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J,,l . oith Roll Top Safety Case
At 20,000 ohms per volt, this instrument is far more ® Model 260 permanently fastened in Roll Top Case.
sensitive than any other instrument even approach- ® Heavily molded case with Bakelite roll front.
ing its price and quality. Unequalled for high sensi- ® Flick of finger opens or closes it.
tivity testing in radio and television servicing and in ® Leads compartment beneath instrument.
industrial applications. ® Protects instrument from dzmage.

Model 260—Size 5% x 7 x 318" . . .. $385S55
Ask
S yiour: Jobber Model 260, in Roll Top Safety Case—Size 5%" x 9" x 4%“ . $43.75
SIMPSON ELECTRIC COMPANY Both complete with test leads
218 West Kinzie Street, Chicago 44, lllinois N . The Ranges
Simpson Ltd., London, Ont. (,A\‘ i
] SRy *‘\“sg“‘g & wf‘ f
B Ve o W 4 \W R <o m“* o
2.5 2.5 2:9 V& 10 100 10 10 10 0-2000
10 10 10 V. 100 +52DB (12 ohms center)
50 50 50 V. 500 0-200,000
250 250 250 V. (1200 ohms center)
1000 1000 1000 V 0-20 megohms
5000 v {120,00C center)
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[f you can catch a leprechaun...

A leprechaun, according to Irish legend, is a dwarf
who keeps a pot of gold hidden away.

If you can catch a leprechaun, your troubles ere
over.

Because he keeps his gold just for ransom money.
If you catch him, he’ll quickly tell you where his
gold is, so you let him go.

The best place to look for a leprechaun is in the
woods. They're green, and only about nine inches
tall, so you’ll have to—

Or maybe you don’t believe in leprechauns.

Maybe it would be more practical to just keep
working for your money. But you can learn one
good lesson from these little fellows. A small pot of
gold put to one side is a great help when trouble
catches you.

And there’s a much faster and easier way to get

your pot of gold than by catching leprechauns.
You can buy U. S. Savings Bonds through an auto-
matic purchase plan.

If you're employed you can sign up for the Pay-
roll Savings Plan. If you have a bank account you
cansign up for the Bond-A-Month Plan. Either way,
your pot of gold just saves itself, painlessly and
automatically.

And your money increases one third every ten

years. That would make a leprechaun turn even
greener with envy.

Save the easy automatic way_with U.S. Savings Bonds

Contributed by this magazine in co-operation with the Magazine Publishers of Americaas a public service.
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Re: “Psycho-Acoustical Aspects of
Listener Preference Tests”

Dear Mr. LeBel:

“The vorpal blade went snicker-
snack”—and the heads rolling on the
floor all bear the same expression of
pained surprise. I am referring, of course,
to the effects of your article in the August
issue of Aupio ExGINEERING.

Few things in this confused art of sound
reproduetion have given me as much
pleasure as reading yvour logical summary
of the origins of our vast supply of mis-
conceptions. If only ten percent of the
people in the high places will =it down and
think for half an hour about what vou
have written, you may have started an
upheaval.  Thinking is such a painful
process, however, and the smug compla-
cency of engineers such good insulation
against the common people, that the like- |
lihood of a revolution seems to nie to he
very slight. Tam a eynie, you see.

As one of the erop of Johnny-come-
latelys, we are grateful for your help in
interpreting the road signs. If we drive
into a swamp it won't be vour fault.

Norman C. Pickering

309 Woods Ave..

Oceanside, N, Y.
Dear Mr. LeBel:

Our engineering staff has read with
considerable pleasure vour article on
Listener Preference Tests in the August
edition of Aupio ExGINEERING magazine.

We pride ourselves on being “cranks”
relative to “high fidelity.” We subseribe
most heartily to your comments. You
are a gentleman of great perspicacity.

R. J. Tinkhem
General Manager,
Magnecord, Inc.

{

bs

Re: ‘“*Musical Acoustics’’

Sir:
Mr. Benjamin F. Tillson’s articles on
Musieal Acoustics have heen much

enjoyed, as a real contribution to the art.
We feel, however, that his remarks on |
comparative frequency range of lateral-
cut commercial phonograph records and
on vertical-cut dises are not up to date.

One leading maker of lateral-cut com-
mercial phonograph records has recorded
with uniform response up to 10,000 cps,
undistorted, for at least cight or nine
vears. Another has so recorded up to
8,000 cps for at least nine or ten years.
A leading organization, recording many
independent makers’ dises, has so re-
corded up to 8,000 cps for at least eight
years. Uniform response up to 8,000 to
10,000 ps means an effective upper limit
of 12,000 cps, which compares favorably
with the 11,000 eps vertical cut claim
which Mr. Tillson quotes.

Wide range lateral pickups have heen
widely available for an equal length of
time.

Conlinued on page 35) |

1+ LINE PERFORMANCE
Froved W
ADC 2* Line Transformer

An ADC 115A (Industrial Series)
impedance matching transformer,
picked at random from stock, was
submitted to tests to compare its
performance with that of other
makes of Ist line transformers. Here
are the results. Compare perform-
ance of the ADC transformer with
that of other makes.

FREQUENCY RESPONSE

w 20

0 100 1,000 10,000 20,000\
I =TT T 17
- H‘i"?i | ! Ll ’LLL |- m"
Q5 TO8 WATTS~ [
o LT gy Lol 4 P

RESPONSE * 118 A FREQUENCY IN CYCLES PER SECOND

It may be noted that altho the perme-
ability of magnetic materials drops at
low flux densities, the AD€ transformer
has sufficient reserve inductance to al-
low for this even at low power levels.

600 OHMS

5
] Ei2 600 OHMS

= it exceeds the response guarantee. In’
' sertion loss at 1,000 cps was 0.75 db

At 40 db below maximum power level!

LONGITUDINAL BALANCE 300 OHMS

The most common interference volt-

. ; 1-E 600
ages encountered in telephone line ~& | ;30HMS
transmission are longitudinal; that is, E 5 1
the induced voltages in both wires are -
in phase with respect to ground. These A 03H OMOS —

can be removed from the signal volt-
age only by means of a well balanced
line transformer. Illustration A"

. "
shows the test circuit used to measure - :.l::r:;:'muhn ::n;:
the degree of removal of these inter- ':':L,ﬂ"_':lnr,-. p::n:"::m" anid
ference voltages. Level reduction on e Minast ﬂh““”:‘l-“. wau fha ¥erY
the ADC 115A transformer was 67 db :‘:“:‘:“h’::ﬂiq S arpanenis-

at 100 cps and 56 db at 10,000 cps.

MANUFACTURERS, JOBBERS:
Write today for catalog of ADC
electronic components or for in.
[ on units i d to
your requirements .

Léxzdr}?;-ie%;z?f?fé zCo.

2835 13th AVE. 5., MINNEAPOLIS 7 MINN.
" llaeatis Devebtps-the Fenest ™
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EDITOR'S REPORT

MIKES FOR THE MOSQUES

@ When we think of religious worship among the Mos-
lems, somehow we envision ancient traditions with
ancient trimmings. Thus it comes somewhat as a
shock to learn that, for the past ten years, many
mosques and minarets have been wired for sound. In
a letter published in a recent issue of Time magazine,
the former manager of Philips Orient explains how it
came about. Naturally there was considerable opposi-
tion to the idex among the more conservative muezzins
(Moslem priests), who wanted to adhere strictly to the
letter of the teachings. But a highly respected Mos-
lem, the Reetor of 151 Ashar University in Fgypt,
thought differently. So the equipment was installed.

When we come to realize how arduous the duties of
the muezzins are, the advantages of public address
hecome even more impressive. Devout Moslems go to
prayer five times a day, starting at sunrise. Before
p.a., each muezzin had to climb the stairs to the top of
the minaret to lead the faithful in prayer. Now, he
simply uses a mike installed at the base, Those de-
signers and manufaeturers who may feel that tradition
and prejudice may constriet their foreign markets can
take heart from this illustration.

“HIGH FUTILITY”

® We are indebted to Benjamin  Drisko for the
priceless expression which heads this paragraph. And,
insofar as many audio fans are concerned, the term
certainly fits. How often do we find people who buy
every new speaker or pickup as soon as it appears on
the market with the fond hope that faults which they
notice in their equipment are thus going to be cor-
rected! And then, when they find that no improve-
ment results, they condemn the product. Yet the new
product generally ix an improvement. Just how this
eomes about may not be immediately evident, but let
us consider, for example, the loudspeaker. H we sub-
stitute a new one with a more extended frequeney
range for one which has been used, naturally it will
bring out with greater emphasis portions of the fre-

4

queney speetrum which were formerly attenuated.
Now, if the equipment feeding the loudspeaker tended
to distort these portions of the speetrum, the new loud-
speaker would simply emphasize these faults.

Again, it is obviously possible for a poorly recorded
selection to sound better when reproduced by inferior
equipment than by apparatus which brings out every-
thing in the record, good or bad. And, in addition,
each of us has individual likes and dislikes regarding
the kind of reception, as well as the kind of music, we
prefer. Getting a conglomeration of equipment, even
the best, will not perforee provide us with satisfactory
reception under all eonditions. Along with it must go
some means of controlling the frequency response,
some ecare in selecting the surroundings in which the
equipment is to be used, and at least a dash of tolerance.

Concerning broadeast reception, Mr. Drisko has
the following interesting comment: .. .Has it ever
oceurred to you that just as the owner of a $19.95
squawk box adjusts hiz volume control to the op-
timum compromise between realistie levels and distor-
tion, the broadeasters over a period of vears have
equally earefully if unwittingly evolved the particular
type of program which suffers least when reproduced
on said £19.95 squawk box? In other words, maybe
the reason why we have so many variety programs
and so little good musie is beeause the receiving set
manufacturers have failed to give us adequate listen-
ing equipment.” We believe there is much to be =aid
for Mr. Drisko’s viewpoint. And, by the same token.
those sponsors who want to get and hold the attention
of people who own and appreeiate fine radio equipment
should give some thought to the quality, as well ax the
character, of program which they present.

NAB CONVENTION NOTE

® Prize remark of the vear was made by Chairman
Denny of the FCC. Faced by a large audience of
hostile broadeast station executives, and with his back
to the Atlantie Ocean, he brought down the house by
saying he was “between the devil and the deep blue
sea.’ —J. H. P.

AUDIO ENGINEERING OCTOBER, 1947
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e ock-/n tube is at hie
ON THE SEA!

ULTRA-HIGH FEEQUEENCIZS ... NANDLED WITH
Lock-In is te2 tuze soecificzlly enginee
more than se8 v e repn ements of mari
redio  equipment—lanfles ultra-high fres
quencies with eas2! Elecirical features i:\gd
clude: short, direct cosnaztions . . . fews="
welded joi1s—less lase; getter locatec oa =

LG Rt sh%d:a el ninetec bx_separu“'p_r.ﬂ\u__f;
3 - v

= getter materral f-om leads,
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TSRS~ (OMPACT... MACE TQ FIT SMRLL SPACES 2 -~
O This famous Sylvanie prodact is ideal for use
" in seaborne radio equixment—it’s so com-
" pact...has rediz2d overall height and weight
Has no top eep eoamecticn . . . overhzad
wires are eliminated uggad. .. nosoldered
jcints —elerents can’: wara or weave.

STAYS PUT 1N SOCKET...THROUGH LOCK-IN FEATURE
No matter ho'v rough the sea, the tubes in a
ship’s radio will stay in their sockets—if
those tubes are Lock-Ins. Specially desigaed
: ““lock-in’’ lacating lug on each tube keeps
g it in place—assuring firm socket contact.
- See Sylvania Distributors or write Radio Tube
Division, Emperium, Pa.

~ SYLVANIA
e #ELE | RIC

.« - the radio tube whese electri- =

cal and mechanical superiority . " iy 2
makes it the ideal choice $ar ma- e -
vine radar, equipment in the air,

or the road, FM and talsvision.

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; SLECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURSS, WIRING DEVICES:

S, FIXTURSS, i D ELECTRIC LIGHT 8 A
e N R e e e S i
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NO FINER
CHOICE THAN

® Only FLECTRO-VOICE provides such a
complete line of microphones. With out
standing developments in Unidirec-
tional, Differentialt, Bi-directional, and
Non-directional types . . : in Dynamic,
Crystal, Carbon and Velocity models

. you can more easily obtain the
microphones best suited to your needs.
@ Proved in critical service, E-V Micro-
phones are widely used today by leading
manufacturers and sound engineers in
all kinds of applications. They are pro-
duced from finest materials under E-V
quality control. Consult our engincers.

THE CARDYNE—True cardioid unidirectional dy-
namic microphone, with exclusive E-V Mechan-
ophase* principle, Acoustalloy diaphragm,
smooth, wide range response, and high output.

THE CARDAX—The only high level cardioid crys-
tal microphone with Dual Frequency response
for high fidelity voice and music, or rising
characteristic for extra crispness of speech.

tPatent No. 2,350.010 *Electro-Voice Putents Pending

Send for Catalag No. 101

This illustrated catalog gives
complete data and information
on E-VY Microphones. Includes
helpful selection guide. Write
for it today.

-1
FEREA
velocity

EleclioYorce

ELECTRO-VOICE, INC., BUCHANAN, MICHIGAN
Export Division: 13 East 40th Street, New Yark 16, N. Y, U.S. A, Cables: Arlab

-

THE
CARDAX

CARDYNE

\
\
\
\
\
\
\
\

\

\ -205'§m\
- 210-5 Ca hof“ \‘ pittere
suomnt | gy ouernt?
910 €1y \

5 oynam'\c
905 Crystal

L crystal
0 DY namic

Cryntal Miccophones
licensed under’Brush patenta

AUDIO ENGINEERING OCTOBER, 1947

WWW. akneficantadiahisiory.com


www.americanradiohistory.com

Rewind spoal

Spool locking spring

Pramag current'(for d.c. haods)

Head cossette

Take up spool

Top view of the Magnetophon described in this article.

The Magnetophon

DON V. R. DRENNER*

This is the first complete discussion of the studio model R22A Maognetophon
which has greatly influenced the design of tape recorders in this country.

HE MAGNETIC TAPE RECORD-
ing system to be deseribed was devel-
oped prior to and during the war by

the German General Electric Company
(Allegemeine Llectrische Gesellschaft), in
co-operation with I. (i, Farben. The
equipment was used quite extensively not
only for radio broadeasting, but by the
army and the navy.

The principle of magnetic recording
dates to the beginning of this century,
when Poulsen found it possible to mag-
netize a steel wire to different degrees
along its length. In 1924 this principle
was used, again in Germany, in the de-
sign of a dictating machine. In 1931 the
steel wire was replaced by a flat steel
tape.!

The Marconi Co., of England, in co-
operation with the BBC, produced a
machine based on researches by Blattner
and Stille, and put this into general use
in 1934,

AEG and I. G. Farben began experi-
ments in 1932 on a method to replace the
steel wire and tapes then in use. The
relatively high “hiss” level, and general
background noise of steel mediums then
*513 Highland Rd., ('nﬂ'eym'lle, Kan.

' “The Blattnerphone.”

available prompted this inquiry. In 1939
a satisfactory tape with a nonmetallic
base was produced, together with a
machine for utilizing the tape in record-
ing and reproduction.

Although the literature covers the
principles  of magnetic recording, this
article will deal briefly with the subject as
it touches upon the use of high-frequeney
bias current in the recording process.
The Tapes

The suceess of the AFG-1.G. Farben
machine—The Magnetophon—is due
mainly to the tapes. The three types of
tape developed in Germany were known
as the type C, L, and LG and their pro-
duction is covered in detail clsewhere.2
Briefly, the Type C tape, the first pro-
duced, was an aeetyl-cellulose-base tape
6.5 mm wide, .045-.05 mm thick. The
magnetic material used was ferric oxide,
derived from ferro-sulphate, ammonia
and ammonium nitrate. The oxide was
cast on the tape with a suitable hinder.

The type L tape differed in that the
tape material and the magnetic oxide
were mixed, and the magnetic material
thus was a part of the base tape, as
opposed to being cast. The tape was a

’T)cpt. of Commeree report No, PB-1346.
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polyvinyl chloride. Thickness and width
were the same as the C type.

The latest tape was called Type L,
and consisted of a base tape with the
magnetic material cast upon it, as in the
C' types. The tensile strengtl, frequency
response and dynamie quality were all
highly superior to the (' type; however,
this tape was never produced in quantity
before the end of the war, and the L
tvpes were used almost exclusively.

I use the tapes are run in contact with
the surface of ring magnets, arranged in a
sutitable eartridge containing the erasing
magnet, the recording magnet, and the
reproduction magnet. The magnets are
tiniature  electromagnetic  armatures,
with the laminated cores ring-shaped.
The gaps of the magnetic armatures vary
with the three types, and run cross-wise to
the tape.

The erasing head hax a gap of 0.5 mm,
an inductance of 1.7 mh. The erasing
current is about 40 ke at 160 ma. The
recording head has a gap of 40 mierons,
and a gap of 0.3 mm in the rear. Induet-
ance is 8 mh, and the recording current
(bias current) about S0 ke at 10 ma.
The reproduction head has a gap of 20
nicrons, inductance is about SO mh,

In practice, wearing of the tape-bearing

7
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CURVE

PRE MAG CURRENT

FIiG. 3

NORMAL
DEMAGNETIZED

- WIGH FREQ FIELD

HYSTERESIS LOOPS: MAGNETOPHON TYPE L TAPE

Yo -~ HIGH-FREQ. (80ke) +
AuDiO

1LOW - FREQ.
{ AUDO )

F1G. 4

80- ke BIASING

suiface of the erasing head improves the
demagnetization, that of the recording
head tends to increase the loss of the
higher frequencies, and wearing of the
reproduction head causes an increase of
the higher frequencies from 2000 cycles.
The tape speed for the latest machines,
capable of reproducing frequencies from
30 eyeles to 10,000 cyeles was 77 em/sec.

High-Frequency Bias

The specific characteristic of the Mag-
netophon, aside from its use of plastic
tapes, was the utilization of high-fre-
quency bias current in the recording
process. This not only removed the most
objectionable feature of the early steel
wire and tape machines—high noise
level—but resulted in greatly increased
frequency response. The direct-current
models of the plastic tape machines, in-
troduced in 1939 with the nomenclature
K4, used an erasing head fed by direct

8

current.  The recording head was also
fed by direct current, upon which was
superimposed the audio current. The
hysteresis loop was quite conventional,
and the direet current served to raise the
recording to the linear portion of the loop.

In the high-frequency bias current
system, the coil of the recording head
contained not only the audio component,
but a supersonic biasing frequency of
about 80 ke. Over the gap of this head a
magnetic field was formed with a max-
imum at the center of the gap, and a
steady falling-off to both sides. Because
of the high frequency nature of this field,
a magnetic particle in passing undergoes
a constant demagnetization, at first
with a constantly inereasing field and.
on the other side of the gap center, with a
constantly decreasing field.

Fig. 1 shows this process graphically.
although for the sake of clearness only
the fading part of the process is shown.

Beginning at or neur zero, hysteresis
loops are created, getting larger and
larger with increasing current until, at
the maximun, the peak hysteresis loop i~
reached.  After this a constant decrease
of amplitude results, till the magnetic
zero point is again - reached.  The
tape therefore leaves the recording head
in a completely demagnetized state. In
the reproduction of =ueh a tape, the un-
wagnetic medium  cannot induee  any
noise.

Now. il the high-frequeney premag-
netizing current has at the same time a
low frequeney (audio) eurrent superim-
posed upon it, then the recording ficld
will have an appearance as in Fig. 2.
The audio-frequency field remains sub-
stantially constant for the length of time
the tape passes by the head. Beeause of
the umsyimmetrical position of the high-
frequency field in respeet to the zero
axis, the tape now no longer leaves the
field in demagnetized state. Rather, it
contains a residual magnetism which is
proportioned  to the recording  (andio)
current.

The curve shown in Fig. -3 shows the
non-linear behavior in the vieinity of the
zero point, and after a short linear space.
the turning-off into saturation. In the
direct-current recording svstems a large
premagnetizing direct-current was used,
to transpose the working point into the
linear part; or, in the case of the Marconi-
Stille (BBC) steel tape  machines, a
heavily saturated medium was used and
by means of a counterncting  current
(superimposed with the audio component)
the linear portion of the curve was used.
The use of high-frequency premagnetiz-
ing current perniits the utilization of the
curve from the zero point with few non-
linear distortions. The amplitude of the
premagunetizing eurrent is important. In
the case of small amplitudes there is a
slight steepness, which increases as the
amplitude is inereased, but which again
decreases when the working maximum iz
reached, as shown in Fig. .J.

Recording Field

The effective recording field exists over
about 0.5 mmn from the center to each
side of the gap in the recording head.
This area is taken to include only that
portion of the field which is not helow
1/10th the maximuni amplitude existing
at the center. With such a field it is
assumed that during the passage of the
tape a constant low-frequency field exists
only at the low frequencies, and at high
frequencies —in the vieinity of 10 ke
the low-frequency field will have changed
in its phase before the tape has left the
effective limits of the recording head.
At 180 deg., however, the two will work
against each other, so that the difference
between the low and high frequeney
fields remains as magnetization. The
remanent induetion on the tape falls off
from about 2 ke insofar as constant
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magnetization is concerned, Fig. 4. In
practice this is counteracted by pre-
emphasis in the recording and reproduc-
ing amplifiers.

It is necessarv for good high-frequeney
results in recording that the magnetic
field at the recording head be limited.
This limitation is largely dependent upon
the thickness of the tape, and its specific
magnetic eonductivity. Tapes with a
greater permeability of the magnetic
layer, or material, exhibit a falling-off at
the high frequencies since they produce a
flatter curve. A thicker medium will
cause the same results; or poor (i.e. re-
moved) contact with the recording head,
since the magnetically poorly conducting
air laver between the tape and head re-
sults in the same thing.

