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The Traveling-Wave VHF Television Transmitting

Antenna’

MATTI 8.

Summary—A new simple and rugged television antenna has been
developed for vhf high channels. The antenna utilizes pairs of slot
radiators cut longitudinally in a vertical pipe. In each pair the slots
are fed in opposite phase, and the pairs are displaced one-quarter
wavelength from each other along the pole. Every other pair is in
one vertical plane and the remaining pairs in another perpendicular
to this. The slots are fed with a traveling wave within the pole.

The excelient characteristics, most of them inherent in the prin-
ciple derive from the unique combination of supporting structure,
transmission line, and radiators. The horizontal pattern is formed
on a turnstile principle from excellent patterns of single slot pairs
even at large pole diameters. The smooth vertical pattern which
helps to achieve uniform field strength within the service area is
based on exponentially decaying traveling-wave feed. This is espe-
cially important in high gain applications. Proper electrical
characteristics of simple slot radiators maintain constant wavelength
instead of constant velocity in the transmission line for frequencies
in the channel. This assures proper bandwidth, Low input vswr is
due to the traveling-wave nature of the feed. The construction of
the antenna is particularly suitable for handling high power. Sim-
plicity of the antenna and low wind load result in economy of both

the antenna and the supporting structure,
Tantenna of the television broadecast industry for
about a decade. However, already in 1952 when the
present high-gain superturnstile antennas were still under
development, it was foreseen that a newer design was
needed both to improve on the superturnstile antenna
and also to meet the higher standards required by im-
provement in the state of art.

Although superturnstile antennas perform satisfactorily
and are very reliable, the trend toward higher power and
higher gain has introduced increasing complexity. Also,
with even moderately high-gain antennas it was realized
that the uniform current distribution used resulted
in field intensity patterns having deep nulls in parts of
the service area. This effect has been overcome by adjust-
ing the current distribution along the antenna, producing
a contoured vertical pattern. The best current distribution
obtainable, however, fell considerably short of ideal,
because the variation was limited by the number of
radiators along the length of the antenna. Furthermore,
as the gain was increased the feed system grew more and
more complicated. This increased the cost of the antenna,
and at the same time the large diameter of the pole and
feed system had an effect on the horizontal circularity of
the pattern.

Since the maximum economy of operation of the tele-
vision transmitter plant for a preseribed erp is obtained

HE superturnstile antenna has been the standard
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by taking advantage of high antenna gains, these factors
in the vhf range became especially important at channels
7 through 13, where three times as much erp is per-
mitted as on channels 2 through 6, and where the plant
becomes more expensive to build and to operate. Therefore
a research program was undertaken to develop a vhf
high-band antenna which would permit simplicity in its
mechanical construction and feed system, in addition to
being capable of ideal radiation characteristics for low,
medium, and high-gain usage at power levels required in
the foreseeable future. This led to evolution of a new
concept in television transmitting antenna design and
to the development of the traveling-wave antenna,
which should be immediately attractive in the trend
toward high gain.

DESCRIPTION

The traveling-wave antenna utilizes slot radiators in
the form of a tube with longitudinal slots cut around the
periphery. In its simplest form the antenna consists of
three parts: input and supporting section, main aperture,
and top loading (see Fig. 1).

} TOP LOADING

L MAIN 4PERTURE

INPUT AND
SUPPORT SECTION

Fig. 1—Traveling-wave antenna.

The tube or the outer shell of the antenna forms the
outer conductor of a large coaxial transmission line.
Power is fed into the buried section of the antenna near
the bottom end by a tee section to facilitate good rigid
mechanical support for the inner conductor of the antenna.

In the aperture area of the antenna there are four
rows of slots used in pairs, one opposite another, and
capacitively coupled to the inner conductor.
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The separation between the pairs along the pole is
approximately a quarter wavelength. Every other pair
is in one vertical plane, and the remaining pairs in another
vertical plane perpendicular to this. All slots in the main
aperture are alike and all coupling capacitors or probes
the same size.

At the top of the antenna the inner conductor is short-
circuited to the outer conductor. Provision is made to
allow for differential expansion between the pole and
the inner conductor due to temperature variations. The
last two pairs of slots differ in characteristics and also
in dimensions from the other alots and similarly the
coupling networks are different. These two slot pairs
ineluding coupling networks and the short are called the
top loading.

DEVELOPMENT

The principle of operation of the traveling-wave
antenna is clearly demonstrated by a short deseription of
the evolution of the antenna. The primary objective was to
develop a vhf high-channel antenna for omnidirectional
service, which would have excellent performance at low
cost especially at medium and high-gain values. This
requires a simple construction of the antenna.

In the traveling-wave antenna an extremely simple
method of feed is employed. The supporting pole forms
the outer conductor of a coaxial transmission line, and
power is tapped off from the line at each radiator thus
eliminating the need of any feed lines.

Fig. 2 shows the principle of the feed system using
short rod radiators to illustrate the theory. A number of
radiators per wavelength uniformly spaced are loosely
coupled to a coaxial line, Because of the number of radia-
tors and the relatively slight reflection due to each, the
effect is essentially that of a uniform loading. The result
is a uniformly attenuated traveling wave in the line.
Since & traveling wave has a linear phase characteristie,
the excitation of each successive radiator will be lagging
from the previous one by an amount which depends upon
the spacing between the radiators and the velocity of
propagation in the line. If the radiators are alike, their
currents will have the same phase relationship as the
excitation. Thus the radiating currents will be successively
lagging, and repetition of phase oecurs after every guide
wavelength.

To obtain an omnidirectional pattern the radiators,
instead of being in line, can be moved around the periphery
to form a “spiral” as shown in Fig. 3. For a horizontal
main beam the pitch of the spiral has to be equal to the
guide wavelength in the transmission line. In this arrange-
ment, all of the radiators in any one vertical plane on one
side are in phase, and the phase difference between
radiators in different planes equals the azimuth angle
difference between the planes; that is, the phase rotates
around the periphery. The rotating phase produces a
rotating field which, because of the relatively small
amount by which the magnitude of current changes from
layer to layer, produces an omnidirectional pattern,
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In practice, however, to insure proper operation two
modifications have to be made. First, exeitation has to be
made symmetrical instead of asymmetrical in order to
avoid undesired excitation of the pole itself (see Fig. 4).
Second, mutual coupling between the radiating elements
has to be minimized to maintain proper phase relation-
ships.

Both results can be accomplished by limiting the number
of radiator pairs to four per turn of spiral. This modification
reduces the antenna to two sets of center-fed dipoles, the
sets being confined to two perpendicular~vertical planes
fed in phase quandrature (see Fig. 5). The traveling-wave
nature of the signal in the line remains, however, since
the relatively small reflections produced by the radiator
pairs for the most part still cancel each other, not be-
cause of uniform loading by radiator pairs but because
of the approximately quarter wavelength spacing between
them. We thus have, in essence. a traveling-wave-fed
turnstile antenna.

By this evolution a simple feed system capable of high-
power handling capacity has been obtained. However,
horizontal radiation pattern formed on turnstile principle
from dipole patterns tends to higher noncircularity at
higher gain values. Therefore. to further improve the
antenna, the dipoles can be replaced by pairs of slots
which are fed in opposite phase to produce a dipole type
of radiating current (see Fig. 6). This improves the
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Fig. 7—Excitation and horizontal pattern formation of traveling-
wave antenna.

horizontal pattern by proper radiating-current distribu
tion. Additionally, the wind loading is reduced by
eliminating protruding radiators, and the coupling circuit
simplified by allowing capacitive coupling. Thus, the final
basic form of a section of the traveling-wave antenna has
been derived (see Fig. 7). Except for the top loading the
antenna is a traveling-wave-fed turnstile antenna which
utilizes pairs of slot radiators.

5

OPERATION AND ISLEcTRICAL CHARACTERISTICS

Among the several important characteristics accom-
plished in the traveling-wave antenna are the excellent
electrical features listed below.

Improved Iorizontal Pattern Circularity

In the transmission line within the antenna the signal
propagates upwards. Along the main aperture each slot
pair suceessively extracts a portion from the traveling
wave. Since the slots in each pair are fed in opposite
phase, the radiating current on the outside of the pole
simulates that of a dipole radiator. Therefore, an approxi-
mately figure eight horizontal pattern is produced (see
Fig. 7). The slot pairs in one vertical plane, that is, for
instance, pairs 1, 3, and 5 each form a figure eight pattern
at the same azimuthal orientation. Since these pairs are
spaced at every half wavelength along the pole, and the
coupling capacitors alternate to counteract the reversal of
the excitation voltage within the line, the radiating
currents as well as the fields are in phase. Thus, all the
fields from slot pairs in one vertical plane form a combined
figure eight horizontal pattern. Similarly, the slot pairs
in the vertical plane 90° from it radiate with a figure
eight horizontal pattern but 90° displaced from the pre-
vious one. Sinee the spacing (D) between successive slot
pairs is a quarter wavelength, the radiated fields are in
phase quadrature. According to turnstile principle, these
two figure eight patterns added in phase quadrature form
a cireular horizontal pattern.

The horizontal pattern of the traveling-wave antenna
is, of course, only ideally a perfect circle. The physical
size of the pole and the finite width of the slots result in
a slightly scalloped shape. Representative measurements
made at channel 10 by using an 18-inch diameter, 30-foot-
long antenna section, which corresponds to the lower
sections of an antenna for a gain of approximately 18,
gave a circularity of £0.7 db (sce Fig. 8).

Thus by using pairs of slot radiators, with successive
pairs in space and phase quadrature, a radiating-current
distribution is obtained so that even for large pole diam-
eters a circular pattern is inherently produced. In addition,
there are no interfering external elements in the field.
The antenna combines radiating elements, feed system,
and the supporting structure in one unit, giving excellent
horizontal circularity.

Low-Voltage Standing-Wave Ratio

As has b
main aperture suceessively extracts
energy from the traveling wave. Therefore, the signal
in the transmission attenuates progressively. Since all
the slots in the main aperture are alike and all the coupling
capacitors of the same size, the loading at each slot pair is
the same, cffecting an equal attenuation of the signal
along the line. This equal Joading of the slots results in
exponentially tapered signal within the transmission line
as well as exponentially tapered illumination of the aper-

ture (see Fig. 9).

con mentioned previously, each slot pair in the
a small portion of the
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Fig. 8—Measured horizontal pattern of bottom quarter of gain of
18 antenna. 18inch diameter, 30-foot length, channel-10.

TOP LOADING

TLLUMINATION

APERTURE
Fig. 9.

When the signal reaches the top of the antenna, all
but a small percentage of the energy has bheen extracted
and radiated. The remaining energy is radiated by the
top loading. The top loading forms a relatively broad-
banded, low-power, low-gain portion of the antenna which
radiates omnidirectionally and in phase with the main
aperture. Besides contributing to the radiation, the top
loading also provides a proper termination for the main
aperture. This termination in conjunction with the quarter-
wave spacing between the slots and the light coupling of
the slot pairs into the line keeps the reflections small and
thus maintains the traveling-wave nature in the trans-
mission line.

The traveling-wave nature of the feed already reveals
that a low vswr exists all along the antenna except for the
top loading. This characteristic inherently gives the
antenna a good input vswr without any compensating or
matching devices. Further improvement is obtained by
adjusting the input slot pair to half the loading of the
others. The input tee has been broad banded to provide
a smooth transition from the transmission line to the
antenna. Measurements made on a representative section
of a gain of 20 channel-10 antenna showed the vswr to he
equal to or less than 1.036 to 1 across the channel. At
lower gains it is slightly higher.

Improved Vertical Pattern Without Substantial Loss of
Gain or Simplicity of the Antenna

Most broadcasters prefer a vertical pattern which
provides a uniformly high field strength over the service
area. In this respect the traveling-wave antenna is out-
standing.

In the simplest form of the antenna, when all the slots
are alike and coupling capacitors are of the same size, the
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attenuated traveling wave in the transmission line and the
illumination of the aperture deerease exponentially, thus
providing an automatie power division (see I'ig. 9). To
take full advantage of.the excellent pattern characteristies
of this principle, the antenna would have to be tall
enough for the energy in the line to diminish to a very
low value, and the antenna should not have any discon-
tinuities in the ilumination of the aperture. However, the
antenna, for the same value of gain, can bhe shortened
up to one third, without any appreciable deterioration of
the performance. This is aceomplished by the top loading,
which colleets and radiates all of the remaining power,
producing an increase of illnmination at the top end of
the antenna. If no beam tilt is employed, the relative
phase along the whole aperture is zero. Because an ex-
ponential distribution of illumination with linear phase
produces an extremely smooth null-less pattern, then
even by cutting the infinite antenna to a finite length,
by using the top loading, and leaving the slots off at
proper places to accommodate the flange joints, a vertical
pattern is obtained which still is almost ideal. It pro-
vides the service area at most locations with a uniformly
high field strength. Figs. 10 and 11 show vertical patterns
of two traveling-wave antennas of different gains.  The
measured patterns have very closely approxi-
mated the theoretical calculated patterns.
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transmission line.

As is shown, the traveling-wave antenna possesses an
inherently excellent vertical pattern, without utilizing
any complicated phase or artifieial power distribution
along the aperture as is often needed in other types of
antennas to achieve such a null-less pattern and still
maintain a high gain per wavelength of aperture.

Excellent Pattern Bandwidth

IFor an antenna to provide distortion-free television
service, proper phase relationships between the radiators
have to be maintained across the channel. For high-gain
antennas it is customary to excite separate radiators, or
at least small groups of radiators through feed lines of
equal length to maintain radiating current phases equal
enough to have essentially the same radiation pattern
across the channel. This means that a number of feed
lines are needed, and many of the lines are longer than
would be mechanieally necessary. This results in a complex
construction.

In the traveling-wave antenna the phase relationships
have been maintained by a very unique design of the
antenna. The principle used can be demonstrated by
referring to two properties of the transmission lines (see
Fig. 12). If a quarter-wave-long transmission line is
terminated to its characteristic impedance, then the phase
difference (¢) between the input and output voltages
varies linearly with frequency (Fig. 12, left). On the
other hand, if the same transmission line, besides being
terminated to its characteristic impedanee, is also shunted
with a varying susceptance (/3) and at a fixed frequency
the value of susceptance is varied, the phase difference
between the input and output voltages again varies (I'ig.
12, right). Within a certain range the variation of the
phase with respect to the variation of the susceptance is
approximately linear,
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If these two properties are combined so that the phase
changes caused by varying frequency and varying suscep-
tance cancel each other, a quarter wavelength of trans-
mission line with a constant wavelength has been obtained.
A shunt loading with a negative susceptance slope of
proper magnitude vs frequency is required. This can be
obtained by use of a parallel resonant circuit (see Fig.
13). Close to the resonance frequency the reactance of a
parallel resonant circuit possesses a relatively linear
negative slope. If the parallel resonant circuit is capaci-
tively coupled to a transmission line, this negative re-
actance slope results in a negative slope of the susceptance
imposed on the line (sec Fig. 14). The magnitude of the
susceptance slope is determined by the size of the coupling
capacitor and the @ of the resonance cireuit, as indieated
by the equation. The coupling capacitance is very closely
determined by the gain of the antenna; therefore, the
only independent variable is the Q of the circuit.

This type of capacitively coupled parallel resonant
cireuit is obtained by utilizing capacitively coupled slot
radiators as previously discussed. Fig. 15 shows the
equivalent cireuits of slot pairs displaced an equal distance
(D) from each other. This spacing is slightly less than a
quarter wavelength. The curve indicates the type of
phase compensation obtained. The high slope linear phase
delay of the slightly less than a quarter-wavelength-long
transmission line is first modified by an approximately
constant phase delay due to the coupling capacitors (C,.)
and any additional shunt capacitors (C4) Additionally,
the varying susceptance of the parallel circuit changes
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the phase delay. By selecting a proper value of  for the
slot pairs a constant phase delay about the desired
frequency can be maintained. Outside of the compensation
region the phase delay approaches asymptotically that
of the transmission line modified by capacitors only. Thus
a compensated bandwidth has been obtained, wherein
the phase difference between the input and output
voltages, that is, from one slot pair to the next, remains
constant, normally 90°.

The phase progression is often measured in other units
such as cyeles per turn or pairs of slots and then called
phase propagation funetion. Also, the phase difference
can be ehanged to beam tilt produced by it. A 90° phase
delay per slot spacing results in a horizontal main beam.
With increasing phase delay, the beam tilts upwards, and
decreasing delay produces downward tilt.

Since the slope of the phase delay curve can be changed
by varying the (), different degrees of compensation can
be obtained (see Fig. 16). A low Q results in a positive
slope of the curve, and a high (), in a negative slope. For
a specific design a Q of the slot radiators ean be selected
which produces minimum variation of the phase propaga-
tion function, that is, a stable beam. This, however, may
not be the correct value for best operation of the antenna.
This is illustrated by curves of a gain of 9 channel-7
traveling-wave antenna. I'ig. 17 shows the best phase
propagation function (8) for the antenna design in question,
The high sloping straight line again indieates the phase
function of the transmission line including only the effect
of the capacitors. As can be seen, the maximum compensa-
tion has not been utilized, but phase delay at the upper
edge of channel has been allowed to rise slightly. Also,
the design frequency (F7) has not been placed at the middle
of the channel but slightly towards the picture carrier.
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Both of these have been selected because, at the same
time as the phase propagation function varies, also the
attenuation () within the line and thus the illumination
of the aperture vary somewhat as shown by Fig. 18 The
maximum attenuation occurs at the design frequency,
and the attenuation decreases gradually at each side of it.
To select a proper @ for the radiators, thésphase propaga-
tion function and the attenuation function have to be
transformed to vertical patterns of the antenna at various
frequeneies. From the vertical patterns the video fre-
quency response of the antenna can be calculated as
detected by an ideal receiver. If the analysis of the video
frequency response is performed for several values of @,
the optimum value of @ can be determined. In the example
of gain of 9 channel-7 antenna, the video response at
the major service area varies less than £1 2 db.

Thus, although in the transmission line the veloeity of
propagation is normally constant and the wavelength in
the line varies with the frequency, by imposing loadings
with proper characteristies on the line, the wavelength in
the line can be made constant within a certain bandwidth.
This has been done in the traveling-wave antenna by
making eharacteristies of the slots such as to maintain a
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constant wavelength in the line across the channel in
question, thus insuring proper phase of the slots. In vhi
television service this type of compensation is necessary
if the feed path lengths to different radiators vary appre-
ciably.

In connection with Fig. 13, it was mentioned previously
that, by placing a capacitor parallel to the slot loading,
an approximately constant change of phase can be ob-
tained. This has been utilized in the traveling-wave
antenna to provide for beam tilting and fine tuning of the
phase propagation function during development. In
practice, this capacitance is in the form of a pair of probes
or phase compensators ((',) in the neutral plane of each
layer of the main aperture (sce Fig. 19).

The required value of the coupling capacitors ) is
essentially determined by the gain of the antenna.

The desired value of () of the slot pairs can be obtained
by determining proper shape and length, in particular, for
the slots. For range of gains from 8 to 20 the required
slot length varies from approximately half to about a
quarter wavelength.

Simultaneously with the proper ), a desired resonance
frequency also has to be obtained. This is controlled by
the shape of the slots. By changing the width of the slots
cither at the center or at the ends the relationship between
the resonance frequency and the Q can be varied (see

Fig. 20).

9

Fig. 21.

To provide for some fine tuning of frequency, either
inductive change at the ends of the slots or capacitive
loading in the middle of the slots can be used (see Figs.
20 and 21).

igh-Power Handling Capacily

With the trend towards increases in allowable and
desired erp, an antenna should have not only adequate
power handling capacity, but preferably more than
needed to allow for future increases of erp. For mechanical
reasons, the line in the traveling-wave
antenna has a very high power handling capacity. Since
there are no feed lines, the maximum power is limited by
gradients in the components, the capacitors, the
slots, and the input seetion. Al of these have very little
offect on the other characteristics of the antenna and
therefore have been designed for any practical power
handling capacity needed in the near future.

transimission

voltage

Summary

These outstanding eleetrical characteristics, excellent
vertical and horizontal patterns, and pattern bandwidths,
combined with high power handling capacity and low
vswr, are provided in the clean simple design of the
traveling-wave antenna.




SAmrp (2

¥y Gaieip Cute
' . o
Al Ty
-l.k‘ ﬁAm.‘w
1 4 17‘_[—
, | o —po{s
.i. 1300 ' R
ne' T
e
Ly ° i +“'Lr-"
4', ~ P-ioke
| n wen’
iy | 1o ‘
AL ;11_1_ 4
. ’ 1 U

Fig. 22—Traveling wave antenna.

=

1

Fig. 23.

MECHANICAL FEATURES

Wind load is an important consideration because it
greatly affects the cost of the supporting structure. The
smooth cylindrical shape of the antenna is ideal in this
respect

The steel outer shell of the antenna is made of rolled
steel pipe with weld-neck flanges welded to each end for
coupling to its mate. Three different sizes of steel pipe are
needed to cover all guins at vhf high band (see I'ig. 22).
The antennas are designed to withstand wind pressures
of 50 pounds per square foot on flat or 33 psf on eylindrical
surfaces. They are rated for a wind velocity of 110 miles
per hour.

The steel outer conductor, after fabrication, is hot dip
galvanized for both better conductivity and weather
protection.

The antenna has been designed for tower mounting.
A guide flange at the tower top guides the pole into the
tower during erection and prevents the pole from swaying.
The pole socket carries the weight of the antenna.

|\

® ®
| =

P e

Fig. 25.

The inner conductor of the antenna is rigidly supported
at the bottom end without having to rely on any insulator
type of support to carry the dead weight (see Iig. 23).
The inner conductor can be removed from the bottom if
required. The coupling capacitor probes, besides being
used for electrical coupling, also provide centering support
for the inner conductor (see Figs. 23, 24, and 23). This is
accomplished by insulator pins, which are built into the
probes and form a portion of the dielectric 6f the coupling
capacitors. The short at the top of the antenna has a
sliding contact to allow for any thermal differential
expansion between the inner conductor and the pole (see
Figs. 21 and 26).

The power is fed into the the antenna through the tee
at the bottom end of the antenna. To provide a broad-
band low-reflection input, the bottom end of the pole
forms a quarter-wavelength shorted stub and the inner
conductor on each side is equipped with compensating
transformers (see Fig. 27). In addition, great care has
been taken to maintain proper characteristic impedance
in the tee joint itself (“ball” in Fig. 27). A gas stop 1s
mounted right alongside the pole to facilitate pressuriza-
tion of the transmission line (see Figs. 27 and 28). The
antenna itself is not pressurized.

10



As an example Fig. 29 shows the bottom half of the
pole for a gain of 8 channel-7 antenna. For this low-gain,
long low-() slots are needed (see Fig. 21). The plates at
the ends of the slots are used for fine frequency tuning
during development. ‘To achieve proper operation of the
top loading still lower Q slots are used (see Fig. 30 right),
Additionally, the coupling networks in the top loading
are different from those in the main aperture,

Many television transmitting antennas, such as the
superturnstile antennas, can be measured and developed
at a relatively low elevation, since the radiating systeins
can be separated so that reflections from the ground do
not cause excessive errors. However, this is not possible

Fig. 30.

with the traveling-wave antenna. Thus, the development
of the antennas has been performed at about 25 feet
elevation (see Fig. 31). The important measurements in
the development of a traveling-wave antenna are the
phase propagation and attenuation function measurements
instead of the input impedance measurements as is
normal.

The patterns of the traveling-wave antennas are
measured at the Gibbsboro, N. J., test site (see I'ig. 32).
The antennas are rotated on turntables to measure
the vertical patterns and on the rollers at the top of the
turntables to obtain the horizontal patterns.

Like all broadcast antennas exposed to the elements,
great care must be exercised to design for wind, snow,
ice, lightning, electrolysis, effects of the sun, and sudden
changes in temperature.

As mentioned previously, the steel outer conductors
are hot dip galvanized. Slot covers are fastened to the
pole over each slot. They are made of special polethylene
that is not affected by ultraviolet rays from the sun nor
embrittled the cold. To take care of condensation inside
the antenna, provisions are made for drainage.

The materials used for component items are selected to
insure no corrosion effects from clectrolysis due to dis-
similar metals or chemical action due to industrial gases.
All aluminum components are anodized.

Since slot radiators are used, it is highly improbable that
lightning will damage the antenna. [However, to protect
the 300-mm code beacon at the top of the antenna,
provision is made for lightning by installation of a lightning
protector which also supports the beacon. The grounding
of the inner conductor at cach end of the antenna provides
further protection for the transtnigsion line and trans-
mitter,

1
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If ice is collected on the antenna it lowers the resonant

frequency of the slots, thus affecting the performance of

The improved eharacteristies. most of sthem inherent

: s to the primaple, derive from the unigue combination of
the antenna, mainly at aurai carrier. Fherefore, iy areas ! ! !

of heavy icing, sleet melters (optimal item) are recoms-
mended to avoid excessive accumulation of ihe. | . 33
shows icing tests.
CoxcLrsioN

The traveling-wave antenna' provides an answor for
the need of a vhf high-band antenna which combin
outstanding electrical characteristics  with mechanieal
simplicity and economy (Fig. 31 shows a gain of 8 chanmnel-
7 antenna.)

(L)

'This antenna s based on fundamental theory developed  at
the Ohio State Univ. Res. Foundation ander contraet Dot en the
RCA Vietor Div. and the Foundation W Masters and )
Raueh, “A new television transmitting antenna,”” 1955 [R1S Cos-
VENTION RECORD, part 7, pp. 28-29.

Net
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supporting structure, transnussion hine. and radiators
The horizontal pattern is formed on the turnstile principle
from the excellent patterns of single <ot pairs even at
large pole dizmeters. The smooth vertieal pattern, which
helps to achieve an even field strength within the service
area, 1= based on the exponentially decaving traveling-
The proper electrical characteristies of the

wavelength

wave feed

stmple slot radiators maintain - constant
insfead of velocity in the trausmission line for frequencies
in the channel. This assures proper bandwidth. The low
mput vswias due to the travelng-wave nature of feed in
the antenna. The over-all construction of the traveling-
wave antenna s clean, simple, and rugged. Simplicity of
the antennn and low wind load result in economy of both

the antenna and the supporting structure



VIDEO TAPE RECORDER

SYMPOSIUM

The first prototype models of the AMPEX video
tape recorder have been used for several months
in delaying television programs for later release
to network stations on the West Coast. The opera-
tional experiences and the solutions to the many
problems inherent with putting new equipment into
field use were discussed by technical representa-
tives from networks using the recorders and
AMPEX.

Speakers: ROSS SYNDER, Ampex Corporation,
Redwood City, Calif.
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CHARLES GINSBURG, Video Engineering Dept.,
Ampex Corporation, Reedwood City, Calif.

HELMER ANDERSEN, Columbia Broadcasting
System, Los Angeles, Calif.

OSCAR WICK, National Broadcasting Company,
Hollywood, Calif.

ROBERT VON BEHREN, Minnesota Mining
Manufacturing Company, St. Paul, Minn.




UNDERSTANDING ART PROBLEMS IN COLOR TELECASTING *

william J. Wagner
Art Director, KRON-TV
San Francisco, California

This text explains some of the major prob-
lems faced by the artist when he works with
color television. He uses subtractive color and
should understand how the engineer produces color
additively. Besides using different terms, the
artist and engineer have other problems, such as
chromatic induction and gray scale equivalents,
They must coordinate their efforts in order to
produce good color, as well as a good black and
white picture, and stay within the twenty-to-one
light reflection limitations.

To solve these new problems brought on by
color TV and to better understand color in
general, a series of clinics was conducted at
KRON-TV. This led to the development of Chroma-
CHron, a palette which has been a great aid in
assisting scenic and graphic artists, has led to
a better understanding between the artist and
engineer, and has resulted in the understanding
of the gray scale equivalent, which in turn
assures compatible color art.

