentricity creates non-
uniform tension which can easily break
or stretch a wire until it really is the next
smaller size. If the spool is too heavy
and full of wire whose physical size is
smaller than No. 39, it is advisable to

*Circular C74, National Bureau of Stand-
ards, Washington, . C.

®
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Fig. 1. Layout of work bench, and relative pesition of bobbin and spool of wire with respect
to the operator,
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rewind a portion of it on a light spool
such as wood, aluminum or magnesium
to reduce the combined moment of in-

ertia. This will prevent the unwinding
DIRECTiON
¢I" OF ROTATION
47 | oy
TURNS LAYER OR LAYERS
OF WIRE OF THIN FtBRE

TURNS OF WIRE .

g —— — //
f

W
DIRECTION
OF WINDING

/

! LAYER OR LAYERS

{ Iy OF EMPIRE CLOTH
/
i U/
v
il
Jy

WIRE TO HAND ACTING S GUIDE
Fig. 3. lllustrating the fundamentals of wind-

AND TO SPOOL
ing on bobbin of square cross-section.

of many feet of wire from the spool to
the floor, when operation is suddenly
stopped. Likewise, it helps the opera-
tor greatly to start the winding at the
beginning of each layer. To insure uni-
form winding, attention should be given
to reducing the vibration of the rotating
shaft to a minimum. The disk, alumi-
inum or steel, is for this purpose. It
also serves as a hand-brake to control
the speed of the motor.

Fundamentals of Winding

Fig. 3 illustrates the fundamentals of
winding. The first few turns on each
layer as a rule are wound very slowly.
After this preliminary step is com-
pleted, speed can be increased rapidly
until amost at the end of the layer, pro-
vided the angle ¢ between the last turn
and the one preceding it is kept con-
stant. The size of this angle is differ-
ent for different sizes of wire, but in
general it is not greater than 10°. To
make this angle remain constant while
the bobbin is rotating at high speed is
rather difficult, since tlie transversal
movement of the hand guiding the wire
must necessarily follow the same rate as
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the number of turns being wound on the
bobbin. Again, this rate is not fixed for
all sizes of wire. However, once this
technique is acquired through expe-
rience, the actual time consumed for
winding a given coil is almost insignif-
icant in comparison with that in feeding
interleaving paper hetween layers, mak-
ing adequate insulation between wind-
ings and to tkz core, and soldering cou-
necting leads.

The usual method of construction of
transformers tsed in push-pull ampli-
fiers and full-wave rectifiers 1s known
as the “unbzlanced” sccondary wind-
ing. \s shown in Fig. 4-A4, the tap is
taken out at the middle of the secondary.
Obviously, the hali of the secondary
next to the core has a higher shunting
capacity and lower resistance than does
tae other half, but likewise possesses
a lower leakage inductance with respect
ta the primary winding. As a result,
the voltage dzlivered by the two halves
cf the seconcary winding are not the
same. This is not satisfactory if high
cuality of operation is necessary. A
letter way of construction is shown in
Fig. 4-B. T2 primary is wound in the
usual manner, but the halves of the sec-
ondary must be dealt with separately. as
indicated in the sketch.

Wire Guiding

Since crossing turns must be avoided.
the position a7 the hand guiding the wire
is important. It is generally held at a
distance of 57 to 77 from the bobbin. In
the cvent that this distance is exceeded,
the wire will vibrate, and crossed turns
and unequal pitch of turns become in-
evitable. Consequently, the operator
must stop winding in order to unwind
the unwanted turns. The speed of wind-
‘ng a coil depends on three factors: (1)
on adequate supply of tools and materials
easily accessible to the hand, correct
benech height, and comfortable seating:
(2) speed of motor or bobbin, controlled
riirough a variable-speed switch by the
‘oot of the cperator, and (3) the rate
nf transversal movement of the wire or
serfect coordination hetween hand and

toot.
W\
W\

¢ CENTER — .
[ TaP 5 \
{ \

P
-
UNBALANCED BALANCED
SECONDARY SECONDARY

® ®

Fig. 4. Unbalanced and balanced secondary
windings in push-pull transformers.
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Improper Winding

Unequal pitch of turns results in un-
even layers. Since coils usually must be
compact, uneven layers make the physi-
cal size of the coil larger than the de-
sign calls for. Thus, final assembly of
the over-sized coil beconies insurmount-
ably difficult, if not impossible. What is
more important is the decrease in space
factor and thermal-conductance ratio’.
Space factor is equal to the copper vol-
ume divided by the coil volume; the
thermal-conductance ratio may be ‘le-
fined as the heat conductivity of the
coil divided by the conductivity of the
insulation. From Fig. 5, it can be
readily seen that gain in heat-carrying
capacity of a coil for given temperature
difference 15 about proportional to
gain in space factor over uneven lay-

MAIN WINDING

AC.