As previously stated, the tape runs past
the three heads at 77 e ’sec. The fiist
head—erasing and the second—re-
cording—are fed from an amplifier,
shown in #ig. 5. This amplifier produces
the 10-ke erasing current, the 80-ke
biasing (premagnetizing) current, and
has a single-stage amplifier, with high-
frequency preemphasis networks, for the
aucio. The normul input level from the
audio source is 1.5 v. The output of the
audio amplifier is mixed with the SU-ke
eurrent at the point where the connection
is made to the recording head. The net-
work in the secondary of the output trans-
former blocks the 80 ke from reacting on

Tension adjustment for brake

Drive motor
magnetic brake

* Concentric bearing
for rubber roller

this. The amplitude of the audio portion
is about 8 ma, and that of the 80-ke cur-
rent between 5 and 15 ma. Iach record-
ing head is usually ealibrated for a certain
current, und the amplifiers adjusted to
conform with this value.

It is important that the plate voltage
for the biasing oseillator be connected
before the recording head is placed into
the circuit, otherwise the current surge
when the plate voltage is connected will
tend to magnetize the recording head.
This results in noise on the tape, since
the tape becomes slightly demagnetized
as a result of the magnetization remaining
in the recording head. The proper se-
quence of switching is done through the
recording controls, shown in the schemat-
ic. A curve for this amplifier iz =hown,
with the preemphasis control set at zero,
one-half, and full on.

Reproduction Amplifier

I1g. 6 shows the reproduetion amplifier,
and its frequeney-response curve. The
control eircuits and motors are shown in
the over-all schematic, Fig. 7. Three
motors are used to drive and rewind the
tape. The drive motor, which runs the
tupe, (usually in lengths of about 1 kilo-
meter) has a spindle extending from its
shaft, which bears against the tape against
a rubber roller. The pressure of this
roller against the drive spindle is con-
trolled by a deviee, actuated by a mag-

Take-up motor mag. brake

netic bruke which operates simulta-
neously with the application of power to
the drive motor. to the brake on the
drive motor, to the rewind and take-up
niotors and to their magnetic brukes.
The normal pressure of the roller
against the drive-motor spindle (and the
tape, since it is hetween the two) is
about 250 gram, s¢. mun. This will result
in the motor spindle’s steel shaft attain-
ing a depth into the rubber of the roller
of & to .9 mm, representing a pressure
sufficient to give a normal tape transport.
The pressure of the roller against the tape
and the drive-motor spindle can be
adjusted by the concentric bearing which
houses the shaft of the actuating lever.
Two lock-serews are fitted which control
the minimum maximum throw of this
lever, (actuated by the magnetic brake
mentioned above). The tangential move-
ment of the lever is taken from the point
of contact with the tape and motor
spindle to the point of greatest swing of
the lever. This movement can he meas-
ured by a small spring-tension seale, or
“pressure wateh,” so that the depth
which the spindle attains when the roller
is pressing against it is .8 to .9 mm.
.1 mm tolerance). The tape will run up
and down if the roller surface is not
parallel to the driving spindle, or vice-
versa. After a time the tape wears a
small groove in the roller, and conse-
quently the transport is bad. This can be

s Input fitter and
control switches
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Plug-in casette
with three heads

Piayback head

Spring-mounted shield

Tape
guide
f

Friction wheel for
tape carriage piate

Erase head

Record head

Rubber roller

Tape idler

Pivot shaft

Tape wind-
ing core

Actuating
lever

A few of the components used in the Magnetophon.

remedied by buffing the roller down, or
replacing it with a new one.3

The drive motor is a synchronous
motor, while the rewind and take-up
motors are brush, series-type motors,
While the drive motor is running the tape
past the recording/playback heads, the
take-up motor is running in the same
direction, at approximately the same
speed.  The rewind motor, however,
tends to run in the opposite direction, to
exert a pull against the tape. When in
the record or playback position the re-
wind motor is fed through an inductance
which limits its torque. In the rewind
position this motor has full power, while
the drive motor operates only to provide
blower ventilation (it is fitted with a
small fan and duets to cool itself and the
other two motors).

Since the speed of the series brush
motors depends on the load, the rewind
and take-up motors begin at fairly high
speed, and tend to slow down as the tape
load on their spindles increases. This in-
sures that the tape is held at sufficient
tension at all times, and with the opera-
tion of the magnetic brakes-—fitted on
the small flywheels in the end hells of the
motors—the tape does not snarl or run
loose. llowever, tape troubles, such as
snarling, breaking, or running with
loops can almost always be traced to
misadjustment of the magnetie brakes, or
variations in the motor speeds, due to
faulty brushes, burned commutators,
ete. It is essential that the three mag-
netic brakes on the motors, and that on
the pressure roll, operate simultaneously.

The average tape, of 5/S8ths mile in

*Almost the only difficulty experienced
with the Magnetophon is tape troubles, such
as above. The elimination of some of these
diflicultics will be mentioned in the de-
seription, sinee users of the Amcerican ver-
sion of this machine may experience them,
and find these comments helpful.

length, run= for about 20 minutes. and
takes about 3 minutes to rewind. Since
two machines are necessary for contin-
uous playing, each machine is fitted
with a synchronizing control so that the
program on the machine about to he
switched into the audio eireuit can be
matched with that of the one playing.
This control is on the drive motor, and
serves to short the series condenser with
which this motor is fitted. In practise,
the tapes are recorded with a “lapped”

DIRECTION

ACTUATING LEVER -
OF FORCE——— — /

'

.
d
L
/’B
-
-

STEEL SHAFT OF

TaPE DRIVE  MOTOR

Fig. 8. Detail of tape drive mechanism.

recording, so that the end of one and
beginning of the other ure the same. The
second machine is started ahead of time
and then slowed down until the two are
in syne, and at the proper moment the
change-over takes place—without any
indication to the ear whatsoever. The
control switches—push-button locking
type—have been labeled on the schemat-
ic, and their function can he easily
followed.

Electrical Troubles

The following electrical troubles some-
times occur:

A “whistling noise” on the tape. This
is caused by the 3rd harmonic of the bias-
ing oscillator. Small padders are pro-
vided in the oscillator grid circuit so that
this can be transposed out of the audible
range.

AUDIO ENGINEERING OCTOBER, 1947
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A “rushing” noise due to  residual
magnetisin in the recording head. (Usually
caused by the biasing oseillator receiving
its plate voltage after the recording head
is in circuit,) The contacts should be
spaced for their proper temporal sequence,
and the head demagnetized.

Magnetic objects, tools, ete., should not
be placed at rest near the head pieces, as
this will result in magnetization of them.

Insufficient erasing is usually the result
of low plate voltage on the 40-ke¢ oscil-
lator. Other sources can be misalign-
ment of the tape with respeet to the eras-
ing head, or a short circuit in the coils of
the erasing magnet.

In reproduction, the output from the
amplifier may decrease due to the cathode
by-pass condensers deteriorating or be-
cause of the filament and plate voltages
being low. Distortion in reproduction
which is not directly due to the amplifier
ean usually be traced to insufficient high-
frequency premagnetizing current.

Various Models

The various models of the Magneto-
phon differ mainly in physical size, length
of recording time, and in one model,
variability of the tape speed. The Model
K4 was arranged for portability. Most
of the material contained herein concerns
the R22.\, which was used by the German
Broadeasting System (The RRG) for
programming.  The frequency response
of this system was uniform from 50 to
10,000 eyeles within less than 5 db., the
noise level approximating —45 db* and
the distortion at 300 eveles mensured
149, These figures are not necessarily

[Continued on page 33|

*A figure of “greater than —70 db” s
given by “Braunbuch,” a manual of tech-
tical maintenance published by the Reichs-
Rundfunk (German Broadeasting System),
but is weighted according to a hearing curve.
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Dynamic Symmetry and
Acoustic Room Design

M. RETTINGER*

How properly proportioned acoustic rooms improve appearance and increase utility.

HIL APPLICATION  of  dynamie
T symmetry to the acoustic design of

rooms appears to hold eonsiderable
promize.  Dyvnamic symmetry is well-
known to architeets, and many mechan-
1cal engineers avail themselves of it in the
design of machines.! Unfortunately, the
nunierous popular expositions of the sub-
ject are fraught with a jargon of their
own, both confusing and repulsive to the
more mathematically minded. In the fol-
lowing disenssion, therefore, the subject
will be treated without apparent esoterie
verbiage.

Consider Fig. 1. showing a rectangle of
width 1 and length 4/ When =uch a
rectangle is divided into two equal parts
*Eng. Depl., RC.A Victor Division, Ilolly-
wood, ("alif.

RS, Elberty, “The Shape of Things”
Muachine Design, Aug., Sept., Oct,, 1943,

as indicated by the dotted line, the re-
sulting smaller rectangles will have pro-
portions similar to the large rectangle:

2 1 2
\/'l—' Sy —— 1414
\ 2 v o2

Popular theory prefers to speak of such
a figure as a “root 2 reetungle:” or, in the
caxe of the smaller rectangles deseribed
above, as “One over root 2 rectangles™
plainly o disturbingly  abbreviated de-
seription, Because the smuller rectangles
are similar in =hape to the large oblong.
stch a sub-division appears pleasing, and
is frequently emploved in industry, as in
proportioning the doors of a cabinet or the
panels of a window. Similar results are
achieved when o rectangle of width 1 and
length /3" is divided into 3 parts; or a
rectangle of width 1 and length 2 (that is,

Vv ) isdivided into 4 parts; or « rectangle
of width I and l('ngth\/ﬁi divided into 5
parts; ete. as shown in Fig. 2, The fact
that in each case the resulting smaller
rectangles are proportional to the large
reetangle, makes the figure so divided
more attractive than when a similarly
large rectangle had been divided into the
satie number of parts which were not
proportional to the original figure.

Golden Rectangle

A rectangle to which a good deal of
attention has been devoted is known as
“the golden rectangle,” of which the
ratio of width to lenzth is obtained asx
follows (see Flig. 3):

WL
L W+l

Pleasing design results when smaller rectangles are similar in shape to a larger one of which they form a part.

12
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Fig. 5. Examples of static and (Fig. 6)'dy-

namic forms. Fig, 7 (right). Schematic of
acoustic treatment of music and band shell.

By letting 1" be equal to 1, the length
can be computed to be 1618, as follows:

L
L 1%L
Il +L =1L

L-L + Y4 =

s

Eal gl

(L-14)* =

Vi + 1
L=Y=5

II\

1.618

The factor of 1618 can be approached
by the ratio of any two succeeding num-
bers in the sevies 1, 2, 3, 5, 8, 13, 21, 34,
a9, 80, 144 ... where each number is the
sum of the two preceding numbers, For
instance 144,80 = 1.619; or 34,21=1.62,
This ratio is often observed in nature, as
in the number of seeds in the sunflower
contained in the large and in the small
seed-row spirals (say 55 sced sockets in
the large and 34 seed sockets in the small
spiral); or in the number of seeds con-
tained in pine cones, ete. In music, the
intervals of the major and the minor
chord (3:5:8) are similarly related by the
factor LGIS. Of course, a “golden rec-
tangle’” cannot be divided into a number
of equal smaller rectangles proportional
to the large rectangle; but a rectangle of
width 1 and longth\/-’) ean be divided into
a square, and two equal smaller rec-
tangles, the ratio of whose length to width
equals (V5+1) /2, or 1613, as shown in
Fig. 4.

The question arises now how such (and
other) principles of dynamic symmetry

¥
rs

%5\
&

Fig.7

can be applied to the acoustic design of
rooms, A= indicated above, dyvnamie
symmetry concerns itself with pleasing
proportions, with an attractive arrange-
ments of parts. While such proportions
are not strictly functional factors, their
esthetic or artistic value should not be
underestimated. .\ room such as a broad-
cast or motion picture studio provides a
locale for a band of musicians-—artists-
to whom the pleasing environment can be
of a marked influential character. Uence,
in the final results, the purely artistic
may have a funetional bearing on the re-
sult, so that it appears to the interest of
the design engineer to concern himself
with the subject.

To illustrate the point, let us consider

the prevalent use of evlindrieal wood
splays in recording studios. To avoid
sclective absorption in sueh an enclosure,
the splays are built of various sizes, that
is, of various widths and various radii,
and are, moreover. non-uniformly braced
in the back. Why, then. would it not he

AUDIO ENGINEERING OCTOBER, 1947
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possible to vary the size of these splayvs
in a “dynamie symmetrie” fushion. for
greater eve-appeal, us shown in Frg, 37
Static and Dynamic Forms

The above was written merely to sug-
gest possibilities of treatment: the acous-
tie engineer called upon to design a room
will have to exercise his own fuculties in
this respect, not only because the in-
dividual parts of a room should har-
monize with the enelosure as a whole, but
also because each room must be treated
individually, depending on its purpose,
size, ete. So fur, we have concerned our-
selves merely with the fundamentals of
dynaniie symmetry. The advanced stu-
dent of this school of art will soon learn
that circles, or circular ares, because of
their patently obvious synunetry., ure less
forceful than elliptical, parabolie. or hy-
perbolic sections. For this reason, circles
are spoken of as static: ellipses as dy-
namic. Wood splays built of such non-

[Continued on page 48]
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A New Phonograph Pickup Principle

ALBERT E. HAYES, JR.*

A simple method of obtaining high audio output from a capacitive pickup.

curiosity. the eapacitive  phono-

graph pickup has ouly recently at-
tained a status of importanee in the art of
sound reproduction.  In its early- days
when it was hooked up like a condenser
microphone, as in Fig. {. it suffered from
the shortcoming that at least two stages
of amplification were required to bring
the signal level up to that obtainable from
the then-popular magnetic pickup. Iow-
ever, the manifest advantages of this type
of pickup were well recognized; these
were: 1) low vibratory mass, 2) relative
freedom from resonance peaks within the
desired signal speetrum, and 3) ease of
obtaining linearity.

AL’I‘I]()('GII rather old asa laboratory

‘““Wireless” Player

With the development of practieal fre-
quenev-modulation  eireuits, interest in
the capacitive phonograph pickup re-
vived when it was realized that it pro-
vided a relatively siniple and reasonably
linear device for modulating the frequency
of an oscillator. This led to several ar-
rangements similar to that shown in
F1g. 2 wherein a capacitive pickup ('p pro-
vides the capacitive element of a fre-
quencey-determining tank eireuit for an
oscillator. The frequeney-modulated out-
put of the oscillator was coupled to an
f-m detector either by means of a coupling
link L. coupled to the tank coil Ly, by
direet radiation (as a “wireless” playver)
to an f-m receiver, or by couplinz to an
f-m  detector  comprising an  integral
assenibly with the oseillator, These ar-
rangements permitted the obtaining of
sufficient audio signal voltage from the
f-m detector to operate into a conven-
tional audio channel, but suffered the
shortcoming that the f-m detector used
had to be tuned rather accurately to the
center or “rest” frequency of the oseillator
in order to minimize distortion. It has
bheen this necessity of accurate tuning
which has heretofore limited the field of
applicability of this type of pickup, for
the frequeney drifts caused by aging,
temperature changes, and physical mis-
handling have kept the “*f-m phonozraph
pickup” in the gadget elass.

The following is a deseription of a new

;JS LaSalle d., W. Hartford, Conn.
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prineiple of phonograph  reproduetion,
using the capacity pickup. which is not
subject to the shortcomings of the ar-
rangements deseribed above.
Circuit

In Fig. 3 there is iHustrated a conven-
tional T.N.T. high-frequency  oscillator
including a tube 1"y and a plate tank eir-
cuit tuned to resonance by an inductor
Ly and a condenser (", The grid circuit
comprizes an inductor L, having a self-
resonant frequency near that of the plate

.ot pt

¥

L3
TO PRE-
10 Meg 1 Meg AMPLIFIER

bl
100 to 200 V.
FI6. 1

@
+

o g
|

il

s

Fig. 1. Early type of capacitive pickup,
which was c ted like a d mike.
Fig. 2. Using & capacitive pickup to fre-
quency modulate an oscillator. Fig. 3.
Using the capacitive pickup to vary the
voltage drop across the resistor R1, in
accordance with the a-f signal.

tank cireuit, and conventional grid-leak
hiasing from the parallel eireuit ineluding
a grid-leak resistor /2) and a grid con-
denser ("a. A pair of audio output ter-
minals are shunted by a condenser (3,
and the ungrounded terminal is conneeted
to the ungrounded end of the grid-leak
through a radio-frequency choke. A
capacitive phonograph pickup 5 is con-
nected between the grid and plate of the
vacuum tube.

Operation

In operation it will be obvious that the
above-described arrangement comprises a
well-known type of high-frequency oscil-
lator with the addition of a variable
capacitor ('p connected between grid and
plate of the tube. It will further be ob-
vious that an increase in the capacity Cp
will increase the amount of feedback
energy or “drive,” and that a decrease of
capacity will deerease the drive.

It is well known to those =killed in the
oscillator art that the magnitude of the
d-¢ bias voltage developed across the
grid-leak 2y will be increased with an
increase in drive, and will be deereased
with a decrease in drive. 1t will be mani-
fest, therefore, that a variation in capaei-
tance of the pickup €, in accordance with
the physical convolutions of a record
groove will eause an alternating potential
to appear across the resistor [y which
will comprise an audio-frequency signal.
The choke and the condenser (‘3 comprise
a filter circuit to isolate stray r.f, de-
veloped in the oscillatory eircuits from
the audio output terminals,

Beeause the signal is derived solely
from the bias circuit, there is no need
to compensate for any long period varia-
tions in either amplitude or frequeney of
the r-f signal.

Although the T.NUT. oscillator has
been shown for reasons of simplicity, it
has been found that T.P.T.G., Hartley,
Colpitts, and Avmstrong oscillator eir-
cuits perform equally well in this scheme.

The output =ignal obtained using a 935
tube as the oscillator with 150 volts
applied to the plate is comparable to that
obtained from a high-level maznetie pick-
up, and retains all the advantages of the
capacitive pickup.
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Factors Influencing Studies of
Audio Reproduction Quality

N. M. HAYNES*

Listener preference tests are often inconclusive because important factors

are given insufficient consideration in interpreting results.

The author

shows how such pitfalls may be avoided.

HE RENEWED ACTIVITY of
T f-m broadeasting plus the normal

and natural tendenecies for im-
provement in a-m transmission have re-
sulted in the initiation of a variety of
tests to determine the characteristics of
the transmission and reproduction system
that is preferred by listeners,

The need for this kind of experimenta-
tion and data is exemplified by the com-
ments of the investigators,'4% the urg-
ing of editors to continue this type of
research? and the resulting discussions.?®

When it comes to researches relating to
human behavior and the more elusive
aspects of reaction to the relative esthetic
quality of reproduced programs, we are
confronted with many variables, and
paradoxiecally speaking, “we don’t always
know just what variable it is that we are
really measuring.” It is therefore appar-
ent that, in order to avoid the waste of
time, effort, and money, some reasonable
agreement should he obtained between
the researchers in the field before costly
experiments are carried out, so as to
insure against accumulation of masses of
unrelated or unusable data.

Statistical Interpretation

Experimental tests to show the effect
of variation of band widths upon the
esthetic quality of music have been re-
ported. These tests utilized high- and
low-frequency cutoffs which correspond
to liminal units previously reported in
tests condueted at the Bell Telephone
Labs.® The final results were tabulated in
percentages and conclusions drawn there-
from.

It has most recently been clearly ex-
pressed by Gannett and Kerney® in dis-
eussing the ability to defect differences in
band widths, “A significant measure of
the detectable difference in band width
will be taken to be a difference such that
759 of the observers correctly select the
wider band and 25¢; wrongly select the
narrower band,”

The significance of the vote of 756 to
25% ix assumed to be as follows: On a
*Vice-President, Amplifier Corp. of America,
396-398 Broadway, New York ('ity.

particular test some of the observers can
detect the difference between the condi-
tions while the remainder will guess. Of
the latter, half are likely to guess right
and half wrong. When 259, vote wrongly,
they are assumed to he guessing and must
he paired with another 259, who also
guess, but happen to guess right, There-
fore, a vote of 757, to 23¢, was taken to
indicate that 50% of the ohservers were
guessing and the remainder could actually
detect the difference. It should be re-
membered that this reasoning was used
in conjunction with tests dealing with the
ability to detect changes, rather than with
listener preference tests,

Fletehert used an 809 to 2097 straight
percentage majority to indicate a sig-
nificant  judgment, probably reasoning
that a 60-40 majority shows some sig-
nifieance, Of the 409, half would guess
wrong, finally showing up as an 8097 to
209 vote,

Tests whieh do not produce any posi-
tive significant results should be carefully
scrutinized for unjustified elements which
may be interfering with the variable
under test. It might be argued that data
indicating 50-50 preferences are valid and
useful. Certainly, but for study purposes
only! Just as soon as 50-50 preferences
enter into design parameters of audio
equipment, it follows that 3077 of the
ultimate users may bhe discriminated
against and those who would like to hear
everything must he disappointed.

The inadvisability of using averages as
parameters in design can best be illus-
trated by the following hypothetieal
situation. Let us suppose, for 1 moment,
that manufacturers of spectacles decided
to do away with the wide variety of lens
types. A million pairs of eves are tested
and a mean average is used for the design
of all available eve glasses, [Sverybody
thereafter, regardless of his individual
deficiencies, would obtain only this stan-
dardized spectacle.