The Cathode Ray Oscilloscope

When it comes to understanding color, the
one thing perhaps that causes more confusion be-
tween artist and engineer is the Cathode Ray Os-
cilloscope (CRO).

It is difficult for the artist to understand
why the engineer is hypnotized by the CRO during
color telecasting. The engineer states that the
CRO i8 a device for portraying an instantaneous
graphical presentation of electrical signals
which represent picture information and is used
for the evaluation of a color signal,.

This explanation does not help the artist.
But if he were to take an hour off and look over
the shoulder of the technician and also watch the
CRO, the artist would note that the CRO contained
three graphs - each one representing one of the
primaries of the TV system. Besides some infor-
mation which is of little interest to the artist,
each graph displays the amount of each of the
primary colors in the scene.

When only one graph displays picture infor-
mation, it means that the color before the camera
is a fully saturated primary. When two of the
graphs display picture information, it means that
the color before the camera is a mixture of two
primaries or a binary,

Any fully saturated primary - or mixture of
two primaries - is what the engineer considers
"hue.” 1f the CRO registers a color as a
monochromatic, or as a binary, he has a fully
saturated color. However, the addition of two
colors, as displayed by the graphs, does not
correspond to the result that the artist would
have if he were to mix these colors with pigment.

The CRO registers yellow, chartreuse and
orange as a mixture of red and green., The
artist could not get yellow, chartreuse or orange
in this manner; a mixture of green and red pig-
ment would result in "cool mud,” "warm mud,” or
"neutral mud."

This is one of the reasons why it is diffi-~
cult for the artist to understand CRO. The in-
formation it gives is that of color as mixed
additively. The artist mixes color subtractive-
ly - or the exact opposite as shown by the CRO,.

Additive processes-for color reproduction
are based on the use of three primaries - red,
blue, and green. When these three colors over-
lap in light, white appears. When red and green
overlap, magenta appears. When blue and green
overlap, cyan appears. Any two together make a
compliment of the_third. -

. This last sentence also holds true for
subtractive primaries (yellow, magenta, and
Cyan) and this is a rare instance where the
additive and the subtractive have the same re-
sults. Also, the primaries of one system are
the binaries of the other.

In pigment, when the three additive pri-
maries are intermixed, the result is mud. When
red and green are intermixed, the result is mud ,
When red and blue are intermixed, the result is
a muddy violet, When blue and green are inter-
mixed, the result is a toned blue-green.

With these three additive colors as pri-
maries, the artist could never produce white,
yellow, magenta, or cyan. He could not paint in
a realistic manner. And most of the colors which
he could produce with these three (red, blue,
green) as his primaries would be very "toned"
colors. Actually, he does not have to know
additive color - although he would find it in-
teresting and helpful.

*Copyrighted 1957 Chronicle Publishing Co.
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By understanding additive color, he could
cope with the engineer who often complains that
the artist does not use saturated colors. The
engineer shows the CRO to the artist as proof
that the colors used in scenery and/or graphic
art are not fully saturated.

The engineer must be aware of the fact that
it is next to impossible to consider any color
fully saturated due to the impurities of pigment.
The CRO will also show contamination depending
upon the angle of the light on the color, and/or
the amount of light on the color. If a color is
over-illuminated, then it is over-exposed and the
additional light dilutes the color. Diluted
color activates all graphs in the CRO. Even if
a pigment could be found that is a fully saturated
primary, the mode of lighting could make it
appear desaturated or contaminated by the two
remaining primaries.

Nevertheless, the engineer wants nice, clean,
saturated color because the system is capable of
producing such color. He wants to have the
system reproduce the color as well as possible.

1f a color is very saturated, the engineer
is happy. But saturated colors in a scene clash
among other saturated colors. They fight for
importance and over-power other colors which may
be toned. Actually, an artist paints in harmo-
nies, which often require subtle color contrast,
and thus he avoids raw saturated color.

This thinking, of course, is the exact
opposite to the engineer who wants to produce
pure color - without realizing that he may be
destroying the harmony or mood which the artist is
trying to achieve. But in most instances, the
engineer is not after pure color. 1Instead, he 1is
after luminosity - which is often the opposite to
saturation. Since his language is not the same
as that of the artist, there is a lack of under-
standing which also leads to confusion,

A fully saturated blue is composed of only
eleven percent of the light that is necessary to
produce white, This small percentage of light
automatically makes it a low luminous color. 1In
order to bring up the luminosity of the blue, it
must be mixed with the other two primaries; or,
in reality, it must be contaminated by the two
remaining primaries. This results in a luminous
blue. It is not saturated; it is desaturated.
But if the blue does not have "sparkle,” the
engineer is apt to say that it lacks saturation,
not that it lacks dilution.
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The engineer achieves luminosity by using
all three signals; the artist merely dilutes his
color with white pigment. By diluting his colors,
the artist is assisting in illuminating the scene,
since dark and/or vivid colors absorb a greater
percent of wave lengths of light.

By using the white pigment to dilute his
color pigments, the artist is causing all three
graphs in the CRO to activate. This does not
produce saturated color, but it does produce
luminous color. Now all graphs are jumping and
the engineer is as happy as the artist. To
further understand each other, the following
terms can be used to advantage by the engineer
and the artist:

Hue is pure color, although it will not regis-
ter pure in the CRO. Hue is the purest color
obtainable in pigment or the basic, vivid

colors which the artist chooses for his palette.

Saturation is the degree of hue in mixed color.
De-saturation is described in the following
terms:
Tint - Hue diluted with white (in pigment).
Tone - Hue mixed with gray (black & white).
Shade - Hue darkened with black.

Brightness refers to the luminosity of hue,
lint, tone, or shade. Brightness or luminosity
of a color or color mixtures corresponds to its
value or to its position in the gray scale.

In common terms, tint is pale color, tone is
grayed color, hue is vivid color, and shade is
deep color. The brightness of these mixtures is
their gray scale equivalent. (Knowing the
brightness of a color is the most important thing
for the artist to learn.)

Chromatic Induction

Once the artist and the engineer understand
each other, the next problem is to understand
"what is Color?''. Basically speaking, color is
the property of light. pPigment, that which gives
color to objects, does not contain color, since
color is produced by light. There is no color
in darkness.

Because of this, color cannot be seen, can-
not be felt, nor can it be identified without
light. Pigment has the characteristic of ahsorb-
ing certain wave lengths of light and reflecting
others. The reflected wave lengths are responsi-
ble for the experience of color.




The artist, as well as evoryone else, just
sees color on surfaces without much care or
thought as to how this is experiencod. But just
seeing color can have its complications, for a
color is only that particular color depending
upon its environment, The light sources illumi-
nating the color, the angle of light on the sur-
face, the area surrounding the color, and the
length of time which the human eye views the
color have an effect on the color.

For instunce, a certain orange is only that
particular orange depending upon the colors which
surround it. 1If the colors surrounding it are
darhker than the orange, then the orange is light-
er. 1f the surround is lighter, the orange is
deeper., If the surround is warm, the orange is
toned. The orange as viewed under incandescent
light, flourescent light, or daylight is differ-
ent, And if the person looks at that orange
color too long, the eyes become weary and cause
it to lose its purity.

The surround can induce brightness and/or
grayness or chroma; or it can induce darkness
and/or chroma, That is, depending on the sur-
round, a color or gray appears to change in value
and/or to have a foreign color mixture.

Not knowing what a color actually is (be-
cause of its environment) can be confusing to the
artist. By simple tests he can prove to himself
that any color is darker when surrounded by light
and lighter when surrounded ty dark, If he knew
what the gray equivalent to that color was, its
gray would also appear light or dark, depending
upon the surround, for a gray, just like a color,
is only that gray depending upon the surrounding
colors, or other surrounding grays,

If a medium gray is surrounded by darker
values, then it appears lighter; if the same

medium gray is surrounded by lighter values, then
it appears darker. This is noticeable in the
three squares on this pape. Only one value of
gray is being surrounded. However, the values of
the surrounded gray appear lighter or dar.er de-
pending on the surround.

The value, us experienced by the eye, of any
gray is dependent on its environment, 1f sur-
rounded by color, the gray appears to contain the
complimentary hue of the surround. The term
“chromatic induction" is used to explain these
color exneriences.

Chromatic induction can make a color appear
lighter or darker, which in turn makes its yray
equivalent do the same. Because ot this the
artist can never be certain just what is the gray
equivalent of a coclor when it can appear to be
di fferent under various circumstances. Although
he may not be completely aware of it, his main
concern is understanding "What is a gray?",

There is a consolation in knowing that the
gray equivalent of a4 color is physically the same
regardless of surround. Two ad)acent colors will
have both color and gray scale contrast if their
gray equivalents are apart in the gray scale,

The only way that these two grays can appear the
same is hy isolating them and giving them sepa-
rate surrounds,

Chromatic induction, as well as "value
surround,” can be used to advantage by the artist,

ChromaCHron

Clinics were conducted by KRON-TV in order
to introduce cclor to advertising agencies and to
artists. These resulted in the adoption of the
color terms used earlier in this text. These
clinics and experiments also led to the develop-
ment of ChromaCHron, which is a palette designed
to assist scenic and graphic artists working in
color TV, :

Although color lithography and photography
can be achieved by use of the three subtractive
primaries, the artist needs a more versatile
Palette, Even three primaries or four chromatic
“primitive sensations” plus black and white are
not enough,

A palette consists of the necessary basic
colors with which the artist can produce his art
The ChromaCHron palette allows the artist

work,




maximum freedom in regard to color moods and
harmonies. Like all palettes, ChromaCHron limits
the number of basic paints needed and reduces
the number of variations of these colors for the
sake of simplification. These limitations add
to its effectiveness and do not restrict the
artist in color selections or in creativeness.
These are beneficial limitations in the respect
that they make ChromaCHron easy to use and to
understand. The number of paints and formulas
for intermixing these paints are few, making
ChromaCHron a practical and economical approach
to painting for television, whether it be for
color or for black and white.

Although most artists are capable, few have
had any training in art for television, let alone
color television, and are at a loss when it comes
to understanding what the twenty-to-one light
ratio limits are., Very few, if any, are equipped
with the tools by which to measure light reflec-
tion in order to determine the difference between
the most reflective and the most light-absorbing

lors. There is no human way of predicting the
gray equivalent of any color other than by the
results of past experience.

A piece of art containing five grays can
appear to have enough contrast, depending on how
the grays are arranged in the picture. 1t can
appear to be within the system’s limitations, or
appear to exceed the system’s limitations. Only
a camera preview can give him the answer, The
preview is possible only after the art work has
been produced. If the art work is w%rong, then
it must be re-done.

Since surround can induce color and value
changes, it adds to the complication of knowing
just what is the gray equivalent of any color.
Its TV gray equivalent would also be different -
and even more difficult to understand. Because

{f this, most artists at some time produce color
art with adequate color contrast but lacking in
brightneas contrast. It televises well in color,
but results in an unusable black and white pic-
ture. Correcting this type of unpredictable
error can be costly and embarrassing,

ince art departments work on limited
budyvets, errors must be avoided, for re-doing
any art i8 costly in man hours and materials.
The paints selected are versatile and inexpensive.
Faints are subject to waste, and a large selec-
tion of paints adds to the waste. The palette
colors must intermix in order to produce an
acceptable )lor wheel of adequate hues
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The ChromaCHron "'wheel” is the palette, and
each of these wheel colors has tint, tone, and
shade variations. All of the color mixtures in
the ChromaCliron master palette have a gray scale
equivalent. By knowing the physical gray scale
of each color, the artist is assured of contrast.
The light reflection also is determined in order
that, besides having a proper gray scale contrast,
the picture is not exceeding any limitations and
18 staying within brackets of safety. This gives
the artist great assurance that his black and
white picture will be as successful as his color
picture.

ChromaCHron does not teach the artist how to
paint or tell the artist what colors to use in
his painting. Color choice is a personal thing
which must be left entirely to the artist.
ChromaCHron cannot tell him if his color selec-
tion is in good or poor taste. It will only
tell him that the colors will telecast as they
were sclected and if their gray scale equivalents
have proper contrast. When the artist begins his
mental process of selecting colors, it is possible
that the result will be completely acceptable for
color as well as the black and white picture.

But by checking the ChromaCHron charts, it is
verified that his original color choice will
work .

1f he had selected one or more colors which
have color contrast, but are of equal brightness,
the black and white picture then would be in-
compatible. This would not mean that he must
completely change his selection of color, hut it
would mean that he must make minor changes in
the saturation of one or more of the colors.
The color mood or harmony would not necessarily
be affected by the corrections, and these changes
would meet the requirements of the engineering
departments.

ChromaCHron differs from other palettes,
systems, and theories in the respect that it has
been designed specifically for television.

Colors were chosen because they are readily
avatlable and have been manufactured for a number
of years. These are inexpensive paints which may
be used for both scenery and graphic art. If
special colors were to be manufactured for Chroma-
CHron, the cost would make it impractical. A
compromise was made on the selection of paints.
Due to the limited number of parent or basic
colors, there is very little waste in this paint.
Both color and black and white originating with
color and/or black and white equipment are aided
by ChromaCHron., Stations not telecasting in




color may use it to improve the gray scale in
their present art work, It also gives them a
library of color art which will have proper color
selections when color equipment is installed.

ChromaCHron requires seven water soluble

paints; five are chromatic and two are achromatic.

These paints are suitable for both scenic and
graphic art. The chromatics are neither primary
colors nor primitive sensations. They are five
basic colors which intermix to produce an ade-~
quate palette of thirteen common hues.

There are thirteen hues in the ChromaCHron
palette, 1In all diagrams they are placed so
that they form a circle with yellow on top.
Voving clockwise they are called yellow, light
orange, deep orange, bright red, deep red, wine
red, purple, blue, blue green, forest green,
green, light green, and chartreuse,

The thirteen hues are achieved in the
following manner, Mixtures of yellow and bright
red produce light orange and deep orange. Mix-
tures of deep red and blue produce wine red and
purple. Mixtures of blue and green produce hlue-
green and forest green. Mixtures of yellow and
green produce light green and chartreuse.
Formulas:
yellow plus 1 bright red = light orange
yellow plus 7 bright red = deep orange
deep red plus 1 blue = wine red
deep red plus 1 blue = purple
blue plus 2 green = bluegreen
blue plus 6 green = forest green
yellow plus 4 green = light green
yellow plus 1 green = chartreuse

B Un =~ W m®

In ChromaCHron each hue has three tints, two
tones, and one shade. This gives each color
seven variations, or there is a total of ninety-
one color mixtures in the palette. Each color
appears in the master palette as shown in the
diagram:

Hue

Tints 1 2] 3

Tones 1 2

Shade

Formulas:
Shade 15 hue plus 1 black

Tone 1 20 hue plus 15 white plus 1 black
Tone 2 10 hue plus 5 white plus 1 black
Tint 1 1 hue plus 5 white

Tint 2 1 hue plus 1 white

Tint 3 5 hue plus 1 white

The most important thing in ChromaCHron is
knowing the gray equivalent of a color, The
hues, tints, tones, and shades as arranged in the
palette have little, if any, meaning in regard to
painting for television. Along with the Chroma-
CHron palette, a gray scale is essential.

ChromaCHron's selection of gray scale is
based upon the measurement of reflectance of
ChromaCHron's white and black and the division of
this range into nineteen equal parts in terms of
reflectance density, thus achieving twenty steps
including white and black. White is step number
one and black is step number twenty.

The ChromaChron paints are in a paste form
and must be diluted with water. 1n order to
assure uniformity in the amount of pigment, a
test is made and checked with previous results.
In the case of the grays, if the test gray was
darker than previous tests it meant that the
black was not properly diluted and more water was
added to the black pigment. Once the paints are
balanced, the artist can proceed in making his
color mixtures with the assurance that his tints,
tones, shades, and grays will not vary to any
great degree. There also will be some mixtures
which will be slightly lighter or darker than the
anticipated value; however, the shift in value
will be insignificant.

Due to the importance of the gray scale,
speciél precautions are taken to assure its
accuracy, Color mixtures can be accurately
matched by eye with the ChromaCHron palette as a
guide. Diagram "A" lists the reflectance density
of each gray in the scale and the formulas by
which to achieve each of the twenty steps.

After the ChromaCHron gray scale was es-
tablished, all colors were illuminated with 300
foot candles, 3200 Kelvin, at a 45 degree angle.
They were viewed through a color camera on a
black and white monitor and also on 2 Tektronix
oscilloscope. The color camera was balanced

against a known value of gray in order to obtain
a minimum chrominance modulation out of the
color plexer. Amplitude of colors of approximate
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PARTS OF WHITE TO ONE PART OF BLACK
value was compared to the value of gray used in al was not enough to effect or alter the gray
the setup. First, the lightest or those colors equivalent. However, this does not mean that
with the most brightness were compared to Chroma - these paints will always render the same gray
CHron white (gray #1). There was a rebalancing regardless of the surface they cover. Had a
after each step of gray. This produced minimum’ coarser canvas been used the gray scale would
modulation for each gray value. have shifted evenly in any one direction.
ChromaCHron is more successful when used on sur-
Every color in the ChromaCHron palette was faces of similar reflection. That is, if card
tested and its gray equivalent listed. Diagram is going to be incorporated with scenery, the
"8"” contains the complete ChromaCHron palette, reflectance of canvas and of the card must be
along with its gray scale. The number within similar.
each color chip in the palette corresponds to
the number of the value in the gray scale. Mere- Under flat lighting conditions it is im-
ly by looking at this palette in full color the possible to exceed the twenty-to-one light ratio
artist becomes aware of the approximate gray limitations with the use of ChromaCHron paints.
scale equivalent of each color. He can use the The brightest and darkest pigments or any mix-
ChromaCHron palette as a guide for determining tures of these pigments are well within the
the grays of colors which may not be incorporated brackets of safety. It would not be possible to
in this palette. produce art work using any color combination on
standard illustration board or on canvas and ex-
All graphic ChromaCliron testing was done on ceed the system's limitations. ChromaCHron under
illustration board. Although all paints were uniform lighting and painted on uniform textured
tested on the same type of card, some cards with surfaces will not exceed the twenty-to-one ratio.
slight difference in surface reflectance were
intermixed for the sake of comparison. The This does not mean that the twenty-to-one
opacity of the paint and its texture completely ratio cannot be exceeded with the use of Chroma-
overruled the reflectance surface of the card. Cliron. The mode of lighting or variety of
In the case where the paints were tested on lighting in one scene can alter the ChromaCHron

scenery canvas, the slight texture of the materi-




ChromaCHron Palette

DIAGRYA

The value of each color

i8s designated by ite
nusber which corresponds

to a gray scale value,

gray scale.
luminosity of the color varies,
paints are used on surfaces such as combed ply-
wood whose characteristics of light reflection
cannot be altered by a coat of paint, then the
ChromaCHron gray rendition is not accurate.

When the angle of light varies, the

I1f ChromaCHron

Incorporating other things with ChromaCHron
also can effect the twenty-to-one ratio. A
specular light source such as the reflection from
Jewelry, glass, chrome, foil, etc., can throw
ChromaCHron off and make it exceed the system's
limitations.

In general, to maintain a twenty-to-one re-~
lationship one should determine the lighting con-
trast on the set and divide this contrast figure
into twenty to determine how many steps of gray
value can be used safely. When persons of
average complexion are incorporated with Chroma-
CHron, it is advisable to stay in the middle
range (5 to 15) of the gray scale.

Yt Gray Scale
B Y 1 Wnite

10

11

12

13

16

17

18

19

20 Black

ChromaCHron must be used wisely.
effective when used properly.
easy to use.

It 1s
ChromaCHron is

This concludes the pigment phase of Chroma-
CHron but by no means does it stop here. Other
phases will be incorporated, such as the testing
of the various colored cards and papers presently
used by graphic artists. ChromaCHron will cata-
log the gray scale of thouse card materials which
are the most practical for color television
graphic art work. At the present a great deal of
graphic art is converted into color transparen-
cies. The ChromaCHron palette will be converted
into color transparencies to determine the gray
scale after it has been through the photographic
process. The most popular color films available
will be used in this experiment and processing
will be done under ideal conditions. KRON~TV is

ready to co-operate with manufacturers of paints,
draperies, paper manufacturers, and others who
produce graphic and scenic materials for the
purpose of giving the ChromaCHron gray scale
equivalent of their product.




A COMPATIBLE SINGLE-SIDEBAND SYSTEM DESIGNED
FOR USE IN THE DBROADCAST SERVICE

Leonard R.

Kahn

Kahn Research Laboratories

Freeport,

Introduction

A new
to convert

technique has been developed
standard AM broadcast trans-
mitters to single-sideband operation.
Conversion is achieved by use of a spe-
cial adapter which can be installed with-
out any modifications of the transmitter
and can be received on all existing AM
receivers.

The system, known as Compatible
Single-Sideband, or CSSB, is quite simi-
lar to standard AM transmission, except
that the spectrum energy 1is concentrated
on only one side of the carrier. Because
of this important and basic difference,
the broadcast industry is now able to ob-
tain the following significant advantages
over normal AM, which result in consider-
able improvement in day and night cover-
ape of primary and secondary areas:

1. Provides an effective two-to-orre
power gain for a given signal fidelity.

2. Reduction of adjacent and co-
channel interference through two-to-one
spectrum economy.

3. Minimized selective fading dis-
tortion.

L4, Improved audio fidelity.

CSSI3 has now been in continuous use
for approximately one year on the Voice
of America's megawatt station in Munich,
Germany. The first domestic tests were
recently completed on WMGM's 50 kw trans-
mitter in New York, and arrangements have
Just been made for full-time tests over
WANC, the American Broadcasting Company's
New York outlet, and over wSM's clear
channel station in Nashville.

Compatible Single-Sideband

We would 1like to propose a new sSys
tem that does not have any inherent dis
tortion at a 100 per cent modulation.
This system, Compatible Single-Sideband

(CSSB), allows the use of conventional AM
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receivers and is actually slightly less
sensitive to incorrect tuning than AM
transmission. It may be best to examine
a simplified block diagram of a Compat-
jble Single-Sideband transmitter at this
point, Figure 1.

In the Compatible Single-Sideband
system, a full carrier single-sideband
wave is produced in what may be a conven-
tional single-sideband generator. This
wave is then passed through a limiter
wherein the phase modulation component of
the wave is isolated. This phase modu-
lated wave "is than amplified by Class-C
amplifiers, or for that matter, any other
class of amplifiers and finally fed to a
modulated stage.

The full carrier single-sideband
wave, at the output of the SSB generator,
is also fed to a product demodulator
wherein it is electronically multiplied
by the carrier. The resulting output
wave from the product demodulator is free
of distortion. In other words, the spec-
trum components at the output of this de-
modulator are identical with those at the
input of the single-sideband generator.
This audio wave is then amplified and
finally used to modulate the phase modu-
lation component. If this modulation
process is linear, the envelope wave at
the output of the modulated amplifier is
free of all harmonic distortion. This
wave may then be demodulated in the con-
ventional diode detector with theoretical
zero distortion at 100 per cent modula-
tion.

Analysis and measurements show that
the undesired sideband of this wave is
approximately 30 db below the desired
sideband. Even though the Compatible
Singzle-Sideband wave looks exactly like
an AM wave on an oscilloscope, the wave
is single-sidebanded.

Full Carrier SSB3 vs CSSB

Application of single-sideband tech-
niques to AM hroadcasting has been, here
tofore,

considered impractical, since its




adoption would involve modification of
home receivers, If conventional home re-
ceivers are used to receive a single-
sideband full carrier signal, appreciable
distortion results. This may be seen by
referring to Figure 2, which shows a full
carrier 5SH wave modulated by a single
tone under peak modulation conditions.

It is seen that the envelope waveshape 1is
far from sinusoidal and actually a little

over 23 per cent harmonic distortion is
present.
Also, it should be noted that the

fundamental term has a peak value of

67 per cent relative to the d-c term.
Therefore, the maximum effective modula-
tion of a full carrier single-sideband
wave is only 67 per cent. It has been
sugrested that in order to reduce the
large amount of distortion of this enve-
lope, the sideband level should be re-
duced. It may be shown that though the
distortion is reduced, the effective
modulation is also greatly attenuated.
When the distortion is reduced to 10 per
cent, which is normally considered to be
barely tolerable for most equipment,
though not quite acceptable for broadcast
service, the effective modulation is

38 per cent. Such a low level modulation
value reduces the effective power of the
transmitter by a factor of over 5.3,

Two proposals“v5 have been made for
reducing this distortion effect at the
lower frequencies by transmitting double-
sideband for low audio frequencies and
single-sideband for higher frequencies,
However, these systems require more spec-
trum and are more critical to selective
fading than pure single-sideband systems,
These systems also require the replace-
ment of most existing transmitters.

Advantages

The advantages of the Compatible
Single-Sideband system are as follows:
1. Reduction of Adjacent and Co-Channel
Interference

Since Compatible Single-Sideband
systems concentrate energy in one side-
band, CSSB transmission reduces ad jacent
and co-channel interference,

a. Adjacent Channel Interference.
In the case of adjacent channel interfer-
ence, the use of Compatible Single-
Sideband can increase the spacing of ad-
Jacent sidebands by two times the highest
audio frequency transmitted. This in-
creased effective sideband spacing
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greatly reduces adjaceoent channel interfer-

once.,

Adjacent channel interference comprises

three main types; sideband monkey chatter,
undesired crosstalk, and carrier hetero-
dynes., In the United States, the 10 kc

carriers tends to re-
because of
as the

The cross-

separation betwoen
duce this form of interference
IF and audio fidelity, as well
listener's aural limitations.
talk effect is greatly reduced by masking,
and except for extremely large undesired
signal levels, is relatively unimportant,
The main source of adjacent channel inter-
ference is sideband monkey chatter wherein
the desired carrier beats with the unde-
sired sideband components, 1f CSSi3 tech-
niques are correctly applied, the fre-
quency of the monkey chatter would be suf-
ficiently removed from the desired carrier
to be above audibility. Thus, CSSI3 offers
a means for greatly reducing adjacent
channel interference.

b. Co-Channel Interference. 1f co-
channel stations are equipped for CSSB op-
eration, the listener, by tuning to the
desired station's side of the carrier, can
effectively reduce interference effects,
The optimum tuning point appears to be
1 1/2 to 2 kc on desired sideband side of
the carrier, and conventional home re-
ceivers offer a sipgnal-to-interference
7ain of from 5 to 8 db. 1f a listener,
a particularly poor region, purchased a
special high selectivity receiver, he
could obtain approximately 30 db signal-
to-co-channel interference gain.

in

In addition to the reduction of this type
of interference, there is also a reduction
in beatnote distortion, which in AM Sys-
tems is caused by the "phase beating" of
interfering carriers. This reduction in
beatnote distortion is discussed in the
next section on "Selective Fading Distor-
tion Reduction",

2, Selective Fading Distortion Reduction

The second advantage of Gompatible
Single-Sideband operation is the reduction
of selective fading distortion, offering
an increase in night-time coverage, It
may be shown that the main cause of fading
distortion is incorrect relative phasing
of the carrier and the sidebands. This
condition may be demonstrated by eliminat-
ing the carrier from an amplitude modu-
lated wave and then reinserting the car-
rier at different phase relationships. 1t
is then seen that when the carrier differs
by 90° from its correct phase, the signal,
demodulated in an AM detector, is com-
pPletely distorted. This distortion is in-




dependent of the percentage of modula-
tion.

Compatible Single-Sideband operation,
by suppressing one of the sidebands, is
much less sensitive to selective fading
distortion. The relative phase of the
components of the Compatible Single-
Sideband wave is much less critical, and
tests have established the fact that Com-
patible Single-Sideband waves are rela-
tively free of fading distortion.

