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SYNCHRONIZATION OF MULTIPLEX SYSTEMS FOR 
RECORDING VIDEO SIGNALS ON MAGNETIC TAPE 

D. E. Maxwell and W. P. Bartley 
General Electric Company 

Syracuse, New York 

Summary 

The over-all and inter-channel timing 
accuracy requirements for time-division-multiplex, 
magnetic-tape recording systems are discussed. 
The effects of tape flutter and skew on timing 
accaracy are considered, and methods for achieving 
good synchronization despite flutter and skew are 
described.  The effects of inadequate synchroniza-
tion on the signal output of the system are shown. 

Introduction 

Consideration of the many factors involved 
in the design of magnetic recording systems for 
operation in the megacycle frequency region led 
to the choice of a time-division multiplex system. 
In this type of system, information contained in 
the wide-band signal to be recorded is distributed 
by a time sampling process among a number of  nar-
row-band channels, the outputs of which are then 
recorded on a corresponding number of parallel 
magnetic tape tracks.  A discussion of the basic 
theory of operation and channel resp wse require-
ments is given in a companion paper. 1)  The 
present paper is concerned primarily with the 
proper synchronization of time division multiplex 
systems. 

Basic System  

A block diagram of an eight channel multi-
plex tape recording system illustrative of the 
techniques to be discussed is shown in Figure 1. 
The selection of eight channels for discussion is 
arbitrary, and no particular restriction is imposed 
on the number of channels except that the com-
plexity of equipment required and the difficulty 
of maintaining channel uniformity makes a system 
with a very large number of channels impractical. 

The input signal is passed through the 
Input Low-Pass Filter, having a cut-off frequency, 
f, corresponding to the desired upper frequency 
limit to be recorded.  The signal output of this 
filter is then fed simultaneously to eight Sampler 
channels which sequentially sample the signal at a 
channel sampling rate of 2f/8.  The channel 
samples are then passed through the Even-Ringing 
Filters having a cut-off frequency of 1/8 and into 
the corresponding eight  channels of the Tape 
Recorder.  On playback each of the recorded 
channel signals is sequentially sampled in the 
Resampler, combined in the Adder, and filtered by 
the Output Low-Pass Filter to restore the origin-
al bandwidth limited waveform. 

Successful operation of such a system 
requires exceedingly precise synchronization of 

the sampling and resampling process.  Basic synch-
ronization is provided by the Sync Generator unit 
which generates time reference signals for the 
Sampler and Resampler.  The Resampler synchroniz-
ing signal from the Sync Generator is recorded on 
a separate tape track, at some frequency, such as 
f/12, which is sub-harmonically related to the 
channel sampling frequency 1/4, since the highest 
frequency that can be recorded in a channel is f/8. 
The synchronizing signal from the tape is multi-
plied in the Resampler Synchronizer to the channel 
sampling frequency, f/4, for synchronization of 
the Resampler.  Two relatively-low-frequency ref-
erence signals are also provided by the Sync 
Generator for recording on the two outside tape 
tracks to provide tape skew compensation as de-
scribed later. 

Channel Timing Relationships  

The sampling process which takes place 
in the Sampler unit is shown in Figure 2.  At the 
top of the figure a square-wave input signal is 
shown, which for convenience only, is synchron-
ously related to the sampling rate.  This signal 
contains no frequency components higher than f cps. 
The samples, therefore, occur at time intervals of 
1/2 f seconds, and some 24 successive samples are 
shown in Figure 2.  Although ideal narrow samples 
are shown in the figure, the actual sample width 
in practice may occupy a substantial portion of 
the period 1/2 f seconds without serious degrada-
tion of high frequency response.  It can be seen 
in Fig. 2 that the sampling pulses are allocated 
sequentially to the various channels.  Thus, 
Channel 1 receives samples 1, 9, 17,   
Channel 2 receives samples 2, 10, 18,  ; etc. 
The time interval between samples in any channel 
is accordingly 8/2f sec. ,Ae. is shown in the pre-
viously referenced paper kl) the minimum bandwidth 
required for accurate transmission of the channel 
sampling information through the tape recorder ia 
f/8 cps.  To cite an example, in an eight-channel 
system designed to record 4 mc the high-frequency 
response limit of each tape channel must be at 
least 500 kc.  Correspondingly, the time between 
samples of the input signal will be 0.125 micro-
seconds, and the time between individual channel 
samples will be 1.0 microseconds. 