Admittedly this analogy is strained,
but potentially the end result closely
parallels conditions whieh prevail in audio
reproduction whenever systems are de-
signed for “averaged” preferences.
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It therefore appears, that until valid
inferences are formulated, audio reprodue-
ing svstemms should be  developed to
approach as closely to the “ideal” as pos-
sible.  Such systems, however, should
give the ultimate listener complete eon-
trol of the variable in question so that he,
and only he, can adjust performance
characteristics to coincide with his im-
mediate and particular esthetic prefer-
ence at any time.

The ““Ideal’” System

An ideal transmission system from an
engineering viewpoint might be defined
as one which would transmit any sound
to a distant point and reproduce an exaet
replica of the original performance.

Mills? indieated that it is a safe assump-
tion, for the ultimate future, to develop
methods for recording and reproducing
music which will cover the entire range of
intensities and frequencies that the
human ear can appreciate, This thought
undoubtedly has the support of all
engineers and researchers not pressed hy
expediency. Nevertheless, tests proving
the contrary will be welcomed by all, but
the burden of the proof will have to be
borne hy the validity of the test and all
associated factors which influence the
final conclusion,

The requirements for an ideal system
are known to be extremely stringent, and
possibly unattainable in the present state
of the art. Here, then, lie the reasons for
investigation seeking to determine how
far from the ideal audio transmission may
be deteriorated, without materially affect-
ing the esthetic qualities of program
material.

Esthetic Appreciation

FFor our purposes of discussion, the
term *‘esthetic” will be confined to that
branch of emotional experience which
deals with the beautiful as interpreted by
the hearing mechanism. IHere we have a
complex subject w hich encompasses
acousto-psycho-physiology. Unless all of
the factors influencing esthetic choices
are carefully analyzed, erroncous statis-
tical data can be easily accumulated. [t
seems desirable to set up a standard for
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estheticism hefore any tests are condueted
to measure the effect of any single vari-
able audio design factor upon esthetic
appreciation.

It must be obvious to most researchers
in the field, that not all tvpes of musie
are considered esthetic by any one or any
group of individuals. 1t therefore follows
that if any program material s used
which does not. at the start, appeal to all
listeners, any variation, whether it he in
reduction of volume wunge or frequency
buand width, whicli fends to eliminate
some of the unesthetic qualities of the
original program material, may be ervon-
eously reported ax a listener preference.

The acoustic balance of the original
orchestration may, in turn, similarly
effeet the results of research into the rela-
tive esthetic vahie of predetermined
hand widths in audio transmission.  Fx-
perience indieates  that much  esthetic
appreciation  of music is based upon
familiarity with o particular selection,
melody, past association, or virtuosity of
the performer. Any tests which do not
take into consideration these characteris-
ties may  produce results of doubtful
value.

Musical Enhancement

Some  tests,  designed  to correlate
esthetic appn ion of programs with
program transmission width, are in effect
testing for the desirability of improving
musical instruments, It does not neces-
sarily  follow, when a musical instru-
ment emits undesirable bowing or blow-
ing noises and these are considerably re-
duced by restricting the pass-band of the
audio reproducing system, that transmis-
sion band= should be universally re-
stricted.

It s obvious that the human ear has
played the important determinative role
in the development of music and musical
instrunments. ix no doubt that

There is
musical enhancement will improve the
esthetie qualities of many types of pro-
grams. For example, the introduction of
a controlled vibrato into the program cir-
cuit may, in terms of listener preferences,
improve the appreciation of a singer's
voice, Similarly, inereased dynamie range
may in terins of some listener preferences,
improve the composer's concept. Funda-
mentully, however, vesearchers in pro-
gram transmission should not, unknow-
ingly, step into another branch of music
and unwittingly jump to false conelusions.

In addition to the normal characteris-
ties usualty furnished along with an audio
reproducing svstem, it ix also desirable to
indicate the crossover charaeteristies of
multi-speaker syvstems, as well as phase
shifts at or near crossover or cut-off
points.  Consideration  should also  be
given to the possible generation of in-
harmonic sub-frequencies by the loud-
speaker. Of course, full data covering the
distortion vs. frequency characteristies of
the over-all svstem should he given.

16

When recorded programs are compared
with live programs. it is also necessary to
include complete data on the distortion
introdueet by the recording  system,
pickup. microphone and  cutting-head.
Duta should alzo include all intermodula-
tion distortion characteristies, as well ax
frequency vs, distortion data.

In addition, the acoustic characteristios
of both the original studio and the repro-
duced room must be eavefully compared
in order to evaluate the possible con-
tributing influences introduced by this
variable,

LY ¥

Coached and Uncoached Reactions

[t ix known by many experimenters
that suggestion playvs a very significant
role in tonal range preferences. Therefore,
experiments involving  subjective reae-
tions must be earefully controlled and
objectively interpreted. Whenever tests
involve unusual physiological reactions,
it would seem highly desirable to conduct
a set of uncoached and coached reactions,
50 that the result could be properly codi-
fied ax to its significance. Uncoached re-
actions  would  clearly indicate  what
listeners prefer without any explaining or
Yeoaching,”  In other words, it would
disclose the existing attitude, and might
also incidentally indieate how much they
know about it, or how little they know
about it, and to what degree their im-
pressions are in harmony with fact. It
would also disclose valuable data indi-
cating preferences based on lack of, or
Crroneous experiences,

While there can be no question that
spontaneous reactions are highly signifi-
cant for the present and the immediate
future- ~deliberative or analyvtical reac-
tions would be more significant for the
long range future or ultimate trend of
listener preferences. True, this is a subtle
point, but in a complex investigation of
this nature, any fuet which throws addi-
tional light into a dark corner, is hourd
to be lielpful in the over-all investigation.
It may reveal that choice was based on a
fuctor totally foreign to the intendnd
variable in the test.

To coach the reaction, on the other
hand, would forecast what listeners’
preferences will be after the listener has
experienced the effect of the variable.
The coached reaction explains the vari-
able in the test, and indicates its action
before checeking listener preferences.

Listeners who have never heard live
evmbals, snare drums, triangles, or an
organ, would be sceverely handicapped in
an attenpt to evaluate the esthetic prop-
erties of their reproduced versinos, as no
stundard  of esthetics will have heen
established for these instruments.

One’ might argue, “What difference
does it make whether or not listeners.

have heard these live instruments= so long
as they preferred to hear their reproduced
version through a restricted band width?"”
In a coached renction the listener would
be given an auwral demonstration of the
effects of o restricted band width upon
the reproduction of a triangle in an
orchestra. Fhe results from such a test
would indieate listener preferences, after
being fully acquainted with the effect of
having the triangle in or out of the
orchestration, whereas, in an uncoached
test, the listener may never become
aware of the presence or absence of this
musically embellishing instrument.

When comparative tests!"#8 are made
on relative band widths or volume ranges,
and these are compared during a program
wherein changes in transmission charae-
teristics are made for short lengths of
time, it is important that the *“switch-in"
and “switch-out” do not coincide with
any potentially  inharmonious or other
esthetic-destroving phenomenon in  the
program.  For example, if the horn sec-
tions of a symphony orchestra are not in
perfect tune. an amplitude changing con-
dition may appear to improve the esthetie
quality in the program. Similarly, the
introduction of varving band widths on
different passages of musie in the samne
selection may appear to produce both
noticeable and unnoticeable effects. In
both cases, erroneous suhjective reactions
would be indicated.

Qualification of the Listener—
Hearing Acuity

In all recently reported tests covering
the esthetic preferences of listeners, a
great deal of deseriptive data about the
listeners were given. including sex, age.
edueation, musical  preference, musical
training, and musical experience, in an
effort to show that a reasonably typical
cross-section of listeners was used. In not
one of these tests was the hearing acuity
of the listeners given. This omission was
evidently intentionally conunitted, us the
prime purposes of the tests involved were
“determination of the method of repro-
duction which is most pleasant to the
observer, rather than a study of his
ability to detect changes in tonal ranges,
or to hear sounds of various frequencies
and intensities.”'!

It appears to be both highly desirable

ane] statistically vatluable to identify each
of the listeners and indieate his frequeney
and dynamic hearing acuity. Possibly,
such preliminary tests on the listeners
might dizqualify some from participating
on the grounds that they are physiologi-
cally incapable of hearing the particular
arinble for which the test is designed.
Acousti-psyehological tests should also be
conducted upon listeners in an attempt to
determine any anti or pro preferences for
particular instruments, composers, music
style, orchestrations, arrangements, per-
forming artists. and other factors in-
fuencing esthetic appreciation.
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A reasonable agreement on esthetic
test material should exist among all quali-
fied listeners. In other words, program
material, which in some form or other
appeals to everybody, should. be used as
a base. Single variations then, upon the
transmission characteristies in reprodue-
ing this mutually agreed test material,
will produce results more closely in line
with the researcher’s intent.

From time to time, musicians are inter-
posed into the listener’s group with the
iden of getting some ‘“‘expert’” opinions.
Many observers know that tle average
musician sitting in a symphony orchestra
never hears the complete orchestra in its
best balanee. A [rench horn player who
has had his instrument wrapped around
him for 20 vewrs “of experience,” cer-
tainly aequires an unusual musical per-
spective. Nimilarly, the player who con-
tinuously pounds his kettle drums is by
no nieans. because of his experience. an
expert on the esthetic qualities of the
harp. The conductor of the group is
probably the only one who gets n reason-
ahly balunced version of the performance
(to be sure, the musicians probably do
20 to the concerts of other orchestras).
In no cuse. of all reported tests, was any
indication given of the nuinber of times a
listener actually heard a live orchestra
similar to the one used for test. It is true
that one may argue, “What has realism
to do with esthetics?” A listener need not
have had any experience with a live
orchestra in order to indicate Low much
deterioration in an audio trunsmission
system he can tolerate without effecting
his esthetic sense. Nevertheless. other re-
searehers, in the same field, studying the
results of a given test would like to know
how qualified the listeners really were to

Toscanini conduzting his orchestra in Studio 8H, WNBC, New York.

detect the variable for which the par-
ticular test was designed.

There is reason to believe that music
lovers who have gained their esthetic
appreciation of music through reproduced
versions have been aurally disillusioned
and possibly are incapable of discernment
of esthetic improvement under conditions
which differ markedly from the sum total
of their previous experiences.

Listeners who have never sat close to
a live heavy symphonie orchestra can
easily have their esthetic senses “tied” to
an experienced volume range. Similurly
a listener who las never experienced the
“feeling”” of the low frequencies of a laige
organ can exercise but doubtful signifi-
cance in a test invol vingthe esthetic vul ue
of a reproduced version of organ program
muterial.

Range of Test

In order to insure the significance of tlie
results of the test, it is desirable to in-
crease the range of the test in opposite
directions so as to serve as a double-
check. For example, in testing for the
effect of estletic appreciation of a pro-
gram vs. prograin bhand width, the test
should not be confined to three high-
frequency cut-off points, such as 5,000,
7,000 and 10,000 eyeles. The test should
be continued for at least one or possibly
two liminal® units helow the interested
range. By following this procedure, some
deficiency in the test technique may be
uncovered, particularly when the results
do not hear some logieal relation to each
other. Furthermore, it gives the listener
a greater range to exereise his preferences,
and therefore insure improved accuracy.
If, for example, during an extended test
listeners indicated a preference for an
extremely restricted range the researcher

would be warned to suspect or confirm his
test technique and over-all planning.
Future Tests

Those who can recall the parable of the
three blind men tryving to identify an
elephant can best appreciate the condi-
tion which exists in the present stute of
the art of determining the effect of
esthetic appreciation upon the design of
audio reproducing systems.

In order to avoid a waste of tine, effort,
and money, it is suggested that a Na-
tional Bureau of Standards snonsored
committee be established to make an
iinpartial and valid investigation into
this complex field (assuming that the tax-
paver can be convinced of the need for
such government-suggested work). ‘The
committee should evaluate all of the
variables involved, and devise standardi-
zations, tests, and testing techaiques
which will produce significant and scien-
tifically accurate results. Or, if the work
is too involved for one committee,
standards and fields of investigation may
be set up so that individual researchers
could fill in the large gaps. By following
this procedure, all efforts and work done
will at least have a eommon denotminator
of validity, and will unquestionably re-
sult in a yapid and accredited solution to
this complex problemn,
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Analyzing Sweep Frequency

WAYNE R. JOHNSON*

Transcriptions

Describing a simple method of making instantaneous

frequency

mentx in other electronic fields, many

new devices have appeared that have
applications to audio work. Important
among  these is the first suecessful
recording of a fast sweep of the audio
frequeney spectrum.

P.\R.\LLI"L with the scientific develop-

The sweep frequency transeription pro-
vides a neav method of making instan-
taneous frequency response checks of
many types of audio equipment. .\
logarvithmice  frequeney sweep has been
recorded on both disk and film. The
sweep, which is repeated twenty times a
second, starts at 60 cps and extends to 1)
ke. Further extension to 15 ke is expected
in the near future. Playved back and
viewed through a cathode ray oseillo-
scope. the characteristies of the frequency
response, its amplitude. and other impor-
tant parameters may be ascertained in-
stantaneously for entire audio systems or
for their individual components and
parts.

To properly interpret the readings on
the oscilloscope, frequency marker pulses
have been provided on the transeription

*Consulling Engineer, Clarkstan Corp., 11937
W. Pico Blwd., Los .Angeles 34, (‘alif.

Fig. 1

response tests

at one, three, five and seven thousand
eps. These markers stand up ax =mall
“pips” on the positive extremities of the
sine waves. To syncehronize the oscillo-
scope a pulse of 200 microseconds is pro-
vided at the bexinning of the sweep.
Correction factors were included in the
original recordings so that charts and
graphs are not needed. Some of the
recordings have heen made, using the
National  Association of Broadeasters’
curve.

The Vertical Scale

To read the mmplitude frequeney re-
sponse directly in decibels a vertical scale
for any size oscilloscope ean be derived
from the formula 20 loz £, £, With the
marker pulses and the amplitude scale.
hoth qualitative and quantitative read-
ings can be made instantaneously of many
of the variables in audio systems, startinz
with entire studio transinission systetns,
recording and playback systems, through
individual pieces of equipment such as
amplifiers, transmission lines, reproduc-
ers. microphones, electrical filter net-
works, acoustical networks down to the
various components and parts used in
them.

B

Fig. 2

of audio apparatus.

The sweep frequency transeription cun
he used to loeate such phenomena ax har-
monice  distortion, amplitude distortion.
resonant  p e a k = intermodulation.
mechanteal distortion and transient re-
sponse. Being logarithmice, the higher
frequencies are swept at a nueh faster
rate. This shows the transient responsc
performance of the playback svstem at
the higher frequencies. By usinz an ex-
panded sweep of the oscilloscone eleat
detail can be obtained. With a Fizh qual-
ity plavback svstom. the transcrintion
can bhe utilized as a seeondary sweep {re-
queney generator of sufficient aceurney
for most laboratory measurements as well
as for production line inspeetion anl
testing.

For production testine, go and no-go
markers can be placed on the oscilloscope
permitting bigh-speed checkinz of com-
plete equipments and many cotiponents.
Operators may be readily trained to read
the oscillograms  with  aceuracy  and
speed.

The sweep frequency transeription as
an electronic aid and engineering tool is
simple in its analysex, Some of the typical
oscillograms are presented inFigs. o 12
inclusive.

Fig. 3

Fig. 1. An oscillogram of the pattern produced by the primary standard sweep frequency generator from which the sweep frequency transcrip-
tions have been made on both disk and film. The frequency variations are within 14 db. The marker pips are shown at one, three, five and
seven thousand cycles per second. Fig. 2. Calibration of the sweep frequency taken at the outside edge of a 12" record with constant velocity
Clarkstan Type RV wide-range pickup of known flat characteristics and without equalization. The logarithmic curve of the sttenustion of 6 db
per octave below 500 cps is indicated by the dotted curve. The fat response of both the record and pickup is shown bl the horizontal pat-
tern from 500 cps to 10 k. Bass equalization will bring the low frequencies in line. Fig. 3. This tepresents a crystal pickup reproducing the
sweep frequency 12 record, with equalization set for response as nearly flat as possible with simple r-c filters. Note the drop in response at
around 100 cps where the amplitude of the d sine wave is attenuated. Slight peaks are noticeable at 4,000 and 8,000 cps.
(Courtesy Allen B. DuMont Laboratories, Inc.)
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Fig. 4 Fig. 5 Fig. 6

Fig. 4. Considerable low frequency accentuation is noted at approximately 70 cps with attenuation beyond 150 cps, increasing with frequency
above 1,000 cycles. The *ransient shock excitation of the tuned circuits produces a dampened wave train or displacerment of the pattern repre-
sented by the horizontal S figure of the sweep. (Courtesy Allen BB. DuMont Laboratories, Inc.) Fig.5. Actual reproduction under same con-
ditions as shown in Fig. 2, but reproduced on the inside grooves of the 12 record. Note the attenuation of the high frequencies due largely
to the action of the soherical tip of the playback point whose radius is large in comparison to the wavelengths of the high frequencies. Fig. 6.
A variable reluctance type of pickup reproducing the sweep frequency at the inside of the record showing high freqmency bass, accompanied
by harmonic distortion betwezr 3,000 and 7,000 cps. The amplitude of the synchronizing pulse is attenuated also by the high frequency
attenuation to such an extent that it becomes difficult to hold synchronization on the oscilloscope. Note, also, that the polarity of the syn-
chronizing pulse should correspond with the synchronizing polarity of the oscilloscope.

1
' 1
4 ummr,]’"umm ;'

i & [l e
“u\“"l “,m Ifm{“ ,N'M

Fig. 7 Fig. 8 Fig. 9

Fig. 7. Reproduction undar the same conditions as Fig. 6 with the pattern expanded on the oscilloscope to analyze the harmonic distortion.
Note the complete 180° phase reversal of the harmonics in relation to the fundamental starting et the upper portion of the wave at 3,000 cps
and completing the reversal at 7,000 cps. The reproduction of the synchronizing pulse and the marker pip is distorted because there is no
low-frequency compensation for the magnetic reproducer. This may be seen as a displacement appearing immediately after the marker pulse.
Adequate low-frequency compensation will minimize this effect. Fig. 8. Photographic exposure at 1/10th second to show two sweeps. Note
the mechanical vibrat.on or rumble as shown between 3,000 and 7,000 cps by the displacement of the pattern.  (( ourtesy Allen B. DuMont
Laboratories, Inc.) Fig. 9. A universal type constant velocity pickup reproducing the sweep frequency, without any equalization on the out-
side grooves of a 12 record. This shows harmonic distortion starting at approximately 3,000 cos with a phase shift alternating as the pickup
goes through resonance around 6,000 cps. The distortion continues to 10,000 cps

Fig. 10 Fig. 11 Fig. 12

Fig. 10. Reproduction by means of a crystal pickup. A noisy point is evidenced by superimposed modulation of the low-frequency waves.

Courtesy Allen B. Dubont Laboratories, Inc.) Fig. 11. Reproduction by crystal pickup. This is an expanded view of a portion of the low and

high frequencies showing the transiznts initiated by the synchronizing pulse. Fig. 12. Reproduction by a constant velocity type pickup on the

outside grooves of a 12" record. Note the resonant peak of 4 db around 9,500 cps. The low frequencies are distorted by a high order of even

harmonics as evidenced by a sharp point and a triangular shape of the sine waves. Filtering or bass compensation will reduce this apparent
distortion due to the fact that the harmonics are attenuated in relationship to the fundamental.
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of the magnetic pickups and cart-

ridges bearing his name, presented a
paper on the space-charge-grid output
tube at a meeting of the New York section
of the Institute of Radio Kngineers held
in the Western Union auditorium on
Sept. 18,

While the investigation of this tube
was started in the early 30’s, the advent
of the beam power tube effectively over-
shadowed the space-charge tube, and it
was never introduced publicly. The desire
for the towest possible distortion caused

N()RMAX C. PICKERING, designer

put

the tubes to be resurrected, and further
mensurements have shown them to have
many advantages.  Triodes, of course,
have long been favored for low-distortion
amplifiers, but they are hard to drive
properly. Pentodes and bheam-power
tubes are easier to drive, but have in-
trinsically higher distortion. The tests on
the space-charge-grid tube show it to
combine the low distortion characteristics
of the triode with the easy-to-drive
characteristies of the heam power tube.
This tube has certain points of similar-
ity to the beam power tube in construe-

formance at

Advantages of

Describing new application of an old
principle—the space-charge-grid out-
tube achieves

triode per-
tetrode efficiency.

Norman C. Pickering pointing out the lines of equal poten-
tials within the structure of a triode, as compared to those in
the beam and space-charge tubes. The solid lines on the
chart represent conditions between the cathode at the left
side of each diagram, and the plate at the right when the con-
tro) grid is at zero-signal conditions. The dotted lines repre-
sent conditions at maximum positive swings of the control grid.

tion, using two grids aligned: in the same
manner. The spacing between cathode
and the space-charge grid is greater than
is customary with beam power types. The
low positive potential applied to the
space-charge grid causes. the cffective
cathode diameter to be increased appre-
ciably, and the tube is able to perform in
a manner similar to a triode without the
necessity for the control grid to he in
close proximity to a thermally heated
cathode, with its attendant disadvantages.

If an ordinary beam power tube were
connected as a space-charge tube, the cur-

Per cent harmonics vs. power output, and (right) power output and distortion vs. load resistance for a typical triode, a space-charge-grid tube,

and a beam power tetrode.
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pace—Charge—Grid Output Tubes

rent drawn by the space-charge grid
woulil be excessive, due to the close posi-
tioning with respect to the cathode. In
the experimental tubes, this was over-
come by mounting a pair of side rods
between the space-charge grid and the
eathode, and eonnecting these rods to the
control grid, thus shielding the spuce-
charge grid from the cathode in the areas
where the effect of the first grid is not
necessary. The voltage for the space-
charge grid is obtained from the plate
supply  through an unhypassed  series
dropping resistor, the absence of a hy-
pass capacitor causing some degenerative
action on the signal current. The tube is
not critical with respeet to load resistance.