It should be pointed out that this
insensitivity to phase deviation is an-
other reason for the reduction in co-
channel interference. Wwhen the undesired
signal has a carrier frequency approxi-
mately equal to that of the desired car-
rier frequency, the combined carriers
will be phase modulated at a low fre-
quency beat note rate. This wave will
then go in and out of proper phase, and
there will be a form of bheating distor-
tion. Because Compatible Single-Sideband
is less sensitive to phase discrepancies,
CSSB is relatively free of this distor-
tion.

3, Improved Fidelity

Because the Compatible Single-
Sideband wave occupies one-half of the
normal AM spectrum, the bandwidth of the
IF and RF amplifiers of the receiver may
be halved. Since the fidelity of most
receivers is restricted by the IF band-
width, Compatible Single-Sideband offers
a means for appreciably improving the ef-
fective fidelity of existing receivers.

If desired, the future home receivers
may be built for restricted fidelity
service, and in this case, it will be pos-
sible to obtain a signal-to-noise improve-
ment by the use of CSSB. For a given fi-
delity, the bandwidth may be halved, thus
providing a 3 db signal-to-noise improve-
ment. Such receivers could be made some-
what cheaper because more gain can be ob-
tained in the narrower IF amplifiers than
in wider units. Also, it will be easier
to obtain improved selectivity with at-
tendant reduction in co-channel and ad-
jacent interference effects.

Discussion of Compatible
Single-Sideband Tests

The first installation of Compatible
Single-Sideband took place in Munich,
Germany with the Voice of America mega-
watt transmitter wherein a 4 megawatt
peak envelope power CSSB wave was pro-
duced. Since installation, this equip-

ment has been used continuously by the
Voice of America.

During the WMGM Compatible Single-
Sideband tests in New York, numerous mea-
surements and listening tests were made on
various types of receivers. These in-
cluded communications models such as the
Hammarlund SP-600, the Collins 51-J, a
Signal Corps R390A/URR, and the Halli-
crafter 538-D. Home-type receivers such
as a Grundig Majestic Model 80U/USA, a
Westinghouse transistor set, a Craftsman
tuner, and many other types were used. No
difficulty was experienced in tuning these
receivers, and reception was completely
free of distortion. When listening to
CSSB signals on a communications-type re-
ceiver, it was possible to reduce the re-
ceiver's bandwidth to 2 kc and still main-
tain usable quality.

Tests were also made at the WMGM
transmitting site at Rutherford, New Jer-
sey, and on automobile radios at consider-
able distances from New York. It was
noted that even though at times the signal
faded out completely, it remained free of
distortion throughout the fading cycle.

Sideband rejection of CSSB transmis-
sions under best conditions was slightly
over 35 db, as read on a Panoramic adapter
Model SB-86. This figure was confirmed by
separate measurements on Collins, Crosby,
and Kahn single-sideband receiving SysS-
tems. However, average sideband rejection
was 30 db. The amount of distortion added
to the transmitter system by installing a
CSSB adapter was only .4 per cent, and the
total transmitted bandwidth was approxi-
mately 7 kc.

The CSSB adapter was run continu-
ously without ad justment for two months,
and the undesired sideband at the end of
this period measured 30 db down from the
desired sideband. Figure 3 shows an ac-
tual photograph of the CSSI3 wave viewed on
a Panoramic Panalyzor after two months'
operation without adjustment. Figure &4
shows the wave form immediately after
switching back to conventional double-
sideband AM transmission. When the equip-
ment was adjusted at the beginning of the
test, the spurious was down 32 db.

Conclusion

It has been shown in actual opera-
tion that CSSB systems offer the user sig-
nificant reductions in interference and
selective fading, as well as improvements
in signal-to-noise and audio fidelity.

The adapter is easy to install and main-




tain and does not require delicate or re-
peated adjustments. Because of its
unique design and compatibility with
existing AM receivers, the many advan-
tages of single-sideband transmission may
now be fully realized for the first time
by the broadcast industry.
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A STABLE PRECISION TELEVISION DEMODULATOR
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Director of Engineering
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Summary

Proposals are advanced that would enable
the design of a more reliable and precise
television demodulator. The present state of
the art is reviewed with comments on short-
comings that need to be corrected. Design
features and experience gained from an
experimental prototype using product detection
and unusually low frequency IF amplification is
presented. The possibilities of direct frequency
conversion to video without the use of an IF
amplifier, relying upon post detection filtering
for band shaping is discussed. Proposals
initiating industry wide standards for the per-
formance of television demodulators is opened
for discussion.

The Problem

In order to evaluate the operating character-
istics of a television transmitter it is necessary
to provide a true demodulated sample of the
signal delivered to the antenna suitable for
waveform analysis with a precision waveform
monitor or other TV testing device at a standard
level and impedance’. The term DEMODULA -
TOR as referred to in this discussion is intend-
ed to mean the complete instrument used to
detect and process the radio frequency TV
signal in such a manner that a video replica of
the original modulation is available for study.

So that the measurements being conducted on
the transmission system are to be of any value,
it is essential that the demodulation process be
very precise and complementary to the estab-
lished processes of modulation and sideband
filtering so the output of the instrument will
truly reflect the deviations of the transmitted
signal from the norm. The demodulator must
not include any observable defects that are not
attributable to the transmitted signal itself.

Every TV broadcaster requires the use of
such an instrument to check compliance with
the FCC regulations, as well as to confirm the
best possible signal is being obtained from the
equipment on hand. It is customary for the
station maintenance engineers to run amplitude
response curves of the entire TV system,
observing the results on the demodulator wave-
form monitor to compare with sideband
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analyzer measurements. The same is true for
measurements for color systems, such as
differential phase and amplitude response.
Interpretation of the correct amount of sub-
carrier to video (monochrome) ratio can only be
determined through a demodulator because of
the vagaries associated with such observations
when checking samples obtained from diode
probes at various points of the system output,
due to the vestigial sideband nature of the
radiated signal.

Hence, it is necessary that the demodulator
closely adhere to the standards of the ideal
receiver. It must have an accurate and stable
amplitude response curve approaching the
theoretical ideal, phase response that is known
to be that expected of the ideal receiver as set
forth in the NTSC specifications, and an ove rall
transfer characteristic that is essentially flat.

Contemporary Design

The customary approach to demodulator
design has been the employment of an elabora-
tion of ordinary television receiver circuitry.
Usually, no high gain RF preamplification is
required since available signal voltages are
usually on the order of several hundred milli-
volts and it is general practice to feed this
directly to the lst conversion mixer. Usual
intermediate frequency amplification ranges are
in the 20 to 30 megacycle region where typical
stagger-tuned bandpass circuits have reasonable
component values, considering the percentage
bandwidth required to accommodate the full TV
signal. Finally, a high level envelope detector
is used to recover the video.

Of presently available equipment, the pub-
lished tolerances for a demodulator sold by one
major manufacturer is indicated to have
deviations in the amplitude response curve no
greater than plus 0.6 DB or minus 1.0 DB
relative to that at 0.2 MC. This corresponds to
a possible dip of 11% and a peak of 7.5%, or an
overall excursion of some 18%.

The product of another major manufacturer
lists a number of specifications regarding over-
shoot and ringing in regard to transient response
and gives an amplitude tolerance of within 1 DB.
Detailed specifications regarding the perfor-
mance following color conversion of the unit



were not available to the author at the time of
this report, however, it appeared that the
principal changes involved were the addition of

a series of all pass phase compensating networks
No major redesign of the IF amplifier was in
evidence that would indicate improvement in the
published specifications of amplitude except for
the inclusion of a better sound trap.

It is certain that very careful design in every
respect yields results that are in proportion to
the attention paid to details. However, even
the best units commercially available leave
something to be desired. Foremost, the
detector inherently has consideratle waveform
distortion at high modulation percentages, 1, 2
principally due to quadrature distortion brought
about by the partial suppression of the lower
sideband in the vestigial sideband system. This
defect manifests itself as increased rise time
compared with that of the in phase component of
the modulation envelope, and unequal disposition
of the high frequency components around low
frequency transitions. The rise times of signals
of opposite polarity are not equal nor symetri-
cal. The rise time is dependent upon the modu-
lation percentage. The observed waveform
therefore has defects that are not attributable to
shortcomings in the transmission system, but
due to the detector itself.

Another serious shortcoming in contemporary
demodulator design is the lack of stability of
the IF amplifier system. The major portion of
the blame could be placed upon the questionable
necessity of using a high frequency portion of
the spectrum for the bandpass amplifier, Due
to the limitations of the envelope detector, the
practical limits have been reached in reducing
the frequency range while still covering the
entire video bandwidth without introducing
complications in the design of the diode detector
load.

New Approach

It is not the intent of this paper to unveil a
panacea that will circumvent all the troubles
resulting from previous attempts to build an
ideal demodulator but rather to give a progress
report, discussing a number of successful
expedicnts that have been tried as well as to
discuss the lines of future endeavour that appear
most promising and delineate some needed
standards of performance.

In a search for a partial solution for these
various shortcomings, the author's attention
focused upon the possibilities of the product
detector, 1+ 3, 4

The basic components of a product type
demodulator having the required features is
outlined in block diagram form in Fig. 1. The
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well known process3 involves the multiplication
of the incoming modulated signal

€= F(t) cos (wit + P )

by a carricr frequency of the appropriate phase
to recover the original modulation component
modified by the exclusion of information lost due
to the suppression of a substantial portion of one
sideband,

¢ = instantaneous voltage, F(t) is a modulating
component, fy = wi/2 = carrier frequency and

Pk = phase of carrier at time t = Uy

When the above expression is multiplied by the
instantaneous value of carrier, the product is

re Cos(an + ¢K) =UF(f)C05(wK£ *¢K)1
TE() + g cos2(Wit +d )
2 2

where i = the output current and r=a
constant.

{

If integrated over a period of time exceeding one
cycle, the second term reduces to zero, so

I, = F (t)
2
yielding the original modulating component.

The output of the detector is filtered with a
low pass configuration in order to remove the
undesired modulation components lying about a
frequency at the second harmonic of the carrier,
as well as remove the fundamental carrier
frequency and sidebands from the demodulated
output, 5
Previous writersl: 4,5 pave elaborated on the
many features of the product detector that are
suitable for TV work and it's place in the world
has been amply demonstrated as the accepted
method of Separating the two components of the
color signal, As applied to the useas a TV
demodulator, several features make the use of
this type of circuit a distinct possibility as an
approach to a more ideal system. The product
detector is immune to quadrature distortion
caused by unequal amplitude distribution about
the modulated carrier frequency. |
It has been shownl: 5, 6, that provided
the signal has a uniform phase curve symetri-
cal about the carrier, the filtered demodulated
output of the detector will be an accurate f
replica of the original modulation, vestigial i
sideband transmission not withstanding. This is '
of course due to the ability of the gated detector \
to remain blind to the quadrature component
contributed by the single sideband portion of the




spectrum. Since filtering of the signal does
introduce phase nonlinearities, it is necessary
to correct for them. This can be performed
upon the detected output with typical all pass
non minimum phase type filters.

The selectivity of the circuit can be complete-
ly specified by the response assigned to the
post detection circuitry, if desired. This
follows from the low pass analogy of band pass
circuits when using product detection. This
means that should it be desired to suppress a
portion of the input signal so it does not appear
in the final detected output of the device, the
selectivity may be employed after detection by
video filtering rather than predetection circuits
operating on the RF signal. This is not
practical with envelope detectors where the
intermodulation products of both desired and
undesired signals would appear in the output
when no predetection selectivity is employed.

This feature has much to offer, especially
the ease with which sound carrier interference
can be eliminated from the picture with high
Q video trap circuits in lieu of IF traps.

Another feature offered by the product
detector is the unique way in which it lends
itself to demodulating a signal that is in a fre-
quency range adjacent to the spectrum of the
demodulated output of the detector. Due to
time constant problems in the detector load
impedance, conventional envelope detectors
impose design headaches when an attempt is
made to recover the modulation of a signal, the.
carrier frequency of which is nearly as low as
the upper spectrum of the demodulated video.
In mixer type synchronous demodulators, the
signal circuit is not common with the output
load impedance, hence were it not for other
considerations of convenience, the two spectras
could even overlap and using signal balanced
mixers would still be practical to recover the
modulation.

it was the author's thought that if by some
means the IF frequency could be drastically
reduced, it would be possible to shape the pass
band curve more exactly and one would have
some assurance the curve would remain as
initially tuned.

An especially intriguing idea that was
explored is the possibility of making the IF
range coincide with the video spectrum. In
other words, use direct synchronous detection
at the incoming carrier frequency in lieu of
converting first to an IF frequency band for
filtering, thus eliminating the IF system
entirely. Since the synchronous detector lends
itself to post detection filtering, this seemed to
be the most elegant way to create a precision
demodulator. The output at video frequencies
corresponding to double sideband output of the
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transmitted signal would be 6 db higher than the
higher frequencies, so a step type filter would
be interposed in the output video. (See Fig 2)

A difficulty arises in a rather exasperating
manner. Since the lower sideband attenuation
curve of the transmitted signal is quite steep,
signal energy in the spectrum approximately
3/4 megacycle from the carrier is subject to
extensive ringing such as is associated with all
sharp cutoff filters. The 6 db step in the pro-
posed step response filter aggravates the
situation, principally due to an extremely
awkward phase delay curve in the vicinity of
one megacycle. (See Fig 3) The correction of
the video envelope delay imposed by this

curve would demand the use of a very elaborate
phase correcting network due to the large
correction needed at both ends of the spectrum
to match the relative delay at midband.

However, work is continuing in the effort to
bridge these problems in a straightforward
manner so as to open the possibility of the use
of direct synchronous detection having precision
characteristics. Experimental work completed
thus far has yielded promising results along
these lines.

By using an IF frequency that is immediately
adjacent to the video spectrum, a much lower
practical frequency for IF amplification is
achieved. This allows the filtering operations
to take place in the near video range of approxi-
mately 5 to 12 megacycles. (See Fig 4) The
undesirable IF components can then simply be
filtered out with a low pass filter in the detector
output. This filter could be a part of the sound
trap circuitry since this function can also be
done in the video system following detection.
The IF response curve needed is the typical
skewed slope with the carrier placed at the
minus 6 db point. For given component toler-
ances, the stability and precision with which the
ideal curves can be obtained at the lower IF
frequency is improved by a magnitude of
approximately three to ten.

Upon first thought, it might seem that the
building of a bandpass amplifier having a band-
width nearly equal to the center frequency would
pose a very difficult design problem. The use
of conventional stagger tuned or over coupled
tuned stages would be impractical. The
approach used in this case was simply to use a
wideband video amplifier, essentially flat from
a few cycles up to approximately 12 megacycles,
and to cascade low pass and high pass filters to
obtain the desired intermediate frequency pass-
band. One advantage gained is that each stage
of the amplifier is responsible for flat ampli-
fication of the entire passband, thus the plate
loads are more constant over the entire range
and changes in tube characteristics are not as



prone to change the shape of the passband.

Another convenience of the low IF frequency
is the ability to observe the waveform of the
modulation envelope itself on a wideband
oscilloscope before detection. Falling well
within the usable bandwidth of most good scope
amplifiers, it is quite simple to compare the
modulation envelope waveforms at various points
in the IF amplifier both before and following
the skew symetrical filters and to compare these
waveforms with those obtained after detection.
Thus detector deficiencies can be pinpointed.
Shown in Fig. 5 is the observed envelope
response to a particular TV transmitter, prior
to entering the shaping filter. Fig. 6 shows the
response after passing through the filter.

Fig. 7 shows the detected inphase component as
it appears following the product detector, prior
to delay correction. Fig. 7b shows a sync
pulse detected and phase corrected for IF
distortion. IF and sound components removed
by filtering.

The spike on the edge of sync is clearly
caused by the response of the shaping filter and
is typical of the delay error introduced by the
suppression of the portion of the signal near
carrier. The video output of the phase correct-
ion filter is compensated to correct for this,

There are two possible methods of conversion
that will produce an IF bard in essentially the
Same spectrum but each requiring slightly
different treatment as far as filtering. The
first method involves the choosing of a local
oscillator frequency approximately 10 MC above
the visual carrier frequency. For an exact
difference of 10,25 MC, the IF passband will
be from 5.75 to 11,0 MC with a filter require-
ment that is of the low pass variety to hold the
curve to close tolerances between 9.5 and
11.0 MC with the carrier at the 50% point on
the curve as shown in Fig. 4a. The band of
frequencies is transposed relative to the
carrier as transmitted.

An alternative method of mixing to obtain
the low IF frequency is illustrated in Fig. 4b.
A local carrier approximately 6.0 MC lower in
frequency is beaten against the incoming signal
to translate the modualtion into the region of
4.5 t0 10.5 MC. Since the sideband spectrum
is not transposed, the filter required would be
of the high pass variety, with accurate control
from 5.25 MC to 6.75 MC and constant gain
from that point up to the region of the sound
carrier just short of 10.5 MC.

Except for possible reasons of filter design,
there is no clear reason to prefer one method
over the other. It might be possible to obtain
sharper edges at the transition points in the
gain curve for given component losses by using
the nontransposed conversion since the critical
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shaping is done at half the frequency of the
counterpart shown in Fig. 4a.

The present development of the demodu-
lator utilizes the first method described in
the preceeding paragraphs; the conversion
oscillator frequency is higher than the incom-
ing visual carrier and the IF spectrum is
transposed as shown in Fig. 4a.

A block diagram is given in Fig. 8. Typical
of contemporary counterparts, the RF signal
is fed into a mixerto convert to the IF
frequency. In the specific case, satisfactory
behavior of the converter is obtained with a
type 6BN6 gated beam tube, used as an outer
grid mixer. The output is quite linear as
long as the input signal does not exceed about
1/2 volt. Approximately 5 volts of oscillator
voltage is presented to the quadrature grid
from an oscillator operating 10.25 MC above
the visual carrier frequency. .

The frequency of this oscillator is controlled
by a reactance tube included in the AFC loop.
The reference used is the oscillator which |
provides the demodulating carrier in the
product detector. Higher overall stability is
achieved by controlling the first oscillator
than to move the final oscillator, since the
lower frequency oscillator may be accurately
positioned at the center of the slope of the IF
curve. The error signal is obtained by com-
paring the fixed frequency of the final
demodulating oscillator with the incoming
carrier frequency after the conversion to
10.25 MC. The amount it lacks of being
Precisely on 10,25 MC and in phase with the
reference, is observed in a phase detector
and this error voltage in turn controls the
reactance tube,

The IF amplifier consists of a succession
of pentodecathode follower combinations with
filter sections between pairs. Each pair is
adjusted by means of shunt plate peaking coils
to remain flat over the entire range to beyond
12 MC. The filter elements control only the
shape of the suppressed portions ef each edge
of the passband, thus each tube combination
amplifies the whole Passband equally. However
wasteful of gain due to the high gain-bandwidth
Product required, this is a stable and easily
adjusted method to achieve the wide band-
width at such a low frequency.

The only critical shaping operation perform-
ed in the IF stages is that of accurately setting
the response so as to be a straight line slope,
skew symetrical about the carrier. This is
done with a bridged T filter and a series
résonant shunt circuit between two stage pairs \
and an antiresonant interstage coupling circuit ‘
between two other pairs. The low frequency
portion is broadly suppressed with one high




pass interstage coupling. No attempt was made
at this point to introduce a sound trap.

The output of the IF amplifier feeds the pro-
duct detector, which again utilizes another
gated beam tube, operating similarly to the
first mixer except that in this case the local
oscillator frequency matches the IF video
carrier frequency. The output of the detector is
filtered to remove the greater portion of the
10.25 MC carrier and the remaining video is
amplified in a conventional video amplifier. The
sound trap and phase correcting filters operate
in the output of this amplifier at a 75 ohm level.

Since the color corrected transmitter is
assumed to fully correct for the receiver sound
trap phase discontinuity when minimum phase
shift circuits are used, no correction for
receiver cutoff is provided. Only the correction
for the slope of the skew symetrical filtering is
accounted for.

This filtering causes the low frequency video
to lag the high frequency portions by approxi-
mately 0.14 microseconds. A bridge T phase
equalizer circuit was designed to effect this
correction. The nature of the correction desired
is illustrated in the measured square wave
response of the network pictured in Fig. 11.

The sound trap is intentionally left out of the
IF amplifier for the reasons given earlier, as
well as to allow the use of a direct 4.5 MC
sound takeoff in the output video amplifier.
purpose of this innovation was to experiment
with the feasibility of utilizing this signal as a
carrier alarm actuating circuit and sound
monitor.

Alignment of the bandpass amplifier is
quite simple. The output of a standard swcep
generator with variable marker capable of
sweepingfrom 0 - 12 MC is fed into the RF input
of the first mixer with the hetrodyne oscillator
disabled. The signal is sampled at the grid of
the second mixer. The demodulating hetrodyne
oscillator is allowed to run, which through
slight coupling in the detector stage will put a
marker pip at 10.25 MC. The shaping filter
elements between the stages of the amplifier
are adjusted until the curve of Fig. 9 is obtained.
By this method, the first mixer passcs the IF
sweep through its normal plate load. The CW
output of the marker, used alone may be used
to obtain phase delay measurements. Phase
comparisons between input and output were made
using a Hewlett Packard model 150-A switched
pre-amp scope which allows simultaneous view-
ing of both input and output waveforms super-
imposed so as to measure the time difference.

The video amplifiers following the detector
are swept in the usual way and at this time the
sound trap and low pass video filter elements
are set for a cutoff above 4.2 MC with a deep

The
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notch at 4.5 MC. It is desirable to adjust the
filter for minimum ripple in the passband, with
the least objectionable effects on the phase plot
below cutoff.

Any of the conventional means of chopping
the signal by mechanical or electrical methods
may be used to obtain the DC reference axis.

Elimination of IF Amplifier

It might be interesting to review the method
used to test the system outlined in a previous
paragraph where the IF amplifier was dispensed
with and direct conversion from RF to video
was performed.

The incoming RF signal with visual carrier
at 61.25 MC was sampled with a directional
coupler at the output of the transmitter vestigial
sideband filter. The reference carrier was
obtained by sampling the unmodulated output of
the driver amplifier to the modulated stage of
the video transmitter with a pickup loop inserted
near the driver plate tank. The phase was
matched to that of the carrier of the modulated
sample by means of an adjustable lumped
circuit line stretcher. The in phase condition
was simply checked by adjusting for maximum
low frequency video output, which could be
confirmed by metering the plate current of the
mixer tube.

This carrier source was satisfactory enough
to enable testing of the basic system but would
prove impractical for general use. The prin-
cipal drawback is the interaction of transmitter
tuning and demodulator characteristics due to
changing phase of the radiated carrier with
respect to the sampled carrier in the unmodu-
lated stage, depending upon the tuning of the
bandpass circuits. Even though the response
curve also specifies the phase of the trans-
mitted components due to the minimum phase
shift law?» 8there is no such constraint upon
absolute delay, hence the relative delay(there-
fore phase) of the modulated sample could not be
depended upon to remain in fixed phase reference
to the unmodulated sample.

Later work was done with a phase locked
locally generated carrier, controlled by a
conventional AFC system. The demodulator
output was then passed through a step filter of
the ladder type, the design of which was simu-
lated by the corner plot technique. The ampli-
tude and delay response is shown in Fig. 2 and
3. Delay is plotted as group delay and was
obtained by point phase measurements at closely
speced increments throughout the band of interest
and determinations of the incremental slope of
each segment. The curve includes all errors
inherent in the video amplifier as well, which
in this case were of little consequence



throughout the band of interest.

The type of response obtained from vestigial
sideband transmission through the step filter is
shown in Fib. 10 which clearly shows the ring
in the 1 mc region that proved so exasperating.

It might be noted by the reader that the
waveform overshoot from the output of the
direct conversion demodulator is similar in
type but opposite in sense to the inherent spike
produced by IF amplifier distortion shown in
Fig. 7. Since the two systems cannot be used
in combination, there is no possibility that one
might correct for the other.

Other Considerations of Direct Conversion
Method

Aside from the ringing problems imposed by
the step transitions in the response curves of
the transmitter and receiver post-detection
filters as described earlier, another consider-
ation must be taken into account.

It will be noticed that due to lack of any
predetection selectivity giving additional side-~
band suppression, the direct conversion
detector views a greater total band of frequen-
cies than does the conventional detector follow-
ing a shaped IF passband. The receiver IF off
center slope is required to be skew symetrical
and to cause the response below minus 0.75 to
be negligible. The specification of the remain-
der of the vestagial sideband below minus 0,75
MC is not detailed in the regulations covering
the transmitted signal except that the suppres-
sion must be virtually complete at the lower
band edge. Since the conventional receiving
system is blind to energy radiated below minus
0.75 from carrier, the exact value of compo-
nents below minus 0.75 MC is ordinarily of no
great concern.

In the case of a detector employing post
detection filtering only, this portion of the
spectrum does become of some concern, since
it contributes to the demodulated video output.
Lacking detailed specifications of this response,
let us consider the effects of possible deviations
from an arbitrarily assumed straight line curve
from full amplitude at minus 0.75 MC to
complete suppression at minus 1.6.MC. Energy
from each sideband is addative and to this sum
is added the loss in DB of the complimentary
filter. The result is that the total error of the
complete combination is directly proportional
to the deviation in DB from the straight line
O-A in Fig. 12. Practical necessity requires
that both lines become rounded at the corners.

Since the regulations do -cover the situation
at two specific frequencies, one half MC apart,
this is tantamount to implying a restrictive
curve in interval between.
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From a practical standpoint there is little
else that could happen due to the limited re-
sponse possibilities that can be achieved with
practical sideband filters in such a short
frequency interval. This is true regardless of
the method of obtaining the required response,
whether by the use of high level passive filter-
ing at the transmitter output, or with interstage
couplings in low level modulated systems. It
can be safely assumed that the response in this
interval will be virtually according to the curve
of Fig. 12 in all normal installations.

Standards Proposals

It is perhaps time that some uniform stand-
ard be set for the performance of demodulators,
whatever method is employed. This statement
is apt to raise many proposals on just what
these specifications should entail. The approach
should be that of an industry wide committec to
work out an appropriate standard. In any event,
the author would like to mention several desir-
able inclusions that should be a part of the
detailed performance tolerances. To readily
qualify as a precision instrument, it shouldn't
be too much to expect that it should retain an
amplitude tolerance of no greater than plus or
minus 2 1/2 percent, as illustrated in Fig. 13,
This could give rise to a curve of the type
illustrated that just falls within the tolerances,
A deviation any greater than that shown could
hardly qualify as a useful measuring device.

This should not be too difficult a tolerance
for a manufacturer to maintain in a production
model. The requirements for phase delay might
well be open for extended discussion, however
it seems clear that if the entire system measure-
ments are to mean anything, the demodulator
should not be expected to contribute more than
possibly 0.02 microsecond of error to the total,
This deviation could represent 20% of the total
of a measurement on a typical system just
meeting FCC tolerances. Although posing a
formidable production quality control problem to
the manufacturer, it is certain to be a necessary
requirement imposed by the television broad-
cast engineer as a criteria of the accuracy of
his measuring equipment,

It is also proposed to identify the tolerances
of the overall video response curve with certain
requirements of the IF slope near the region of
carrier. This would amount to a tightening up
of the deviations near the 0.2 MC reference so
that excursions near the maximum of 2 1/2%
could not occur immediately adjacent to the 200
kc region. Reduced to Practice it would mean a
decreasing tolerance to zero in the vicinity of
carrier and would also imply that an increase on
one side of carrier must be nearly balanced by a




like decrease on the other side of carrier, thus
maintaining symmetry of the slope.

A tolerance referred to 200 kc must not allow
any deviation at that frequency, otherwise it no
longer has a reference and merely allows
adroit maneuvering of the curve to fit almost any
adjusted filter combination so that it appears to
be within specifications. So the tolerance
limits should reduce to zero near the carrier
frequency in the manner shown in Fig. 13.