AUXILIARY
SUPPLY ™

WINDING
RHEOSTAT
1 ROTOR

OILED-PAPER CONDENSER

PERCENT OF TORQUE

RN

() 20 40 60 80
PERCENT OF SPEED

100

Fig. 2. Circuit of capacitor-start, capacitor-
run induction motor and its starting perform-

ance.

ers, a definite gain in heat conductance
is obtained.

Fig. 6 represents the decrease of in-
ductance in the primary as well as the
sccondary of an air-core transformer
when a number of turns is shorted in-
tentionally in the secondary. The Q
likewise decreases. Primary and sec-
ondary are wound with 900 turns of No.
34 enamel wire. A smmilar situation
would exist if crossed turns were not
detected and eliminated during winding,
since enamel on the wire is easily broken
under stress. The generalization is that
a few shorted turns may make the coil
or transformer useless. For instance.
the amplification of a transformer-
coupled amplifier in the low range of
frequencies is reduced if the primary
inductance is smaller than specified. It
should also be pointed out that pressing

*[Fundamentals of Electrical Design”’, by
A. D. Moore.
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Fig. 5. Coil space factor plotted against
thermal conductance ratio.
the coil manually or otherwise may

cause shorted turns; laminating the coil
carelessly may produce the same result.
if not a ground or an open circuit.

In all cases, the completed coil should
he impregnated with insulating varnish
and dried either in air or baked in an
oven. Ii the latter is used, the tempera-
ture should preferably be 210° F. Com-
mon varnishes or shellac are not suitable,
because thev usually have a high mois-
ture centent; special kinds are commer-
cially available for this purpose. Full
facilities should he provided for routine
testing purposes.

lflumination

Another factor relative to the elhc-
iency of winding is that of inadequate
illumiration over the working area.
Failure to recognize this fact invites
ocular discomfort and fatigue to the
operator, and a consequent decrcase in

efficiercy and production. Generally
speaking, many plants still have high
[Continned on page 36]

1000

500

200

flale]

50

- ! il
PRIMARY"

i

TURNS SHDRTED ON SECONDARY

10 — T
b __§ S
“ } T I’fﬁ [
i 1
2
. ) I I |
o] 10 20
L in mh.

Fig. 6. Decrease in primary and secondary in-

ductance in relation to number of shorted

turns.

2|


www.americanradiohistory.com

AUDTO BRIDGE OSCILLATOR

With Built-Jn Calibrator

4 Frequency enters into most electrical
formulae, and a variable-frequency
source makes it possible to take measure-
ments at several different frequencies.
This is necessary in some applications
and a calibrated source is necessary in
anv case.

The wvariable irequency audio oscil-
lator described here contains a 60-cycle
built-in calibrator which makes it self
calibrating after it is once properly ad-
justed. This may be accomplished by
comparing it with another oscillator of
known accuracy, or it may be calibrated
by using frequency charts and a piano as
a comparison frequency source.

The oscillator uses a variation of the
Wein bridge for control of frequency,
and has a range from 20 to 15,000 cycles,
depending on the transformers used.

Construction

The components are mounted in a
wood case eight inches square. A metal

A. K.McLAREN

case would be better but is not a neces-
sity.

[n the panel view the 2E3 electron-
ray tube is in the upper left corner, and
directly below it the cathode rheostat
(RR1) adjustment for the oscillator tube.
The shaft is sawed off short and a screw-
driver slot sawed in the end of shaft. In
center is main dial. At the upper right
is the frequency range switch. At right
center are the output pin jacks, and at
lower right the a.f. output control RI5.

The dual potentiometer R4-R3, of
10,000 ohms each unit, are not only of
the same resistance but must have the
same taper. If a dual potentiometer of
this type is not procurable, use separate,
linear wire-wound units ganged to-
gether, and adjust each one to 5,000
ohms at center Dbefore locking. The
ones used in this unit were ganged by
mounting them on small metal strips
and locking them together by means of
an old style dual tuning unit.

The 3-to-1 audio-frequency trans-

e

Panel view of the va-
riable-frequency os-
cillator, made up
from inexpensive
spare parts. The cen-
ter control operates
the dual potentio-
R4-R5 which
part of the
bridge circuit.

meter
is a

22

SEPTEMBER,

www.americanradiohistorv.com

former T7 should be a good quality unit
for best low-frequency response. The
transformers are connected so as to give
both positive and negative feedback.
Transformer T furnishes the positive
feedback and should be connected so that
oscillation can be established before the
other parts are connected. The other
parts may then be assembled.

It may be necessary to reverse either
the primary or secondary connections of
transformer 72 to get negative feedback.
Rotation of the controls will have little
effect on the tuning if these connections
are not properly made.