A comparison between the space-charge
tube and the types now in use—triodes
und beam power tubes-—involved the con-
struction of three separate amplifiers,
using nearly identical eircuit arrange-
ments, the same output transformer, and
the same power supply. Nince the only
available space-charge tubes were rela-
tively small, the comparison wus made
between them, the 45 representing the
trindes, and the 6V6 representing the
beam power tubes.

Measurements of power output, and
intermodulation and harmonie distortion
were made on the three amplifiers, each
being arranged for optimum load impe-
dance, and the results indicated some
promise. In practically every test, the
space-charge tube was superior to the
others,

The space-charge tubes were ahout
twice as good as the triodes ut low values
of harmonie distortion, with the latter
being about 1 db better on the intermodu-
lation tests. The effective amplification of
low-mu triodes is naturally small, and
while the mu of the 6V6 is 230, the useful
gain, considering the high plate resistance
of the tubes and the low value of loud
required for optimum operation, is only
about 13.3. The space-charge tube with
a mu of 20 manages to afford u useful
gain of 16.6.

Damping Factor

The damping factor. a result of the
effective generator impedanee, varies con-
siderably with the tube types. The
impedance of the generator, as seen from
the load, is five times the load resistance
in the case of the heam power tube, 0.8
times the load resistance for the triode.
and 0.5 times for the space-charge tube.
Thix property makes for cleaner hass re-

sponse and the elimination of “hang-
over,” an effeet so objectionable with

pentodes and heam power tubes. One
additional advantage of the low effective
generator impedance is the prevention

of a voltage rise at high frequencies; with
the space-charge tuhes, there is less neces-
sity for the use of inverse feedback
While the plate-to-plate load for the
space-charge tubes was found to be higher
than for either the triodes or the beam

tubes, no more primary inductanee is re-
quired in the transformer, it being neces-
sary only to match the impedanee of the
loudspeaker properly by reducing the
secondury turns in the output trans-
[Continued on page 43)
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Ultrasonics in Solids

S. YOUNG WHITE*

More industrial applications of ultrasonics.

S WE LOOK over fields of possible

application  of ultrasonics, every so

often we come acros= an application
where several characteristies of this form
of energy flow together naturally to give
us an especially attractive picture,

In solids, we meet this situation in two
ficlds—one of considerable personal in-
terest to most of us-—-the possible applica-
tion to engraving to give us painless
dentistry; the other in the great field of
metallurgy in general.

Let us ignore the subject of tooth ex-
traction, where we have nothing to offer,
and examine the normal work done on
the teeth as a problem in low-speed
engraving,

We are all familiar with the vibrating
hand tool that is widely used in handi-
craft work at home. It is merely a 60-
eyele magnetie device of limited power,
having a chuck in which we ean insert
phonograph needles and similar engrav-
ing tools. 1t is quite noisy, of course, but
it does a special job in a special way
sufficiently well that n.any are in use.

Grinding Tool

The basic dental tool is a rotary hurr of
various numbers of teeth, It removes
material mther quickly on oceasion, tak-
ing a relatively Lurge bite per tooth on the
burr. Every time a cutting tooth does its
work, we receive a Llow on the jawhone.
The frequency ix, of course, the number of
teeth times the revolutions per second—
not rp.ne I we are revving up 6,000
r.p.m., that is only 100 r.ps,, and if there
are ten teeth on the burr the frequency is
1.000 eveles,

Soowe have a powerful  1,000-cyele
sound or  vilaation  generator  solidly
coupled to the jaw through the anchorage
of the solid tooth. Thence it travels with-
out loss to the cocllea or inner ear, and
gives a very unpleasant sensation to many
people, including, definitely, the writer.
There ix also some sound from the chuck-
driving mect anisim which comes into the
mner car through normal air conduction,
The tool ulso develops some heat in cut-
ting. and Leing rotarv, cannot well be
water-cooled.

There would be little advantage in
emploving the 60-cyvele vibrating tool for
thix work, as it is quite as noisv. But we
can definitely hope to drive a reciprocat-
ing tool at ultrasonic frequency. .\ quick
experiment made sore thne ago indicated
that there ix no way to tell if the tool is
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turned on or not, since there i no detect-
able noise or vibration when operating at
24 ke. A groove was cut in very gooml
hakelite. The particles removed were =o
small they floated i air, showing they
were of colloidal dimensions, The amount
of material removed per blow is very
small indeed, and if you progress in the
groove at the rate of say half an inch per
second, you have 30,000 tool marks per
inch, which even under the microscope is
a dead smooth surface,

As was to be expected, the best cutting
rate was with a very light pressure. The
tool was resonant, and had to be free to
oscillate over quite a range without
engaging the work. in order to build up
resonant amplitude. It then struck only
at the extreme end of travel, giving a high
aeceleration shock to the material which
dislodged a particle only a few millionths
of an inch in cubie dimensions, Xince we
were removing 24,000 of these per second,
however, the material removed per second
was a conunercial amount, at least for
fine engraving,

A\ sharp chisel point driven at ultra-
sonie frequencies will eut only resistant
material. If vou jam it in your flesh, for
instance, the flesh just rides along with the
blow, and no cutting takes place,

[t wus noted by some that when =uch a
sharp 2t-ke chisel was firmly pressed into
the flesh, a deadening of nerve response
was observable, extending about a half-
inch around the point of application.
Thix anesthetice effect <hould be enhanced
in dental work, since the vibration would
be well coupled to the pulp center of the
tooth,

Precautions

In applying ultrasonic energy to flesh
some caution must be exereised if vou
have a very high power source. With a
density of about 30 watts to the square
centimeter the energy is rapidly dissi-
pated in a comparatively fow lavers of
cell= of the skin, and they are quickly
carbonized by erepitation on each other,
The first time you try this vou imme-
diately feel you have a cure for surface
caneer, ax you can destroy cells so quickly
and painlessly that vou feel the cancer
cells will be carbonized hefore they ean
migrate into the blood stream.

Unfortunately, the next duy yvou have a
subcutaneous rash for an inch or so
around the place you treated. In another
day or =0 this disappears and no complica-

tions ensue. and there is no pain. But the
rash is due to the fact that there are
enormous numbers of capillary veins in
the healthy tlesh, of all lengths, alone and
incombination with others, Consequently,
whatever frequencey you choose to apply
vou will resonate o considerable number
of them, set up very high intensity stand-
ing waves, and the eapillaries will rupture.
This is a dangerous thing to do in the
presence of wild cells, as there is an ideal
opportunity for them to migrate into the
blood stream, and vou have a dozen
ancers instead of one. In the dental
application we would be much below thix
power density. of course.

The dental tool assembly would inelude
a power generator in a box, possibly hang-
ing from the ceiling, delivering the power
into a flexible tube filled with some
“stiff” (non-compressible) liquid sueh as
carbon tetrachloride.  This would termi-
nate at the lower end in a resonant
diaphragzm with a very well-made chuck
for the tools. There would be some diffi-
culty in engraving the back of a rear
tooth, as wave transmission in a fish-
hook-shaped tool might not he too good.
To compensate we would have the ad-
vantage that the dentist could do very
artistic work on the front teeth, where it
is most important.

Ro ultrasonie dentistry seems to offer
complete absence of either noise or vibra-
tion, a very lght pressure, some anes-
thesia, no cutting of the pulp if the
dentist misealeulates and tries to work in
the =oft material or gum tissue, and since
the tool is non-rotarv, we can probably
water-cool it to take away the heat de-
veloped by the eutting action.

FFrom the dentist’s point of view, we
would offer him a non-vibrating noiseless
tool that would give smooth precision
cuts, especially in front teeth where fine
workmanship is most needed.

Silent Riveting

This applieation leads naturally to the
idea of “silent riveting” at high power.
Here we must stress the metal bevond
its elastie limit, and probably 5 or 10 kw
would be necessary. [lowever, the riveter
would not have to add his hody weight to
the tool, since at 25 ke the reaction of a
twenty-pound  tool would be almost
infinite, <o his job would be lighter, and
the ears of the neighbors would not suffer
at all.

The transmiss<ion of ultrasonic energy
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through homogeneous solids is often very
good. Some of you will have the appara-
tus to try this experiment. Tuke a low-
frequency radio receiver, such as are sald
surplus for 850 (RAK-5) and ture as low
as 15 ke. ‘They often give a goad signal
on one mierovolt, and since thev are
tuned r.f. they have little spurious re-
sponse. Take a small Rochelle salt
erystal, such as comes in a phono-pickup.
Now tuke un ordinary wristwateh and
lay it on some cotton batting or other
loose material, to act us a shock-excited
oscillator of ultrasonic energy. Using any
convenient wire (for instance. bare
number 18 eopper), support one end in
light contaet with the Rochelle erystal,
whieh vou couneet to the input of the
receiver. Lightly touch the other end of
the wire to the center of the watceh glass.
You will hear the wateh ticking up to
about u quarter megueyele. At 50 ke you
can hear the wateh through hundreds of
feet of wire strung loosely around the
room. It is certainly surprising that the
wateh movement has enough high-fre-
queney component to be heard at all,
much less through a hundred feet of wire
by sound transmission through it. And
the pass band of the receiver is only about
I ke wide at 50 ke.

Heating Effects

When the solid is in the form of powder
the attenuation is usually very high. as it
consists of a series of houndary lavers
with  poor mechanical coupling  from

particle to particle. Since high attenua-
tion oceurs, the energy must appear as
heat. so in materials of this natinre we
will have a heating effect similar to elec-
trostatic heating. 1f the path is not too
long, as for instance a "“biscuit” of mold-
ing powder, the purticles will be rubbed
on each other =0 that the heat will appeur
uniformly through the mass. This may
be of consideruble commercial importance
in molding, since we can seldom hold the
piece in the mold long enough to
thoroughly polymerize it in the center of
the biscuit, as it would tie up the press
too long for it to be economicul. We may
have a nice competitive position if we can
derive our energy {rom steam as a power
source, as it ix cheaper than r-f power.
We should alzo not worry about the “low
loss” characteristic of polystyvrene which
makes it so diflicult to heat with r-f di-
electrie heating.

Sinee we have reflection from houndar
layers that would produce local heat. we
may find we can selectively heat glue
layers in wood,

Metallurgy

In the metullurgical field there are
several effects of ultrasonics, and appar-
ently all are good. Practically all metals
start their commercial life in liquid form.
As thev cool, nascent erystals begin to
form at eenter separations governed by
laws that we do not fully understanil.
These grow individually, and as they
grow they push slag and gas ahead of

Ultrasonic test equipment setup.
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them. When they meet, there is a little
pocket of gas and slag at the edges of the
crystals, and there are often a few mole-
cules there which are unable to make up
their minds which ervstal lattice they
helong to. Thus no metal has ever de-
veloped its full potential strength or den-
sity. .An exeess of gas also will appear as
a bubble in a casting. This explanation
is a very simplified one, hut is substan-
tially correct.

The Germans have done considerable
work with the simple metals zinc and
alumiinum. There is apparently no litera-
ture on the ferrous metals, which are
much more complex.

The first effect noted is that as the
erystuls are forming thev can be broken
up into many smaller crystals, hecause of
the tremendous aceelerations we can
apply to them. Many alloving materials
are used in metallurgy to merely mini-
mize erystal size. Apparently we can
accoinplish the suime object by aceelera-
tion alone. It is also inherent in accelera-
tion that u large object will have more
foree developed in it than a small object,
so if we have an exceptionally large
crystal it will definitely be reduced to size,
thus giving great uniformity of product.

The second effect was noted as the
complete de-gassing of the melt. Appar-
ently they attempted to cast aluminum
with gas pockets in it, by too rapid chill-
ing, for instance, and thev were unsue-
cessful. So apparently we can make fine
grain castings without danger of bubbles.
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The third effect was that density and
tensile strength were greatly increased.
There was no gas pocket at the corner of
the crystal, and it is possible the slag or
other solid impurity was spread into a
thin filin instead of remaining in one con-
centration.

The fourth effect was the melt solidified
niore quickly. This is rather unexpected,
as in applyving ultrasonic energy vou are
adding heat. Note we do not say the
melt cooled more quickly.

Cast Metals

There s some effort in industry now to
apply forces to metals while being cast,
as, for instance, centrifugal casting, This
has been a great aid in producing dense
castings without bubbles, and with very
fine detail, but the forces involved are
very small compared to the enormous
“G7 values we ean attain by ultrasonies.

This field is of enormous importance.
For small batches, useful work can be
done with a erystal putting out about 100
watts, since you need only to test pieces
to check hardness. ductility, tensile and
the like. For the low melting point metals
and allovs a ceramic boat in a controlled
atmosphere iz about all that is needed.
Quartz has a high and sharp Curie point
at above 1000 degrees F., so you ean
bring the eryvstal pretty close and join it
with a resonant rod. probably of titanium
oxide ceramic, or beryilium ceramic. The
shape of the boat and the point of appli-
cation of the energy must be designed so
that vou have a very confused field pat-
tern in the melt, otherwise you are
operating with standing waves, and will

Fig. 1. Side view of centrifugal pump.

hiave areas a half wave apart that are
inaetive. At this power it is very diffieult
to frequency modulate the crystal enough
to thoroughly cancel the pattern.

With a simple set-up you can try all the
known mixes, and make many that are
normally impossible, such as stable mixes
of lead and aluminum, by the emulsifying
action of ultrasonic acceleration.

The British did some work on dura-
lumin welds, and found complete de-
gassing and improved uniformity and
strength. They also found an amorphous
form of dural developed that had great
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strength. 'This is an application of great
promise, but also great difficulty in apply-
ing the energy to the molten and semi-
molten metal of the weld.

A rough approximation shows we prob-
ably need about one to two kw of power
per hundred pounds of casting. For large
castings we should have to have several
places to apply the power to insure com-
plete coverage, but it is common practice
to have several pouring points in such
castings anyhow. The “bullet” method
discussed in the last article offers great
advantages in this application.

A\ hundred-pound casting would prob-
ably need a half-hour application, and if
we obtain our energy from steam we can
figure a cent per kw hr., so the power cost
would be about two cents. This is cer-
tainly reasonable.

We should also keep in mind that we
have another opportunity to apply ac-
celeration while the metal is being heat

Fig. 2A. Centrifugal generator and, Fig. 2B,
how the stream gives ur its energy in its
n

own thickness.

treated and re-erystallized. It is not so
easy to visualize the effects here, but we
should obtain rapid aging and stabilizing
actions.

There is some hope of overcoming a
difficulty in plastic lenses by this power.
The writer has been informed that such
lenses can be made to aceurate dimen-
sions, and the cold flow problem reason-
ably solved, but there is no way to stress
relieve the lens after it is made. 1t is pos-
sible that by warming the lens and
applying some large values of acceleration
the molecules will rearrange themselves
to relieve the stress.

Given the general premise that any
inelt that solidifies can well repay the
effort in trying ultrasonics on it, we find
an absolutely unlimited field of applica-
tion. Chocolate could undoubtedly be
homogenized. Rubber is such a queer
material itself that the imagination is
staggered to visualize what would happen
in various cases, but some of the effects
are bound to be commereial. CGlass is
another odd material that would repay
some study,

The Germans have shown that very
small and uniform metallic powders can

be produced by hammering a stainless
steel plate on which the metal is being
plateldd. A= soon as a micron of metal i<
plated on, it is knocked off,

A similar but reverse effect was noted
by the Irench metallurgist, Mahoux. He
plated ordinary chrome on steel, and of
course had a very sharp boundary layer
between the two metals, This is why
chrome allows rust to form on vour auto
bumper. By hammering for some time
with ultrasonies he noted a dispersion
layer formed between the chrome and the
steel. This promises much greater adhe-
sion and rustproofing action. It is useless
to build up a layer of chrome on a die-
easting die, as it will strip off under the
high stresses and temperatures encoun-
tered in this service. This may possibly
be the answer, and may have great
promise for other platings as well.
Welding

A standard experiment with a erystal
generator s to exeite a flat-bottomed
flaxk of glass dipped into the oil over the
erystal. If you draw the neck of the flask
to a point, there will (be great energy
density at the point. You can now rest a
sheet of glass on this glass point, and the
glass point will drill into the glass sheet
held against it. Little balls of melted
glass will be thrown off in the process, as
the loeally generated heat is quite high.

This suggests that by suitable choice of
materials, vou will either have a con-
trolled drilling action when you use a
material for the point that i= much harder
and heat resistant than the sheet you
wish to drill; or if both materials have
similar hardness and melting point, that
they will weld.

Sinee it s not necessarv that either
element conduct clectricity, one or both
could be glass or other non-conductor.
For instance, in making vacuum tubes
vou may wish to support some structure
by locally welding a wire to the glass,
Ultrasonic welding would lend itself most
readily to very small parts that need to
be welded.

Very High Power Generator

In looking around for high-power ultra-
sonic zenerating means, let us review the
“bhuliet”” type generator described in the
last article. It brought out the point that
the generator itself does not have to be an
oscillator. .\ magnetostriction rod actu-
ally oscillates through a range of motion,
and is capable in effect of pulling as well
as pushing. Actually the pulling effect is
hard to use effectively, as the load, if
liquid for example, is then driven into the
end of the rod only by the static head of
the water, which is very small in most
cases in comparison to the tremendous
acceleration force the rod develops in
pushing. Of course, if the load has stand-
ing waves properly phased the water will
also be driven against the rod end by that
pressure.

[Continued on page 41]
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MUSICAL ACOUSTICS

BENJAMIN F. TILLSON*
PART V

oceurs because the room in which a
program is reproduced does not have
the same acoustic properties asx that in
which it originates. If listeners all wore
hieadphones instead of listening to loud-
speakers this difficulty could he elimi-
nated. providing the headphones gave
the same frequency range and fidelity.
However, that is not and will not be the
case because of the discomfort it entails.
The acoustic properties of a room are
expressed in the arbitrary unit of rever-
beration time. Reverberation means the
overlapping and merging of reflected
sounds (echoes). The latter lose ampli-
tude, therefore energy and power, hoth
hecause of imperfect reflection from the
various forms and materials of surfaces,
and also from the viscous resistance of the
tran=mitting medium (air). Both convert
sound energy into heat losses,  See Figs.
1, 2 and 3,

A LACK OF NATURALNESS ALSO

Reverberation Time

The reverberation time is assumed as
that required for a 60-db decrease in the
intensity of the sound of a 512-cyele ‘see.
note; but it will not remain the =ame for
other frequencies. A 1,000 evele note
takes about 57 less time, and higher
frequencies are more readily absorbed.
Nee Fig. .

The curves are drawn throagh the
absorption coefficients, taken from the
25th edition of the landbook of Chemistry
and Physics of The Chemical Rubber
Pub. Co.. of a few commercial acoustic
materials at the tone frequencies of 128,
256, 512, 1024, 2,048, and 4,096 vibra-
tions per second, They show a consider-
able variation in values and. for the most
part, no continuing increase with higher
frequeney.

*('onsulting Engineer, Montclair, \"..J.
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This is the fifth of a series of articles on music

theory, written especially for sound engineers.

Large vooms have larger reverberation
times than similar small rooms, for a
sound wave is refleeted more times per
second in the latter and so is ahsorbed
more quickly by reflecting surfaces. An
open window gives a total loss so is rated
as unity amongst the coefficients  of
absorption losses of reflecting surfaces
(which cozfficients vary from 0.02 for a
brick or plastered wall to 0.84 for triple
Celotex). But persons and seats in an
auditorium, especially where the seats
are upholstered, absorb much  sound.
Seat= alone may give 400 of absorption
and a capacity audience may increase
absorption 50€g of the empty absorption.

Fig. 2. Logarithmic plot of growth and decay
(growth in 1 second, constant 2 seconds, decay
in 5 seconds.)

[t mizht be thought that acoustic mate-
rials should be chosen so as to make the
reverberation time of the room the same
for all frequencies. But W, A. MaeNair
proposes that such is not the case, and
that results are best when the loudness at
all frequencies decays at the same rate,
Then the time of reverberation must he
greater at low frequencies than at high.

If low and high pitch tones have equal
lowdness the low piteh has a lower sensa-
tion level and its loudness decreases more
rapidly as the sensation levels of hoth
tones deerease at the same rate,

Thus, if the loudness of both tones is to
decrease at a same rate the sensation of
the lower must decrease more slowly than
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the high tone.  To  accomplish  this
MaeNair proposed  that the desirable
characteristies of an acoustic material
would show a variation of absorption co-
efficients as in Fig, 5.

Echo Effects

licho effects can be avoided by properly
shaped  surfaces, avoidance of domed
ceilings to focus sounds, the applieation
of absorbent materials to surfaces, the
hanging of drapes, the splaying of the side
walls, and the lmitation of flat ceilings
to a height of 37 feet. Then, at a veloeity
of 1120 feet per second, the reflected
sound would reach the awditor 1/15th
second luter than the direct sound and
would merge with it. But if ceilings were
40 feet high, the reflected sound would
arrive 1'I4th second after the direct and
an echo could be detected.

The reverberation times, in seconds,
for the large svimphony halls with eapacity
audiences vary as follows: Boston 1.93:
Chicago 1.90; Detroit 1.44; New York
(Carnegie) 1.75; Philadelphia 1.76. The
effect of audiences is shown by observa-
tions in the Chicago Auditorium: empty
2.93; 1 3rd full 2,51; 2/3eds full 2,19; and
with maximum audience of 3,600 persons
L90 seconds. If the decay of sound is
60 db in 2 seconds it is 90 b in 3 seconds,
The reverberation time in a dwelling
room may be about 0.6 to 0.9 seconds.