Some agreement should also be reached
regarding permissible factors affecting color
measurements. Differential phase and gain
curves should be set comparable with the
standards of the networks and the telephone
company for their individual pieces of equip-
ment such that any one unit adds little to the
total of a number connected in tandem.
Similarly, the demodulator is in tandem with a
number of other pieces of gear and should con-
tribute insignificantly to the total differential
errors. A phase margin of no greater than one
degree and a transfer linearity within one
percent should be the goal.

In concluding, it should be remarked that
none of the working models with which the
experiments were conducted represent manu-
facturing prototypes by any stretch of the
imagination. The work was undertaken and
tried idea by idea through the use of demount-
able plate experimental chassis wherein each
stage was built as a separate entity on a small
metal plate and held in place on a special
assembly such that a succession of circuits
could be constructed to operate in normal
fashion. The ease with which new ideas could
be tested proved indispensible, however usually
the only remains of earlier trials were a few
sordid parts tacked upon many small metal
plates scattered about the workbench. This is
a little demoralizing to associates who seem to
sense that progress just might be going back-
wards as plate after plate is discarded.

It is hoped that the ideas presented here may
prove rewarding to others who are bent upon
the same road and that the ultimate outcome

He

will eventually prove to be a '"Stable Precision
Television Demodulator',
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OPERATION, MAINTENANCE AND FIELD TESTS
OF QUADRATURE-FED ANTENNAS

Harry N, Jacobs
Chief Engineer
American Broadcasting Company
San Francisco, California

Summary

A resume of .the mare commonly known points
involved in the routine operation and mainte-
nance of the "superturnstile" type antenna is

given,

The mare common methods of measuring the
electrical characteristics, V.S.W.R., leakage
and short-circuit resistance are listed,

Several additiomal factors of a more nebu-
lous nature are discussed in detail, with regard
to their effect on antenna performance, and with
regard to means of proving these antenna charac-
teristics. These factors include horizontal and
vertical radiation patterns, batwing power
distribution and phase relationships throughout
the antenna system,

A measurement technique to check these
factors is described in detail and a vectorial
method of predicting antenna vertical plane
patterns is given, with typical examples of
antennas designed to accommodate specific cover-
age problems,

Introduction

In the routine operation and maintenance of
a television broadcasting station, probably the
most difficult and, at times, frustrating ele-
nent of the system is the transmitting antenna,
This piece of equipment is exposed to the rough-
est treatment of wind, rainstorms and heat, and
in many cases, highly corrosive atmosphere, and
is expected to perform over long periods of time
with only superficial, and often inadequate in-
spection and maintenance.

Since, by far, the great majority of
present VHF antennas are of the "superturnstile®
or batwing type, I will confine my remarks to
this antenna, It should be understood, however,
that much of the discussion applies to other
multiple-feed antennas, such as the "super-gain"
type.

The various manufacturers of TV antennas
make certain recommendations regarding operation
and maintenance of their products, and these
suggestions, which are usually fundamental in
nature, if followed, will provide the broad-
caster with reasonably dependable and trouble-
free service over a long period of time,

General Considerations

Among the usual suggestions regarding
operation and maintenance are the following:
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1, Periodic mechanical inspection of the
complete antenna coax wiring harness for
signs of electrical breakdown, arcing,
loose or corroded connections, spot
heating or any other discrepancy.

2. Inspection of the transmission line
system for signs of heating, mechanical
wear, maladjustment of spring hangers,
or dents in outer conductors,

3. Periodic painting of the antenna, with
strict attention to the masking of in-
sulators as required, and with proper
surface preparation of any excessively
worn areas by wire brush and spot

priming.

4. Periodic check of the D.C. resistance of
the transmission lines, by means of a
Kelvin bridge,

5. Periodic check of the V.S.W.R., using a
Sweep generator, oscilloscope and well-
known techniques,

6. Continuous monitoring of the gas pressure
and flow in the system, and the V.S.W.R.,
as indicated on the reflectometer
associated with the transmitter,

7« Periodic check of electrical leakage of
the system, with all feed points dis-
conrected, using the "megger" procedure,

These items are all, more or less, of a
routine nature, and are well-lmown to the TV
transmitter engineer., Therefore, we will not
discuss them further here. N

The Specific Problems

There are, however, in addition to these
well-known and easily checked considerations N
factors of a more or less nebulous nature which
are of vital concern to the operation of the TV
antenna, and which can easily be overlooked in
the attempt to keep abreast of the more obvious
problems of the system,

I will refer in detail to two such items
with which we have become well-acquainted, as a
result of "experience in the field" at KGO-TV,
These are, specifically: one, the horizontal;
and two, the vertical field patterns of the
batwing antenna,

The primry objective of the TV antenna is



to provide the necessary power gain in a speci-
fied direction in the vertical plane, usually,
but not always, toward the horizon, while at the
same time providing the necessary pattern shaping
to give a strong ghost-free signal in the region
near the antenna, at an angle of as much as 10°
to 15° below the horizon, deperding on the
characteristics of particular installation, with
regard to population density and antenna ele-
vation above ground,

In general, it can be stated that, as far
as the horizontal radiation is concerned, an
essentially circular pattern is the normal
pattern of this type of antenna, and while the
F.C.C. permits up to 10 DB of variance from
circular, for coverage purposes, most of the
antennas in operation today utilize a circular
pattern,

This brings us to the first factor which is
to be considered in assessing the operation of a
particular antenna system, The phasing of the
North-South and East-West elsments, in order to
provide a circular pattern, must be in quadra-
ture. Any considerable deviation fram 90° will
create a figure-eight pattern, and the configu-
ration of the conventicnal diplexer is such that
the figure—eight from the visual transmitter will
lie at right angles to that of the aural trans-
ritter. It would be normally assumed that the
90° phase relation between the bays is "built-in®
Yy means of identical transmission lines, plus a
phasing section, and that no further concern be
felt over this item. This is, in general, a
valid a ssumption. As an example, however, of a
discrepancy which can develop to change this
relationship radically, I will cite a case in
which a defective miter elbow at the top end of
a L50' run of 3-1/8", 51,5 ohm coax caused a
phase shift of approximately 16° in the supposed
quadrature relationship.

Due to an error in assembly, the inner
conductor of this miter elbow was forced off
center 3" to 4" causing deformation of a teflon
insulator, but otherwise making no noticeable
change in the system. The lumped reactance of
this discont inuity was such that it partially
cancelled the residual V.S.W.R., which was
approxdmately 1,1, and thus made little or no
change in the reflectometer reading at the trans-
mit ter, and only became obvious as a result of
field strength measurements of both visual and
aural carriers.

Figure (1) shows the resulting ratio of
visual to aural field strength which is produced
by the error in quadrature phasing cited above.
Since the phase rotation of the two carriers is
in opposite directions, the two figure-eight
patterns lie at right angles, and the resultant
ratio of visual to aural field strength takes on
a figure-eight pattern as shown. This data is
from field measurements taken at random locations
in all directions from the antenna.

Field measurements, in attempting corrective
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measures for a problem of this type, are cumber-
some, and so we spend considerable time setting
up facilities for direct checking of the antenna.

In arder to measure the relative phase of
the r.f. voltages at the antenna junction boxes
without resorting to field strength measurements,
we devised the slotted line arrangement, shown
in Figure (2). We were able to produce results
reproducible to within 19, as follows:

1, Two lengths of RG-11/U were run from
the antenna to the transmitter room,
where all the test equipment involved
in this and subsequent measurements
was located,

2. Adapters were provided to fit the
junction boxes, using end fittings of
the type used on the batwing feed lines.
Thus, we were able to disconnect bat-
wing feed lines and probe the junction
boxes for this test.

3, First, both probes were placed into ore

Jjunction box, and a 1,000 cycle modu-

lated signal from the visual trans-

mitter was detected by the slotted lire
and detector. A reference null was
thus determined on the slotted line.

L, By moving one of the probes to each of

the remaining junction boxes, a new

null for each box is determined. The
electrical distance between these nulls,
measured on the slotted line, is obvi-
ously half the difference in phasing
between the various test points.

This approach definitely proved an 18°
discrepancy in the electrical length of the feed
lines, and showed the correct 90° relation
following the elbow replacement.

By carrying the above procedure still
further, using double shielded cable, (K-125
Federals and suitable probes with clip con-
nectors, it was possible to check completely the
phasing at each batwing feed point with very
acceptable accuracy. These measurements require
considerable attention to stray radiation pickup,
since the voltage at the batwings is quite low,
compared to the large fields encountered by the
probe lines adjacent to the batwings. This
factor is particularly important in measuring the
uppermost bays in a 12-bay array, where 3-1
voltage variations are expected between certain
bays, with respect to others, for vertical
pattern-shaping considerations.

This pattern-shaping aspect, commonly
called "null-fill" and/or "beam tilt", is a
furction of the relative batwing phasing and the
relative batwing power level. These parameters,
along with the physical spacing of the batwings,
determine the vertical pattern characteristics,
and therefore the measurement of relative voltage
at the junction boxes and at the batwing feed



points is a natural follow-up of the phase
measurements.

Calculations indicate that nominal dis-
crepancies in V.S.W.R, on individual batwing
feed lines can, under certain conditions, create
impedance irregularities at the junction boxes
which will upset the specified power distri-
bution, and therefore the vertical pattern
characteristics.

Following are examples of two typical
12-bay antenna specifications built specifically
for superior null-fill characteristics:

Relative Phasing

(Electrical
Bay Number Degrees) Relative Voltage
1 (Bottom) 0° 1
2 0° 1
3 0° 1
L 0° 1
5 -200 3
6 =200 3
7 +200 3
8 +200° 3
9 0° 1
10 0° 1
11 0° 1
12 (Top) 0° 1
Relative Phasing
(Electrical
Bay Number Degrees) Relative Voltage
1 (Bottom) -70° 1
2 ~4L° 1
3 thru 11 0° 1
12 (Top) =700 1

You will note that the first of these two
antennas uses both phasing and unequal power
distribution to accomplish the pattern shaping,
vhile the second uses only phasing for this
purpose. The phasing is done by simply using
different lengths of feed lines to various bays,
The unequal power distribution is a little more
complex., This requires impedance transformers
at the junction box distribution points, It
should be noted however, that low V.S.W.R. on
each feed line is a prime requisite to proper
power distribution in all cases, and that vari-
ations from normal can create considerable dis-
crepancies in the supposed "null-fill" pattern,

We were able to accurately measure the
batwing feed point voltages, correspording to
the relative fields imdicated in the above
charts, through the use of an RCA BW-7 field
intensity meter,

An r.f. signal of constant magnitude was
fed to each of the two main transmission lines
individually, and through the use of one of the
probe lines mentioned before, relative voltages
at each feed point were directly measured by the
BW=7 meter,
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Figure (3) shows the vertical field pattern
of the two antennas cited above, as calculated by
the manufacturers, assuming that all phasing and
voltages are as specified.

It is possible, by means of a rather simple
vector construction, to produce curves corre-
spording to the above curves for any condition of
phasing and voltage distribution, and to visual-
ize the effect of changes in either of these
parameters on the antenna characteristics,

Figure (L) is a sketch of the typical
turnstile antenna, showing the space phasing
between batwings and its effect on the field at
a distant point, which is the vector sum of the
fields from each radiator,

It is obvious that the amplitude of the
received signal at an angle depressed from the
horizontal, is dependent on both the phase lag
between successive bays, and the built-in phasing
by means of unequal feed lines, as well as the
amplitude of the signal from each bay.

By adding vectorially these elemental phase
voltages for each radiator, a resultant vector
can be obtained for the field in any given
direction. Then, by plotting the resultants of
a family of such curves, it is possible to re-
produce the expected vertical pattern with great
accuracy. This family of curves, for the two
subject antennas, is shown in Figures (5) and (6).
The resultants of these curves give us the
vertical field patterns shown in the previous
Figure (3).

You will note from the vector diagrams that
slight changes in power distribution and/or
phasing can change the value of the field in the
null regions considerably, and it is this factor
with which we are greatly concerned.

Conclusion

It is well-known, among TV broadcasters,
that there éxist many problem recelving areas in
relatively close-in locations s where ghosts are
prevalent, accompanied by weak signals. This is
a problem even under line-of-sight conditions in
areas such as Mt, Wilson, near Los Angeles, and
San Francisco, where obstructions are at hand to
create multi-path,

In owr specific case, the extensive antenna
measurements and trial-and-error changes which
we made prove that, while a 30% fill-in at the
first null produces a good TV picture in the
problem area at approximately 7° below the
horizon, a reduction to 20% creates an almost
unusable condition in parts of this area,

The execution of measurements of this
nature, where considerable dependence is placed
on a rigger to carry out instructions over an
intercom, five hundred feet in the air in the
black of night, is not the easiest task in the
world. However, by careful attention to detail,



and with adequate preparation and equipment, orerating condition of the entire antenna
much worthwhile data may be obtained on the system,

"
Avi

v yuast

o o ol o] Mrrench] o o
H R '”lo-pMI-J-"

a
3

s

EEEE Ll ek o | et FIGURE 1
el -+ : 0 RGO-TV
2 T | AURAL/VISUAL CARRIER RATIOS

o’.f’fif.’.”' -1 4 © = 72° Phasing

Ress = 9 o]
el ™ ® 09 Phasing
Sevomel
(O oy .
Cioyprerd
Arboretve it {
3 "
oyt (NI F
= ~
- 3 o L arfoontn ST &
| o Js1 <2 TAl 5w E
/ B i ) b
4 gl 3 ¢ il 1
EEHELEEEILE 1 EBE
H Dolor I o
z 3 T |
=z H S, fuas
B F om0 3T - o
. 4= [ M3 LAL] et
g : H AL J =) =
EEEE /- of the Univeraity MRS R 03 ssion bkl
20 L of Californio QAR ™ ZE 2t Pork H
LR 2 } Al Trnme vt sob 31| of ¥ < : E
AR & s - IE » T
. 12 -~ a N
womaGa |st X W a[ i [Twinnicin Lineat st 4 "eh:v'
\ 5 = 8 5 .
L HE e g ot
y Ry T o 4 o 8 =
Sutro Forest | ™ & o CEE = L
Joha P S ywiut v scgno 151 - ‘ i
aftoa g1 3 O f,\\\l‘numna N YARADO bid g | -1 | rl = H - I gv wt
S S 1S ST A | — =14 ;"';'—g' H i HERE
- 5t H E : v - run
i -2 r~ £ g s
oy | Il 3K
(CTCLORAL] Z g O
i sl A
v - H
= - o S
| twENTI StEInG LA = ‘
Dovgloss | 2 y - e 3
Ployground| LA 1 - 3 %
i ' 2 C 1 g B
& G El ! v
.(.Tv'}sv(vluh' oo 14 ¥ s (- Y,
P v A0 -
Yo T TV o e O £ vau gl Bleacid
Fortol : S ALTLLE L
7 l’/‘-ﬂdfgi N ' a4 Lo, 30 Doy Comp 3 e :
P alk o J < ound 2 et
> » P
U
N2,

e

Anwos

39



= Junction Boxes (l)

[
|
|
| |
| I 10
| |
! A I
| |
| |
| | 75"
| I

|

)

o a—— (4B) Bat Wings RETATIVE
FIELD
L

NIPZAN

Probe Lines |
. 254 J
———\

[“\—"(2) Transmission Lines

o
’/, Diplexer ) 5° v0° 5"
Visual o DEGREES BELOW
Trans.” > Trans. e
TIGURE (3)

.

i

lag = J - Lead
— x
Ref. X
ANTENNA

PHASE MEA SUREMENTS

PIGIRE (2)




Point P \

S & One Wave length
D = S cosine a

TYPICAL SUPERTURNSTILE ANTENNA

FIGURE (L)

60
» 0°
2y PHAST LT
1 (Rottom) 0° 1
: 0° 1
10 3 0 1
\ 4 0° 1
g -20° 3
1¢ -2 e
7 +20° 3
3 +20° 3
9 0° 1
15 0° 1
y5) 0° 1
12 (Tep) ce 1

APPROZIMATE VERTICAL FIELD DIST2ISUTION - ANTERNA 41

FISUTE ()

4]



RY PHASE  AMPLITUDE

"
«

3-11 ce
12 (Top) =700

1 (Bottom) =702 1
=L.,o

=t

APPROYIMATE YEPTICAL FIEID DISTRIPUTION - ANTENNA #2

TICURE (€)

42




TIME AND SPACE PHASING OF TWO-WAY LOUDSPEAKERS

John K. Hilliard
Altec Lansing Corporation
Beverly Hills, California

This paper discusses general considerations
involved in the design of two-way loudspeaker
systems and reviews the history of its origin.

Fletcher and his group at Bell Labs. demonstra-
ted in 1933 a loudspeaker system which incor-
porated sufficient frequency range and acoustic
power that was capable of reproducing the
sounds of a symphony orchestra. It was a two-
way system with a single crossover around

300 cps.

The low frequency horn was of the folded
exponential type, the air column being
11 feet in length.

The high frequency energy was radiated from a
multicellular type horn approximately 3 feet
in length. The system was mounted so that
the mouth of each horn was in the same ver-
tical plane. This system after being used in
the Philadelphia-Washington demonstration was
made available for sound motion picture ex-
perimental work.

We found that on a tap dance routine, two
separate and distinct sounds of the tap could
be heard--one coming from the high frequency
horn and the other from the low frequency horn.
After some study, we realized that there was
a path length difference of 8 feet between
the two sources of sound. We then moved the
high frequency horn back 8 feet so that in
effect the time axis of the sound to a point
in front of the system was zero. The double
tap disappeared and there was a solid tap
without echo.

This to my knowledge was the first appreciation
of a time delay of this magnitude being im-
portant. It was approximately 8 milliseconds
and there was a general impression that as much
as 50 milliseconds could not be observed.

Today in our theater systems, we have reduced
the length of the low frequency to less than
2 feet by using a large throat. In our hi-fi
approach, either short horns or flat baffles
are used for the low frequencies.
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If we will concede that 2 milliseconds becomes
marginal in detection, we can arrange the high
frequency diaphragm to be back of the flat
baffle and reverse the phase on a system using
a 500 cycle network since this becomes one-half
wave length difference, and if we use a con-
stant resistance dividing network, the phase
shift is 180 degrees. If we prefer, we may
use an M derived dividing network, and if the
M is 0.6, the phase shift is 220 degrees.

Thus by combining these principles, we can
have a high frequency horn of 18 inches or so
mounted in the same cabinet with a flat baffle
and meet our overall objective of less than

2 milliseconds.

We have briefly discussed time phasing and
also included electrical phasing. Obviously
with two sources of sound as obtained from a
dividing network system, the power at cross-
over is divided in two equal parts also. Hence
if one unit is out of phase with the other,
complete cancellation exists at the crossover
frequency. This is easily demonstrated in an
anechoic chamber or its equal, a free field.
The dip can be on the order of 30 db at cross-
over but since interference also exists at
adjacent frequencies, a fraction of an octave
becomes suppressed. This is apparent in a
listening test by providing a reversing switch.
“hen the system is out of phase, the sound of
white noise or hiss is changed in character.
Applause also can be used for the test.

The ability of the listener to detect this
change ranges from difficult to being obvious
on the first switch, but certainly any dis-
criminating listener has no problem after a
few switches to identify the correct position.

Now for some details about arrangement. First,
there is such a thing as an acoustic center
for loudspeakers.

In the case of a cone speaker, the cone is in

a form of a "V", At frequencies up to 1500 cps,
the acoustic center is at a point approximately
midway between apex and rim. In a 15 inch
speaker, this is roughly 1% inches to 2 inches



back of the rim. In the high frequency unit,
the diaphragm is much flatter and can be con-
sidered to be at the voice coil.

Then there is the problem of distribution.

A 15 inch cone becomes directional at

300-500 cps. Thus the beam width for constant
pressure is decreasing and the total power
radiating is decreasing at 6 db per octave,

This consideration dictates a crossover at
500 cps. 1If this is not done, there becomes
a change in distribution pattern at crossover
since the high frequency unit will have a
wider pattern.

This is why the larger system or where space
is not the all-important limitation, we use
low crossover frequencies.

Now a word about shelving. The term "shelving"
is used to describe the amount of attenuation
that is required usually in the high frequency

loudspeaker so that the acoustical efficiency
of the high and low frequency units are iden-
tical. High frequency units in general when
used in conjunction with typical horns require
2 to 6 db attenuation. This usually takes

the form of a "T" or "L" attenuator arrange-
ment so that the proper impedance will be pre-
sented to both the network and to the high fre-
quency driver. The shelving adjustment is
determined at the time the loudspeaker is de-
signed and set so that equal acoustic outputs
are present above and below the crossover
region., For this reason, the shelving attenua-
tor should not be thought of as a tone control.

In summary, it is the author's opinion that
two-way loudspeaker systems can offer the
highest quality of reproduction when using
dynamic type loudspeakers where accurate de-
sign is incorporated in the dividing network,
and when an exact exvonential flare is main-
tained on the high frequency horn.




A WIDE ANGLE LOUDSPEAKER OF A NEW TYPE

Leonard Pockman and John Spragins
Ampex Corporation
Redwood City, California

The Problem

One major problem encountered in designing
high frequency loudspeakers is obtaining a uniform
distribution of sound power over a large solid angle.
At low frequencies no problem is encountered, the
sound covering a wide angle almost despite anything
done for it. At high frequencies, however, it is not
at all unusual for the power radiated to go to zero at
an angle of 20° or 30° from the axis of symmetry of
the speaker if there are no reflections. This direc-
tionality 18 a wave length phenomenon. It emphasizes

the great varjation of wavelengths in the audible range.

Between 20 cps and 20,000 cps the wavelength of
sound varies from about fifty feet to approximately
0.6 inches. All practical wide-range speakers have
dimensions somewhere in the middle of this range of
wavelength, For this reason their performance is
quite different at different parts of the frequency
range. At very low frequencies they behave as point
gources with uniform radiation patterns. At wave-
lengths near the largest dimension of the speaker,
however, the radiated sound becomes highly directive
and in most cases stays directional as the frequency
is further increased. A number of effects combine
to cause this directionality. Typical ones are: dif-
ferences in path length for sound from different parts
of the speaker, phase differences between different

parts of the speaker diaphragm, and transverse vibra-’

tions at the speaker mouth.

Possible Solutions

Any attempt to eliminate directional effects
from the output of a speaker must involve creating a
roughly spherical wave front leaving the speaker.
Several schemes are presently in existence for doing
this: one common method is shown in Figure 1.' This
figure shows a multicellular horn consisting of fifteen
exponential horns arranged in five vertical columns
and three horizontal rows. All of the horns have a
common throat and the mouths form a portion of a
spherical surface. The mouth of each is eight inches
square and subtends an angle of 17°, this gives a sol-
id angle of 51° x 85° for the entire array of horns.

Figure 2’shows the directional characteristics
in a horizontal plane for this array of horns. These
curves were taken in a plane containing the axis of
the center horn and centered vertically at the mouths
of the second row of horns.

These curves show a wide variation in the
directional characteristics as the frequency is varied.
The low-frequency pattern, especially around 500 to
1000 cycles, is very poor. This {8 an important fre-
quency range for two reasons: the crossover fre-
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quency is usually in this range and the average
sound intensity in this range is high both in speech
and in music.

The directional characteristics of these horns
may be explained fairly successfully as the pattern of
one large horn at low frequencies and as the sum of
the radiation from several highly directional horns
at high frequencies. At 8000 cycles, especially, it
18 easy to see the individual horn patterns. You will
notice that the width of this pattern is about 85°, the
same as the width of the array of horns. The pattern
in the vertical plane is similar but narrower at high
frequencies. Figure 2 shows that a speaker of this
type radiates power uniformly over a wide angle only
when the dimensions of its surface are large com-
pared with the wavelength. The purpose of this paper
is to describe a speaker that avoids this size require-
ment by using concentric horns instead of an array of
horns adjacent to one another.

An Alternate Solution

The original idea for this speaker was to use
a design like that shown in Figure 3. This is a half
cross-section view. The actual horn is the figure of
revolution generated by revolving the drawing about
the lower straight line as an axis. It was hoped that
a spherical wave could be generated by introducing
appropriate phase differences between the various
horns. Using the Bessell function equations for the
output of the various segments of the speaker, the
effect of various phase differences was calculated.
It was found that a spherical wave could be generated
at any one frequency but not over a wide range of fre-
quencies.

A simple modification of the above design
was obvious and is shown in Figure 4. As this figure
shows, the horns in this version terminate normally
to a spherical surface. The solid angle covered is
about 165° both horizontally and vertically. If the
sound arrives at the mouths of all segments in phase,
it should generate a very nearly hemispherical wave
front going out from the speaker.

In designing a speaker of this type two pro-
blems at once became evident. Using ordinary ex-
ponential horns it was impossible to preserve the
gsame ratio of areas for the horns at all points along
the axis and also have them terminate normally to a
spherical surface at the mouth. The exponential
horns gave only one parameter to vary while two para-
meters would have to be varied to satisfy the two con-
ditions. The second problem was getting the sound
to arrive at the mouths of all horns in phase with a
variation in path length greater than 25 percent be-



tween the inner horn and the outer annular ring.

Preserving Area Ratio

The most obvious way of preserving the cor-

rect ratio of areas at all points while still coming
out perpendicular to a spherical surface was by using
a more general horn equation. With proper variation
of parameters the equation

¥ =y (cosh 2TTfoX & T ginp Z"f‘:ox (1)

c

(the Salmon horn équatlon) may be used to generate an
ordinary exponential horn, a catenoidal horn, a coni-
cal horn, or many intermediate shapes. You will
notice that this equation involves three parameters;
¥ the radius at the throat, is virtually fixed by the
size of the driver, f, 1s the cut-off frequency for the
horn and is limited by the crossover frequency for the
speaker. This means that T is the only variable which
can be varied with complete freedom, although some
variation in f, is possible as long as it is kept below
the crossover frequency. To get the desired shape
would be difffcult, however, with this many limita-
tions on the parameters.

As the simplest way around these difficulties
a slightly different type of horn was designed. This
horn is based on the Salmon horn equation but is mod-
ified to make a set of concentric horns terminate nor-
mally to a spherical surface. This set of horns is
illustrated in Figure 5, which is identical to Figure
4 save for the addition of some construction lines.

Circular arcs approximately representing the
wave front at various points are drawn on this dia-
gram. The center for all of the circles is on the axis
of symmetry of the horn, but the location along this
axis varies. Each horn has been constructed so as
to Intersect all of the circles very nearly at right
angles. In designing the horns, the circles were
first drawn then curves were constructed to intersect
the circles at right angles. A wide variety of horns
can be designed in this way by varylng the radii and
location of the centers of these circles.

An attempt to derive a general equation glving
the radii and the location of the centers of these cir-
cles showed that only one Salmon horn would be nor-
mal to a given set of circles. It proved to be an ac-
ceptable approximation, however, to draw all the
horns normal to the same set of circles, and this
was done. The circles were drawn according to cal-
culations for the inner horn. This means that only
the inner horn is a true Salmon horn. The outer sec-
tions of the speaker are differences between two ap-
proximations to a Salmon horn.
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Admittedly, the horns as designed are only
approximations to the true Salmon horn, the outer
horns especially deviating an appreciable amount
from the correct shape. In the completed speaker,
however, this does not matter. The equations for
horns usually break down when end effects are con-
sidered. so that almost any smoothly expanding horn
will perform virtually as well as a true mathematical
horn.

Obtaining Velocity Shift

The second problem mentioned above was
changing the velocity of the sound in the various horns
so that the sound will arrive at all parts of the mouth
in phase. This is clearly necessary to prevent inter-
ference and cancellation effects and glve a reasonable
approximation to a spherical wave front. Some ef-
fective method of changing the velocity is necessary
since the path length in the outer annular ring is
about 75% of the path length in the inner horn, the
path length in the other sections being intermediate.
To obtain this velocity change some acoustic delay
lines consisting of notches in the walls of channels
were tested, but were found to give only about a 10%
velocity shift. Since this was insufficient a method
discussed earlier but rejected as Impractical was
revived. This method was to introduce various mix-
tures of different gases in the different sections of
the horn. The velocity of sound in various gases
varies, being approximately inversely proportional
to the square root of the molecular weight. The ve-
locity of sound in hellum, as an example, is about
three times the velocity in air. By mixing appro-
priate amounts of helium and air any intermediate
velocity can be realized.