The cathode resistor R] controls the
fecdback and should be advanced just
far enough to provide satisfactory oscil-
lation. The main dial should be rotated
to see that oscillation continues at all
settings of the controls.

The resistors R3 and R4, and the con-
densers C3 to C8 used in the feedback
control circuit, must have close toler-
ances. The dual potentiometer R4-R35
must also maintain similar values of
resistance at all points of rotation. Other
compounents are not critical as to values.

The transformer T1 should have a
high-impedance primary—the higher the
better. The one used in this unit had a
15,000-ohm primary and was found to
work much better than other trans-
formers with lower impedance primary
windings. The primary winding of T1
should be connected in the grid circuit
of the oscillator tube.

Transformer 72 is a tube-to-line
transformer with a ratio of 2.500- to
500 ohms. The 500-ohm side is con-
nected to the bridge network. A 2,000-
to 500-ohm transformer would be better
it it can be obtained.

The resistor R2 is used to insure
oscillation at the lower frequencies and
may have a somewhat different value
for different tubes and transformers.

60-Cycle Calibrator

As stated before, the instrument may
be calibrated by using frequency charts
and a piano, or by means of a calibrated

RADIO]
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oscillator, but care must be taken in the
latter case to see that the fundamental is
used and not a harmonic. Frequencies
above the range of a piano, however,
must be ohtainad by using harmonics.

The calibration can also be done by
frst finding the 60-cycle point and then
using the 60-cvcle calibrator to find the
ather points which will appear every
60 cycles. The 2ES tube produces an
opening or closing pattern when off
resonance with the 60-cycle line voltage.
\Whether it appears to close or open de-
pends on which side of resonance the
frequency happens to be. At resonance
the pattern is stationary. The harmounics
of the oscillator also show up as pat-
terns between 60-cycle points. hut the
60-cycle points give a clearer or more
vivid pattern and are easily distin-
guished from the harmonics. At ex-
tremely high {requencies the patterns
Lecome so close together that it is diffi-
cult to see them, but they can be used.
Moreover, at the higher frequencies the
evenn harmonics appear as multiple pat-
ta2rns but only show up at the 60-cycle
points and therefore will cause no con-
fusion.

The accuracy of the 60-cvcle points
will vary frowm a fraction of a cycle at
60 cvcles, to 30 cvcles at 6.000 cveles.
The error is multiplied by the number
of the harmonic being used. Thus if
the line curreat is off one-hali cycle,
the error would be multiplied hy 100 at
6,000 cycles. This gives an ervor of
50 cycles. Most power stations now
naintain their frequency within a frac-
tion of a cycle, and some have automatic
frequency controls and hold to even
closer tolerances.

Audio Amplifier

The audio zamplilier operates Class A

and is directly coupled to the feedback
network to obviate the frequency dcis-
crimination of coupling circuits. The
excitation should not ne great enough to
drive the amplifier grid positive, and -he
cathode bypass condenser C12 should be
16 uid. or larger in order to obtain ade-
quate response at the low frequencies.

An output transformer with several
different output impedances could be in-
corporated in the unit in place of -he

—0 INPUT O—————

Fig. 1. The basic Wein bridge circuit wtich

forms the frequency determining network in

conjunction with various values of fixed ca-

pacitance, as shown in the complete circuit
below.

resistance-capacity arrangement shownn.
An output transformer must be used in
any case where the input is to the g-id
of a tube. Tor testing and calibrating

the mput mayv be direct to a speaker or
plones.

In calibrating it is best to couple into
a good audio amplifier with dynamic
speaker in order to get more nearly true
tone at the low irequencies.
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Power Supply

The power supply transformer may be
a midget tvpe. with 650-volt center-
tapped high-voltage winding. Also it
should have a 5 volt winding and a 2.3
volt winding for heater voltages. The
2.5-volt tubes were used hecause the hum
level is less than with 6.3 volt tubes.

The 20,000 ohm resistor 13 is used
to reduce the output voltage to about
150 volts with load. It is not advisable
to use much greater voltage than this
on the oscillator. More output could
be obtained from the audio amplifier by
using a voltage divider on the power
supply and applying more voltage on the
amplitier tube plate. With 150 volts on
both tubes the output voltage at no load
is about 25 volts. The output varies
from 1 to 3 dbb on the different bands.

Bridge Circuit

The bridge circuit used to control the
feedback is the same as that used to
measure audio frequencies, as shown in
Fig. 1. The formula {or calculating the
values necessary to balance the bridge at
a given frequency is expressed thus:
When K1 = 2 R2, R3 = R4, and CJ

1
6.28 R3 Cl
in whichh R3 is in ohms and CI is in
farads.