Some authorities declare that eclio
oceurs when the reflected sound occurs
1/17th second after the direct sound
(from a surface 33 feet away), and that
reflections  are troublesome when de-
layed 1/20th second, or from a surface
28 feet away,

Where a broadeast program is to give
a natural, intimate appeal the reverbera-
tion time of the studio should not exceed
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that of the home: and obviously it eannot
offer a show to an attendant andience
because too large a room is then required.
President  I'. D). Roosevelt’s fireside
addresses attained that intimate appeal
because they were delivered from a room
about equivalent in reverberation time
to those where they were received by
radio.
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Fig. 4. Various acoustic absorbents.

No the broadeast studios should be
chosen in size for the type of the per-
formance, Those of the British Broad-
casting Company vary from a volume of
125,000 cubie feet, height of 31 feet, and
reverberation time of 1.70 seconds for
orchestras, down to a volume of 1,500
cul ie feet, height of 8 feet, and reverbera-
tion time of 0.28 seconds for talks.

The reverberation time for speech
should he lower than that for musie, so
that speech articulation will be enhanced.
A certain amount of reverberative blend-
ing of musical =ounds is plensing, if there
are no echoes. See [7igs. 3 and 6.

Calculating Reverberation Time

If smooth, hard plaster walls reflect
97 of a =ound whose veloeity in air is
1120 feet per sccond, and if the walls
are 2% feet away (a mean free path of 56
feet), there will he 20 reflections per
sccond. At an absorption coeflicient of
0.03 there will Te 977 of the energy re-
flected eacl time. Thercfore, to reduce
the intensity 60 «b the number of reflee-
tions “n”" which will represent the ex-
ponent of the fraction of sound reflected
cach time.  Accordingly, 097" equals
0.000001 or # log 0.97 equals log 0.000001 ;
n equals 6.00000-10. divided by (9.98677-
100). Therefore the log of n equals the log
(6.00000-10)-—log (9.013228-10.) equals
265667; n equals the number whose
logarithm is 2.656647. or n equals $53.57.

Therefore, at 20 reflections per second
the number of seconds to decay 60 dh
is 433.57 divided by 20 or equals 22.68
seconds.

Similarly, if the coeflicient were 0.95
then n equals 269.36 and the reverbera-
tion time is 13.47 seconds; while if the
coefficient were (.50 then » cquals 19.93

26

and the reverberation time equals 0.996
seconds. Nuch a satisfactory reverbera-
tion time as one second is quite possible
by the use of drapes and other sound
absorbing materials.

The actual time of reverberation (T;)
i= a complieated exponential formula
which can be simplified as follows by
assuming a sound veloeity of 1120 feet
per second: T; equals 0.05 V' divided by
-N loge (1-a) where N equals the total
interior area of the room in square feet;
V' equals the volume of the room in
cubie feet: (a) is the average absorption
coefficient of the room: and loge is the
Naperian or Natural logarithm which
may be converted to the common loga-
rithin of base 10 by multiplying the
former by 0.43429. P equals acoustic
power (or sound energy emitted per
second.)

This formula is a simplification  of
lovring's revision of Jager's formula of
“decay,”” shown in Fig. 1. Jager had re-
vised Sabine's formula, leaving out the
length of path which the sound traveled,
=0 the viscosity of transmitting medium
does not appear in the formulas most
generally used.
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Fig. 5. Proposed absorptive characteristic
(MacNair).

In order to get better agreement with
experimental values under conditions of
great sound absorption, Eyring substi-
tuted for the alpha in the exponent of ¢
the logarithm to the base **e” of the quan-
tity (one minus alpha). In the above-
mentioned simplification [ have used »a™
to represent alpha.

The relationskip between  the  cor-
responding values of alpha and the quan-
tity expressedd by minus the logarithm,
base e, of one minus alpha is shown in
Fig. 7.

When e equals 1120 ft. per see., and
Ip equals 1, times 10, according to the
definition  of reverberation  time,  the
ahove-mentioned simplified formula re-
sults from =ulstitutions of such values.

But no completely accurate formula is
in vogue for sound absorption. llowever.
architectural needs seem to he served
reasonably well by those [ have given.
The errors in determination of coefhicients
seem equally great as the errors involved
in the formula itself.

Furthermore, the energy of the source
of sound should he adapted to the size
of the room. It should vary for different
rooms according to the squares of the
cube roots of their volumes.

Articulation

Clarity of speech understanding de-
pends upon transients as well as the lack
of reverberation.

The frequency-energy distribution of
speech is: below 3,000 cyeles 1000 be-
low 33500 eyeles 959 below 2000 eycles
9095 ; below 1000 eveles »3%; below
500 eveles 609, .

But the understanding of the vowel-
consonant combinations in speech, that
is articulation, ranks at a lower level
probably beeause of some of the high
frequencies in  transients: below H000
eveles 9200 below 3500 eveles 859 he-
low 3000 eveles 83697 ; below 2000 cyveles
76, below 1300 eyveles 6397 below
1000 cveles 400; 2 below 500 eveles 5.

However, articulation is good when the
lowest frequencies are absent, as the fol-
lowing shows: above 3500 cveles 3¢
above 3000 ¢yeles 96 : above 2500 cycles
199 5 above 2000 eveles 399 ; above 1500
eycles 6997; above 1000 cyeles 859 :
above 500 cyeles Y6%.

The ratings of articulation percentages
indicate the understandability of speech
but not its naturalness. The latter re-
quires a greater range of frequencies, and
its lack probably promotes psvchologieal
fatiguc.

Overload

A prolific source of distortion is the
overloading of electro-mechanical means
of recording, amplifieation, and reproduc-
tion, beeause then there is deviation from
the straight line proportionality of re-
sponse to stimulus.

An overlonding of sound volume in-
volves amplitude distortion which is de-
tectable at 3¢ to 5%, and ix very
noticeable at 100, The odd harmonies
are more troublesome than the even ones
beeause of the dissonance they engender;
and the amount of permissible distortion
becomes less as a wider frequency range is
reproduced.

We will remember that if sound is re-
produced at a lower intensity the lower
frequencies are relatively weaker and
have less tendeney to mask the higher
frequencies,  Both effects are in the
same  direction =0 frequeney  response
must be direetly  varied with volume
level. This is the reason for a “tone-
compensated” volume control in some
radio receivers and phonographs to ob-
tain a higher quality of reproduction.

To avoid the overloading of an elec-
trical reproducing <vstem the relative
intensity of the loudest passages of music
i= reduced, but the intensity of the weak-
ext passage must be sufficient to be heard
above the background noise. This form
of distortion i< one to which music-lovers
are very sensitive. But it ean be remedied
to a degree by automatic volume expan-
sion, wherein the output of the amplifier
has a portion split off and rectified to
d.c. so that the d-¢ output voltage is pro-
portional to the average amplitude of the
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output during a small fraction of a second.
It is then used to control the gain of a
second-stage amplifier so that its ampli-
fication increases during the loud pas-
sages and decreases during the soft ones.

The volume compressor cireuit en-
ploved in recording increases the ampli-
tude of the second stage when the recti-
fied split from the first stage is smaller,
and decreases when it is larger. But this
upsets the halance of high- and low-
frequency harmounies in complex tones.

The exact phase relations hetween har-
monie components wre immaterial unless
the phase =hift is great enough to produce
an appreciable time-deluy  distortion,
such as 0.1 of a second. A\ variation of
plus or minus 180° in the phase of the
‘arious harmonies with respect to ewch
other is not detectable by the ear. For
the ear Las been trained since infuncy
to aceept many forms of distortion, such
as sound power variations in small rooms
that result, from changes in position, or
changes in frequency hecause of inter-
ference eflects between standing wave
trains.

Sound Volume Problems in Broadcast
Reception

The prablem of recording, broadeast-
ing, and reproducing in homes the full
sound power of the original performances
hecoines more wpparent with the realiza-
tion of its various factors.

To fairly represent music, speech, or
usual noises the runge of frequencies

MUUIY RINVINNCERING ULITUDEK, 1Y4/

should he from 40 or 60 cveles to 14,000
or 13,000 cycles: and the acoustic power
range ahove the threshold of learing
should he from 0 to 70 deeibels without
distortion.

If the volume and power of sound
aceeptable out-of-doors were transmitted
to & room in a howme it would be displeas-
ing. This is so because the loudness of
sound us perceived by the ear depends not
ouly upon the characteristics of the
source but also upon the peculiarities of
the surroundings where received: the
oo size and shape; the aterials of
construction and the shape and finish
of swifaces; the furnishings, ineluding
audience, and the position of the repro-
ducing source with respect to the sur-
faces of the room and the listener.

If a reproducing svstem were capable
of emitting equal sound power for con-
stant input at all frequencies from 30 to
15,000 cyeles the results would still be
unsatisfactory in the average room of
moderate dimensions, and certainly not
comparable to attendance at an orches-
tral concert.

Sound 1s reflected from the surfaces of
the room und it builds up an intensity far
exceeding that in the open air, or in o
room acoustically “dead.” The meun
absorption coeflicient increases with 2
rise in frequency, consequently the low
tones build up to a greater intensity than
the high tones.

When listening to complex sounds.
since tle tones (particularly those of

Studio 3A at broadcast station WNBC.
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lower frequency) tend to mask each
other, it follows that the tone of a
musical instrument when played alone is
different from that heard in orchestral
work.

If all tones helow 1000 eyeles are sup-
pressed the ensuing sound causes aural
irritation, although the power associated
with the upper register is relatively small.
The masking effect of the low toues is
pleasing; and high piteh tones may mask
weik tones of moderate piteh.

Tone Masking

In 1876 A. A. Mayver stated that low
piteh sounds completely masked ones of
higher pitch, but that the higher will not
mask the lower. This does not hold true
where the higher are too fur removed in
piteh. and the low piteh have a very high
intensity. Also the high pitel can mask
the low if their frequencies are nearly the
same, and the “beats” are noticeable.

The explanation of masking may be
the non-linear response of the ear which
offers to the inner ear subjective har-
monies that excite the nerve terminals
which would otherwise have received the
high tones. On the other hand. the higher
tones ean produce a nerve stimulation
only in the region near their maximum
response.

The sound heard in the second ear
must have an intensity 50 db higher than
that in the first ear, thus allowing for the
loss in the hone conduction of the sound,
hefore it forms subjective tones in the
first eur.
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Pulse

A new

NEW communications teehnique for
A long-distanee  telephone  transmis-

sion  was given its first  publie
demonstration Oet, 1st by engincers of
Bell Telephone Laboratories where the
new art is under development.,

Known as PPCM, an abbreviation for
pulse code modulation, the new technique
is entirely different from earlier forms of
pulse modulation and promises marked
freedom from noise and interference.

A special demonstration program iltus-
trating the remarkably clear transmission
which  the new svstem  affords  was
brought over telephone lines from the
Bell Telephone  Laboratories  research
buildings at Murray I1ll. N. J.. where
the equipment is installed, to the audi-
torium  of the Ingineering Societies
Building, 29 West 39th Street, New
York City.

There. at a meeting of the New York
Section of the Institute of Radio Ingi-
neers, several hundred engineers heard
the program and an explanation of the
new technique. Both speech and music
were sent over the new system and repro-
duced through loudspeakers in the
auditorium,

The new technique is expected to find
use on broadband transmission hook-ups,
including microwave radio relay systems,

Code Modulation

method of multi-channel voice transmission

R. W. Sears of Bell Labs. holding a special
tube which he developed for pulse code
modulation transmission.

such as that now heing installed to link
New York and Boston. Basically it is a
method of transmitting the human voice
by various patterns or codes of electrical
impulses.

A new vacuum tube which electroni-
cally converts the human voice into these
patterns or codes was also displayed for
the first time at the meeting. In a 96-
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channel  kiboratory  model now  under
development,  such  Bell  Laboratories
tubes will handle code signals at speed
of 5,376,000 pulses per second,

Although the new system is expected
to be used primarily as an adjunet to the
telephone network, it ean also be used to
transmit radio programs, picturex, and
teletypewriter signals,

The demonstration was given by 1. AL
Meacham and Lugene DPeterson of the
tecknical staff of Bell Telephone Labora-
tories, both of whom have been active in
the development of the system. The cod-
ing tube was described by R, W, Sears.
also of the Laboratories technical staff,
who designed and developed it for use in
the svstem.

The new method overcomes one of the
difficulties of lkong-distance radio systenis,
namely. the building up of noise with
each of the many amplifications needed
for a long-distanee radio hook-up. With
PCM. special amplifiers reconstruct the
signal code  during each amplification.
Thus. no matter how many amplifiers are
used, the PCM signal ix received with its
original quality.

Pulse modulation, or sanipling, trans-
mission in general is expected to be used
on broadband communications systems

[Continued on pagels3)
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NAB Recording Standards Meeting

Broadeasters’ (Committee on Re-

cording and  Reprodueing  Stand-
ardg, quieseent since 1942, met in Atlantic
City on September 16 to reorganize for
postwar activity. It will be recalled that
this Committee, originally organized in
1941, had by 1942 adopted sixteen indus-
try-wide standards for dise recording.

THIC NATIONAL ASSOCIATION of

In response to industry requests Royal
V. Howard, NADB Director of Lngineer-
ing, ealled for a reorganization meeting,
held during the NAB Convention. About
fifty attended, including a number of
foreign delegates to the 1'T.C. meetings.
R. M. Morris, Chairman of the Iixecutive
C'ommittee before the war, agreed to re-
main active long enough to reorganize
the executive and sub-committees. This
reorganization was necessitated by the
fact that many company representatives
had shifted to non-recording work in the
postwar era and were no longer available
for committee work,

Mr. A F. Barratt of the BBC diseussed
the results of a meeting of British mag-
netic recorder manufacturers and the
BBC engineers last May. These pre-
limizary standards are tied to those of the
Cenran magnetoplion, because of the
number of sueh machines already in use
on the Continent. e gave details,
which were as follows:

Tape width=0.245" + 005", — 0007

Tape thickness, coated =.002" +.0001”

Tape stretch = 1OS to 1.27% at 250

grams load

Tupe output variation =not over +3db

on any one spool or group of spools

Spools = center hoss of 47 minimum

diameter, with one flange, is
recommended. The magneto-
phon  spool, with no  side
plates, is not satisfactory.

Tape speed =77 cm per second

Speed constaney + .5C over long

period
= + .1% instantaneous
vuriation

Rewind time =215 minutes, for 2I-

minute spool

The Committee voted to have Mr.
Morris organize a new subcommittee, on
tape standards.

There was some discussion of dise
standards adopted in 1942, Mr. Barratt
suid that the NAB pre-cmphasis charae-
teristic was more extreme than the BBC

could use with its present equipment, for
the tendency to overload on Ligher fre-
quencies was too great. They use a curve
with 10 to 12 db rise at 8000 exeles,

Mr, Theodore W. Lindenberg felt that
Judging from the sound of present tran-
seriptions, 100-microsecond pre-emphasis
was too mueh, and tracking distortion
was exeessive, Mr. Miller saidt that 35 to
10 mierosecond pre-emphasis had been
tried, and found good. Perhaps NADB
pre-emphasis was set too high; it might
be preferable to reduce it, with a resultant
inerease in surface noise of perhaps 2 db.
Two db more surface noise was negligible,
beside the benefit from the resulting re-
duction in tracking distortion. ‘There
was consideruble discussion of 50, 75, and
100 microsecond  pre-emphasis - values,
and of the resulting cost if each station
had to purchase a new equalizer. Mr.
Lawrence Ruddell =uid that the cost
would be of negligible importance if better
results could  thereby be secured.  He
would favor the change if significant
intprovement could be shown,

Mr, €. €. Rieskind =aid that he was
using the same crossover frequency for
phonograph records as speeified in the
NAB characteristic. A recent conference
of visiting [<M1I engincers with a group of
leading American commercial recording
studios had shown crossovers ranging
from 250 to 600 cyeles in use in this
country. A single crossover for all phono-
graph records would give the stations
much more uniform reproduction.

Considering all these remarks. the Com-
mittee decided to study both 78 and
33 1,3 rpm recording  characteristics.
Mr, Hloward hoped that the subeommit-
tees could get their work done in time for
a full Committee meeting at the IR
Midwinter Meeting in March, 1048,

The meeting then adjourned.

Members Participating

Members participating in the Record-
ing and Reprodueing Standards Com-
mittee meeting were: ¥, L. Allman, Presi-
dent and General Manager, Radio Station
WRVA, Harrsonburg, Va.; L. J. Ander-
son, RCA, Camden, N, J.; Ross Beville,
Chief Lingineer, Radio Station WWDC,
Washington, D, C.; Warren L. Braum,
Chief Engineer, Radio Station W=V,
Harrizonburg, Va.; Daken K. Broadhead,
Manager, Allied Record Manufacturing

Company, Hollvwood, California; W, J.
Brown, Bell ‘Telephone Laboratories,
New York City: J. H. Capp, General
Electric Company, Syvracuse, New York;
E. P. Carter, Pomsettia Company, Pit-
man, N. J.: Robert .J. Coar, Coordinator,

Joint  Senate and  House  Recording,
Waslington, D, C.: John D, Colvin,
Audio  Facilities Fngineer, American

Broa-deasting Company, New York Clity;
A, N. Curtiss, RCA, Camden, N, J.:
W. H. Dency. Jr., Staff Engineer, Amer-
lean Standards Association, New York
City: O, B, Hanson, Vice-President and
Chief  Engineer, National Broadeasting
Company, New York City: Fred de
Jaager, FEmpire Broadeasting Corpora-
tion, New York City: €. ML Jansky, Jr.,
Junsky & Bailey., Washington, D, C.;
J. G. Lawrence, Radio Division, Western
Ideetrie, New York City: €, J, LeBel,
Vice-President. Audio Devices, New York
City; Theodore Lindenberg, Fairchild
Camera and  Instrument  Corporation,
Jamaica, New York: William B, Lodge,
Director of General lingineering, (‘olum-
bix  Broadeasting Svstem, New  York
City: Frank Marx, Director of General
Fngineering, A merican Broadeasting
Company, New York City; Carl May-
field and H. P. Meisinger, U, 8, Record-
ing Company, Washington, D, C'.; R, A,
Miller, Bell Telephone  Laboratories,
Murray ill, N. J.; George M. Nixon,
National Broadeasting Company, New
York City; Robert Z, Morrison, National
Broadeasting Company, New York City;
J. F. Palmquist, Chief Audio lingineer,
Radio Corporation of America, Camden,
N. J.; R. H. Ranger, President, Ranger-
tone, Ine. Newark, N. .J.; Oscar W, B,
Reed, Jr., Junsky and Bailey, Washing-
ton, D, C.; 1. 1. Reiskind, Chief Engi-
neer, Record Department, RCA, Camden,
N. J.; Arthur I, Rekart, Chief Enzineer,
Radio Station KNOK, St Louis, Mis-
souri; H. E. Roys, Advanced Develop-
ment Engineering Section, RCA, Cam-
den, N. J.; L. A, Ruddell, American
Broadeasting Company, New York City;
(i, J. Saliba, President & Chief Fngineer,
Presto Recording Corporation, New York
City; C. R, Sawyer, FRD Division,
Western Llectrie, New York City; H. F.
Searr, Radio Division, Western lectric,
New York City; R. A, Schlegel, WOR
Recording Studios, New York City; 1. L
[Continued on page 44)

A report on the first postwar meeting of this NAB committee
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AUDIO DESIGN NOTES
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Letters

[From page 3]

We believe that whatever distortion
and loss of highs is noted erratically on
phonograph records may be attributed to
polishing and excessive use of stampers,
and to the retention of fifteen to twenty
vear old recordings in the catalog to trap
the unwary. The date of release is un-
fortunately no index to the date of record-
ing.

Comparisons  such as Mr. Tillson's,
abruptly disappeared from the technical
scene after Pierce and Hunt’s monumen-
tal article on tracking distortion in the

Journal of the SMPE in 1935 had shown |7

that under proper conditions the lateral- I
cut groove may be tracked with much
less distortion than may a vertical-cut
groove. This was the only piece of press
agentry lateral cut has had in many years
but it was very effective. When wide
range lateral cutting heads of compara-
tively low cost became generally avail-
able shortly thereafter, public discussion
of vertieal v=. lateral simply ceased.
**Stylus"

Studies of Reproduction

[From page 17}

LI Fleteher “Hearing, the Determining
Factor for High-Fidelity Transmis-
sion.” Proc. I.I.E., vol. 30, no. 6, pp.
266; June, 1942,

5. Pobert W, Young “Some Problems for |
Post-war  Musical  Acousties.” J.
Aeous. Soe. Am., vol. 16, no. 2, pp. 103;
Oct., 1944,

. N. D. Webster and F. C. MecPeak

“EKxperiments in Listening.”  Elect.,

vol. 20, no. 4, pp. 90; April 1947,

J. Mills “A Fugue in Cycles and Bels.”

D. Van Nostrand Co.; 1935, pp. 219.

X, D. K. Gannet and 1. Kerney “The Dis-
cernibility  of  Changes in - Program

Ban 1 Width.” Bell Sys. Tech. J., vol.
23, no 1 pp. 1; Jan. 1944,

9. James Moir, “Distortion and Acoustic
Preferences.” Proc. I.R.E., vol. 35, no.
5 p. 1955 May 1947,

10, C. J. LeBel, “Psycho-Acoustical As-

spects of Listener Preference Tests.”