To seal the gases in the appropriate channels,
thin acoustically transparent mylar diaphragms were
to be used. By making the diaphragms sufficiently
thin and putting corrugations in them to keep them
from being under any tension, resonances can be
avoided. Also, the corrugations can be made deep
enough to allow for atmospheric pressure variations.

An obvious problem with this arrangement ig
leakage of the gas through the mylar film. Fortu-
nately, a study of permeation of gases through solids
reveals that no rare gas permeates any metal. This
does not mean that the rate of permeation is very
slow; there 1s no permeation. This does mean that
a thin film of metal evaporated on the mylar dia-
phragm will effectively seal the gas in if a rare gas
18 used to glve the velocity shift. The three-to-one
velocity shift available with helium was mentioned
above. Happily, helium is a rare gas and does not
permeate metal. Therefore, it is the gas used in the




first model with evaporated aluminum on the mylar til more tests are run, the performance can only be

sealing it in. described in general terms. It compares favorably
with a multicellular horn speaker, although the
As the sound travels from one gas to the other directional pattern is almost twice the width of that
some sound is reflected at the boundary. By keeping in Figure 2. Some resonances are present, but they
air in the outside section and using as little helium should largely be removed by better diaphragm con-
as possible in the other sections this reflection can struction.

be kept within 1 db.
Acknowledgments. The authors would like to ex-
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an angle of 17 degrees, both horizontally and ver- pressure for the angle O degrees is arbitrarily cho-
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Fig. 3. Half cross section of early version of horns,
showing plane surface at mouth.

Fig. 4. Revised version of horns, with all horns
terminating normally to spherical surface.
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Fig. 5. Revised version of horns showing construc-
tion lines used in drafting. The horns are identical
to those in Figure 4.

Fig. 6. Photograph of assembled set of horns.




POLAR IMPEDANCE EVALUATOR

(PIE)

MyLes R, BERG

STANFORD RESEARCH INSTITUTE

MENLO PARK,

ABSTRACT

In a small laboratory it is often desired to
measure the magnitude and phase angle of an elec-
trical impedance at audio frequencies without the
sometimes unnecessary accuracy and expense of a
bridge. This requirement may be met by a type of
device dubbed a Polar Impedance Evaluator (PIE).
It is easily assembled from an oscillator 1isolat-
ing matching transformer, electronic ac voltmeter,
resistors of known value, and a few potentiometers
The PIE is not a bridge,

the voltage across the “detector’ position is

(volume controls). since
measured and used in the simple calculations re-
quired. Polar components of impedances up to
10,000 ohms are readily obtained to 2 or 3 figures.
PIE circuits have been constructed and used for
measuring loudspeakers, coils, carrying dc, and for
locating resonant frequency as defined by zero

phase angle.

Figure 1 gives the basic circuit of PIE on the

left. A signal generator 1s attached at the top

and a voltmeter is used to measure volts E,, E.;.

and 4.
Ry 1s a reference resistor, and R is the adjustable

resistor (volume control) for an adjustable refer-

and E,, at the respective terminals 1, 2, 3,

ence point.

When setting up the bridge, R must be about
10 times Ro for reasonable accuracy, and the meas-
uring voltmeter (using VIVM for high input imped-
ance) should have an input impedance about 10 times
R. For higher frequencies, above audio, an 180-
lating transformer for the signal generator would

be necessary.

In operating PIE, E,, 1s minimized by adjust-
ing the tap on K. This minimum is generally broad
unless the unknown impedance 1s near resonance.

Then E,,. £, E,,, and the frequency are recorded.

On the right of Fig. 1, a voltage vector dia-

gram 18 shown with the points 1, 2, 3, and 4 re-
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ferring to the terminals 1, 2, 3, and 4 on PIE.
Since the current I flows through both R, and Z,
it can be eliminated from the two equations

IR, = E,, and I|Z]

the second,

n

E,, Dividing the first by

~

The minimization of E |, assures that £, 1s per-
pendicular to E,,. This divides up triangle 123
into two right triangles, 124 and 134.

t o, =

From

geometry, O 6 (derived from the fact that

the sum of the interior angles of a triangle 1s
180 deg). Since triangle 124 and 134 are right
triangles, sin 6, = Elt/Elz & Elt/ElJ‘
Using the inverse sine and summing ¢, and 62 which

and sin 92

equals &, the phase angle of |Z] 1is:

The necessity of looking up 1nverse sine can be
eliminated by calibrating a meter scale in the 1n-
To measure

verse sine. This is shown in Fig. 2.

o,., £, 18 adjusted at the oscillator to read 90

1
deg, then the meter is switched over and E,  1s
measured and ¢, is read of f in degrees. The same
system 1s used to measure 62, and then, 6, and 92

are added to egual 6.

As you might have noticed there 1s an ambi-
guity in the sign of the phase angle 6. The eas1-
est way to determine the sine of ¢ is to shunt R,
with a capacitor whose value is approximately
0.6/Rw.

vector diagram by dotted lines when the capacitor

Figure 3 shows the effect on the voltage

is in parallel with "0' Both an inductive and a



capacitor impedance triangle are shown. For the

inductor impedance, upper triangle, hlc 18 an
creascd when the Capucirtor 1s added, and for the

capacitive impedance, £ is decreased.
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The concept of PIE is to make the circuit and
the calculations as simple as possible, three
measured voltages and two equations to plug into.
ALl that 1s needed is an AC voltmeter and since all
the voltage Measurements appear as ratios, there s
no need for absolute voltage. PIL 1s a modern ver-
ston of the old 3-voltmeter method. Other devices
which read ¢ directly are more expensive and

complicated.

The 1dea for PIE originated at Jensen Many-

facturing Company, Chicago, 1n 1947.

It 1s easy to take the basic circuits of PIE
and adapt them for particular measurements and

techniques.

Measuiements of incremental inductances

(Fig. 4) can be made by putting in a DC supply and
a by-pass capacitor, C, in series with ##, where
RaC >> 1,

to Ho' and 1s shown as Ezs = Jwl .

The inductive Part of Z 1s perpendicular
Triangles 352
and 314 are right triangles. Therefore,

sin b, = E“/E13 = Ezs/E23 by using relationships
that El3 = Iﬂo and E2$
that

lawl it is easy to obtain

El‘ 523

2
ElJ

Ho
L = —
w
A precaution to take 1s that the voltmeter must be
floating for measuring 523. This procedure can be

used to measure chokes, magnetic amplifiers,

varisble reluctance devices, loudspeaker frelds,

and similar devices. Alxo possible 18 the meas
urement of 1ncremental capacitances. The measure
ment of a-c and d ¢ voltages can be made across Ho

to set conditions.

Another modification of the basic PIE circuirt
1s shown for direct reading of the magnitude 7Z
Fig. 5. Here ly vs changed unta) E,y - E,, and
then the magnitude of Z 1s read off of the cal,-
brated pot Ry (A hellipot does not work well for
Ifo since 1t
band.)

'8 not purely resistive over the audio

To obtain decade switching, additional re.
sistors, It h,, Ry, ", shunting Ho are used.
These resistors are chosen so that the total re-

s1stave changes by ratios of 10,

The value of H should be much larger than any
other circuit impedance and that of the VIVM much
#reater than K. The phase angle can also be ob-
tamned 1n this circurt by using

b= 2sin™! (E, /B, ) = 2 ain? () /E, ).

Figure 6 shows an electronic adaptation of
P1E.

1nput

Cathode followers are used to obtain high
tmpedance, and thus increase the range of

the high impedance end. This circuit 1s essen-

tially the same as the one in Fig. 5 and therefore

does not need additional description.

_Flgure 7 shows some measurements made using

PIE of a coaxial loud speaker. The speaker was tn
a bass reflex cabinet and shows the usual double
peak

tmpedance curve. The little bump on the

second peak is causeq by cabinet resonance. The
speakers were crossed over at 2.5 ke with a capac -
tor which accounts for the impedance coming down
at the high frequency end. The phase changes show
up nicely by ths method, and, as they should be,
they are Steep at the resonance peaks of the base

reflex cabinet.
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MULTI-CHANNEL AUDIO RECORDERS

W. M. Fujii
Ampex Corporation
Redwood City, Calif.

The recent accent on commercial stereophonic record-
ings has resulted in a demand for two-channel, three-
channel{and even more channels)recording instruments,
both for making masters and for home use. The design
considerations, operational techniques, advantages and
disadvantages are discussed.

The unique use and operation of an eight-channel audio
recorder for a well-known figure in the entertainment

world is described.

If you were faced with the problemof creat-
ing a new product for your company, how would
you go about it?

Les Paul and Mary Ford, the well-known
and very popular entertainers, had such a prob-
lem. Guitar playing and vocalizing is old stuff,
you might say. But consider the problem of an
entertainer who must come up with something
new to intrigue his listeners--that is, a new pro-
duct. In their case, a new product would be a
new and intriguing sound. One may consider
such an abstract and transitory thing as soundas
being a new product.

How does one get a new sound? After all,
sound is sound. But Les and Mary invented a
new recording technique to intrigue their listen-
ers. This technique required a new type of re-
corder with a different head arrangement. The
normal recording function on a tape recorder
uses the head arrangement shown in Figure 1.
The erase head is followed by the record head
and the playback head in that sequence. Their
new machine had a slightly modified head ar-
rangement shown in Figure 2. Here, the play-
back head is placed before the erase head and
followed by the record head. With this special
head arrangement, they were able to listen to
the playback of a previously recorded signal
while they simultaneously mixed it with the new
and additional signal to be recorded. This is
known as 'sound-on-sound". The functional ar-
rangement for accomplishing this task is shown
in Figure 2. This process of mixing a new sig-
nal with a previously recorded signal was then
repeated a number of times until the desired
new sound quality was achieved.
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Their systemas such had a major disadvan-
tage. The previously recorded signal is erased
and the resulting master is a composite one.
Thus, if there are any errors made during any
one of these subsequent re-recordings, the mas-
ter becomes useless and the entire process must
be started over again. Such incidents actually
happened to Les and Mary. On a particular six-
step recording, the master was spoiledon their
sixth and final re-recording process. Unfortu-
nately for them, it was not because of an errcr
on their part but the misfortune of having a tele-
phone situated near the microphone in their con-
verted studio-garage.

Because of such frustrating experiences, it
led them to the purchase of two more recorders
with a normal head arrangement. Thus, they
were able to play back the previous recording,
mix it with a new signal and record it on the sec-
ond machine. This process was then continued
back and forth between the two machines until
the desired number of re-recordings were made.
In this manner, the master in each step of the
way was preserved. Any errors made during
any one re-recording process could be done
over any number of times without starting from
scratch. With this system, reverberation tech-
niques and other sound effects were used. This
system was adequate, although there was still
much more that could be, and was done later.
Their experiments with these two systems paved
the way to a very special multi-channel audio
recorder to be described shortly.

Another special use for an audio recorder
is in a machine appropriately called a Language
Recorder--a machine used in the teaching of



foreign languages. Reproducing facilities are
provided on both channels of a two-channel ma-
chine. However, recording facilities are avail -
able on one channel only. On a separate special
half-track recorder, the instructor records the
lesson material on the channel which does not
have the recording facilities on the language re-
corder. The instructor's tape is then placed on
the language recorder and the student is then
able to listen to the instructor. The student may
at any time recordon the second channel repeat-
ing the instructor's lesson material. He can then
play back the tape listening to either or both
channels, separately or simultaneously, to get
his enunciation as precisely as he desires. This
method of teaching languages has become highly
effective,

Let us look at another new product--stereo-
phonic recording. Stereophonic sound is not a
new idea in the field of audio perception. Exper-
iments and ideas were carried out as far backas
1893. However, the practical method of bring-
ing stereophonic sound to the homes of millions
is a new product. Also, the practical method of
recording and retaining this sound may be con-
sidered a new product,

Multi-channel audio recorders are tools to
be used in the creation of new and different
sounds to meet the demands of the public, To
create new and different productsor results, one
sometimes must modify a basic tool in some
manner. The standard monaural or single chan-
nel audio recorder may be considered our basic
tool. From this mechanism have come about a
great many audio recorders of greater complex-
ity used to achieve the desired end result. The
advancements made in multi-channel audio re-
corders and recording techniques have been quite
rapid, but by no means has it reached the Limit
of capability and advancement.

It is generally agreed that three channels
are the optimum minimum number necessary to
create the auditory illusion of depth and position,
Such a system could be afforded by the fortunate
few in the higher income brackets. But in an
effort to bring stereophonic sound into the home
of the average listener, two-channel systems
were investigated. After considerable experi-
menting in the two-channel recording and repro-
ducing techniques, satisfactory results were ob-
tained. Figure 3 illustrates the two-channel
stereophonic system. Such a two-channel ster-
eophonic system has been accepted by the public
as a practical and adequate means of reproduc-
ing stereo sound.
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Stereophonic sound can be recorded and re-
produced by two independent tape recorders; and
for that matter any other type of medium of re-
cording. However, the synchronizing problem
with two separate machines is very critical and
not very practical. The next step, of course,
was to put these two channels on one machine.
This is the ""'Staggered-Stereo' system. In this
system, one head records the upper track and
another head, spaced about 1-1/4 inches away,
records the lower track.

This arrangement led to a practical system.
However, the problem of maintaining the same
head-to-head, or gap distance from one machine
to another was critical. Head spacing is critical
because it is necessary to keep the time error
between tracks to a minimum. This time or syn-
chronizing error due to inconsistent gap spacing
gave rise to whatmight be called ""Floating Sound”,
sound that produces the illusion that the instru-
ments are wandering from side to side. This
illusion is caused by phase change of any given
sound arriving at the two recording mikes, as the
effective head spacing may change due to stretch
or side to side wander of the tape over the two
spaced heads. Moreover, this phase shift varies
with frequency. Hence a complex tone, such as
that produced by a violin, creates a weird wan-
dering effect. To eliminate this effect the gap
distarce must be maintained on the order of afew
ten-thousandths of an inch from machine to ma-
chine for proper reproduction. This may not
sound too fantastic a figure when we look at the
fact that a 15 ke signal at 7-1/2 inches per sec-
ond has a wavelength of one-half of one-thou-
sandths of an inch. Thus, if the gap spacing er-
ror s one-fourth of one-thousandths of an inch,
the sound emerging from the two speakers will be
exactly opposite 1., phase at 15 kc. It would
therefore scemimpractical to build a '"Staggered-
Stereo' recorder-reproducer because such a sys-
tem would require the use of five heads--one
erase head, two record heads, and two playback

heads.
-~

To eliminate the criticalness of the gap spac-
ing adjustment as well as to be able to build a

practical stereo recorder-reproducer, multi-
channel recorders were designed, whereby the
heads are stacked one above the other, The gap

Spacing c¢rror was then a function of the tech-
Niques usedin the manufacture of the heads rather
than a critical adjustment that the operator
must attempt, This is the ""Stacked-Stereo"
or preferably "in-line' head construction, which
has now been adopted almost universally for
stereophonic recording and reproducing in this




country.

Since the advent of the two-channel stereo-
phonic system, the demandfor two-channel audio
recorder-reproducers has increased; firstfor the
professional recordist and more recently for the
"Hi-Fi'" hobbyist. These machines are built with
a full-track erase head, which erases both of the
channels with one head acting over the full width
of the tape. Two-channel machines are also
built with individual erase heads for each channel
if the customer so specifies.

A problem was initially encountered in the
design of such a separate erase machine. As
you know, if the two separate erase-bias oscil-
lators are not generating approximately the same
frequency, a beat note is developed between the
two signals which is recorded on the tape. An
obvious solution that has proven successful is in
the use of a '"Buffer' amplifier in each of the
erase head circuits; all such circuits are then
fed from a common oscillator.

These two-channel recorders were adequate
for a majority of the recordings attempted. How-
ever, for the professiona.l user in the recording
of tape masters, a third channel was sometimes
desired for the recording of a soloist, dubbing a
foreign language, or for special sound effects,
etc. One method of using the third channel is
illustrated in Figure 4. The third channel, used
for the recording of a soloist, for "filling in the
middle", or for other sound effects, is mixed
into the other channels to produce the two-channel
stereophonic tape sold to the customer for his
two-channel reproducing system. This method
of recording produces a more vivid and well -
balanced musical interpretation more pleasing to
the listener.

The first three-channel recorder was made
for a quarter-inch tape with a full-track erase
head. The individual track width of this machine
naturally had to be made narrower than the two-
channel machines so thatall three channels could
be accommodated on the quarter-inch tape. This
narrower track width degraded the signal-to-
noise ratio as well as increased the percentage
of "drop-outs'. '"Drop-out' is the momentary
loss of signal resulting from imperfections of the
tape. This problem becomes increasingly more
annoying as the width of the track is decreased.

To preserve the high order of signal-to-
noise ratio demanded by the recording industry,
half-inch wide tape was resorted to. This
eliminated the undesirable features of the three-
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channel, quarter-inch tape machine and has be-
come, so to speak, the ''standard" of the profes-
sional recording industry. These three-channel,
half-inch tape machines, like those of the quar-
ter-inch variety have been made with both a full-
track erase head and separate erase heads and
sometimes with no erase heads, depending on the
customer's wishes. The distortion, signal-to-
noise ratio, frequency response, and recorded
signal level have been maintained on each of the
three tracks as on a standard single channel re-
corder.

The use of a full-trackerase head as against
erasure for each channel is dictated by the indi-
vidual user's preference. Both have been used
successfully., Some have eliminated the erase
head entirely, claiming that the erase head gives
rise to noise and distortion. This is a matter of
opinion--and the tape used. Even without the
erase head, bias signal must still be suppliedfor
the record head, which can cause similar results.
However, if the source of the erase signal is pro-
perly designed and adjusted--whether it be from
the oscillator of a combination of oscillator and
buffer--it should give rise to very little addition-
al noise and distortion, if any.

Let us get back to Les Paul and Mary Ford's
exploits in producing their new sound. Their
basic recording technique is known as “"'Sound-on-
Sound'' recording--the method of overlaying one
sound upon another sound on a single track. Not
only did they mix the previous recording with the
new signal, but their technique required the fea-
ture of several previous recordings mixed in
various combinations in order to obtain the de-
sired sound quality. Thus, with their original
machines, it can be seen that synchronizing prob-
lems were inherent. Also, in progressingthrough
the re-recording process, sometimes as many as
24 times, degradation of sound in both frequency
response as well as noise and phase errors
caused the final recording to be rather muddy--
not as crisp and clear as they wished it to be.

Les Paul felt that there might be other ways
and means of accomplishing better end results.
This led him to dream up a new machine for his
particular purpose of overcoming the difficulties
he was experiencing with his original system. It
was at this time that Les Paul came to us with an
idea for an eight-channel multi-track recorder-

reproducer, utilizing a one-inch tape. Figure 5
shows the completed machine. Each channel was




to have its own erase head so that he would be
able to re-record onany channel he desired with-
out affecting the others. At the same time, the
inter-channel synchronizing of each new track
recorded one at a time had to be maintained so
that the composite playback of all tracks, mixed
together, would be in unison. One must remem-
ber that the playback head follows the recording
head position-wise on the tape. Therefore, if
Les and Mary monitored the last recorded track
made so as to keep the musical beat, while re-
cording on the next track, the composite play-
back of the two tracks would be out of step by the
time interval equal to the spacing between the
record head and the playback head. This could
become disastrously cumulative on eight tracks!
The basic question in the synchronizing problem
for us as machine builders was in figuring out
how to make a record head think it was a play-
back head. It may sound strange but the answer
was obvious--hook up the record head and use it
as a playback head. This was done by designing
the heads and switching circuits with care so as
to minimize noise pickup in these very sensitive

low-level circuits,

Various other special features were incor-
porated in this machine which Les Paul has
nicknamed the "Octopus''. Among them is a
special switching pancl for tae pre-setting of any
of the eight channcls for recording. Also incor-
porated were manual or remote monitoring of
the proper head for synchronizing, and completc
remote mechanical control facilities.

This machine has given him the tool to ex-
ccute some new recording techniques to yield
new and crisp sound. The possibilities for such
an eight-channel machine are very great. He can
produce additional sound effects by proper mix-
ing of the various channels. Reverberation
techniques can also be used as well as other
gimmicks to put his new sound across to the pub-
lic. The possibilities are so numerous that it is -
doubtful whether even Les Paul has discovered
all of them yet--even with his great knack for
finding new and better ways of producing his
sound.
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METHODS OF RECORDING COMMERCIAL
STEREOPHONIC MASTERS

R. J. Tinkham
Ampex Corporation
Redwood City, Calif.

The probleminvolved is toprovide thelistener with the illusion

of auditory perspective.

The first work of this nature was the

celebrated Bell System transmission from Philadelphia to
Washington in 1933, Since 1950 the use of these techniques has
resulted in commercially obtainable tape recording and has
also formed the basis of certain new LP techniques.

A quiet controversy is raging among many enginecrs, both in
this country and in Europe, as to what is the proper(?) stereo-
phonic recording technique. Various terms such as "binaural, "'
"'stereophonic, " and "auditory perspective' are defined.

If someone were to tell you that you could
make a stereophonic recording with one mike,
would you believe it?

Those of you who are somewhat familiar
with the problem will answer that question with
some word such as ''preposterous'! Those of
you who are less familiar with the problem may
have no reaction at all and start yawning. But
all of you know that with just one mike you can
get a certain kind and amount of realism, but in
comparison with stereo--and what well informed
person hasn't heard something labelled stereo--
single channel reproduction of music is a bit
dead.

Everybody knows it is necessary to have
more than one mike to record stereo. But
according to some English authorities it is not
necessary to have more than one mike position
to record stereo. This is known as the
'"crossed mike'' technique. And it works.
Whether it is good or not is a matter of subjec-
tive opinion. But more of this later.

Stereophonic sound, or auditory perspec-
tive, as it was called by Bell Telephone Labor-
atories in 1932 and '33, is an attempt to re-
create in the listening room the same sort of
acoustical pattern that existed in the place
where the sound originated. It can be applied
to every type of sound such as that of an air-
plane flying by, a symphony orchestra, or a
piccolo player performing in the Painted Desert.
Most often it ranges from a symphony to a
string quartet.
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The main objective of commercial stereo
recording is to bring enjoyment to the listener
in his own home by endeavoring to re-create
something resembling the sound that this special
listener connects in his own mind with a live
performance he once heard somewhere.

This assignment can be quite a task!

Of primary importance is the space in
which the customer has set up his stereo repro-
ducing apparatus. It may be in a reverberant
recreation room, an overstuffed living room, or
an odd shaped room. Or the apparatus may be
set up incorrectly in acoustically the very finest
of rooms. Thé commercial recordist has vir-
tually no control over this situation. Only an
educational program can help. -

The customer, moreover, may not know
for what he listens, or if he does, how to get it,
Over this subjective situation the recordist has
no control whatever. All he can have is hope.

The professional recordist must therefore
make some bold assumptions. This he has done.
To see what assumptions must be made some
history will help.

The main proposition has always been to
re-create the sound with life-like realism.
J. P, Maxfield, of Bell Telephone Laboratories,
devised a complex mathematical formula about
1937 for the placement of two microphones in a
room to secure what was felt to be the best
Possible single channel pickup. It involved

Al



specific numbers for such things as room size,
reverberation time, number of performers,

plus some numbers for some abstract, subjec-
tive factors as well. He recognized that the
single channel listener obtained an illusion of
presence through two means: the relative loud-
ness of the various instruments in an orchestra,
say, and the apparent distance from the instru-
ment to the mike. These factors created a feel-
ing of position over a single loudspeaker without
actually revealing it as can be achieved in a
stereophonic pickup and reproduction using more
than one channel.

In the Maxfield pickup one non-directional
mike was placed fairly well away from the per-
formers at a point about where the direct sound
was the same loudness as the reverberant sound.
This picked up the overall sound including gen-
erous quantities of room reverberation. Sound
from this mike lacked considerable "'definition''.
Therefore an accent mike was placed closer to
the source than is usual for a one mike pickup.
This yielded the sharp intonation or definition
necessary. The output of these two mikes was
mixed and judged over a monitor speaker.

It is well to realize that Maxfield was en-
deavoring to compensate for a most important
item. The human being with two normal ears
can concentrate his attention on any given sound
to the relatively high exclusion of all other
sounds. This is a combinationofbrain and ears
acting as a discriminator. But take away the
use of one of those ears by placing a finger in
the outer ear canal andthe discriminator sudden-
ly fails to functionas a concentrator. Maxfield's
accent mike was a monaural substitute for this
human attention-focusing ability.

Much of this workin listening and devising
ways of creating acousticalillusions was the out-
growth of the earlier stereophonic work at Bell
Telephone Laboratories in 1932.% A three-
channel transmission was considered to be the
optimum minimum for the best auditory per-
spective. A larger number of channels yielded
to the law of diminishing returns. Two channels
gave a stereo effect but was not too definitive.
Three channels was the number chosen for their
demonstration with the Philadelphia Symphony
at that time. Cost was no object for the demon-
stration.

* Electrical Engineering, Jan. 1934, Vol. 53,
No. l; six articles.
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But cost is certainly important when one is
considering a home installation. And two chan-
nels are less costly than three. It would be
easier in some respects to work with three, but
two can be made to perform with satisfaction.
Time was, and only a short time ago, when any
stereo system of any description in the home was
virtually out of the financial question. Another
assumption, then, is that the recordist must sat-
isfy a two-channel home system.

But the professional may use any trick he
wishes in the preparation of the tape {say) that
the customer buys. All he has to do is make it
come out "two-channelled". Oh, yes. Onemore
thing: to stay in business, the results must sell.

It might seem obvious, therefore, that the
first such recordings were made on two-channel
tape recorders. (Figure 1) This is true, but
not for the seemingly obvious reason. The
first recordings {of recent times) were made for
listening via a pair of earphones--one channel
for each ear. It was "discovered'' that amicro-
phone spacing of about the width of the human
head was just about right for this binaural
method of listening. When the mikes were spaced
too far apart one heard two distinct sets of
sounds. Actually it seemed when listening with
headphones to sound from widely spaced mikes
that one's ears were out on the ends of two long
sticks!

And a converse error was made at first.
Believing that because we had two ears spaced
about six inches apart, the mikes under all con-
ditions should therefore be spaced a similar dis-
tance apart. Reproduction over loudspeakers
rather than headphones was an obvious must.
But when the speakers were placed well apart in
a listening room and the mikes picked up the
sound from points only six inches apart we had
the converse of the ears seeming to be out in
space. Imagine someone speaking as he walked
across the stage from one side to the other past
a pair of closely spaced mikes. In the listening
room he would seem to leap suddenly from one
side of the room to the other.

All sorts of separation dodges were tried.
A sheet of hard, or soft material was placed be-
tween the mikes. Even a bag of sawdust about
the size of the human head was tried.

Finally the law of reciprocity, and the re-
reading of the Bell Telephone Laboratories
report on their 1932 experiments, caught up with
our modern experimenters one generation later.




In a two mike system (in this country at
least) the mikes were placed in the same rela-
tive position in the recording room that one
might hope that the speakers would be placed in
the listening room, say at the one-third points
across the width. Now comes the Jjuggling and
the out-guessing. If the mikes are spaced too
far apart, there seems to be a "hole'" in the mid-
dle of the reproduced sound, and we seem to
hear two separate monaural sources from our
two reproducing speakers. This is especially
true if the listener happened to put his speakers
in the adjacent corners of his listening room,
At first, this seemed tobe a good thing. "Look",
he'd say, "I've got a new kind of sound reproduc-
tion. They call it stereophonic. It requires two
separate channels. Listen; you can hear each
one." True, he could hear each separate chan-
nel. One had violins; the other had brass. It
was showy. But the instruments didn't blend
very well as they should have and as they nor-
mally do in a concert hall.