The .1 ufd condenser C11 is necessary
to ground a.c. line to prevent hum when
connecting the oscillator to an amplifier
without a ground connection. The tar-
get and plate of the 2E5 tube are sup-
plied with a.c. voltage from ecither side
of the high-voltage winding of the
power transformer. This is necessary
to get the calibrating pattern.

and C2 are equal, I =

60 CYCLE CALIBRATOR

™)

300V. A.C.

POWER
4 TRANSF,

Complete circuit of the variable-frequency audio oscillator with 60-cycle calibrator.
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New Products

NEW CELLULOSE ACETATE INSULATED
BOBBIN COIL FORM

Much higher corrosion resistance in
bohbins for coil windings has been
achieved by Precision Paper Tube Com-
pany, Chicago, Illinois, by construction
in which cellulose acetate is embodied
in the bobbins.

SPACING TUBE WITH
LAMINATED WINDING
OF CELLULOSE ACETATE

FIBRE FLANGES
LAMINATED WITH
CELLULOSE
ACETATE

DIELE(;‘IHIC‘
FISH PAPER
CORE

Cellulose acetate 1s used in combina-
tion with the spiral-wound dielectric
fish-paper core and vulcanized fibre
flanges. Spiral wound laminations of
cellulose acetate are made over a die
to the O.D. of the core and then with
a press-fit, slipped over the core to form
a spacing tube. The length of the ace-
tate determines the winding area. The
inside faces of the fibre flanges are lami-
nated with cellulose acetate before die-
cutting, the core then swaged, locking
the flanges in place onto the core carry-
ing the spacing tube. Acetate cement is
brushed over the joinings to give com-
plete protection and to materially
strengthen the bobbin. Fantom view of
the new Precision Bobbin indicates this
construction,

Uses of this form of coil bobbin are
wide; instruments and equipment on
aireraft, ordnance, marine services and
all uses in which coils are subject to
corrosion due to temperature and cli-
matic changes.

Precision Bobbins with the new im-
provement, are furnished in all forms—
round, square, rectangular, and special
shapes to fit engineering conditions.
The improvement constitutes another
addition to Precision’s characteristic of
light weight, strength, space-saving and
super-insulation. It is claimed for Pre-
cision that they are the lightest bobbin
type coil forms manufactured and that
their space saving permits smaller coils

24

with the same gauge of wire and the
same number of turns.

Further information will be furnished
by Precision Paper Tube Co., 2033 W.
Charleston St., Chicago, Tl

*

"MQTRON" ELECTRONIC CONTROL

The primary purpose of the Motron
Electronic Control is to control the
direction of rotation of conventional
single-phase induction motors by means
of electronic control circuits of negligi-
ble power, without commutating or ii-
terrupting the motor load current, and
without the use of mechanical or moving
contacts of any type. Thus a direction-
allv sensitive motor of extreme sin-
plicity and reliability is possible.

The Motron svstem may be applied
to any 2-phase or single-phase induction
motor of the split-phase centrifugal
switch or capacitor types, by minor
modifications of the stator windings.

The photo shows the details of the
Motron as applied to a G.E. 1/50 h.p.
stock motor, to which only minor modi-
fications have been made. The end bells
have been ventilated to prevent the mo-
tor burning up under continuous re-
versal of torque the Motron is capable
of causing. The Motron and motor
operate on 60 cycles 117 volts power,
plugging into anv light socket.

The arrow in the photo points out
the two control terminals that control
the direction of rotation of the motor.
If these two terminals are connected

by any circuit of less than 100,000 ohms.
or of .001 microfarad, the motor will
reverse its direction of rotation from
sync speed less slip in one direction to
sync speed less slip in the opposite direc-
tion. Upon opening the circuit, reversal
of rotation to the original direction will
again occur. (Touching the two con-
tacts with ones’ fingers will usually ac-
complish reversal.) (The above re-
versal constants may be extended to
1,000,000 ohms and .0001 microfarad to
increase sensitivity, and to any de-
creased sensitivity desirable but is not
ordinarily recommended.)

The control power in this circuit is of
the order of 100 microwatts, but the
power to make and break this circuit
is much smaller, in fact is so small as
to be practically unmeasurable. (Cat-
whiskers probes of .002 diameter and
sharp needle points give consistent and
reliable control of motor direction over
Jong periods of time.) The model thus
has a power amplification of around one
million or more.

The torque of the pictured model
varies irom 224 to 15 inch-ounces
torque at 1700 r.p.m. 1/40 h.p., depend-
ing on the type of dutv and details of
installation.

The weight of the motor is about 574
Ibs. and oi-the Motron about 234 1bs.;
re, 2:1 weight ratio. The control is
about 4”x4”x5” and uses two receiving
type vacuum tubes of less than 1 watt
rating each.

[Contined on page 38]
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