Avnto EXGINEERING, pp. 9; Aug. 1947,

I.T. & T. APPOINTS HATTON

The appointment of William Hatton, a
leading engineer in the field of international
telephone comuunieations, as Direetor of
Manufaeture of the International Telephone
and Telegraph Corporation and its world-
wide manufacturing and sales affiiate, the
International Standard Eleetric Corpora-
tion, was announced today by Colonel
Sosthenes Behn, President of 1. T. &. T. In
his new post, Mr. Iatton, who has heen
assoctated with I T, & T. and its affiliated
companies since 1919, assumes, in addition
to his present duties as Director of Engi-
neering, full responsibility for the System-
wide coordination and  development  of
manufacturing methods.

The Magnetophon

[From page 1]
conclusive, but are representative of
several machines which I ran while in
Europe with SHAEF.

In summary, the frequency-response
capabilities of the system, the low noise
level, the ability to edit, store, and re-use
the tapes literally thousands of times
without depreciation; the economy of the
system in use over conventional methods
of dise or film recording, alt lend them-
selves to a further appreciation of the
system. Once the economics of the situa-
tion have been worked out, 1 have no

NEW 10 WATT

doubt but that the Magnetophon, or an
Americanized version of magnetic tape
recording, will supplant existing methods.

Bibliography
1. Das Braunbuch: Reichs-Rundfunk
G.M.B.I1., Berlin 1942-11.
Physikalische Wirkungsweise, Das AEG
Magnetophon R22 A, Ilochfrequenzie
Reichs-Rundfunk G.M.B.1L., Berlin

1941.

3. Das AKG-Magnetophon-Gerat K4: Al
legemeine Elektrizilals Gesellschaf!, Ber-
lin, 1941.

4. Engineering Division Training Manual:
British Broadcasting Corp. London,
1942.

Department of Commerce, Bureau of
Publications, Reports No's. PB-1027,
1025, 1346, 1347, (Bibliofilm Service
of Dept. of Agriculture).
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PHONO-AMPLIFIER

JalifY
Typical of the quality built into the Thordarson line of
Hi-Fidelity Amplifiers is this new 10 watt phono-amplifier.
Designed for use with the Meissner AM-FM Tuner, or with tuners
of comparable performance, this unit may be used either as the speech
amplifier in an amateur transmitter or as the amplifier section in
recording units. Separate bass and treble controls (with both

accentuation and attenuation action) assure correction of output to all
acoustical conditions. Production costs have been materially lowered

by ting on the

is shown here.

Complete specifications on all
Thordarson Hi-Fidelity Ampli-
fiers available on request.

AVAILABLE FOR
IMMEDIATE
DELIVERY

1 h
P

INDUSTRIAL SALES DEPARTMENT

MAGUIRE INDUSTRIES, INCORPORATED

300 WEST HURON STREET - CHICAGO 10, ILLINDI
| EXPORT—SCHEEL INTERNATIONAL, INCORPORATED

41T M, EINEGIM AVENUE, EMICA N, IERINBIE EABRE — WARSCHERL
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NEW PRODUCTS

EQUALIZER

A new, LL-3 cqualizer has been de-
veloped by Radio-Music Corportion, Port
Chester, N. Y. Designed for simplified
operation plus finest reproduction without.
compromise it affords the highest quality
tone reproduction possible with both verti-
cal and lateral recordings. The EL-3 Equali-
zer allows using one arm for vertical only
and one arm for lateral only on one turn
table or separate tables by conneeting hoth
arms to the equalizer. Switching the EL-3
equalizer from vertieal equalization to
lateral allows changing from one arm to the
other...at the same time, the correet
equalization is thrown in. Both the RMC
vertical only and lateral only reproducers
can he replaced by the RMC Universal
head on cither or hoth. Bulletin FL3-4
sent upon request to manufacturer.

AUDIO METER

Through use of a meter-calibrated speech
cireuit, the new Deluxe Model 50-17 Audio-
meter of the Audio Development Company
provides an entirely new speech test eireuit.

=

Featuring a new dynamic microphone and a
meter, this circuit properly controls the
level on speech tests so actual speech hear-
ing loss measurements can be made. Such
tests are uscful in determining recruitment
factors, diagnosis and so forth. Results are
especially helpful in preseribing medical
treatment, recommendation of hearing aids,
lip-reading lessons and speech  correetion
studics.

For further information on the Deluxe
Model 50-5 Audiometer write The Audio
Development Co., 2833-13th Ave, South,
Minneapolis 7, Minn.

NEW VOLTAGE REGULATOR
Recently  developed by the Superior
Electric Company is the new Stabiline (In-
stantaneous Llectronic) voltage regulator.
A completely eleetronic deviee with no
moving parts, this new Stabiline Type [E
provides the instantancous correction of line
voltage fluctuations with negligible wave-

—-
_——

form distortion so necessary in all labora-
tory and industrial voltage regulation
applications.

The first model in production is Stabiline
Voltage Regulator type 1E5101. Extensive
tests under all conditions of operation have
proved the superiority of performanece
offered by this new voltage regulator. The
output voltage is rigidly held to within
+0.1 volts of any nominal value in the set-

36

table output range between 110 to 120 volts
for an input line voltage change from 135 to
95 volts.  Although the time for recovery
varies, depending upon line voltage, load
current, load power factor and other condi-
tions, it usually is in the order of 3 to 6
eyeles. Performance of the new unit is not
affceted by any load change from zero to
full rating of the unit. It is independent of
any load power factor change from a lagging
5 to a leading 9.

One of the most notable features is low
waveform distortion. At no time under all
adverse conditions does the distortion ex-
ceed 3% and for the majority of conditions
of operation the waveform distortion is be-
tween 1 and 2¢. This new unit is not fre-
queney-sensitive and operates equally well
for any frequeney variation up to +10% of
the designed operating frequeney,  Type
1E5101 will maintain a constant voltage to
any load up to I kva.

Further information may be obtained by
writing to 5137 Laurel St., Bristol, Conn.

AUDIO EQUIPMENT

Bardwell & MeAllister, Ine., Hollywood,
announced a series of new produets in the
Eleetronies field: a line of commereial ampli-
fiers, publie address systems, and sound and
recording equipment for the motion picture
industry.

This firm is known through their line of
photographie lighting cquipment, particu-
larly for motion picture studios, and the new
products are an outgrowth of research proj-
cets in the field of eleetronies which they
carried on during the war for the Govern-
ment, Many unusual features of the new
units are the result of their findings and de-
velopments during their activity as part of
the war effort. All the amplifieation systems
entail unit construction which permits en-
largement or modification of a unit to meet
the buyers® needs,

This audio cquipment is designed and
manufactured to studio quality specifica-
tions, Every piece of equipment is so designed
that the individual component parts are
never operated at more than 753% of their
rating. This insures long, trouble-free opera-
tion.

A specialized department for the research,
development  and manufacture of audio
cquipment to customer speeifications has
also been established.

A new 1947 catalog is available to anyone
desirous of further information. Address
inquiries to Bardwell & MecAlister, Ine.,
P. O. Box 1310, Hollywood 28, California.

CONSTANT VOLTAGE SELENIUM
RECTIFIER

A selenium reetifier that maintains con-
stant voltage regardless of the changing
amounts of current drawn from it has just
been marketed by a Chicago cleetrical
concern.

This reetifier was constructed to handle
large gangs of low voltage d-¢ magnets in
varying loads of from zero to 20 amperes
with no appreeiable varianee in voltage.
The d-¢ voltage control will maintain or
inerense the starting voltage until the full
amperage has been drawn from the reetifier,
in contrast to the ordinary reetifier in which
the voltage drops as the eurrent is inereased.

Originally the produet was designed for
use in the eleetrieal systems of pipe organs
Now, however, the manufacturer believes
that this reetifier has wider possibilities and
that its use in industry is  practically
unlimited.

The reetifier itself is a full-wave bridge
type suitable for any a-c frequeney and a
line voltage of 115 to 230. The pulsating
d.c. is filtered about 25°¢, but a smoother
curtent can be supplied if necessary. The
rectifier occupices about a cubic foot of space.

For further data, write Austin W. La
Mareche, of the La Marche Manufacturing
Company, 6525 Olmstead Avenue, Chieago
31, 1L

PICKUP ADAPTER

Technical Products International, 453
West 47th St., New York City 19, announces
the development of the new Vibromaster
type M Adapter. It adapts the Western
Eleetric 54 arm to accommodate General
Fleetric variable reluctance or Pickering
120M cartridges. The adapter is inter-
changeable with 9A heads and provides
correet balanee when used with the 5A arm
and cither cartridge deseribed above. No
soldering is neeessary  for atachment to
cartridge lugs.

JACK STRIPS

Audio Equipment Sales, 923 Fighth Ave.,
New York 19, N. Y., has announced a new
line of jack strips designed to fit the custom-
ers’ requirenmients to an exactness not hereto-
fore available in a standard line. While a
number of types will be furnished in accord-
ance with already existing types, special
arrangements and spacings will be obtain-
able in small quantities without the expense
of dies.  These strips are individually
machined fromt XT Bakelite or from ano-
dized dural, and are supplied with or with-
out designation strip holders.

Standard spacings do not always fulfill
the requirements of special installations, and
niany users are unable to obtain accurately
built jack strips that are exaetly to specifiea-
tion. With the addition of these custom-
built designs to the standard line, without
price penaltics, any desired jack arrange-
ment can be had with the assurance that the
strips will fit existing racks, and that the
jacks will fit the strips, since the company
specializes exclusively in audio equipment.

[Continued on page 47)
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Program
Rochester Fall Meeting

of members of the
R.M.A. ENGINEERING DEPARTMENT
AND THE INSTITUTE OF RADIO
ENGINEERS
Sheraton Hotel, Rochester, N. Y.
November 17, 18 and 19, (947

Monday, November (7
8:30 A.M.—Registration

7:00 P.M.—Fall Mceting Dinner (Stag)
Toastmaster—Ralph A. Hackbuseh
Speaker—LI'red 8. Barton
Subject—The British Radio Industry
Today

Wednesday, November 19

9:00, A.M.—Registration
Inspection of Ixhibits

9:30 A.M.—Technical Session
Chairman—B. E. Shackelford

Metallized Film Coaxial Attenuators,
John W. E. Griensmann, Polytechnic
Institute of Hrooklyn.

I-I' Selectivity Considerations in F-M

12:30 P.M.

Group Luncheon
Committee Luncheon Mectings

2:00 P.M.—Technieal Session
Chairman—R. M. Wise

The Organization of the Work of the
[.LR.E. Technical Committees, L. G.
Cumming, Institute of Radio Engineers.
V-H-F Bridge for Impedance Measure-
ments Between 20 and 140 Megacycles.
Robert A. Soderman, General Radio
Company.

4:00 P.M.—Committee Meetings
6:30 P.M.—Group Dinner
8:15 P.M.—Photographic Session

Inspection of Exhibits
9:30 A.M.—Technical Session
Chairman—A. E. Newlon

V-H-F Direetion Finder for Airport Use,
A. G. Riehardson

Federal Telecommunieation Laboratovies 4l
R-F Induetance Meter with Direct Read- 2
ing Linear Scale, Harold A. Wheeler S

Wheeler Laboratories Ine.

Design and Lavout of Radio Receivers
Ingenious New

and the Maintenanee Man, A. C. W.
Technical Methods

Suunders, Saunders Radio & Eleetronies
To Help You

School .
Simplify Production

Chairman—A. L. Schoen

The Problem of Amateur Color Photog-
raphy, Raiph M. Evans, Eastman Kodak
Company.

Receivers, R. B. Dome, General Eleetrie
Dome, General Electric Company.

A New Television Projection System,
William 1. Bradley. Phileo Corporation.

12:30 P.M.— Group Luncheon
Committee Luncheon Meetings
2:00 P.M.——Technical Session
Chariman--B. 8. Ellefson i
Use of Miniature Tubes in AC/DC Re-
ceivers for AN and I'M, R. F. Dunn,
Radio Corporation of America
Two Signal Performance of Some F-M
Recciver Systems, B. D. Loughlin and
_ D E. Foster, Hazeltine Electronies Gorp-———
4:00 P.M.—TInspection of Exhibits
Committee Meetings
6:30 P.M.—Group Dinner
7:30 P.M.—Inspeetion of Exhibits
8:15 P.M.—General Session
Chairman—George R. Town
Engineering Responsibilities in Today’s
Economy, lu. F. Carter, Sylvania Electrie
Produets Ine. [
9:15 P.M.—Stag Party
Courtesy of Ameriean Lava Corporation

Tuesday, November (8

9:00 A. M. Registration

Inspection of Exhibits
9:30 P.M.-—Technical Session
Chairman—L. C. F. Horle

Avenues of Improvement in Present-Day
Television, Donald G. Fink, McGraw-
Hill Publishing Company, Inc,
Standardization of Transient Response of
Television Transmitters and Receivers,

‘New Automatic Device Provides
'Up-to-the-Minute Visual Record

I The new CHART-O-MATIC provides an instant visual
record of all production, shipments, purchases, ab-
senteeism, etc. Avoids inventory surpluses. Guides pur-

| chasing department giving constant picture of all parts
and supplies on hand. Requisitions can be made direct
from chart. Information from all departments trans-

R. D. Kell and G. L. Fredendall, RCA
Lahoratories
Psvehoacoustie Factors in Radio Receiver
Loudspeaker Selection, Hugh S. Knowles,
Jensen Manufaeturing Company

12:30 P.M.—Group Luncheon
Commitiee Luncheon Meetings

2:00 P.M.—Technical Session
Chairman-—Clinton B. DeSoto
Speetral Knergy Distribution of Cathode
Ray Phosphors, R. M. Bowie and A. L.
Martin, Sylvania Eleetric Products Ine.
Quality Caontrol in Reeciving Tube Manu-
facture, J. A. Davies, General Electrie Co.

4:00 P.M_—Inspection of Exhibits
Committec Meetings

recording on CHART-O-MATIC. Does away with big
wall charts and card-systems and tedious, time-con-
suming search for data that is often far from current.
With the CITART-O-MATIC, the complete activities
of the entire plant can be determined in an instant,
| The entire unit is easily portable and operates from

110 volts current. Chart rotates in either direction by
| finger-tip control. Speed may be governed by rheostat.

New devices are proving their worth in saving time
and reducing nervous tension on the job. And modern
plants throughout America are finding that chewing
gum on the job helps relieve monotony and helps to
keep workers alert. That is why more plants every
day are making Wrigleyv's Spearmint Gum availahle
to their employees.

Complete details may be obtained from Spiral Mfg.

mitted to operator by Telautograph permits instant !

The New Chart-O-Matic

6:15 P.M. —Cackrail Party f/a/r:par:aliaﬂ. 3612 N. Kilbourn Avenue, Chicago 41, P
Courtesy of Stackpole Carlion Company Hai -
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FEEDBACK EQUALIZER

e A single-tube amplifier cireuit claimed
to furnish sufficient equalization for
magnetic phonograph pickups together
with an appreciable amount of amplifica-
tion is described by J. Ellis in Wireless
World for September, 1947, The circuit,
shown in Fig. I employs a single pentode
with- feedback to provide the desired
frequency response.

Variation of the setting of 7 changes
the transition frequency by selecting de-
sired proportions of the original signal
and of the amplified signal with the boost
on the low frequencies. If no volume con-
trol is required at K2, the arm of K1 may
be connected directly to the grid of the
following stage, provided there is a d-¢
path to ground through the input device.

PIANO TONE DECAY

e A comparison between the Decay
Rates of Piano Tones in two conventional
pianos—upright and baby grand—and
an electronic instrument is deseribed by
Daniel W. Martin in the J. Acous. Soc.
Am. for July, 1947, These measurements
were made by the use of a high-speed
level recorder, and the results presented
on the basis of the time required for the
sound level to decerease 60 db from the
original tone, a criterion with which
acoustical engineers are familiar.

Two rates were found to exist, the first
being considerably more rapid than the
second. In addition, the rates differed
between octaves. The two conventional
pianos had initial decay times which were
closely comparable, while the secondary
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C.J.LeBer

AUDIO CONSULTANT
370 RIVERSIDE DRIVE
NEW YORK 25, N. Y.

AUDIO ENGINEERING SCHOOL

A practical 9 months’ course in Sound Funda-
mentals, Recording, and Sound Transmission
mesasurements; in a iaboratory containing transe
mission sets, oscillators, 8quare wave generator
and intermodulation analyzer, and other equip-
ment.

Complete recording studios assimilating broad-
cast, motion picture and commercial sound re-
cording.

This training available under “G1" Bill,

For information write
H. M. Tremaine, Director
SCHOOL OF SOUND RECORDING AND
TRANSMISSION ENGINEERING
1655-A Cherokee Hollywood 28, Calif.

Custom-Built Equipment

{

| U. S. Recording Co.

1121 Vermont Ave., Washinglon 5,D. C.

District 1640

PROFESSIONAL’ DIRECTORY

decay time for the upright was less in the
lower octaves than for the baby grand.

The electronic piano—consisting of a
spinet type with the sounding board re-
moved and an electronie pickup device
attached—was found to have a decay
time apj roximately three tinies that of
the conventional instruments. With the
electronic equipment turned off, it was
found that the sound output from the
clectronic pinno was reduced by 14 db by
the removal of the sounding board, and
the rate of decay was approximately
halved. While the volume of the original
tone had a considerable effect upon the
rate of decay with conventional pianos,
the decay time of the electronic piano has
practically no relation to the amplitude
of the original tone.

PROPOSED “WOW’” STANDARDS
e The Sound Committee of the SMPE
reports its draft of the proposed standards
relative to “flutter” or “wow’ in the
August J. Soc. Mot. Pict. Eng. The pro-
posal defines Flutter Rate as the number
of excursions of frequency per second in a
tone which has flutter, and Per Cent
Flutter as the ratio, expressed as a per-
centage, of rms deviation in frequency of
a tone to the average frequency, as
measured by an instrument which re-
sponds uniformly to all flutter rates up to
200 eps.

The standard flutter-test frequency for
35 mum film and for disks is specified as
3,000 cps+.15 cps, and the flutter index
is n measure of the relative perceptibility
of frequency-modulated tones. This in-
dex can be used as a specification of flutter
content, and used as a means for identify-
ing the amount of pereeptible flutter ina
given listening position. lor example.
the value of the flutter index for a small

Winston Wells

Designer and Consultant

Acoustical and Electronic Research

307 East 44th St. MU 4-3487
New York 17, N. Y.

RATES FOR

PROFESSIONAL CARDS

| IN THIS DIRECTORY
$10 Per Month for This Standard
Space. Orders Are Accepted
for 12 Insertions Only.

ELECTRONICS

FIELD SERVICE TECHNICIAN

Opening for man with good audio back-
ground. Knowledge of music and acous-
tics helpful. New York area. Write
full details of experience. Address Box
435, Audio Engineering, 342 Madison
Ave., New York 17, N. Y.
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auditorium is approximately 0.024 for all
rates front about 5 to 100 per seeond.
These standards, if adopted, should pro-
vide a yardstick by whieh flutter or wow
in disk and film reproducing equipment
may be evaluated,

VARYING-LOAD DISTORTION

® The question of distortion in pentode
amplifiers operating in the varying load
presented by loudspeakers is discussed by
F. Langford-Smith in Radiotronies (Aus-
tralia) for May-June, 1947, in the second
part of his article on the design of high-
fidelity amplifiers. It is an accepted fact
that the load impedance may vary over a
ratio of 10:1 when inverse feedback is not
used.

A study of the eurves for a typical
beam tetrode with the plate characteris-
ties plotted for a negative feedback
factor of 8=0.1 shows that they are
similar to those of a triode, giving similar
intercepts on the loadline,

The principal difference hetween triode
curves and those of the beam tube is that
the grid current curve of the latter limits
the grid voltage swing of the grids. A
typical set of curves is shown in Fig. 2,
plotted for a 61.6. It will be noted on this
curve that the grid current point does not
correspond to the zero grid voltage condi-
tion. The normal load curve, K, has
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intercepts on the various grid voltage
eurves that are approximately equal,
However, as the load resistance is de-
creased, the grid current flow commences
before the voltage reaches zero, causing a
flat top on the output waveform.
may be avoided by reducing the maxi-
mum grid voltage swings, with the follow-
ing table indicating probable operating

eonditions for various loads, both above
and below normal,

And for lower values of load resistance

Load Peak e <7, Dist.
oo 5.5 1.5
2.46R 18 0
This R 23 3.0
.72R 18 11.5

[Continued on page 47)
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“The p/m{auaumt /u&u'aa”

Large and sturdy enough to carry television camera
and operator. Assembled quickly and easily, without
any tools or special skill. Collapsed, it fits into carrying
case 12! square and 6' long.

Exclusive features: ® tubular construction ® rubber
tired wheels ® sockets and fastening clamps for tripod
legs—holds tripod absolutely rigid ® adjustable spring-
mounted seat for operator * floor jack screws for level-
ing or fixed position use ® sturdy steering fork-—pro-
vided with quick-setting lock for steering straight
ahead.

COLLAPSIBLE DOLLY for all
TELEVISION CAMERA work

FRAMH €

MeERA EQumenT

ZUCHER

(v

600 ARDADWAY ML $OAK CITY

Designers and
specialists in mount-
ing standard and
telephoto lenses and
custom built accesso-
ries for all telecision
camera applications.

Above-Dolly with
tripod mounted.
Left - Dolly col-
lapsed.
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To avoid saving money, the first thing
is to cut off all your pockets. (Or throw
away your purse and keep your lipstick
in your snood.) Thus you will have to
carry your money in your hand. Which
will insure that you—1. spend it, 2. lose it,
3. get it taken from you—gquicker!