While this separation between the two chan-
nels is "showy'' and helped initially to sell
stereophonic sound to the public, because it was
different, the average listener soon tires of this
abnormal condition. It is much more satisfac-
tory to listen to a well-blended system; that is,

a system which does not have this ""hole-in-the-
middle' effect.

The considerations which overcome this
effect in the listening room are substantially
twofold. First, the correct spacing of the
speakers within the room. And second, the
actual reflection of the sound from the speakers
by the walls and ceiling, etc., of the room, In
the concert hall under live listening conditions
we depend a greatdeal for our listening enjoy-
ment on the reflections from the various boun-
dary surfaces of the hall. Subjectively and
psychologically we believe that we are listening
directly to the performers. But do you recall
the effect of listening to a symphony orchestra
performing outside in possibly a poor band
shell or perhaps no band shell at all? The effect
is entirely different, isn't it? Likewise in the
living room we depend on the time-delayed re-
flections from the room boundaries to aid in
creating the desired stereophonic effect, thus
enhancing our enjoyment of the music. Advo-~
cates of corner speakers for stereophonic re-
production please take note.

Obviously if the speakers are too far a-
part we doget a separation in the center, Pull -
ing them closer together eliminates this under
normal circumstances. Also, if the original re-

cording was made with the microphones spaced
too far apart, then the hole actually exists in
the middle of the recording. The obvious cure
is for the professional recordist to have his
microphones properly spaced. Again, it is the
professional recordist's responsibility to moni-
tor the results of his microphone setup in a
room which approximates the dimensions of a
living room, and preferably a room which re-
sembles very closely the acoustics of the aver-
age listening room at home.

That this "hole-in-the-middle" actually
exists is apparent from the ways in which pro-
fessional recordists have endeavored to solve
the problem. In the United States one solution
has been to use a three-channel stereophonic
recording system. (Figure 2) As wag mention-
ed previously, a three-channel system was
found to be more efficient and definitive in the
transmission of stereophonic sound. With a
three-channel system we have twice as many
time differences of sound arriving at the vari-
ous microphones, and loudness differences at
the same points as we do in a two-channel sys-
tem. Apparently it is easier for the ear of the
listener to integrate this additional information
over a three-channel reproducing system, But
the professional recordist must translate this
three-channel information into a two-channel re-
producing system so that his recordings are
salable on a commercial basis. One of the ways
in which the professional accomplishes this is
shown in the figure. The center channel is split
and mixed Proportionately with the two outside
channels. Judgment of how much of this center
channel to mix with the outside channels is sub-
jective. In other cases the center channel may
be used for entirely different purposes, such as,
for example, a soloist, or to enhance some fea-
tured portion of the tota] ensemble. This
arrangement and technique results in commer-
cially acceptable recordings.,

In England Dr. G. F. Duttoh of E. M. 1.
has developed a different technique. This con-
sists of using two ribbon microphones, one above
the other in the Same vertical line, but aimed
with their maximum résponses at a divergent
angle toward the two different sides of the stage,
The typical figure eight pattern of each micro-
phone then covers the sides as well as the center
of the recording ensemble. The two-channel

the side of the mike toward the opposite side of
the orchestra. Thig technique tends to eliminate

the "hole-in-the—middle".

John Moseley, of Pye Records, Ltd., also




of England, has tried a similar technique using

uni-directional microphones mounted one above

the other and facing at a divergent angle of from
90 to 120 degrees.

To those of us in this country who are used
to listening to the results obtained from widely
spaced microphones, this English system, while
it does fill in the center very effectively, seems
to be more like a single channel pickup repro-
duced over two spaced speakers, and lacks some
of the specific separation one seems to expect in
a stereophonic reproduction. It may be consid-
ered somewhat like the pickup obtained from our
two mikes placed about six inches apart as was
mentioned previously. However, the crossed
mike technique does yield a definite stereo effect
which the side by side arrangement does not.
The subjective reaction to the results of these
two different methods of recording varies with
the individual auditor, as we might expect.

Of course, the best stereophonic reproduc-
tion is achieved when the reproduction is in the
same room as that in which the original record-
ing was made., Such a situation was experienced
a little over a year ago in two separate places.
One of them was a two-channel recording and
reproducing session before a full audience atthe
Philadelphia Academy of Music with the
Philadelphia Orchestra and Eugene Ormandy. A
short time later a three-channel system was
used here in San Francisco with Enrique Jorda
and the San Francisco Symphony Orchestra in
the Opera House. A selection had been previ-
ously recorded using a three-channel tape sys-
tem. The orchestra members came on stage,
picked up their instruments and apparently
started to play. Part way through the selection
the musicians placed their instruments in their
laps, yet the music continued. The audience
was dumbfounded at the completely life-like re-
production. The playback was done over three
theatre type speakers mounted on the stage in
the midst of the orchestra.

The optimum type of reproduction will
probably never be achieved in the home because
of the entirely different physical acoustics
present in the listening room as compared with
the recording room. Perhaps someday we may
discover a less expensive way of providing
three or more channels of reproduction at a
modest price for a home system which would
improve the illusion. Perhaps we may over-
come the deficiencies of our present systems
and obtain even more reality in sound reproduc-
tion. Or we may even discover an entirely new
way of transmitting, storing, and reproducing
such three-dimensional sound phenomena as we

have been discussing here. From such problems
are our future achievements derived.
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The normal two-channel stereophonic re-
cording and playback systemuses two mi-
crophones, and a suitable twotrack recor-
der. The playback uses an appropriate
two track reproducer and two separate
loudspeakers in the listening room.
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The more commercial stereophonic re-
cording system utilizes three microphones
and a three track recorder, The third
mike is often used for soloists or special
effects. Dubbing of a three track master
to a two track commercial release is
accomplished through a suitable network.
Playback is over a normal two track sys-
tem.
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SECURING 110 SWEEP FOR THE PUBLIC

(1)

W. D. Schuster

Summary

A radically new, compact television receiver
has been marketed throughout 1957, containing the
first commercial sweep system based on new 110°
sweep angle, 1-1/8 inch neck diameter picture
tubes. Efficiencies achieved in the sub ject sweep
system permit this set to consume little 1f any
more power than if the set had been designed for
bulkier and heavier 90° picture tubes with stan-
dard 1-7/16 inch neck diameters.

The new 110° yoke developed for this project
18 no heavier than 1955 design 90° yokes. The re-
lated horizontal sweep output transformer for
110" 18 smaller than most 90° transformers for
16 kv operation and resorts to cancellation of
the usual d.c. flux component to secure 110°
sweep system 1np3t closely approximating previous-
ly commercial 90  sweep system input.

Vertical sweep 1s particularly economical,
and introduces the Sylvania 10DE7 miniature dual
triode for oscillator/output combination, operat-
ion directly from 250 volts without resort to
boost voltage from the horizontal sweep.

Development and adoption of "neck shadow" 1lim-
it standard yokes for use at the widely separated
tube supply, set manufacturing and yoke manufact-
uring plants was accomplished in 1956 before set
manufacture began, with complete success. Nearly
identical standards were later adopted by JETEC.

Introduction

For the past five years the transition to
sweep anglss for television picture tubes in ex-
cess of has been imminent. Entry of commer-
cial 110" sweep receivers irnto public use has been
sudden after several oblique approaches were eval-
vated in various laboratories. The sales appeal of
progressively shortened and lightened television
receiver cabinetry has been stressed, to cause
engineers to design sets featuring greater port-
ability, with picture tubes of the 14 inch and
17 inch-diagonal screen variety. Even greater
cabinet length savings are realized with wide-
angle sweep on 21 inch and 24 inch picture sets,
usually of the console cabjinet class, although
21 1inch, 110° portable receivers have been built
and marketed since June, 1957 by Sylvania.

(1) Television Receiver Design Engineer,
Sylvania Electric Prod., Inc., Batavia, N. Y.
(2) Television Picture Tube Application Engineer,
Sylvania Elec. Prod., Inc., Seneca Falls,N.y.

(3) Chief Television Engineer, The Rola Co., Inc.,
div. of The Muter Co., Cleveland, Ohio

(2)
» F. O, Stone
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(3)

, and C, E. Torsch

Following extensiveoengineering development,
commercial 17 inch, 110" television receivers have
been manufactured continuously since the latter
part of 1956, by Sylvania, incorporating for the
first time in quantity production, the new 110
picture tubes and a related system of sweep com-
ponents developed for high efficiengy and economy
in mass production.

The overall characteristics of this new set,
basic to the Sylvania "Slim {&?” receiver series,
have been described elsewhere by Mr. Derek
Swaine, Supervising Design Engineer and W. D. Shu-
ster. The objective of the present paper is to
chronicle the planning of the sweep system and the
picture tube application work involved in securing
a practical design foundation without which the
complete commercial receiver could not have been
erected in proper balance.

Picture tube - Yoke Ecology

The evolutionary priority of the egg versus
the chicken is a familiar problem confronting tele
vision systems engineers at each new frontier of
sweep angle increase. In the past, known contours
of picture tubes and tube bases have existed con-
siderably in advance of an intended set production
date; yoke development followed gradually. Freq-
uvently, a series of developmental sweep tubes and
§Weep components is offered to set designers sim-
ultaneously with the new picture tube, to allow
evaluations of size, weight and power consumption
for a selected picture size and brightness.

In this Instance, the picture tube contours
were undergoing.minor final adjustments at the
time the first complete receivers were leaving the
production line.The fact that the original yoke
design was flexible enough to accomodate to the
picture tube adjustments, deserves, it is felt,
some note. These mutual readjustmwents of the
picture tube, receiver circuitry and sweep compon-
ents, particularly the yoke contours, without sac-
rifice of of the early efficiency objectives, re-
quired considerable inter-plant visitation, fluent
communications and steady accomodation to new fac-
tors and conditions.

That coordination had to Cross company and
state as well as departmental boundaries, is note-
worthy, in view of the emerging equipment as first
produced passing the mechanical and "shadow limits"
adopted by JETEC at a much later date.

(%)
D. Swaine and W. D. Schuster: "a Portable

vith the 110° CRT", Radio and Television
News
May, 1957 ’




Preliminary Stages

Advanced development groups hed, early in 1955
investigated the possibilities of a 120° included
sweep angle for plcture tubes, still retaining the
previously standard 1-7/16" nominal neck diameter.
It was appsrent that equipment sale was even then
limited by sweep energy costs for 900 sweep on the
1-7/16" neck size. To achleve the same picture
size, at 120° (at a given anode voltage), a high
cost, heavy core 90° yoke of more than usual effi-
ciency was found to consume excessive energy for
the new trace, even before shortening core and
colls to reduce neck shadow effects. This special
9o° yoke in question weighed nearly 2.5 pounds,
relative to the conventional one pound 900 yoke
familiar to most manufacturers during 1955 - 1956.
This obvious cost increase in yoke material with-
out approximating commercial 90  yoke intake for
120° tube screen coverage discouraged further ef-
forts on large neck tubes in conjunction with
wider sweep angles.

It had been considered, since 1952, desirable
to concentrate small neck picture tube develop-
ments then in progress, on & 1-1/8 inch nominal
neck size. A small-neck 90o goke was developed
(5) and also a small-neck 120 yoke predicated on
a 2.828 inches external flare radius on develop-
mental picture tubes. The volume of space within
these two yoke cores was sufficiently smaller in
diameter and axially longer than conventional 90
yokes that gains vere achieved in sveep efficiency
up to a point where the 120° tube application was
still slightly limited by neck shadow fringes on
the screen corners.

At this juncture, during the fall of 1955, two
other flare contours were proposed, and enthusiasm
for the extreme change to 120° waned. The sweep
angle objective swung to approximately 110° and
two camps formed to advocate either a flare radius
of 2 inches instead of the previous 2.828 inches
or, alternately a pgrabolic flare based on the
equation y = .615 x“ 4 .570. These shapes were
both proposed to enclose & ninimum diameter of
waste space around the extreme positions of the
cathode ray beam within the picture tube neck, and
allow for normal errors in gun configuration,
mounting and glass irregularities. Sufficient
work was done to indicate that either of these
two contours allowed a decrease in yoke material
and some energy reduction relative to the original
concepts for the 2.828 inches radius proposal.

The parabolic contour appeared to allow even less
yoke material to consume no increase in energy re-
jative to the 2 inch radius systems for comparable
sweep lengths.

In January 1956, the Rola Company representa-
tive proposed to JETEC consideration of the use of
a limit gauge on tube flares of the pa abolic vari-
ety, defined by an equation y = .615 + 58,
This departure from the nominal glass mold contour
was sufficient, that, even though this precise
gauge equation was not adopted, use of the shape

(5) "High Efficiency Yoke for Small Neck Tube” -C.E.
Torsch, Tele-Tech and Electronic Industries -July 1955
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permitted yoke designs to proceed and coll assem-
blies to fit the bulb flares. Gauges of the
initially proposed shape still £it current pro-
duction yokes of several competitive designs
extremely well. Ultimately, JETEC Standardiza-
tion adopted the 110° sweep angle, a parabolic
1imit gauge y = .58 x2 4 .576 above a 1.242 inch
neck diameter, to the helght where the gauge
internal diameter is 4.25 inches.

while the tube and its gauges were being
finalized, general objectives vere being formed
by Sylvania based on preliminary yokes and fly-
backs provided by Rola. In 1956 model Sylvania
90o chassis, 250 volt B supply enabled these
production sets to fully sweep the 110° tubes
with little if any power demand increase, using
the standard tube complement, together with the
developmental 110° sweep components. With this
system performance in view, Sylvania formulated
the following objectives:

1. Concentration on the parabolic-flare
110° picture tube.

2. Completion of yoke development to match
the contour of the 110° parabolic tube
alone, "neck shadow" clearance to be
only slightly inferior to 90° experience
in ad justment ease.

3. Develop the yoke to fit commercially
wdmﬁhfﬂdmcwutmkdwﬂy
in 1955 by three major suppliers.

4. Minimize yoke material and maximize mag-
netic efficiency, particularly in the
horizontal windings.

5. Reduce flyback material and relative to
commercial 90° flyback design as pro-
posed through improved circuitry.

6. Operate the 110° picture tubes at approx-
imately 16 kv at cutoff, to ensure adequate
safety factors for electrostatic-focus
guns under extremes of operating voltages.

7. Drive the flyback transformer with a
6DQ6A tube operated within all ratings.

8. Use the 6AX4 type damper tube within
all ratings.

9. Improve vertical sweep system efficiency
to require low input to the matching
transformer.

10. Secure an improved miniature bulb dual
triode for economical vertical oscil-
jator and output use, later released 8as
the Sylvania 1O0DET.

11. Retain the 250 volt B supply concept to

permit use of selenium-stack rectifiers

in a compact voltage doubler system for
waximum portability.




12. Accomodate low power line voltage input with
full sweep at proper aspect ratio.

13. Quickly establish "standard” yokes to
define 1limit tube and yokes within
Sylvania and its yoke suppliers.

14. Above all, design for ease of manufacture
and assembly, with a sweep system cost
objective agproximating or bettering the
existing 90~ system costs and picture
performance, including driver tube com-
parisons.

Sveep System Concept

It was immediately recognized that all known
means of aiding magnetic efficiency in the yoke
flyback and vertical output transformer were
urgently needed in the new set, to minimize
weight, size and realize low power supply drain
and system cost.

If a single item of the chain were to be
neglected, the economy of the other elements
would be neutralized.

Realization that a thorough understanding of
the picture tube geometry and gun orientation pro-
blems was essential was clear to all groups
involved. The ultimate in system efficiency can
be obtained only by establishing and cross-relat-
ing standard “shadow-limit" yokes which accurately
define a mutual boundary between production yokes
and glassware ana gun-mount variations in tube
magufacturg. The satisfactory experience with
70 and 90° tube standardization (6), even after
the manufacture of over 50 million tubes, led to
adoption of planning to locate and define the
limit tube and yoke combination as rapidly as the
tube industry could be seen to converge on dimen-
sional standards. Duplicates of this limit com-
bination were to be maintained at both the tube
and receiver factories for instant reference,

Details of the compact yoke and core design,
the concept of flyback miniaturization and im-
proved coupling through "desaturation" of the
core, vertical output tube and coupling trans-
former development, picture tube gun orientation
and"neck shadow" control are treated in groups
hereafter.

Compact 110° Yoke

The accompanying sectional view cut across the
screen diagonal of the new picture tube 1llustrates
the shapes and relative gize of the 21 inch bulbs
of the conventional neck 90° tube superimposed on
a 1-1/8 inch neck 110° tube (see figure 1).

(6) "Yoke Development for Standardization of 70°
and 90° peflection Angle" - C. E. Torsch - TR E
Transactions on Broadcast and Television Receivers
Volume BTR-1, Number b4, October 1955,

Figure 2 is a restricted view,flare only,on the
110° version with a hatched areaindicating the

flare of the JETEC 110° 1imit gauge. Superimposed
on the latter is a sectional view of the ferrite
core employed in this yoke design.

The JETEC #126 1limit gauge ultimately adopted
defines the maximum space displacement and
contour allowed for glass and provides an index
for reference of the distance of this area from
the screen, which establishes external maxima and
minima for tube dimensions. The tube base and
straight -neck region 1s allowed to rise to 1.168
inches diameter. A short region of 4° taper in
the gauge over the neck to funnel glass splice
ends at 1.242 inches diameter, followed by a para-
bolic section described by the equation Yy = .58

x2 4 -576 where x = 0 locates a plane .92 inch
closer to the tube base than the""reference line"
of the tube. The "y" ordinate values, in inches,
describe the internal radius of the gauge from an
axis of revolution. This gauge is limited to an
"exit diameter"” of L4.25 inches.

This yoke core configuration was developed
early in 1955 for small-neck tube yokes, through
the cooperation of the Allen-Bradley Compaeny,
Stackpole Carbon Company and the General Ceramics
Corporation, with yoke design planning of The
Rola Company. Dimensional standards of the Metal
Powder Association were introduced and convention-
al molding considerations were allowed for in
providing a flexibility in a choice of length of
core. All three ferrite sources tooled this core
shape as a quadrant with "ship-lap” edges (for
reduced magnetic leakage). No restriction was
placed by Rola on the distribution of the molded
parts to encourage the early evaluation of small-
neck picture tube sweep systems in general. It is
believed that this is the first time that such a
widespread tooiing of a yoke core design has been
unrestricted in distribution.

The flat back of the core requires more
ferrite to be employed than strictly necessary, in
exchange for conventional, safe tooling, as known
in 1955, to guarantee steady availability. This
shape was considered to give the minimum practical
inside diameter at this state of the art of yoke
design, 1.5 inches diameter being an MPA preferred
dimension step, alloving an annulus jof space at
least.208 (7) thick for coils and intervening
insulation. With this inside diameter, a tangent,
smocth radius of .860 inch was judged to produce
8 good degree of parallel to the bulb gauge sur-
face. The outer diameter was selected to cut the
core thickness to .4 inch, where the front core
raedius was producing relatively 1little benefit,
in further containment of the yoke field. Subse-
quent core designs have increased the exit flare
diameter from the 2.k inch value for the desipn
described herein, tc over 2.8 inches, however this
increases core cost and reduces flexibility 1in the
cholce of length, The original subject core can

(7) "Trends in Ferrite Core Design for T-V Yokes
and Flybacks" - C. E. Torsch - Proceedings

Eleventh Annual Meeting Metal Powder Association -
Volume II, May 1955,
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be made from the same tool to a maximum length of
approximately 1-5/8 inches to below 1 inch, in an
infinite variety of possible increments. At this
time the subject yoke contains a core 1.3 inches
long to secure optimum gensitivity vs. beam clear-
ance.

The coils are nested between this core and
the flare gauge diameter in a snug sandwich, the
upper layer containing the vertical windings, the
lower layer next to the glass, the horizontal
coils. The sandwich "meat™ is formed by & molded
sheet of vinyl, containing a central rib to sepa-
rate the horizontal coil edges for half of the
series-connection assembly voltage.

Both horizontal andvvertical coils have an
approximately cosine distribution of thickness
to match a constant thickness insulator for a
mixture less than the maximum thickness indicated
previously.

While a variety of impedances can be wound 1in
the available space, it was found desirable to
employ a series connection of horizontal coils to
a total inductance of 30 millihenries in the
horizontal windings, and 32 - 36 ohms in the total
of the two series connected vertical windings.
one horizontal coil is reversely wound relative
to the opposite coil in series with it to secure
a raster more free from velocity modulation. (8)

In addition to this reverse winding of the
horizontal coil half, both vertical coils are
wound in reverse to secure a.c. "ground” at the
inner or start turn of the left hand coil, facing
the yoke flare. This assists the elimination of
vertical-position modulation at the left edge of
horizontal lines by draining off electrostatic
current from the high-potential edge of the hor-
jzontal coil on the coil start nearest to the
beam position early in horizontal tract times.(9)
The vertical windings of this wire size (#28) do
not greatly limit the Q of the horizontal magnetic
circuit, as would an extremely low resistance o
coil using #22 wire for example, due to eddy cur-
rent loss at the horizontal sweep rate in the
vertical coil conductors in the path of horizon-
tal flux.

A choice of series-connected coils for both
windings was based on greater productivity of
yokes from the new winding machinery. This choice
was fortunate in view of the early demand for
large quantities of yokes.

(8) "High Efficiency Low-Copper Sweep Yokes with
Balanced Transient Response”, C. E. Torsch, I RE
Transactions on Broadcast and Television Recelivers,
PGBTR-6,April 195L.

(9) "Extention of the Balanced -Transient Response
Principle to Color T V Yokes", C. E. Torsch,
Transactions of the I R E Broadcast and Television
Receivers PGBTR-6,April 195k.

(10) U. S. Patent 2,568,471 -Torsch and J.B. Coul-
lard, also, "High Efficiencv 90° cathode -Ray Sweep
gystem" -Torsch, Tele-Tech and Tiectronic Indus-
tries- June 1953.
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Relatively powerful cunife-strip magnets
were attached to flexible arms to aid the hori-
zontal sweep sensitivity of the assembly, as vell
as reduce the "pin cusion" pattern distortion at
the right and left hand vertical edges resulting
from the effort to emphasize focus quality of the
deflected spot on the screen.

The yoke is encased in a Tenite case of
flame -retardant acetate, of high temperature
stability. The case is made to clasp, without
resort to rivets or eyelets, a fibre terminal
board at the front face, keeping the usual con-
nections away from the area required for access
to the magnet bars and centering magnet and clasp
Coloring the case fluorescent red warns the ad-
juster against grasping the yoke beyond its
protective case flange et the front, where the
terminals are located. A post and plastic ridge
on the case interior, index the core segments
and vertical coils against rotation in the assem-
bly. A plastic apron on each case half at the
rear protects the assembled coils from handling
damage when the aseembly is slid along conveyors
or tables, and during shipment.

A detachable plastic cap with dual disc
centering rings is mounted at the rear of the
yoke. To this is mounted a plastic funnel which
is clamped to thé picture tube neck by means of a
sturdy spring of the type used on auto radiator
hose fittings. The plastic funnel is coated
internally with a friction-paint to reduce the
risk of shift on the glass neck during shipment.
Ring cores of ferrite have been made for this
yoke, cracked in halves for assembly ease. Very
little performance is to be gained relative to the
ship-lapped quadrants due to the extreme thickness
of the core in this design, tests of the cracked
ring shovw.

The spring-steel strap which deg the case and
core together is magnetized after assembly to pr-
duce a weak field causing a shift of the entire
raster to the right to compensate for a combination
of earth's field (in North America), tilt limit-
ations.

The entire yoke assembly weighs approximately
one pound - no more than usual 90° yokes for 16
KV operation.

Flyback Transformer
'Desaturation

Once an economic limit 1s reached in the yoke,
the flyback in conjunction with it must be matched
and whittled. Two basic factors have already been
covered in the literature (10) but have not gener-
ally been commercially used together thus far.
These two items are: first, consistent mechanical
arrangement of coil spacing to secure critical
coupling to the high voltage extension winding;
second, elimination of the d.c. core flux compo-
nent inherent in practical flybacks wherein the
damper tap is below the driver plate connection to
the full primary winding.




arrangement of coil spacing to secure critical
coupling to the high voltage extension winding;
second, elimination of the d.c. core flux comp-
onent inherent in practical flybacks wherein the
damper tap is below the driver plate connection to
the full primary winding.

Figure 3 illustrates the circuitry involved,
based on the sectionalizing of the transformer
primary; use of a width control inductance (ad-
Justable, in this instance), Use of this coll
is as an isolation choke through which the
cathode current of the driver tube flows into an
isolated section of the primary and out to the
damper plate. The reverse flow of d.c. flux in
the lower section of the primary neutralizes the
d.c. Tlux set up by the plate current flow from
damper cathode to driver plate. The ampere-turn
balance is established, then the conventional air
gap between core halves is eliminated from the
flyback. This raises the shunt impedance of the
flyback and permits a reduction of ferrite core
cross section and weight reduction of approximate-
ly 35% compared to 1956 model 90° flybacks.
Further core reductions are practical.

The tuning of tertiary high voltage winding
leakage reactance, self inductance and capacitance
to secure the "flat-top" primary voltage-pulse
vave form during retrace is vital to minimize
insulation stresses at the driver tube plate,
damper cathode, flyback primary coil, in each
yoke horizontal coil and in horizontal to verti-
cal insulation. This 13 per cent reduction in
peak voltage of a well tuned wave may actually
represent a 20 to 4O per cent reduction in
in peak voltage of a well tuned tertiary compared
to a poorly tuned unit in which the harmonic
frequency, phase and amplitude actually increase
the fundamental crest.

Vertical Qutput System

Considerable effort was applied within the
Sylvania organization to secure an improved out-
put circuit and adequate miniature output tube to
drive the 110° yoke vindings. Figure 4 shows this
this circuitry.

A large portion of the work secured an excel-
lent vertical output autotransformer without
resort to grain-oriented steel in the laminations,
tight coupling, low resistance of windings, with
sufficient shunt inductance to keep magnetizing
current low relative to load demand. Little
attention has been given to this important item in
current 90° equipment.

The miniature dual triode output tube, Syl-
vania 10DE7 was developed to consume an average
drain of about 30 milliamperes and operate from
250 volt B supply without resort to boost voltage
derived from the horizontal sweep, and allowing
for cathode self-bias voltage loss. This tube
readily delivers 80 milliamperes peak current for
this application, at 21 volts total biasg, Only
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580 volts peak-to-peak plate swing results at full
scan. The oscillator section in the same bulb is
a lighter triode and runs from filtered boost
voltage but requires only a milliampere average
drain. The output and oscillator sections to-
gether operate as a multivibrator.

This output tube and transformer combination
will have considerably more reserve for 90° stan-
dard yoke applications than most economical systems
in use. Note the output tube current character-
istic in Figure 5.

Use of pentode output tubes would require
more sockets and a tube to complete the oscil-
lator, also require a screen supply resistor and
by-pass capacitor, before sweep linearity is
considered (adveree to most pentode circuits).

"Neck Shadow” Controls for Yokes and Picture Tubes

The following limitation on design of effi-
cient yokes for economical sweep systems is termed
"neck shadow". To this is closely related the
recently complained of “"contrast reduction" in
scenes reproduced on picture tube screens when
overscan of sides or even corners of the screen
is necessary (to refill either the width or height
of the screen at correct aspect ratio of repro-
duced objects. ).

The cathode ray beam will always, in covering
the fr11 picture tube screen (which seldom
approaches a proper 4/3 aspect rectangle ), impinge
on the inside of the neck to funnel flare region
(which 1s round), resulting in a projected image
(or "neck-shadow") of the flare circle on the bulb
funnel, on or near the screen corners. The degree
with which this always present shadow on the bulb
walls actually reaches or encrosches on useful
screen area has historically been a touchy subject,
shrouded in mystery and suspicion.

This overscan would have been most serious on
a full-round screen of the 16GPL, 70° type of
picture tubes if longer yokes designed for effi-
cient scan of the rectangular screen 70°had been
used on the round screen tube. As most 90° tubes
vwere nearly rectangular in screen shape, less loss
of picture area and resultant contrast loss was
noted. The overscan of tube neck or bulb walls be-
yond the screen liberates secondarf'electron from
the aluminum film, aquadag coating or even the
glass itself. These secondaries are more abundant
Vhere the primary beam is of high current density.
The cloud of secondaries Scatters over the screen,
adding to the total illumination, most markedly
where no primary excitation of the screen would
leave a dark or dimly 1it area,

Even more significant in causing contrast
reduction (than secondary electron emission from
from walls) is the abundant, higher velocity pri-
mary cathode ray beam ricochet from the neck and
bulb walls, by elastic collision and erazing re-
flection from the overscanned areas. This random
reflection spray scatters over the entire screen




and further decreases the illumination contrast
partially degraded by the secondary electron spray
mentioned above.

This condition of contrast reduction need not
be present if the screen is not overscanned. All
presently -designed 110° bulbs contain screens of
incorrect aspect ratio (for reproduction of 4/3
aspect transmitted signals) and the screen edges
are considerably removed from spherical chords.
It has been found that even the shortest field-
yokes now available contribute to neck or funnel
overscan, even though not to visible shadows on
the screen itself.

The reduction or near-elimination of this de-
fect in picture reproduction can be obtained,
retaining the presently standardized parabolic
neck flare contour, if the aspect ratio of the
screen is corrected and the screen edges straight-
ened to minimize overscan at the corners. Bulbs
of this revised shape could have larger screen
diagonals for the present screen height, but a
longer cone would result, to retain 110° sweep to
the maximum screen diagonal.

To retain the present screen diagonal dimen-
sion and bulb length steps now set for 14, 17 and
21 inches 110° bulbs, the screens would be wider
and less high, with small corner fillets and flat-
+aned screen edges. Tt is presently considered
unlikely that the contrast loss will be judged
worth redesign of glass molds and receiver masks
and mountings to correct present overscan condi -
tions. Presently, 21 inches, 110° bulbs are thin-
ned in the neck flare region by "paddling” to
enhance contrast.

The objective of lighweight, efficient sweep
systems with full utilization of the greatest
possible yoke length at a minimum core diameter,
is only met by matched controls on the maximum
bulb thickness and minimum spacing of the limiting
orifice region to the plane of the maximum pro-

ected screen diagonal span, to locate the maxi-
mum conic angle to be swept in a well aligned
sweep yoke and bulb axis.

The yoke desizn cannot be efficiently final -
ized, therefore, until orderly dsfinition of the
limiting glass geometry is secured. To this end,
the bulb glass supply companies have agreed to
establish tests of the funnels prior to fact plate
sealing.

This test is the measure of penetration of a
second gauge (JECTEC #125 plug gauge) into the
open bulb funnel, on the outside of which is
simultaneously held the external reference line
pauge (#126 gauge) discussed previously. A meas-
ure of the overlap of the two gauges is an indi-
rect measure of the maximum glass wall thickness
separating the gauges.

By choice of the plug gauge surface to approx-
imate the exit trajectory of cathode rays leaving
the influence of an ideal, economically designed
yoke field, toward the corners of the screen for
clearance of the bulb walls under most unfavorable

conditions, equal clearance can be predicted on a
well-aligned electron gun, yoke field and glass
neck axis, if the neck axis is the perpendicular
bisector of the maximum screen plane. The plug
gauge ultimately established is a conic surfage
described by the parabolic function y = .49 x

4~ .420 from a tip diameter of .928 inch to a

diameter of 3.26 inches. Prior to the face plate
seal, this plug tip must, in all satisfactory
bulbs, penetrate the #126 gauge at least to
within .3 inch of the plane of the y axis, or at
least .62 inch beyond the bulb "reference line”
plane.

With the external limit dimensions of the
bulb established and readily recheckable at any
time, it is desirable to allow tube manufacturers
and set manufacturers to repeat the glass compa-
nies' initial pre-seal mechanical measurements
for limit glass-ware, by the only simple expedient
presently visualized, by electronic means. The
construction of a special sweep yoke must be
undertaken, even before final yoke design concepts
are complete, to produce a magnetic field in which
the corner cathode rays (at 5 microamperes, 16 kv)
will ,ust skim the walls of the limit sweep angle
bulb, containing the mixture of adverse dimensions
defined by JETEC. The symmetrical formation of
the neck shadow on a limit tube must just clear
the screen corners as viewed from directly in
Pront of the screen parallel with the neck axis,
with the stipulated low beam current.

Selection of limit glassware was expedited by
cooperative efforts of the major glass suppliers,
Corning Glass, and Lancaster Lens, and processing
many of these bulbs by Sylvania at Seneca Falls.
Rola Engineering developed an encased yoke, at
the invitation of JETEC subcommittee 6.9, during
November 1956. This special yoke assembly was
checked on the series of limit 17 inch bulbs by
then completed into picture tubes by Sylvania.
The most severe mixture of dimensions encountered
on the series was established as a "limit tube"”
on which the special yoke operation on the 5
microampere beam current required careful beam
centering and ion trap adjustment to secure com-
plete avoidance of symmetrical diameter shadow in
all screen corners.

By use of this yoke which determines the
effective "limit tube”, tubes can be classified
as within or beyond practical operation limit.
The re ection of completed tubes focuses attention
upon marginal or reject glassware before any
appreciable quantity can reach the receiver manu-
facturer.

Conversely, the commercial yokes to be used
with the same tube series should exhibit less neck
shadow than the standard yoke on any tube.

The original special yoke was dispatched for
tests by each of the other tube manufacturers
represented on the standardization subcommittee,
JETEC 6.9, with other bulbs in the other facto-
ries. During December, 1955 and January, 1956,
six different companies hed observed the operation




of this proposed standard yoke for shadow limita-
tion.

Meanwhile, three other yoke assemblies were
built to match the first unit in performance, and
ad Justed by comparison with it to give the same
shadow characteristic. One of these was estab-
lished as the Sylvania Tube Department's reference
standard in subsequent relationship of shipment of
picture tubes to the Sylvania Receiver plant at
Batavia, N. Y. The second yoke of the trio of
secondary standards was brought to the Sylvania
Receiver plant, together with a carefully selected
"twin” to the "limit tube" established at the
Sylvania Tube plant. Rola retained the last of
this trio of secondary standards.

The first effect of this arrangement was to
locate the condition till then undetected, namely,
that the 17 inch bulbs were not entirely matched
in mechanical proportion to the 1k and 21 inch
types of 110° bulbs. Readjustment of this was
accomplished by the glass companies during
December 1955 and agreed to as final size-limit
recommendcd standards for maintainence of inter-
changeability of glassware by JETEC subcommittee
6.4 during January 1956.

Final adjustment of the commercial design of
the yoke coil and core length was then possible
during December 1955, pending the read justment of
17 inch bulbs to match the 14 and 21 inch glass-
ware proportions in the 110° series, using the
tentative standard reference yokes provided. Tt
vas decided, in view of the hazard that bulb
read justment might not become a reality in time,
to maintain the three reference yokes as controls
between the Sylvania plants and between the re-
ceiver plant and the yoke manufacturing plant to
bridge the 330 mile geographical span between
these related operations.

As a final contribution of the close tie of
this development review, evaluation of picture
tube gun orientation was expedited. It was found
to be advantageous to rotate the ion-trap type gun
in the 17 inch tubes to a position in which at
optimum trap magnet flux and position, the neces-
sary net beam drift was drected slightly to the
left of screen center, in a magnetic field-free
test area. The earth's magnetic field vertical
flux component in North America tends to deflect
the beam from a gun in any horizontal plane, to-
ward the left. 1In opposition to this, some fixed
raster shift toward the right is needed to compen-
sate the horizontal sweep non-linearity due to
screen geometry. This non-linearity is in part
due to the trace velocity distortion inherent in
cathode ray beam motion at nearly constant angular
velocity across any spherical screen, the radius
of curvature of which is not concentric with the
apparent center of beam deflection in the yoke
(not a fixed center for all portions of the
screen). Correction for this common distortion is
possible by current wave modification in the yoke,
departing from a sawtooth during trace. (11)

(11) u. s patent 2,510,027 - C.E Torsch
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Tt is common Lo secure this waveform by connection
of a relatively high reactance capacitor, .033
microfarad, for example, in series with the hori-
zontal yoke reactance directly across the flyback
transformer secondary terminals. This stretches
center sweep-trace but tends also to compress the
right edge and slightly stretches the left, on
110° tubes, more than noted on the 90° pulb
series, which were relatively more bulbous in
proportion to the sweep angle. This does not

mean that the unconsidered appearance of the 110°
bulb series, externally, is flatter than the 90°
series; the opposite is obvious. 1Indeed, if a
less bulbous screen had been adopted on the 110°
series, as was initially planned for 21 inch 110°
tubes originally sealed with 90° face plates, more
serious sweep distortions and deterioration of
beam focus would now be noted. This is one serious
present limitation of wider angle sweep than the
110° level selected.

With the beam position shifts noted, it was
found desirable to continue the practice common
in some areas on 90° yokes, namely, to magnetize
the core retaining strap after yoke assembly, to
bring the position of the undeflected spot nearer
to screen center. The farther forward toward the
picture tube screen this strap is placed the more
easily the stray flux from the strap accomp]ishes
this result, to minimize '"neck shadow" formation
on the screen.

Figure 6 compares the conventional 90° yoke
and flyback with the subject 110° yoke and flyback
in size and shape; together with a 21 inch 110°
picture tube, and a 110° yoke plug gauge adjacent
to an equivalent section of the glass flare of a
standard 90° picture tube.

Conclusion

In meeting the established objectives with a
steady flow of picture tubes, yokes and pioneer
chassis into a matched combination which appears
to have gained public acceptance, without the
usual "neck shadow” epidemics recalled in 500, 70°
and 90° system introduction, a milestone of order-
ly progress seems to have been reached.

The authors wish to acknowledge the coopera-
tion of the other JETEC - represented tube manu-
facturing organizations and the related glass
suppliers named above. The achievement of the
goal of commercialization of 110° gweep from a
laboratory concept (considered uneconomic a few
months before) 1is largely due to the vision of
Mr. Robert Thalner, Chief Engineer of the Sylvania
Receiver plant, Mr. Ross Gessford, Chief Engineer
of the Sylvania Picture Tube plant, Mr. William
Dickinson, Section Head, Sylvania Picture Tube
Design Engineering, and Mr. A. W. Keen, Manager of
Sylvania Picture Tube Application and Field
Engineering.

Execution of the complete receiver design
under the direction of Mr. Derek Swaine has had,

in the sweep transformer finalization, further
assistance from Mr. F, T. Henry and others of the
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Sylvania Coil plant at Williamsport, Pennsylvania.

At The Rola Company, the able assistance of Mr.
7. J. Brincka in flyback engineering and of Mr.
N. T. Grasso in yoke engineering is gratefully
acknowledged.

These facilities were effective only through
fluent intercommunication by telephone, airplane,
rail and auto, with a joint spirit of cooperation
to meet a cormon goal, the reality of which was

ROLA TYPE FERRITE

accepted with a large measure of faith by the
managements and manufacturing organizations
involved.

The degree of success with which this new
sweep system has met in the public domain seems
to have stimulated other firms to accelerate
their planning to convert to 110° equipment to
the point where it is predicted that a major por-
tion of the T. V. manufacturing will be at the
wide angle during 1958, particularly in America.
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A BRIGHTNESS ENHANCED COLOR RECEIVER EMPLOYING
AUTOMATIC DECODING IN THE CHROMATRON

Robert H. Rector
Litton Electronic Display Laboratory
Emeryville, California

Summary

This paper describes a prototype color
receiver utilizing a unique method of decoding
the NTSC transmitted color television signal.

The new decoding method, termed "quadramatic',
takes advantage of the inherent capability of the
CHROMATRON ', or Lawrence single-gun color tube,
to produce a color picture of high brightness.
Basically a gate-off pulse is used with quadra-
matic decoding instead of using a gate-on pulse,
with attendent space-charge blow-up, as in former
self decoding methods. Highlight brightness of
40-60 foot-lamberts with good resolution has been
obtained with a 22" rectangular CHROMATRON tube.

CHROMATRON Operation

The single electron gun tricolor CHROMATRON
employs sets of colored phosphor strips for the
light emitting screen, (Fig. 1). A color
selector grid of alternately connected wires is
arranged parallel to the phosphor strips.

A potential difference of proper magnitude
applied to the color selector grid will deflect
the electron beam to the phosphor strip aligned
with the positive grid wire. As shown in
Fig. 2a, the potential difference between ad-
Jecent wires is zero and the blue center phosphor
is selected. 1In Fig. 2b, the set of wires
electron optically aligned with the red strip is
made positive and the red phosphor is selected.
Similarly the green strip is selected when the
set of wires over the green strips is made
positive. Color selection is independent of
scanning pattern, orientation, position of the
beam, or video modulation.

Post deflection focusing, PDF, is utilized
to obtain an electron beam spot size smaller than
a phosphor strip width. This provides emple tube
essembly tolerance. PDF 1is obtained by applying
a post deflection acceleration voltage to the
phosphor screen relative to the switching grids;
in this case 18 KV, (Fig. 2).

NTSC Color Signal

The NTSC color signal consists of a high-
resolution luminance component for black-and-
white compatibility and a limited resolution
two-phase quedrature-modulated chrominance
component, (Fig. 3).
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For color signal components with frequencies
of less than 0.5 mc, the I and Q components are
both present and the signal in terms of the color
difference components is:

E =E, + 1/1.14 (:(ER - EY) Coswt +
1/1.78 (&, - ) Sinu:t]

The chrominance difference signals
(E, - E,) and (E, - E,) are reduced in amplitude
to 87.7 percent &nd 49.3 percent, respectively,
to prevent excessive over-modulation of the trans-
mitter. The luminance signal is not reduced in
smplitude, otherwise compatibility would be
affected.

Quadramatic Decoding

The one-gun CHROMATRON has a color-selector-
grid interelectrode capacitance of about 3000 uuf.
While square-wave switching can be used for low-
frequency color-switching applications, an ex-
ternal inductance resonated with the grid capacity
is used to provide the 3.58 mc sine-wave switching
employed in quadramatic decoding. The effective
Q of the resonant switching circuit is high so
that a power saving of about 100 is effected by
using real power rather than reactive power.

The sine-wave switching causes the beam to
oscillate back and forth over the red, blue, and
green phosphor strips as raster scanning action
takes place. When this frequency is chosen equal
to the NTSC subcarrier frequency, a low-visibility
interlaced dot pattern results. ~

The highlight brightness of the one-gun
CHROMATRON can be increased substantially by in-
creasing the gating duty factor of the electron
beam to unity. The quadramatic decoding technique
approaches this criterion more closely than other
decoding techniques previously utilized. The
NTSC signal phase sequence, (ref. Fig. 3) is red,
blue, green; and repeats at a 3.58 mc rate.
Decoding of the NTSC signal in the one-gun
CHROMATRON is accomplished by choosing 3.58 mc
as the color switching frequency and applying the
NTSC video signal to the beam intensity control
grid. The R-Y and B-Y vectors are separated in
phase by 90", and G-Y and B-Y vectors are separ-
ated by about 124°, If the color difference
vectors are superimposed on a disgram showing the




phosphor strip sequence for a CHROMATRON with blue
a5 the double resolution color, it is observed
that the NTSC color signal difference vectors and
a double blue CHROMATRON phosphor strip sequence
aatch very closely, (ref. Fig. 4).

It will be noticed from Fig. 4 that any
yellow video information present in the trans-
mitted scene occurs at the time the electron beam
is crossing the blue-emitting phosphor strip for
the second time; therefore, the electron beam is
gated "off" for approximately 36 during the
second blue crossing to eliminate the unwanted
blue during a yellow hue presentation. This gate
off pulse is known as the "anti-blue” or "knock-
out”" pulse and compared to other decoding tech-
niques permits epproximately 90% (i.e.,

100 - [36/360 x 1007] ) utilization of the
electron beam.

Tormer decoding methods utilized a "gate-on"
pulse to turn the electron beam on when the
proper phosphor strip was being crossed. The low
duty cycle imposed by color purity considerations
required a high peak-to-average ratio of current
pulses during the "gate-on” time for a bright
display. The resultant space charge dilation of
the beam imposed a limit on the resolution capa-
bilities in highlight areas.

Using quadramatic decoding, a highlight
brightness of 40-50 foot-lamberts is easily
obtained from a rectangular 22-inch CHROMATRON
with a 29 KV viewing screen potential.

This method of enhancing brightness by using
an increased duty cycle may be compared with a
decoding method employing chroma modulated third
rarmonic gating which presented at the 1957
lational IRE Convention .

Prototype Receiver

The circuit of a quadramatic decoding re-
ceiver is basically simple and requires fever
tubes than commercially available color receivers.

A developmental quadramatic decoding re-
ceiver using 25 tubes was built and demonstrated.
A block diagram of this receiver is shown in
Fig. 5. It is similar to earlier one-gun CHROMA-
TRON receivers described in the litergtu.re with
the exception of the decoding method.

Figure 6, the anti-blue, or knockout pulser
consists of a high perveance tube in a peaking
amplifier circuit. Driving voltage for the
pulser is derived from the color selection ampli-
fier. Pulse phesing is adjusted in the pulse
generator grid circuit. A diode clips the output
pulse backswing. Pulse amplitude at the CHROMA-
TRON cathode is 120 V; pulse width is 70 milli-
microseconds. The peaked output pulse contains
harmonic frequencies of the 3.58 me subcarrier,
therefore the anti-blue pulser is carefully
shielded and all power supply lines to the anti-
blue chassis are filtered. The 120 V amplitude
pulse is sufficient to gate off the CHROMATRON
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electron beam for all contrast levels.

The higher brightness in quadramatic decoding
displays increases viewing screen current require-
ments. Shunt regulation of both color selector
grid and viewing screen potential is used in the
quadramatic high voltage powver supply. A corona
discharge regulator tube has been used with
marked success to stabilize the 25 kilovolt
viewing screen potential.

Hue stabilization during warmup is achieved
by referencing the subcerrier regenerator from
the color selection grid signal rather than the
crystal oscillator.

Some errors in chromaticity and brightness
exist in quadramatic decoding, as they do in
other forms of direct decoding. However, certain
normalization functions can be performed upon the
NTSC color signal to readjust the color differ-
ence coefficients to unity. Complete normali-
zation results if the ratio of chrominance to
Juminance is set to l.ll and if the B-Y axis is
multiplied by 1.78, (Fig. 3).

The chrominance to luminance ratio can be
normalized by increasing "chromaboost". Chrome-
boost is a coined term applied to amplitude
control of the 3.58 mc chrominance video relative
to luminance video.

A satisfactory method of accomplishing color
hue normalization is to apply a second harmonic
of subcerrier frequency to a control grid of the
first video amplifier stage. The second harmonic
modulating frequency amplitude is chosen so that
gain of the first video amplifier stage varies by
a factor of 2 in the linear operating range of
the tube. A polar representation of amplifier
gain shows the locus of the gain vector to be an
ellipse; hence, the term elliptical-gain amplifier.

Subjective evaluation of quadramatic decoding
displays reveals that rigorous NTSC signal normal-
izing is not required if phosphor luminous
efficiencies and strip widths are properly chosen.
In effect, normalizabion of the viewed color
picture is accomplished mechanically within the
CHROMATRON. For this case only the conventional
color saturation or chromaboost circuit is
necessary.

The subject of colorimetric errors resulting
from direct application of the NTSC signal to the
intensity control grid of a one-gun continuous
color sequegc& display has appeared in the
literature. ’ These prior graphic presentations
utilizing the CIE diagram indicate satisfactory
reproduction of critical colors.

Another method of qualitatively treating the
subject of reproduced color error is by analysis
of beam current distribution on the phosphor area.
Beam current on each phosphor strip is plotted
for a given transmitted color. For a perfectly

accurate reproducing system the total beam curreant
should excite the desired phosphor strip. rig. 7




indicates the magnitude of color contamination
present in red due to excitation of the undesired
phosphor strips. (See appendix.) The green
phosphor is not excited at all while the blue
phosphor excitation comprises less than 2% of the
total illumination. Blue has the most contami-
nation of the pure primary colors (Fig. 8). Of
the total beam current, 30% flows to the green
phosphor strip and 6% flows to the red phosphor
strip. However, the blue phosphor used has three
times the luminous efficiency of the red or green
phosphor. Tbus, the effective green contamination
is 16% and the red 3% when reproducing blue with-
out hue normalization. Figures 9 and 10 show the
beam current waveforms for green and yellow.
Figure 11 is the rear view and Figure 12 is the
side view of a prototype quadramatic color
receiver.

In conclusion, the quadramatic decoding
technique offers a high brightness color display
with a minimum of circuit complexity and align-
ment adjustments.
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Appendix ]

Calculations of beam current waveforms.
(Figures 7, 8, 9, 10)

Given:

E = .h93( - )Sin t +
“ ?57; (ER-%) Cod wt ! (1)

E = .30 Bg + .59 E; ¢ .11 E; (2)

Where ER B EG , and are signals derived
from the red, greéen, and blue signal outputs of
the camera.

Assumed Conditions:

a. All the beam current is concentrated
in an infinitely small spot.

b. Chrominance to luminance ratio set to
1.37.

c. System up to the picture tube is linear.

d. Transfer function of the picture tube
1s proportional to the 2.2 power.

e. CHROMATRON phosphors balanced for equal
energy white with sine-wave color switching.

f. The effect of hue normalization tech-
niques is not included.

Sample Calculation for a Transmitted Saturated
Red at an Angle of 13.4°.

a. LetER=l;EG=O;EB=O

. b. Then substituting these values in
equation (2) Ey = .30,

c. Multiply&ng chrominance by 1.37 and
substituting 13.4° for wt:
E = .30 +
493 x 1.37| -.3| Sin 13.4° +.
-877 x 1.37| .7| Cos 13.4° ‘
Em = 1.163 |

d. Transfer function of the\picture tube ‘
is assumed to be 2.2,

2.2
I=
kES

I =k 1.39

; I=k (1.163) 22

The calculations are similar for any other
desired color. l
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TWENTY -ONE INCH DIRECT-VIEW STORAGE TUBE

by
N. J. Koda
N. H. Lehrer
R. D. Ketchpel

Electron Tube Laboratory
Hughes Research Laboratories
Culver City, California

Summary

Applications for storage tubes have
increased in recent years with the development
of the 5-inch direct-view storage tube. This
paper discusses the development of a 21-inch
storage tube. The tube utilizes a metal envelope
with curved faceplate and a usable viewing
diameter of about 18 inches. Externally, the
tube is similar to an ordinary television picture
tube. Internally, a high-velocity electron gun,

a low-velocity flood gun, and storage target
permit writing and storing information to be
viewed after the original signals are gone. The
storage target assembly is curved to match the
faceplate curvature, thus avoiding a separate
viewing screen inside the tube. Photoetched
Cu-Ni meshes are used in the storage assembly.
The mechanical and electrical problems
encountered in the development will be discussed
and performance figures will be given.

Introduction

Direct-view storage tubes of 5-inch size
have been developed to the stage where several
manufacturers have them in limited production,
In contrast to the conventional indicator tubes,
these tubes have been designed for long
persistence at high average brightness. .2
These characteristics are desirable for radar and
for simultaneous storage and presentation of
television pictures. For many applications,
including radar and processed data display,
indicators having a larger viewing area are
desirable. The larger tubes offer ease of view-
ing and more total resolution over the tube
diameter. Recently a 21-inch direct-view
storage tube has been under development for
such applications.

FI‘his work has been supported in part by the
Lincoln Laboratories of the Massachusetts
Institute of Technology, Cambridge,
Massachusetts. Typotron is the registered
trade-mark of the Hughes Aircraft Company
for its brand of character-writing storage tube.
Tonotron is the registered trade-mark of the
Hughes Aircraft Company for its brand of
half-tone storage tube.
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In many respects, the 21-inch tube can
not be simply scaled from the 5-inch tube. For
example, the fine metal screens used in the 5-
inch diameter tubes would not be strong enough
to be supported over a large diameter without
objectionable vibration. A thicker mesh material
such as the etched copper-alloy mesh, used for
color television shadow-mask screens, must be
used in the storage assembly. The storage mesh
must be curved to match the faceplate curvature
of the envelope. The development of the 21-inch
tube has required the solution of these and many
other similar fabrication problems.

Description of Operation

Direct-view storage tubes commonly
operate in one of two modes: the bi-stable,
two-tone mode;~ or the halftone mode. The
halftone mode is used with the 21-inch tube
because fabrication of the target is greatly
simplified. This mode of operation has been
fully described in connection with the 5-inch
tubes2,4, but perhaps a brief description should
be given before going further. Figure 1 shows
the essential components of the tube: the writing
gun, the flood gun, the storage-target assembly,
and the viewing screen. An enlarged section of
the storage-target assembly is shown pictorially
on the same figure. The assembly consists of a
collector mesh, a storage mesh with dielectric
material evaporated on its surface, and a view-
ing screen. In the unwritten state, the dielectric
surface is charged negatively, thus repelling the
low-energy flood electrons back to.the collector,
Where the high-velocity writing beam has
charged the dielectric in a positive direction by
secondary emission, flood electrons can penetrate
the storage mesh and are then post-accelerated
to the viewing screen. The amount the writing
beam charges this dielectric, controls the
number of flood electrons penetrating and thus
the brightness of the screen. In Fig. 2 we plot
a typical transfer characteristic of brightness
versus dielectric surface potential. All of the
voltages shown are referred to the flood-gun
cathode potential. The figure shows the
half-tone range and the cutoff potential.




The flood beam is used for erasure of
written information. This erasure mode
depends on two factors: (1) there is a high
capacitive coupling between the die lectric surface
and the storage mesh, (2) low-energy electrons
strike the dielectric and charge it in a negative
direction, since the secondary ratio is less than
one. This means that when the storage mesh is
elevated by an amount equal to the cutoff potential,
i.e. 8.4 volts in the characteristic of Fig. 2, the
storage surface will follow by capacitive coupling
All parts of the dielectric previously at operating
range potentials will then be slightly positive and
flood electrons can strike the surface, charging
it down to flood-cathode potential. When the
storage mesh is then returned to its normal
voltage, the surface is carried capacitively tothe
negative cutoff potential. This process can be
accomplished in one pulse or in many pulses
depending on the application. When one pulse
erasure is used, the erase time is about 600msec
for the present tubes. When a pulse train of low
duty cycle is used, erasure time can be prolonged
and the written information will fade down withan
arbitrary time constant controlled by the duty
cycle of the erase pulse.

Design

Broadly, the problems encountered in the
design of this tube can be divided into mechanical
and electrical problems. The mechanical
problems are those of envelope modification,
mesh curving, and mesh mounting. The
electrical problems are those of flood gun, flood
beam collimating lens, writing-gun design, and
storage -target design.

Rather than to institute a program of
fabricating a new envelope, it appeared desirable
to make use of available television bulbs. Since
the storage assembly must be inserted in the
front end before the sealing operation, this
narrowed the selection to color television
envelopes. These come in two sections: funnel
and panel. The two sections are sealed together
after the storage assembly has been mounted
inside the panel and the electrical leads
connected. The envelope chosen was the metal
21AXP22 color bulb since the ratio of usable di-
ameter to rmaximum diameter was large, and the
metal panel made electrical connections easier.
The electrical connections were made in the
panel section through holes drilled in the panel
and leads sealed in with glass. The sealed
electrical leads are shown in Fig. 3.
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The storage target assembly consists of
the collector mesh and storage mesh. Both are
photoetched Cu-Ni meshes similar to the type
used in color television shadow masks. The
meshes are first annealed, then curved with a
punch to match the faceplate curvature of the
envelope. Magnesium fluoride is evaporated as
the dielectric on the storage screen; then the
meshes are mounted together as shown in Fig.4.
Insulated studs are used to keep the screens
electrically insulated from each other and from
the panel.