Also to be avoided like crazy are piggy
banks and sugar bowls. Keep these out of
your home! The kiddies in particular are
victimized by such devices, often saving
quite a bale of moolah. Be stern even if the
little ones cry —remember what money
could do for them! And be sure to avoid
budgets. It is best to draw your pay and
walk down Main Street buying anything
you don't particularly hate.

Above all, don’t buy any U. S. Savings Bonds
—or it's impossible not to sare money! These
gilt-edged documents pay fat interest—

4 dollars for 3 after only 10 years! There is
even an insidiously easy scheme called the
Payroll Savings Plan by which you buy bonds
automatically. Before you catch on, you have
closets full of bonds. You may even find
yourself embarrassed by a regular income!
Get-gat-gittle! , /

ly'r e /
W SAVE THE EASY WAY...

) BUY YOUR BONDS THROUGH PAYROLL SAVINGS

Contributed by this magazine in co-operation ;",:;\."E”"-.
with the Magazine Publishers of America as a public service. s
N
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Ultrasonics in Solids
[from page 2j|

There is no himit, however, to how much
we can push a load, except the power of
our generator of accelerating force. Since
practically all loads are elastic, we can
set up our oscillation in the load by timed
pushes. The few exceptions to an elastic
load in practice might include powdered
material, where the “‘Q", ax the radio man
says, is very low.

Thus any phenomenon that exhibits
intermittent pushing effeet is a potential
ultrasonic generator, provided that the
effect can bhe speeded up to give us say
24,000 pushes a second or so. A hoy
running a stick along a picket fence
might have some difficulty in reaching
the velocity requirements.

Centrifugal Pump Action

An interesting high-power effect can be
observed in the action of a centrifugal
pump. A\ ten-inch rotor at 3,600 r.p.m.
cun use up to two hundred h.p. in the
driving motor, so we can look for great
energy concentrations. lLet us examine
an idealized one in Fig. 7. Water, with
some initial veloeity V; is fed into the
rotor in the center, and hy centrifugal
foree ejected around the peripherv in a
series of streams S,

Looking at Fig. 2, we see it will aequire
additional velocity 1, in a radial direc-
tion, and also will have the peripheral
velocity of rotation added to it at right
angles, shown as 17, as it appears as a
tangential component. In practice the
tangential is probably the highest veloe-
ity component. and since the kinetic
energy in the stream is as the velocity
squared, its energy contribution is very
great.

In Fig. 2. we have straightened out the
stream S for simplification, and show it
ready to impinge on the solid block “A,""
say, of steel. Fig. 24 shows that the
stream will give up its energy in its own
thickness 7', and since this dinrension is
quite small, the kinetic energy will be
transferred at a very rapid rate. This
will produce a single push on the load.
Sinee we cannot well v up much beyvond
300 r.ps., or 18,000 r.p.m.,, we must
have many such streams hit our target in
suceession in each revolution. At 14,000
r.p.m. we need 100 jets to give us u strik-
ing rute of 24 ke.

If we make these streams of large cross-

seetion. we rapidly run into extreme |

powers. This is somewhat the same thing
as the fuel pump in the German 172
rocket-—ahbout a 12-inch rotor running
14,000 and absorbing some 4,000 h.p.
Caleulating on a basis of a water
strenmn of 1," cross-section, and round,
let us give it a total radial velocity of 100
feet per second, and a peripheral or
tangential velocity of 300 feet per second.

Each stream then represents 5.5 h.p. of
kinetic energy, and a hundred such
streams of course, 550 h.p. We can use a
much larger dise at much slower r.p.m.,,
of course, than the rocket pump.

Such a water stream colliding with the
solid block of Fig. 2 would generate pres-
sures of 37,000 psi. This power density
would have to be cut down, unless we
wanted to erode the steel picce “A” at a
rapid rate.

Just for curiosity we caleulated such a
condition with 1,000 fps velocity and
mereury for the liquid, 100 streams of '4-
inch diameter. The power was 65,000 h.p.
and the pressure on the block about 5

MICROPHONE
CONNECTORS

LOCKHUT TYPE
‘ RECEPTACLE

EMURLED TYPE
RECEFTACLE

million pounds per square inch. This
would cut up armor plate.

One great advantage for this type
generator is that it offers an ideal load for
a turbine of any type, that naturally
operate at high r.p.m. and constant
torque,

The twin disadvantages are too high
power density, and great inefficieney in
the form shown, where the enerzy ix
absorbed by one target only. It is obvious
that 100 targets would be provided, how-
ever, and in following articles we will
discuss the general attack on altering too
high power densities to a lower value
which ean be well handled by commercial

A
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The right connector for every job!

A complete line of microphone
connectors . . . with types to meet
practically every application. In-
corporate the latest developments
in sound engineering . . . insure
lowest loss between microphone
and chassis. Precision built, com-
pact, dependable and easy to
install. Used by all leading manu-
facturers of sound equipment.
See your jobber today for
Amphenol low-loss Microphone
Connectors and Cables.

AMERICAN PHENOLIC CORPORATION

1830 SOUTH 54TH AVENUE, CHICAGO 50, ILLINOIS

COAXIAL CABLES ANO CONNECTORS « INDUSTRIAL
CONNECTORS + CABLE ASSEMBLIES - ANTENNAS
RADIO COMPONENTS « PLASTICS FOR ELECTRONICS
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For quick, easy seleclion of Amphenol

Microphone Connectors, write for circu-

lar No. 1059, It includes helpful dimen-

sional and mounting data as well as
1 ordering inf i

MAIL THE

- COUFON TODAY!
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| AMERICAN PHENOLIC CORPORATION |
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| Connector Circular No. 1059 to: |
| |
| MName |
| Company I
: Address :
] iy Zone Statc |
. A

41


www.americanradiohistory.com

materials. ThLis copious use of water or
other liquid leads us to the problem of
“drowning” sueh apparatus by inability
to draw away the liquids at a sufficiently
high rate. This we shall also discuss later.

This typ2 generator certainly is a step
toward ligh power ultrasonics—in fact
it is almost embarrassingly too much
power. To the engineer who has been
playing with 100-watt erystals for years,
it might be a pleasure to be faced with the
difficulty reversed—namely, something
that must Fave its power and power dens-
ity minimized in design.

Record Revue

[ from page 29]

fessional equipment.  The alternative
seems obvious: “We'll stick to our own
stuff, and take away those ‘high fidelity’
records!”’

Tle consequence: a wall of resistance
from dealers and publie alike against
improvement in records. The old twin
arguments that kave bedeviled f-m radio
for all these years, are trotted out. “The
public is satisfied and doesn’t want
higher fidelity ” (it hasn’t tried it yet), and,
“Anyway, vou can't make sets good
enough for it."”" And now a new and
sinister note.  “We don't want ‘high
fidelity” records hecause they tell us

(who?) that on our machines they’ll
sound worse than the ordinary ones.”

Now it is just possible, I suppose, that
on a few really terrible machines a wide
range record may sound relatively worse
than one of the old-timers. But it's a fact
that very, very few do. That argument
is a fallacy. In my experience, what
counts on a cheap machine is not range,
but curve. Records with a built-up high
end sound relatively well, whether they
get up to 5000 or 10,000 cycles; those
recorded “flat” sound muffled and dull,
again whether “high fidelity” or not. I
am sure any dealer can find if he tries for
himself that the best new records will
never sound worse than the old ones,
merely because of their “fidelity.”

In other words, here is simply a con-
fusion between range and recording curve,
not a complex matter by any means—
vet this very argument, typical of too
many others, is, right now, actually en-
dangering the business life of companies
that are making and advertising im-
proved records. Sound man—step in!
Or would you prefer to have these record-
ing companies revert to “poor” records,
to satisfy thetr dealers’ feelings?

The worst of all this is the bland
assumption that existing commereial
machines will not be improved, and hence
belter records are a wasle of money. This
is the eternal fallaey of minute-by-minute
retail merchandising. Take the public’s

POWER

Without
Distortion

—clearly beyond com-
parison in the field of
reproduced sound.

The Brook High Quality
Triode Amplifier surpasses every
requirement of the most exacting
application. lts wide frequency and
dynamic ranges—freedom of distor.
uvon—and stability of characteristics
from zero to maximum output of 30
watts — have never before heen
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laboratory conditions.

All models of the Brook
Amplifier are available for rack or
table moundng. Full technical in.
formation will be mailed at your
request, without obligation. Write

Examine These Features

*Flot within 0.2 db from 20 to 20,000 cycies
at nominal output, Within 1.5 db atr fult
power output of 30 watts. Down 1 db at 4
cycles at 1 watt,

*Only 0.6% hermeonic distortion and 0.2%,
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distortion under 2V, % at 30 watts.
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*Noise level 70 db below full output.
*Automatic Blas Control.

*Calibrated Bass and Treble Compensation.
Tapped Multi-Stage R-C network,

* All transformers completely free from satu-
rotion or leakage reactance effects from
25 to 20,000 cycles.

*Gain—5$ to 120 db in various models.
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today!
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High Quality Audio Amplifier

Designed by Lincoln Walsh
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pulse (test it, too) and give it what it
wants. What it wants now it will want
tomorrow.

We had the model T Ford and it sold
niillious because the public wanted it. It
is gone. We had acoustical records and
they too sold in prodigious quantities.
They too have gone; and mind well, the
electrical record, vastly improved, higher
fidelity, appeared on the market before
there was a commercial electric phonograph
to play it. By today’s unhappy argument,
the orthophonie record should have heen
suppressed hecause the existing machines
could not match its quality, and because
the publie had been well satisfied (look at
sales) with existing records. We have
seen a thousand examples of the expen-
sive, the professional, the luxury-for-the-
few turning into the cheap article for the
many.

How absurd it is then, when you come
down to it, to find the pioneers of today
in better commercial record production
fighting against the temptation to give up
their better standards and follow the
backward line of popular prejudice. It is
up to the sound man, who can see the
matter in perspective, who can sort out
the fallacies, the prejudices, the miscon-
ceptions from the genuine problems that
obviously exist, to help those who help
fight hix battles. It i up to him to hail
every real improvement in the low price
field, whether in records or equipment.
even if it may mean little in strietly pro-
fessional terms. And above all it is up to
the informed engineers to keep the pos-
sibility of eommereial progress alive, to
keep the public aware that great improve-
ments are possible and probable. And at
a price too.

Let the sound man marvel at the Gl
cartridge and the Pickering, at the
Pilotuner-—splendid proof for anyone to
see that improvements beyond our wild-
est prewar dreams are already available
in the lowest price ranges. Let him think
twice, too, before he sniffs at that $15
“high fidelity” speaker. For though it
may be far from ideal, that speaker
nevertheless (tell the dealers!) can cope
very nicely with all there is to be had on a
new “high fidelity” record. These imn-
provements are bound to be general be-
fore long and those who buy good records
now are just that far ahead of the game.
Tell the dealers that, too, and tell the
public.  Give a helping hand to our
friends, the high-fidelity record makers!

RECOMMENDED RECORDS

Here are some recent recordings of out-
standing interest technically:

Richard Strauss, lLc Bourgeois Gentil
homme. (Incidental music). (1912). Pitts

| burgh Symphony Orchestra. Fritz Reiner. .
Columbia M693

One of the finest shellae records for high
fidelity demonstration I have ever heard.

Very wide range, beautiful liveness, excel-

lent surfaces. But the music has much to

do with it; this is gay, dance-like musie, in

| short movements, mostly one side, the
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orchestration is perfect for microphone
use—a biggish orchestra but oonstantly
broken up into solos of all sorts and solo
groups, with wonderful tone color con-
trast. Try side 3-—filter to 4000 ¢ps and
the solo violinist disappears like magie,
open ‘er up and he’s there again!
Glazounoff, Raymonda Ballet Musie.
Boston “Pops,” Arthur Fiedler .
Vietor M 1133
Strange that the Boston “Pops” (alias the
RBoston Symphony) should scem to record
better than the Boston Symphony, but
it works that way. MNay be in part the
musie itself—it's lighter, easier 10 record
in general-—and partly style of playing.
But there still is an apparent difference in
recording technique. This scems to have
wider range than recent BSO recordings;
a fine over-all type live recording of light-
weight, big-sounding ballet music.
Grofe, Mississippi Suite. Andre Kosicl-
anetz and His Orchestrn . Columbia M X284
(One of Columbia’s new box-packaged
sets, which I dislike thoroughly!) This is
wide range all right, but with a strange
convention-hall sort of liveness, quite
unlike most of Columbia’s classical or
popular jobs. Interesting to try to
analyze what’s wrong here.
Note: The first Keynote “Manuseript”
records (see Aupi1o ENGINEERING, August,
are now out, with a new type material,
part vinyl. Surface on the Stravinsky
Dumbarton Oaks Concerto is about equal
to finest. shellae, with an even, low hiss,
very few imperfections, no vinylite
“licks”; the Vivaldi Concerto (single
record) scems to have suffered in its
material, more scratch, some unevenness.
Material is heavier, more rigid than aver-
age plastic record, still flexible. Not the
perfect surface yet, but a good step for-
ward. Records sell at only 25¢ more than
regular shellacs.
Bartok Memorial Album. Piano music
played and announced by the composer. . .
Vox 625
(2 plastic)
A interesting album- -this was recorded
some time ago, ‘‘instantaneous,” for
broadeast on a Hungarian radio station
and was never envisioned as a commercial
recording. Yet, aside from a few over-
loaded peaks, it is excellent piano record-
ing. Made under supervision of Bartok’s
son, Peter, now a sound man in N. Y
Music is series of short folk song settings
for piano students, often used by teachers
in this country. Good surface.

Pulse Code Modulation

[ from page 31]

on which manv conversutions can be
carried simultaneously. Such transinis-
sion is 80 named because the continuous
speech wave is sampled very briefly and
rapidly and only information regarding
these samples is transmitted. For a
standard telephone circuit 3000 to 4000
eveles in width, samples taken at the rate
of 8000 per second are adequate. Just
these brief samples are sufficient to recon-
struet the original wave with high
fidelity.

Since information regarding the sample
can be sent very quickly—in roughly a
millionth of a second—the system ean
carry not just one but many different
telephone conversations, each of which is

sampled in turn and then reassembled at
the receiving end. Thus, a transmission
system of this tvpe actually carries a
sample from one conversation, then from
another and so forth, repeating the
sampling cyvele through as many con-
versations as are being transmitted.

Several pulse methods have been
available by whieh information regarding
the sample ean be transmitted. One
method, known as PAM for pulse ampli-
tude modulation, sends a sample ampli-
tude directly. .Another, known as PPM
for pulse position modulation (and also as
PTM for pulse time modulation), varies
the time with respect to a reference time
at which pulses of uniform amplitude and
duration are sent. This convevs varia-
tions in amplitude. Still another, known
as PWM or PLM, for pulse width or
length modulation, conveys amplitude
by the length of time the pulse lasts.

Method of Operation

PCMI accomplishes this by using a set
of patterns or codes, each one of which
conveyvs specific inforination about the
sunple which it represents. |7ach of these
patterns consists ol an arrangement of
electrieal pulses which always contains a
definite and constant number of pulses.
These pulses are either “on’ or “off
that is, present or absent. Thus. as long
as these groups of siniple on-off pulses are
received properly, speech sent over PCMI
is reproduced perfectly.

The more code-patterns there are avail-
able, the more faithfully the voice wave
ean be reconstructed at the receiving end.
Experitnents have shown that patterns
or code-groups using six or seven pulses
assure high quality transmission. The
system demonstrated e m ployvs code-
groups of seven pulses. By using different
combinations of these seven pulses, 12%
separate codes are available. During the
demonstration the improvement of qual-
ity with the addition of pulses was shown
by transmitting first with only a one-
pulse system and then adding others one
at a time.

All the 128 codes available in the seven
pulse code-group are perforated in appro-
priate order in a special plate inside the
tube. This plate is so placed that a beam
of electrons ean sweep across the seven
elements of any one code-group. Which
one it actually sweeps across is deter-
mined by the position of the beam. and
this in turn is determined by the ampli-
tude of the signal at the time of sampling.

If the beamn goes through a hole in the .

perforated plate, the pulse is an on-pulse;
if the beam is blocked because there is no
perforation at that point, it is an ofi-
pulse. The irregular, mackine-gun-like
pattern of on and ofi pulses carries the
information concerning the amplitude
sumple to the receiving station.
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DAVEN BULLETIN

The Daven Company of 191 Central
Avenue, Newark, N. J. announces the pub-
lieation of a new bulletin of tecehnical data.
This folder presents information widely
nsed in the design of sound cquipment in a
brief, simple form.

The contents include a table showing
Impedance vs. Decibel Loss, with values
calculated for impedance mismateh, min-
imum “T” loss, and bridging pad loss. Also
included are data on mixer eircuits showing
eircuit diagrams and applications.

These bulletins are available from the
manufacturer on request at no eost. Please
use company stationery when writing for
vour copy.

NAB Recording Standards

[from page 32]

Seott, H. H. Scott, Inc., Cambridge,
Mass.; Alex Sherwood, Standard Radio
Transeriptions, New York City; K. R.
Smith, Viee-President, Muzak Corp.,
New York City; H. F. Tank, Radio Sta-
tion WWJ, Detroit, Mich.; O. W,
Towner, Chief Iingineer, Radio Station
WIHAS, Louisville, Ky.; I.. Vieth, Bell
Telephone Laboratories, New York City;
A. K. Barrett, BBC, New York City;
Angles  d’Auriae, International Broad-
east Organization, Brussels; Roy Cahoon,

FOR RELIABLE CAPACITORS

ELITlenco

Write—on firm letterhead—for new catalog.
Foreign Radio and Electronic Manufacturers
communicate direct with our Export Depart-
ment at Willimantic, Conn., for information.

& THE ELECTRO
MOTIVE Mfg. Co. Inc.

Connecticut
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Canadian Broadeasting Corp., Montreal,
Canada; W, T. C. Dowding, Engineer,
Toronto Studios, RCA Vietor, Toronto,
Canada; Raul Lopes Duarte, Chief
Iingineer, National Portuguese Broad-
casting Nystemn; L. D. Headley, Mgr.,
Radio-Recording Division, RCA Vietor,
Toronto, Canada; W. Hilarius, Chief
cnginecer, South African DBroadeasting
Co.; Ing. Raoul Karman, RHC Network,
Havana, Cuba: Leonid A. Kopytin, De-
partment Chief Engineer, Ministry for
Postal and Electrical Communications,
USSR, Moscow, Russia; and M. L. Sas-
try, Station Engineer. All India Radio.

Magnetic Recording

[from page 31]

U. 8. Signal Corps: “Magnetie Sound
Recorders,  Magnetophone  and
Tonschreiber (1945) Technieal Re-
port No. PB 3586, Dept. of Com-
meree, Wash, 25, D, C.

1946  Menard, James C.: “High Frequeney
Metaphone Magnetie Sound  Re-
corders”” Teehnical Report No. PB
12659, (Jan. 1946), Dept. of Com-
meree, Wash, 25, D, C.

Harcourt, Wm. M.: “Agfa Colour,”
Technieal Report No. PB 25659,
(Jan. 1946) Dept. of Commeree,
Wash, 25, D. C.

Wooldridge, D. @ “Signals and
Noise Levels in Magnetie Tape
Recording,” ALEE. Trans vol. 63,
(June 1946), p. 343.

Camras, Marvin: “Theoretical Re-
sponse from A Magnetie-Wire
Record,” Proc. I.RE. and Waves
and Electrons, 34, 8. (Aug. 1946),
p. 597,

1947 Begun, 8. J.: “Reeent Developments
in the Field of Magnetie Record-
ing,” J. Soc. Mot. Pict. Ing., 48, 1.
(Jan. 1947), p. 1

Camras, Marvin: “Magnetic Sound
for Motion Pictures,” J. Soc. Mof.
Pict. Iing., 48, 1. (Jan. 1947), p. 14,

Tinkham, R. J. and Bovers, J. 8.: “A
Magnetic Sound Recorder of Ad-
vaneed l)(-\i;.,n," J. Soc. Mot. Pict.
Fng., 48, 1. (Jan. 1947), p. 29.

Robin, H. L.: “Magnetophone, Type
K-7,” 'l‘(‘(‘hni(‘ul Report No. PB
60743 (Jan. 1947) Dept. of Com-
meree, Wash, 25, D. C.

Researeh Couneil:  “Discussion of
Magnetic Recording” J. Soc. Mot.
Pict. Eng., 48, 1. (Jan. 1947), p. 50.

Ttowell, H. A “Magnetic Sound Re-
cording un Conted Paper Tape,” .J.
Soc. Mot. Piet. Eng. 45, 1. (Jan,
1947), p. 36.

Miller, W. C.: “Magnetic Recording
for Motion Picture Studios,” .J. Soc.
Maot. Plet. Eng. 48, 1. (Jan. 1947)
p. 97,

Chinn, Howard A.: “Magnetic Tape
Recorders in Broadeasting,”’
AUDIO LENGINEERING, 31, 5. (May,
1947), p. 10.

Holmes, Lynn C.: “Some Factors In-
fluencing the Choice of 2 Medium
for Magnetic Recording,” Jour.
Acous. Soc. Amer., 19, 3. (May
1947), p. 395.
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O'Brien, Richard 8.: “Adapting Paper
Tape Recorders for Broadeasting,”
AUDIO LNGINEERING, 31, 6. (June
1947), p. 10.

Williams, A. L. W.: “Rotatable Mag-
netic Reproducing Means,” U, S,
Patent No. 2,424,295, (Granted
July 22, 1947).

Nygaard, H.: “Continuous Magnetic
Recording System,” U. S, Patent
No. 2,424,498, (Granted July 1947).