The flood gun and collimating lens are
designed to provide 5 ma of low-energy electrons
uniformly over the target area. The flood gun is
shown mounted inside the funnel in Fig. 5.

The writing guns have been of two types:
a conventional spot-writing design for the 21-
inch Tonotron tube, and a character-writing
design for the 21-inch Typotron tube. This
character-writing gun is designed to give 0.200-
inch characters at the screen. A choice of 63
characters is available.

Providing uniform display over the target
area with a minimum of shading has been a
problem in the storage-target design. Shading
can be described as nonuniformity in brightness
when a constant signal level is written over the
entire screen., Itis most pronounced at low-
brightness levels where some areas may be
black and others not. One can consider this as
variation in u over the storage target. The
factors which affect shading are: (1) nonuniform
spacing between the collector and storage meshes,
(2) nonuniform spacing between the storage mesh
and viewing screen, (3) variation of hole size in
the storage mesh, (4) nonuniform flood-electron
collimation, and (5) stray magnetic effects.
These have been analyzed separately and their
effects are noted in Figs. 6, 7, and 8 as cutoff
potential variation in the transfer characteristics
of Fig. 2.

The two spacing effects have been
analyzed experimentally, and are shown in
Figs. 6a and 6b, respectively. Since the two
meshes are curved by punching, the variation in
spacing between the collector and storage can be
held to a close tolerance. The spacing variation
between the viewing screen and storage mesh is
more severe. The faceplate curvature itself is
not uniform and varies from panel to panel.
Cutoff variation from nonuniform flood-beam




collimation is caused by aberrations of the
collimating lens. This affects the angle of
incidence of the flood electrons at the target
assembly, Figure 7 shows an approximate
expression for the variation of cutoff from this
source. At the collector the normal comporent
of flood-electron velocity is

v = v cosH (1)

n
where v is the total velocity and 8 is the angle of
incidence at the collector. For the normal
component of kinetic energy, we write

ewW = ev cos® @ (2)
where V is the collector potential. The cutoff
variation with angle of incidence, Avcutoff' 18

due to the change in this normal component of
energy. Flood electrons are collimated so that

6 . is usually zero and @ is small. The
min max

equation then reduces to the approximate form:
2

AV =V9m

cutoff ax’ (3)

From trajectory plots in the electrolytic tank, a
value of emax can be obtained. Shading due to

variation of hole size of the storage mesh is
similar to the variable p problem in receiving
tubes. However, the problem is complicated by
the dielectric surface which 1s at a different
potential from the storage mesh. Computation
shows that no virtual cathode exists near this
screen. In first approximation, this problem has
also been studied in the electrolytic tank. Figure
8 shows a curve, cutoff vs. storage mesh
transmission. Magnetic effects can be minimized
by careful de-magnetizing of the tube parts and
shielding against stray fields. For an estimate
of the worst case of shading possible, we can
expect all these factors to be additive. In the
present design, the estimated maximum
variation in cutoff is an appreciable fraction of
the halftone range. Measurements from actual
tubes give better figures, although the shading
presently observed 13 greater than would be
desired for good halftone reproduction. Of
course, for applications using an "'on-off" type

of writing where halftones are not displayed,

such shading effects can be minimized and
become less noticeable.

The two types of completed 21-inch
storage tubes are shown in Figs. 9 and 10.
They differ only in the writing-gun design.
Figure 9 shows an electromagnetically focused
and deflected spot-writing tube; the character-
writing tube 1s illustrated in Fig. 10.
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Performance

Generally, the performance of the 21-inch
tube is somewhat slower than its 5-inch cousin.
For the spot-writing variety, writing speeds of
the order of 20,000 in/sec have been measured.
By the shrinking-raster method, written reso-
lutions of about 30 to 4C lines-per anch can be
obtained with the resolution being better at the low
half-tones. Over the usable diameter of the tube;
this means about 500 to 700 written lines. This
is in comparison with nominal 300 lines
resolution of the 5-inch tubes. Retention times
of the order of one minute are available and a
brightness of about 50 foot-lamberts has been
obtained. As an example of controlled-fade
erasure, Fig. 11 shows plots of typical short
and long decay characteristics. As mentioned
before, the shading problem at present is
serious enough to affect good half-tone
presentation. However, as a final test, a slow-
scan TV picture has been stored on the 21-inch
Tonotron tube and 1s shown in Fig. 12, In
comparison, a sim:lar ore from a 5-inch
Tonotron tube :s shown in Fig. 13,

As an example of ""on-off" type of display,

Fig. 14 is a stored picture on the character-
writing version of the tube. Nomuinal height of
the characters is 0.200-inches. This means
that about 2000 well-spaced characters can be
written 1n an inscribed square raster of 12.5-
inch on a side. Each character can be written

in 500 psec.

Conclusion

Many of the mechanical problems and
fabrication techniques have been solved
satisfactorily. Future development on the 21-
inch storage tube will .nclude improvements 1n
uniformity over the entire screen and in-
creased writing and erasure speeds. Both the
spot-writing and character-writing tubes should
be particularly applicable for radar and data-
processing displays, where large amounts of
information need to be displayed under ordinary
ambient lighting conditions.
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Fig. 12. Slow-scan TV picture on 21-inch Tonotron tube.
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Fig. 13. TV picture on 5-inch Tonotron tube.
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THE TELEVISION COLOR TRANSLATING MICROSCOPE

V. K. Zworykin
Radio Corporation of America, Princeton, N.J.

and

Rockefeller Institute for Medical Research, New York, N.Y.

Summary

The television color translating
microscope permits the continuous ob-
servation of specimens under inter-
mittent ultraviolet illumination,
translating differences in absorption
in different ultraviolet spectral
ranges into color differences in the
observed picture. Thus the presence
of some chemical constituents of or-
ganic cell and tissue specimens which
are completely transparent in the
visible and hence undifferentiable in
the ordinary microscope can be readily
recognized by their distinctive color,
The principles of construction of the
television color translating microscope
will be discussed with special refer-
ence to an instrument built at the
Rockefeller Institute for Medical Re-
search. Color slides will serve to
show some preliminary results obtained
with this instrument.

The television color translating
microscope is a new research tool of
the biolomzist which vermits him to use
his color vision to distinguish between
elements of the specimen differing in
their spectral absorption in the ultra-
violet.

It is well known that many con-
stituents of unstained living cells,
although practically transvarent to
visible light, have strong character-
istic absorptions in the ultraviolet,
particularly in the range from 2200 to
3000 A. To reveal their presence, E.
M. Brumberg suggested photographing
the specimen when illuminated, in suc-
cession, with radiation of three 4if-
ferent ultraviolet wavelength ranges
and using the three negatives so ob-
tained as separation negatives for
preparing a color print. Ultraviolet
absorption differences would thus be
translated into color differences in
the final picture. Photographic color
translation microscopes based on this
principle and utilizine high-speed
processine techniques have been con-
structed by E. H. Land and his co-
workers and, more recently, by H. P.
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Hovnanian and R. B. Holt, 1In these
instruments the final color picture is
viewed on a screen, on which red, green,
and blue images of the three separation
nezatives are projected in superposition.

In the television color translating
microscope an ultraviolet-sensitive
television camera takes the place of
the photographic camera, a color tele-
vision receiver that of the triple pro-
jector. The time delay between exposure
and observation is eliminated, so that
changes in spectral absorption and mor-
phology of specimens can be observed
continuously. Furthermore, large quan-
tities of material can be examined with
the same speed -and ease as in visible-
light microscopy. Finally, since the
contrasts provided by the differential
absorptions of the cell constituents
are large and render staining and fix-
ation unnecessary, the technique 1is
particularly well adapted to the study
of living cells and tissue cultures.

The basic plan of a television
color translating microscope is shown
in Pig. 1. A microscope with reflective
condenser and objective projects the
image on the photosensitive target (or
targets) of a television camera, whose
video signal is employed for the repro-
duction of an image of the specimen on
the screen of a color television re-
ceiver, Illumination is provided by
one or several pulsed light sources and
monochromators so arranged that radiation
of the three selected ultraviolet wave-
lengths falls on the specimen at succes-
sive pulses, The pulse source also
controls the vertical deflection in the
camera and receiver in such fashion that
the pulses of illumination occur during
vertical fly-back time, the picture sig-
nal stored by a radiation pulse of a
particular ultraviolet wavelength being
utilized for generating a component pic-
ture of the corresponding color in the
succeeding frame period.

In the first television color
translating microscope, constructed
several years ago at the RCA laboratories
in Princeton, a single pulsed light
source and monochromator was employed in
conjunction with a standard industrial




television camera provided with an ex-
perimental ultraviolet-sensitive Vidi-
con. A simple mechanical system was
employed to select in turn radiation
of three different wavelength ranges
for specimen illumination,

The method of wavelength selection
(Fig., 2) is based on the fact that the
focal points for a prism monochromator
with uncorrected collimator and tele-
scope lenses made of the same material
as the prism lie along a straight line
which is oblique to the direction of
the reflected pencils, If the entrance
slit of the microscope illuminator is
placed on this straight line, a plane
mirror perpendicular to the line will
project the focal point for radiation
of different wavelengths onto the slit
as it is displaced in a direction per-
pendicular to its surface.

In the instrument the plane mirror
took the form of a disk consisting of
three mirror sectors, recessed by a few
tenths of an inch with respect to each
other in correspondence with the three
selected ultraviolet wavelengths (Fig.
3). The sector disk was driven by a
synchronous motor so phased with respect
to the vertical deflection of the tele-
vision system that the specimen was
illuminated with the appropriate ultra-
violet wavelength in the fly-back time
preceding each color frame.

While the principle of color trans-
lation could be readily demonstrated
with this instrument, it had several
shortcomings, Perhaps the most obvious
of these was the difficulty of changing
the wavelength selection. Every change
in wavelength demanded the insertion of
a new sector mirror or plane parallel
shim to adjust the height of the mirror
surface, Furthermore the lag of the
experimental Vidicon caused a certain
amount of signal carry-over from one
frame to the next, making it impossible
to obtain highly saturated colors.
Finally, the variation in the angle of
incidence of the illumination with wave-
length made it difficult to achieve
color balance over the entire field.'

These drawbacks were overcome in
a more elaborate television color trans-
lating microscope constructed at the
Rockefeller Institute in New York. The
illuminating system of the instrument
is shown in Fig. 4. Three Farrand
grating monochromators with individual
pulsed light sources permit arbitrary
selection of the illuminating wave-

lengths by means of calibrated knobs on
the front panel. The cover of one of
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the sources, a Hanovia 10Bl quartz mer-
cury arc lamp, is removed in the illvs-
tration. The use of separate light
sources has the incidental advantage
that sources can be selected for high
emission in particular wavelength ranges.

The optical arrangement of the
illuminator is more clearly evident from
the diapgram in Fig. 5. The source is
imaged by a quartz lens on the entrance
slit of the monochromator and the radi-
ation from the exit slit is directeg
onto the center of rotation of a 45°-
mirror which reflects it into the micro-
scope substage, an /3.5 aperture ratio
being maintained throughout. The ampli-
fied vertical pulses from the synchro-
nizing generator of the television system
are applied through contact brushes on
slip rings attached to the mirror stage
to the three thyratron circuits feeding
the 1light sources in succession, trigger-
ing a light flash at the instant when
the principal ray from the monochromator
and the normal to the rotating mirror
surface lie in a common vertical plane.
Synchronism between the mirror rotation
and the synchronizing generator is as-
sured by the fact that a 60-cycle wave
derived from the commutator controls the
phase of the synchronizing generator.

The circvit is shown in troad out-
line in Fig. 6. It shows how the syn-
chronizing signal is generated from the
output of the commutator and serves, at
the same time, to pulse the several light
sources and to gate, by means of a multi-
vitrator circuit, the corresponding guns
of the color kinescope.

In the new instrument (Fig. 7) a
custom-made image orthicon with ultra-
violet-transmissivc window is employed
as camera tube, With this tube no ob-
Jectionable lag effects have been ob-
served. Furthemmore, the image orthicon
has the added advantage of enhanced
sensitivity., At the same time, we may
note that certain further improvements
which would reduce cost, simplify optical
alignment, and minimize flicker, are
under consideration,

A few color slides obtained by
photographing the screen of the color
kinescope illustrate the results ob-
tained. All of the specimens examined
Were unstained and, so far as possible,
unprepared,

The first shows a suspension of
Frog blcod. The ultraviolet wavelengths
employed for illuminating the specimen
were here so selected with reference to
the three primary colors that the nuclei




of the red blood cells appear orange,
the hemoglobin yellow, and the smaller
white blood cells purple. By changing
the correlation between the ultraviolet
wavelengths and the primary colors a
variety of different effects can be
realized.

The frog-blood specimen is also
well suited for illustrating the use of
the technique for obtaining quantita-
tive data on the absorption of the
svecimen for specific wavelengths and,
hence, the relative concentration of
substances with characteristic absorp-
tions. A particular line of the scan-
ning pattern, which appears white in the
picture of the cell suspension, is se-
lected by a line-selector oscilloscope
and the corresponding outputs for the
red, ereen, and blue pictures, corre-
sponding to the three selected ultra-
violet wavelengths, are represented on
three separate oscilloscope screens.

In order to render this technique truly
quantitative, we expect to make our
illuminator optics achromatic throughout
and to employ density step wedge cali-
bration. The television color trans-
lating microscope will then become an
instrument not only of observation, but
also of quantitative measurement,

Since the major absorptions are
usually due to nuclear and protein
materials, the cell nuclei frequently
are the only strongly colored structures
in a preparation, However, when com-
ponents with high absorption coef-
ficients are widely distributed in the
specimen, as for onion epithelial cells,
the picture is characterized by highly
saturated colors. Small black granules
in the picture could be seen to undergo
Brownian motion and to accumulate in
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the purple nuclear region after approxi-
mately half an hour of examination.
Pigments such as chlorophyll and hemo-
globin, which are highly colored in
gross amounts but scarcely detectable
in microscopic preparations, appear
brilliantly colored in the ultraviolet
color translating microscope, as illus-
trated by pictures of chloroplasts of
algae. The streaming of the protoplasm
in the chloroplasts could be readily
observed on the color kinescope screen.

Freguently, the detection of a
particular substance with a character-
istic transmission or absorption in the
ultraviolet is of primary interest.

This may be aided materially by the

slow periodic interruption of the corre-
sponding source of illumination or
color channel. The presence of flicker
then supports the detection on the basis
of color alone.

In summary, the television color
translating microscope makes it possible
to examine unstained living material in
the ultraviolet with the same ease and
discrimination of detail which, in the
visible, is achieved by the use of spe-
cific stains and fixation, which gener-
ally result in the death of the cells,
Purthermore, since any primary color may
be correlated with any characteristic
absorption wavelength in the ultraviolet,
the range of "electronic stains" which
may be employed in the color translation
technique is extraordinarily wide. Thus
the television color translating micro-
scope should prove not only a powerful
tool in the study of vital processes in
normal and abnormal cells and tissues,
but may also become a valuable aid in
diagnosis,
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AUTQMATIC FINE TUNING FOR TELEVISION RECEIVERS

by

C. W. Baugh, Jr.
Television-Radio Division
Westinghouse Electric Corporation
Metuchen, New Jersey

SUMMARY

A different approach to the problem of auto-
matic frequency control of television receivers
is presented. The system uses the amplitude of
the intercarrier sound signal and is shown to
closely approximate subjective manual tuning over
a wide range of conditions, Frequency drift re-
duction factor and pull-in range limits are de-
termined for the basic system. Two methods are
shown that can be used to increase the pull-in
range. The advantages of using this system in
conjunction with a single detector color receiver
are discussed,

GENERAL CONSIDERATIONS

Figure 1 shows a block diagram of the system.
The dotted line shows an interconnection, to be
explained later, which increases the pull-in
range of the system. The 4.5 megacycle inter-
carrier signal at the second detector is amplified
in the video amplifier and further amplified in a
sound amplifier, The amplitude of the 4.5 mega-
cycle signal is used to control the reactence de-
vice. The action of such a system is to maintain
a constant level of 4.5 megacycle signal at the
reactance device by varying the oscillztor fre-
quency. Examine the properties of a system which
controls the oscillator frequency to maintain a
constant level of the intercarrier sound signal,
The A.G.C. system holds the picture level constant
at the second detector. If the video and sound
amplifier gains are constant, the 4.5 megacycle
sound level at the second detector is also con-
stant. The result ig that the beats between the
high frequency components of the video signal and
the sound signal are indirectly controlled. In
general this is the same way a viewer tunes a re-
celver manuelly, the oscillator frequency is
raised to increase picture sharpness until the
benefit of increased sharpness is offset by the
appearance of too much "sparkle" in the picture.
Furthermore, this control is effective over trans-
mission, antenna and receiver passband tilts and
operates dynamically for the case of "airplane
flutter",

The method of tuning also provides consider-
able control over the 920 Kc beat interference be-
tween the sound and chroma signal of color broad-
casts, Quantitative data showing this effect
will be given later,

CONTROL SYSTEM ANALYSIS

Figure 2 shows the information necessary to
understand the open and closed loop behavior of
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automatic frequency control systems,

The "discriminator™ curve is designated the
"' curve where i is equal to the operating slope
of the "u" curve. The reactance curve is called
the "8" curve and B is equal to the negative re-
ciprocal of the slope of the "8" curve. The inter-
section of these two curves determines the closed
loop frequency. The dotted "B'" curve represents
a shift in the open loop frequency to f3, and the
closed loop frequency becomes £ +Af., Simple
trigonometry shows that the frequency drift re-
duction factor is 1 .

1-ug

It is possible to have a large drift reduc-
tion factor and yet have a large change in cor-
rection voltage existing in the closed loop. This
is shown for a high gain system by V= F/-ﬁ. The
B required to maintain a given level of control
signal in the presence of frecuency drift follows
directly from the formula,

The other important aspects determinable from
these curves are the stability of crossover points
and the pull-in and hold-in range, It can easily
be shown that crossover points are stable if the
slopes are opposite in sign. Stability also re-
sults if the slopes are the same sign i{f the mag-
nitude of )y is less than the magnitude of B. Howe
ever, in this latter case the loop gain is less
than unity,

DERIVATION OF CONTROL CURVE

In order to understand the proposed A.F.C, system
quantitatively the 4 curve must be derived, The
intercarrier sound amplitude versus oscillator
tuning is largely deternined by the A.G.C, system
and the I,F. characteristic, Figure 3a shows the
L.F. curve to be used. The curve is similar to
conventional receivers except that the sound trap
is deeper and is tuned somewhat lower in frequency,
Also, the outband "pop-up" on the sound sice has
greater attenuation. The purpose of the I,F.
passband shaping is to pProvide a desirable curve
of 4,5 megacycle amplitude versus oscillator fre-
quency,

The exact details of the A.G.C, system used
affects the 4,5 megacycle amplitude curve; here
it will be assumed to be a "peak” type operating
on low frequency video, The 4.5 megacycle
amplitude can be determined for the two conditions
of most interest,



1. When the picture carrier is the

strong signal at the 2nd detector.
2. When the sound carrier is the
strong signal at the 2nd detector.

Condition 1 is the case for normal tuning
and in this case the 4.5 megacycle beat is pro-
portional to the sound carrier level at the 2nd
detector. The level of 4.5 megacycle sound with
the sound in the trap is taken as reference. The
procedure of computing the sound level below pic~
ture level is straightforward and Figure 3b shows
this level plotted as a solid line versus oscile-
lator frequency. The exact peak of the curve is
not particularly important. It has an effect on
pull-ir time and hold-in range, but in practice
the "peak" can be limited to advantage.

Condition 2 is the case when the picture
carrier is in the region of the adjacent channel
sound trap. This part of the curve is important
because the level of the 4.5 mc signal, when the
oscillator is tuned to put the picture carrier in
the adjacent sound trap, limits the pull-in range
of the basic system.

Figure 4 shows the M curve plotted on a
linear scale. The absolute level of the 4 curve
is easily obtained from the second detector level
and cascade amplification of the video and sound
amplifier. The closed loop operating level given
by the intersection of the M and P curves is 10V
rms of the 4.5 megacycle signal. The curve has a
slope of approximately 100 V/Mc at the operating
point. The slope is even greater for higher fre-
cuencies, which is in the preferred direction be-
cause it raises the gain of the system when the
oscillator frequency increases. This controls the
sound in the picture which is what normally limits
the high frequency end of the oscillator drift.
The low drift will generally be limited by the
level of 4.5 megacycles amplitude dropping below
the tevel required for proper operation of the
F.M, sound detector.

As shown in Figure 4, if the oscillator
drifted 1 megacycle lower in frequency the locked
up frequency change would be 100 K.C. If the
oscillator drifted 1 megacycle higher in frequency
the locked up frequency change would be 50 K.C,
However, for the high drift case, if the loop were
opened and closed again the closed loop frequency
may be improper because there are now two stable
lock-up conditions. One is correct and the other
one is several megacycles too high in frequency.
If the adjacent channel sound trap were deeper,
the pull-in range of the system would be limited
to approximately 1.5 megacycles. Also, the B
curve gain is limited if maximum pull-in range is
required,

INCREASING PULL-IN RANGE

The pull-in range of the basic system can be
extended by two methods. Broadly speaking, one
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method involves recognizing when the sound carrier
enters the I.F. passband and the other when the
picture carrier enters the 1.F. passband.

The first method uses the D.C. signal develop~
ed at the second detector by the action of the
"peak™ acting A.G.C. system, The peak level of
the detected signal is held constant so that on a
picture modulated signal the average value is less
than peak depending upon the pciture content, For
typical pictures the average value of the D.C. is
approximately one-half the peak value. On an all
black picture the D.C. is about three-fourths peak,
The sound carrier having no amplitude modulation
has the average D.C. equal to the peak value. This
change of D.,C. at the second detector versus oscila-
lator frequency can be used to extend the pull=in
range.

One method of using this signal is to add it
to the 4.5 megacycle amplitude curve as shown in
Figure 5. The low level portion of the second
detector voltage is suppressed. It is desirable
to suppress the low level contribution because it
is a function of picture content and would vary the
oscillator frequency somewhat if allowed to be
effective., The composite g curve has several
megacycles more pull-in range than the basic sys-
tem., For a strong signal the pull-in range is
extended even more. This 4/ curve requires off-
setting the oscillator frequency and in the
absence of a signal the oscillator frequency is
higher than for correct tuning. It is possible
have a system using the 4.5 megacycle amplitude
with a non-offset oscillator frequencye.

The principle involved in getting a non-
offset system is to obtain a signal that exists
when the oscillator is tuned correctly or lower
in frequency but disappears when the oscillator is
tuned higher than correct frequency. One signal
of this type is the amplitude of the stripped sync.
The advantage of stripped sync. over the composite
video signal is the unvarying level with program
material., The sync. signal disappears at low
oscillator frequencies because the signal level
eventually falls below the A.G.C. threshold. On
the high frequency side the sound carrier becomes
the A.G.C. controlled signal at the second detec=-
tor and the sync. level decreases. The sync. sig-
nal can be used by rectifying the signal to give
the opposite polarity from the 4.5 megacycle
signal amplitude. Adding these signals gives the
composite M curve shown in Figure 6.

The oscillator frequency can be offset low to
center the pull-in range and this would be ad-
vantageous on weak signals since the oscillator
would be nominally nearer correct for fringe
tuning.

This system has several megacycles more pull-
in range than the basic system. 1f more pull-in
range is desired this system can be further com-
bined with the second detector D.C. signal to give
an extremely wide pull-in range system.




In addition to wide pull-in range, the systems
described provide control over picture and sound
by the effective A.G.C. action provided on the
intercarrier sound signal.

920 KC BEAT CONTROL

On color broadcasts the beat between the sound
and chroma signals at the receiver second de-
tector influences receiver tuning. For this 920
Kc beat to be invisible at normal viewing dis-
tances, the combined sound and chroma attenuation
below picture level must be 30 db or more at the
second detector, Attenuation in excess of the
30 db reference level will be called "beat re-
serve",

With the A,F.C., holding the sound level con-
stant and the keyed A.G.C. holding the picture
level constant, the chroma relative to picture
level determines the 920 Kc beat variation.

The chroma relative to the picture level
varies with oscillator tuning so the 920 Kc beat
amplitude must be figured knowing the transmis-
sion changes in sound and chroma level and the
I.F. curve. Two procedures are shown. One in-
volves measuring the average slope at the pic-
ture, sound and chroma regions and calculating
the 920 Kc attenuations. The other involves
measurting the attenuation levels point by point
and computing the 920 Kc attenuation. The two
methods show close agreement over nominal varia
ations and the first method is much faster.
Figure 7 shows the L.F. curve and slope equations
for two different transmission changes,

The variation of 920 Kc attenuation with
sound level changes is shown in Case I in terms
of initial attenuation and the I.F. slopes.

Case Il shows the 920 Kc attenuation for a linear
passband tilt. These are simple linear equations
and are sufficiently accurate for most purposes,

The beat reserve versus sound change plotted
in Figure 8 shows that with an increased level of
sound carrier the beat reserve increases. This
is due to the A.F.C. tuning action which main-
tains the sound level at the second detector con-
stant. The oscillator frequency decreases for
increasing sound carrier level and raises the
picture level on the I.F. passband and lowers the
chroma and sound levels. The equation shows that
a 17 db dowrward sound change gives 0 db beat
reserve. The actual reserve, taken point for
point from the I.F. curve, is the dotted curve
and shows a 15 db downward sound change gives
0 db of reserve.

In the case of a linear tilt the chroma level
changes .8 db for every 1.0 db of sound level
change, Figure 9 shows that in this case the up-
ward tilt causes a decrease in beat reserve. The
actual reserve taken point by point correlates
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closely with the reserve calculated from the I,F.
passband slopes.,

If the chroma level changes .4 db for every
1 db of sound level change, the beat reserve
would remain almost constant with tilt,

The typical black and white television set
design does not have nearly as much beat re-
serve under tilts as shown here, unless tuned to
seriously degrade the picture detail, Double
detector color sets must be tuned very accurately
to approach the performance shown here and of
course do not automatically adjust for changing
situations,

With the I,F. passband shown it would be
possible to build a single detector color set
and compensate the I.F, chroma slope at video.
With A,F.C. this looks attractive, without A.F.C.
the criticalness of tuning would be a problem,

OSCILLATOR TUNING VERSUS SOUND CHANGE

Figure 10 shows the oscillator frequency
change for a change of sound level. Essentially
this is a measure of the combined picture and
sound I,F, slopes. The data plotted assumes a
high B gain and shows that a 10 db sound tilt
causes a 100 Kc change in oscillator frequency.

If the sound change is due to a transmission
tilt, the frequency change is in the direction to
provide video compensation., The picture carrier
moves down on the I.F. passband to give high fre-
quency boost for downward tilts of sound and
provides high frequency attenuation for upward
tilts,

CONCLUSION

An A.F,C, system particularly adapted to
Television Receivers has been shown. The oper-
ation of the system provicdes effective A.G.C.
action on the intercarrier sound level. This
controls the beats between the picture harmonics
and the sound carrier and offers a tuning con-
dition closely allied with subjective manual
tuning. This tuning is automatically maintaired
in the presence of sound level changes in the
transmission or in the receiver.

Two methods of increasing the pull-in range
were considered and signals exerplifying each
were derived, These wide range systems are par-
ticularly suited to UHF television receivers be-
cause of the increased oscillator drift.

On color broadcasts the 920 Kc beat is in-
directly controlled and severe transmission tilts
can be compensated for, A single detector color
receiver with this type of A.F.C., is attractive
both from an economic and operational standpoint,
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