Begun, 8. J.: “Magnetic Recording-
Reproducing Means and Systems,”
U . S.Patent No.o 2424218,
(Granted July 1947).

Ranger, R, H.: “Design of Magnetic
Tape Recorders,” Tele-Tech, 6, 8.
(Aug. 1947), p. 56.

Kornei, Otto: “Frequency Response of
Magnetic Reecording,”  Electronics,
20, 8. (Aug. 1947), p. 124,

Indiana Steel Produets Co.: “Ilyflux
Magnetic Recording Tape,” Engi-
neering  Bulletink No.  EBTI101,
(1947), Indiana Steel Produets Co.,
Chicago 2, 111

Space--Charge--Grid Tubes

[from page 21]
former.  This reduces the  transformer
cost, and also reduces losses in the second-
ary winding, and leakage inductance.
A primary inductance of 10 henries is
sufficient for response to within 1'db down
to 30 eps.

The input-output curves for the three
types of tubes were also compared, and
the space-charge tube was better in this
respect.  The 6V6 curves depart from
linearity about 10 db below the maximum
output point. while the space-charge
tubes were linear up to 3 db below the
maximum output. The triodes were in-
termediate to these two values.

The aural demonstrations accompany-
ing Mr. Pickering’s talk were conclusive
proof of the advantages of the space-
charge tubes. Using a modified Klipsch
spenker system, the low-frequency re-
sponse was notably freer from hangover
and from distortion in the higher fre-
quencies,  Towever, when reproduced
through a good quality 12-in. speaker
mounted in a conventional bass reflex
cabinet of about 3 cu. ft. volume, the
hangover effects of the 6V6 amplifier were
particularly objectionable, and the per-
formance of the space-charge tubes was
seen to be definitely superior to that of the
beam power tubes. In all particulars, the
performance of the space-charge tubes
was equal to or better than that of the
triodes.

Unfortunately, these tubes are not vet
in production. The response to the paper
and the obvious advantages of the new
tubes will govern the future steps of the
designers.  Your reporter has already
placed an order for a pair of them nx soon
as they become available. It is contem-
plated that these tubes will be made in
two power capacities. one being in the
range of the 6V6 while the other will corre-
spond roughly to the capacity of the 61.6.

NEW RMcC

EL-3 EQUALIZER

(FATENTS PENDING)

for simplified operation
plus finest reproduction

. « « without compromise

Get the highest quality tone re-
production possible by using the
new FL-3 FQUALIZER with both
Vertical and Lateral recordings.
Use one arm for Vertical only
and one arm for Lateral only on
one turntable or separate tables.
Connect both to the new FI.-3
EQUALIZER and obtain the
acme of perfection in reproduc-
tion from your records and tran-
scriptions. By simply switching
the new EL-3 FQUALIZER from
vertical equalization to Lateral
allows changing from one arm
to the other, at same time, correct
equalization is thrown in.

Both the RMC Vertical only
and Lateral only Reproducers
can be replaced by the RMC
Universal head on either or both.

Users of present RMC FL-2
Equalizer can get the extra ad-
vantages of the FL-3 model by
exchanging Fqualizer at a special
replacement price. Immediate de-
livery of any extra arm or head
with FL-3 Equalizer.

Write for Reproducer Bulletin DA-4

RADIO-MUSIC CORPORATION

PFORT CHESTER

The NEW

PICKERING

INTERMODULATION
DISTORTION METER

[ ]
““Quality Insurance”’

for Your Audio System

This new Pickering instrument is
built by audio engineers for audio
engineers. By means of a single meas-
urement it gives a complete picture of
the ability of any audio system to
transmit complex waves without dis-
tortion.

Simple to operate, highly accurate,
moderately priced — it meets every
requirement of the most exacting ap-
plication,

. NEW YORK

Among many exclusive features are—
® Will measure distortion across
any amplifier impedance — across
voice coil, across 600-ohm wind-
ings, plate or grid to ground.

e Single-unit construction.
e Large 4'2” Weston meters.

Whether your problem is design
of new equipment, or maintenance
of existing' installations — the new
Pickering Intermodulation Distortion
Meter is invaluable,

Write or wire today for full technical information.

F. SUMNER HALL, INC.

29 West 57th Street, New York 19, M. Y.

EXCLUSIVE SALES AGENTS for PICKERING & €O., Inc.
Telephone: Plaza 5-7722
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VIBRO MASIER TYPE K

PROFESSIONAL ARM

FOR GE VARIABLE RELUCTANCE
AND PICKERING 120M CARTRIDGES
Designed by VIN BROYLLS

1... will neither intraduce nor amplify lot-
eral distortion.

2 ...resononce characteristic flat plus ¢
minus Y2 DB 40 1o 1000 cycles.

3 ... balances GE cartridge ot 22 gramis and
Pickering 120M ot 15 grams stylus pressure.

4 ... morning after handle prevents record
damage when cueing.

NET PRICE. . (less cortridge). . . . . . $34.50

see your distributor or write

TECHNICAL PRODUCTS
INTERNATIONAL
453 West 47th St:eet, New York City 19

(333339131335853

WHO’S WHO IN SOUND

Star of stage and indoor programs.
Smooth responding, good looking.
Bi-directional without feed-back.
Level: -63db (1v/bar).
Range: 40-8000 cps.
40,000 Ohms. Ask for

UNIVERSAL 808"
VELOCITY
MICROPHONE

NIVERSAL MICROPHONE CO

Inglewond 1, California

Musical Acoustics

| from page 28]

of the musical instruments, just as does
seasoning on food.

It is to be hoped that in the future
listener reaction surveys will present to a
greater extent a completely accurate in-
dication of how faithful an image of the
prototype of live music the listener has
heard, what distortions of harmonics or
transients oceurred from the system of
rick-up, amplification, and reproduction,
or from the characteristics of the rooms
where recorded or reproduced in com-
parison with concert halls, or the home.

In amplication of my remarks in Part
IV of Musical Acoustics about the esthet-
ic characteristics associated with the
various key-scales the following is quoted
from “Musie and Musicians,” a book by
Albert Lavignae, Professor of Harmony
in the Paris Conservatory, 1899 ed’n,
p. 365.

“It is not by chance that Beethoven
selected the key of 16 flat for the lleroic
sSymphony, and that of ¥ for the Pastoral;
it was in obedience to that mysterious
law which assigns to each key a peculiar
aspect, a special color.”  “Lach person
will regard this aspect aceording to his
own personal temperament—but, to my
own mind, these are the preponderating
shades of the different keys, major and
minor:

Major Characteristics

Key

F* rugged

B  energetic

E radiant, warm, joyous

A frank, sonorous

D gay, brilliant, alert

G rural, merry

€ simple, naive, frank, or flat and

commonplace

F  pastoral, rustic

B® nolle, elegunt, graceful

E' sonorous, vigorous, chivalrous

A" gentle, caressing, or pompous

D® charming, suave, placid

G gentle and calm
Minor Key

G * very sombre

€ * brutal, sinister, or very sombre

F* rough, or light, aerial
savage, or sombre hut vigorous
sad, agitated
simple, naive, sad, rustic
serious, concentrated
melancholy, shy
gloomy, dramatie, violent
morose, surly, or energetic

B® funereal, or mysterious

E' profoundly sad

A® doleful, anxious™

Cievaert, in the first edition of his hook
on orchestration, Ghent, 1863, page 189,
has given a somewhat similar table not
seen by Lavignae: and in the following

TOOO0ODM®

hibliography are some other supporters of
this thesis.

“The Power of Sound,” Ii. Gurney,
1880, London, p. 319.

“Color-Music,” A. B. Klein, 1930,
Appendix 11, p. 241, quoting Krehbiel,

“Psychology of Music,” Max Schoen,
1440, p. 70.

“Key Quality,” W. W. Roberts in
mag. “Music & letters,” London, Jan.
1930.

“The Individuality of Nevs,” I. I
Vernon in mag. “Musical Times,” Lon-
don, April, 1942,

In the time of Aristotle what we now
call “key-scales” in music corresponded
to “mades”; and Aristotle believed they
gave expression to different feelings for
the following is quoted from his polities:

“In poetry and music there are limita-
tions of manners; and this is evident, for
different harmonies differ from each other
so much by nature that those who hear
them are differently affected, and are not
in the same disposition of mind when one
is performed as when another ig; the one,
for instance, occasions grief and contracts
the soul, as the Mixolydian (mode or
Key); others soften the mind, and as it
were dissolve the heart; others fix it in a
firm and settled state, such is the power
of the Doric (mode of) music only; only
the Phrvgian (mode) fills the soul with
enthusiasm, as has been well described by
those who have written philosophieally
upon this part of education; for they
bring examples of what they advance
from the things themselves.”

The composer Beethoven assuredly
associated definite esthetic effeets with
different keyvs because he applied similar
terminology to his conversational lan-
guage, called the kev of A flat “bar-
baresco,” that of B minor “the llack
key,” and D flat as “always maestoso,”

The composer J. . Ramean, almost a
contemporary  of Bach and  Handel.
assigned various est"etic «ralities to the
simpler keys.

The music critie H. 1. Krehbiel wrote
in the N. Y. Tribune: “the choice of
kevs for certain works of (different
character is certainly not all a matter of
haphazard. In instrumental composi-
tions, no doubt, the choice depends to a
larger extent upon the mechanism of the
medium chosen. This fact has been fre-
quently overlooked by psychologists who
are not familiar with practiced music.
There is a very obvious reason why u
composition should sound very different
on a violin in a key in which the tones of
the open strings do not form a part of the
key-scale, und one in which the open
strings may be fully used. No the differ-
ence in the mechanism of the pianoforte
as applied to the white and black keys
(the difference in leverage works differ-
ences in the character of the tones, de-
spite the efforts of manufacturers to
mininize it). ‘Flat Keys." as they are
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called, are supposed to be richer and more
sombre than ‘sharp keys’!”

Correction

In Part IV in the September issue there
are two errors.  On page 44, first columin,
12th line should read 1023, 21st line
the V should be deleted from under the
radical.

Technicana

[from page 39)

the distortion goes much higher. This
shows that there is less interdependence
on the load when the variation is upward,
provided the signal is not increased to the
assumed maximuni possil le valve. .\ re-
duction of applied signal to 70 per cent of
the normal maximum causes a reduction
In power output to 50 per cent of maxi-
mum, but distortion is held to lower
values.

None of these figures takes into con-
sideration the distortion caused by other
fuctors than the curvature of the tube
«characteristics,

New Products

[ from page 36]

MINIATURE CONNECTOR

A new low-priced miniature connector
with an overall diameter of 23/64 inches and
an overall length of 124 inches when mated
is designed for either RG 58/U or RG 59/
cuble.

It ix small in size and light in weight and
has a voltage rating of 500 volts peak. Itis
solderless and  requires minimum  cable
preparation. No speeial tools are required
for assembly. The separation foree of the
quick disconneet lock more than satisfies
normal requirements. A panel mounting
plate is optional.

Thix conneetor is manufactured by H. I1,
Buggic & Company, 2145 Madison Avenue,
Toledo 1, Ohio.

AUDIO CABINET RACK

A new audio eabinet rack, designed for
mounting a udio facilities equipment,
measuring apparatus, and other associated
panel-mounted equipment in broadenst sta-
tion control rooms and transmitter installa-
tions has been developed by the Transmitter
Division of General FEleetric Company’s
Electronies Department at Syracuse, N. Y.

The new rack, Type FA-8-A, is 205
inches wide and 8315 inches high. It is
1533 inches deep and provides a 19 inch
wide by 77-inch high panel mounting space
with 14 inch clearanee behind the panels.

Further details on the newly-announced
audio cabinet rack for broadcast applica-
tions are available on request to the G-I
Electronies Department, Transmitter Divi-
sion, Eleetronies Park, Syracuse, N. Y.

640RR MICROPHONE

The Western Eleetric RA-1695 amplifier
has its bright chromium-finished spun metal
housing removed to expose the components
of the single stage amplifier cireuit. The
tiny 640 type microphone at the right can be
serewed seeurely in place in the pointed end
of the amplifier housing. This combination
provides free field response charneteristics
suitable for the highest quality f-m or a-m
program transnission requirements,

3-POSITION RELAY

As an improved output deviee for relay-
terminated  control circuits and  scrvo-
mechanisms, Sigma Instruments, Ine., offers
a new 3-position or null indieating polarized
relay. This unit combines a high order of
sensitivity and speed with a flexible eontaet
strueture of up to & maximum of four nor-
mally open eireuits for each polarity (total of
eight) having power handling capacity com-
parable with light to medium duty switch-
ing relays.

When the coil is provided with two
opposed windings for use in a push-pull out-
put circuit, minimum differential power re-
quirements are approximately .005 watt per
contact pole, and operation is entirely un-
affected by variations in “stand-by”’ current.
With a single-wound coil, about .0025 watt
is needed per contaet pole,

The armature, which is almost exaetly
balanecd, has “snap-action” centering or
detent, and does not move gradually with
increasing coil current. About 25 grams of
force at the contacts are available from an
input of .005 watt, and a similar amount for
holding the central or null position, with
input balanced or zero. The magnetic cir-
cuit being polarized, these forees increase
directly with ecurrent up to nearly 200
grams,

Additional information may be obtained
by writing to Sigma Instruments, Inc., 70
Ceylon St., Boston 21, Mass.
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' reat, New, Complete

CONCORD

Radio Catalog

160 valvue - packed pages of
RADIO PARTS e RADIO SETS
HAM GEAR e AMPLIFIERS
TESTERS o Electronic Equipment
MAIL COUPON FOR FREE COPY

Ready now—the greatest, most com-
plete presentation of radio, electronic
and television equipment and supplies
in Concord history! Packed from cover
to cover with thousands of items—
Radio Parts, Radio Sets, Amplifiers,
Sound Systems, Test Equipment for
every purpose, Record Players, Record
Changers, Television Equipment, Ham
Gear, Receivers, Transmitters—160
pages of everything and anything in
Radio and Electronics, and featuring a
special bargain section of hundreds of
money-saving values in top quality,
standard-make parts, including scores
of new items from nationally-famous
makers. Immediate shipment from
CHICAGO OR ATLANTA. Write for
your FREE copy at once.

WANTED—TRADE-INS ON COMMUNICATIONS EQUIP-
MENT— Always highest trade-in values on com-
munications receivers. Write, phone or call o
tell what you have, or send it for free appraisal.
TIME- PAYMENT PLAN — Buy your Radio and Elec-
tronic Equipment from Concord on EASY PAY.
MENTS—Communications Receivers, Trans-
micters, Radios, Radio-Phonos, Sound Equi

ment. Test Equipment. Write us your needs.

Concord Radio Corporation, Dept. F-107 :
901 W. Jackson Blvd., Chicago 7, III. 1
|
]
]

Yes, cush FREE COPY of the comprehensive
new Concord Radio Cacalog.
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NOW AVAILABLE!
Full Range

Besnodection

A revolutionory development in omplifiers clevesly
designed to defy obsol ond ing in its
performonce. New circuits, new moteriols and new
ore octuolly bined in this one omplifier

io produce the most som{ymg musicol omplifier the
world has ever known. If you ore ane of those discrimi-
noting persons for whom anything less thon the best is

o disoppointment, you ore one for whom the ACA-

= 100DC wos designed. Send for technical literature.

IPLIFIER CORP. of AMERICA
398-4 Broadway * New York 13, N. Y.

Electrical Engineer

Must be graduate E. E. Heavy
audio experience necessary to
design and handle production
small electronic device. Un
usual opportunity with secur-
ity. Excellent future. Give
age, complete experience,
telephone number, box 163.

GRRPH‘ PATT o
rence Recorders

ECONOMICAL
UNINTERRUFTED PERMANENT
Longtime {up to12hours) Conference | INSTANTANEOUS
& Telephone Recordings onSafety Film PLAY.BACK
Models for Dictation "TALKIES™

MILES REPRODUCER CO.nc. 812 BROADWAY,N.Y. 3Deﬂ(AE

VERTICAL LATERAL—
9A, 9B, D-93306, MI-4856

Reprodueers Reconditioned
Only new paris used -includes repainting and
replating:

Response checked with advanced Laboratory
equipment
FAST SERVICE
VIBRATION SYSTEMS, INC.
1040 W. Fort Detroit 26, Mich.
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Acoustic Room Design

[from page 13]

circular sections will obviousty he some-
what more expensive than splays built on
circular ares, beeause the “laying-out’™ of
the wood forms over which the plywood
is to be bent can be less readily prepared.

| However, if the designer provides card-

board templates, this “laying-out” proc-
ess could be made quite easy; of course,
the time consumed by the designer in
preparing the templates must be taken
into consideration.  Lven so, however,
when the total building cost of a studio
ix considered, these “extras” of templates,
plywood board wastes, frequently amount
to very little, while the appearance of the
studio may be vastly enhanced. Fig. ¢
shows a row of splays employing non-
cireular eross-sections, and the *‘strearm-
lining” effect ix at once apparent.

Fig. 7 shows a “schiematic™ treatment
of a musie studio band shell employing
non-circular splays,  with intervals of
sound-absorbent treatment. The arrows
indicate the eflux’ of the sound from the
shell, the short-radii sections of the splays
contributing less to the total amount of
re-radiated sound than the splay sections
having the longer radii. It should be
noted that this trentment is **schematic,”
and not necessarily the best for the width
of the studio: the exact size, curvature,
and orientation of the splays will to a
great extent depend on the type and size
of orchestra usually accommodated by
the studio, as well as the purpose for
which the room is intended (broadeast.
fihn recording, ete.)

Book Review

Mathematics for Radio Engineers,
by Leonard Mautner, 326 pp. $5.00. Pitman
Publishing Corp., 2 W. 45th St.,, New
York, N. Y.

This volume presents all of the standard
mathematical methods with suffieient de-
tail to enable the average engineer to apply
them to the solution of audio and radio
problems. While most tests on mathematies
offer the same information, they are broader
in seope, and the applieation to specifie
examples  in eircuit analysis  are
obseure.

With a definite slant toward radio, this
text is of espeeial vahie to those who nor-
mally solve eireuit problems by empirieal
methods. Beginning with a review of simple
algebra, 1t proeeeds  through logarithms,
trigonometry, complex algebra, hyperbolie
funetions, determinants, differential equa-
tions, and Fourier Series. The  problems
following cach ehapter all deal with elee-
trieal eireuits, and answers are provided for
checking results.

This is an exeellent referenee work for all

from engineering student to  graduate
engineer.
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Join
An Outstanding Group!
Subseribe NOW (o
AUDIO ENGINEERING-

the ONLY Journal for
Sound Engineers

Each issue covers 5 or
more of these subjects

1—Broadcastin oo .
3 Our"editorial policy has aroused tremendous

2-—Transmitter and receiver interest and acclaim among engineers promi-
manufacturing nent in the industry. We are proud to announce
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4—Recording (disc, wire and tape)
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RCA LC-1A

Duo-Cone Speaker

Tie RCA LC-1A speaker is expressly designed
‘or monitoring FM programs and high-fidelity
rerordings in broadcast stations. Its response is
e>ceptionally free from distortion—over the full
F range. Read these highlights:

Uniform response, 50 to 15,000 cycles. Audio
measurements prove RCA’s new speaker free
from resonant peaks, harmonic and transient
distortion . . . a! «ll usable volume levels.

120 degrees radiation at 15,000 cycles! The
LC-1A is unique in its ability to project a wide
cone of radiation through a constant angle of
120 degrees. And frequency response is uniform
throughout! Advantages: 1t eliminates the fa-
miliar sharp peak of high-frequency response
usually present in Other systems. And exact lo-
cation of the LC-fA in control or listening
rooms is not critical.

Remarkably smooth crossover-response.
Both cones are mounted on the same axis and

The RCA LC-1A full-range,
duo-cone Broadcast
Monitoring Speaker,
with cabinet. Speaker
mechanism only, is type
MI-11411.

have the same flaze angle to place their surfaces
in line. Thus the possibility of undesirable in-
terference hetween H-F and L-F units over the
crossover range is eliminated.

Controlled ‘“roll-off’’ at 5 and 10 kc. Because
of the LC-1A’s exceptional high-frequency re-
sponse. the surface noise and high-frequency
distortion present in many recordings is accen-
tuated. Therefore. a panel-mounted switch is
provided to control and restrict the LC-1A's
high-frequency range for this type of program
material (see response curve).

Two fine bass-refiex cabinets (optional) are
designed to match the LC-1A speaker. One is
finished in the familiar RCA two-tone gray for
control-room use. The other . . . in bleached
walnut. is suitable for executive offices and mod-
ern surroundings.

For prices and further details on the LC-1A
speaker . .. now in production, write 115-J

BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN,N.J.

in Conada: RCA VICTOR Company Llimited, Montreal

WWW._ammericaaigdiahistery com
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DETAILS OF RCA K‘
DUO-CONE DESIGN DISEIPAN

\ MAGNETS
I
individu- 1OW-FREGUENCY
Two individu Y

ally actuated (ow reosincy ﬁ‘&?‘ﬂ
cones are VOICE COIL "3} |
mounted on the H,GN_,;‘EQC\- ;r"‘t
same axis and CONI

flare angle.
with a specially
designed heavy Al-

nico magnet of high

flux density. The

high - frequency unit

is a 234" cone with

anexceptionally low- 4
massaluminum voice

coil. This cone follows out the shal-
low angle of the larger cone 1
radiate a pattern at full power over an
area of 120 degrees at 15,000 cycles!
The low-frequency unit has a massive
15" diaphragm with a high-mass voicz
coil of large diameter. Its resonant fre-
quency, only 35 cvcles . . . with tiue
bass response at all volume levels.

HIGH - FREGUENCY
VCICE COIL
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