The waveforms of the channel samples is 
altered in passing through the Even-RingingFilters 
prior to recording on the tape.  Fig. 3 shows the 
response of a typical channel to a step function 
applied to the input of the system.  The channel 
samples, which occur at intervals of n/2f seconds 
(where n is the number of channels, and f is the 
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highest frequency component of the input signal), 
are passed through the Even-Ringing Filters and 
produce the waveform shown at the bottom of Fig. 3. 
Note that the output of the channel filter is also 
a step function, but since it contains no frequen-
cies higher than f/n cps, the rise time is greater 
than the system input function, and has both a 
leading and a lagging transient oscillation of 
period n/f seconds. 

Synchronizing Accuracy Requirements  

To reconstruct the original signal from 
the recorded samples requires that each of the tape 
channels be sampled precisely at the point on the 
tape corresponding to the correct instantaneous 
amplitude of the desired samples.  This process of 
sampling the output of the tape channels will fre-
quently be referred to in this paper as "re-
sampling."  It is not a sufficient condition in 
itself that each tape channel be resampled at the 
proper point; it is required in addition that the 
resulting resamples which are combined in the Adder 
unit be spaced exactly 1/2f sec. from channel to 
channel.  Due to the mechanical vagaries of the 
tape medium, these two requirements may not be 
satisfied simultaneously without the corrective 
measures to be discussed. 

Re-sampling mis-timing in any channel 
results in an error signal at the output of the 
system, characterized by spurious frequency com-
ponents at the channel sampling frequency and 
integral multiples thereof.  In some recording 
applications, such as television, where there is 
usually a synchronous relationship between the 
system input signal and the sampling frequencies, 
re-sampling time errors may result in the formatian 
of "ghost" images of the desired signal.  To gain 
some appreciation of the magnitude of the elec-
trical and mechanical problems associated with 
accurate re-sampling, consider the case of a 
system designed to record 4 mc.  In this system 
two successive samples are only 0.125 microseconds 
apart in time, which at a typical tape speed of 
100 inches per second, means that the two success-
ive samples are spaced only 12.5 millionths of an 
inch (about 0.3 microns) apart in the direction of 
tape travel.  Experimental and analytical evidence 
indicates that for satisfactory system performance 
individual samples should have a time-position 
error (both with respect to their recorded posi-
tion on the tape, and in actual playback time) 
less than n/201; or less than 0.05 microsec. in a 
It mc system. 

In practical tape recording systems three 
major sources of timing error have been encounter-
ed: first, substantial fixed differences in delay 
time from channel to channel may exist, particu-
larly where separate recording and playback heads 
are involved; second, there are time-varying delays 
which differ from channel to channel due to the 
effects of tape skew; and third, there are time-
varying delays which are the same in each channel 
due to tape speed variations (flutter).  These 
time-error sources and methods for compensation of 
them will now be discussed. 

Time Invariant Channel Delay Differences  

In a time division multiplex system of the 
general type under discussion in this paper there 
is considerable fixed time delay in each channel. 
It is requisite to satisfactory operation that the 
total time delay of all channels be the same with-
in a very small fraction of the channel filter 
ringing period, p/f sec. 

The effect on the output of an eight-
channel system due to a single mis-timed channel 
is shown in Fig. It. The input signal to the 
system is shown on the top line of the figure, 
followed by the correct values of the re-samples 
of Channels No. 1 and 2.  The waveform of the 
channel playbadk signal is shown by the dashed-
line curves passing through the peaks of the re-
samples.  Channel No. 3 has a time-delay that is 
l/f sec. less than the other seven channels. 
Therefore, the correct amplitudes of the Channel 
No. 3 re-samples occur 1/f sec. earlier than at 
the points where this channel will actually be re-
sampled; the resulting incorrect Channel No. 3 re-
samples are shown on line five of the figure.  The 
addition of all channel samples results in the 
pulse train shown at the bottom line of the figure, 
and the system output after filtering will have 
the waveform shown by the dashed-line curve  con-
necting the samples.  The effect of the Channel 
No. 3 mis-timing is observed as an output ampli-
tude error recurrent at the channel sampling rate. 

Two major sources of fixed differences in 
channel delay time are encountered in practical 
system design.  First, the normal tolerances speci-
fied for circuit elements, particularly those em-
bodied in the channel filters, account for appreci-
able time-delay differences between channels. 
Second, small misalignments of the individual 
recording and playback heads in multichannel head 
assemblies normally exist.  Of these two sources 
of delay differences, head misalignment is by far 
the most significant, especially when separate 
recording and playback heads are employed. 

A typical multichannel recording head 
assembly is shown in Fig. S. This particular 
assembly contains 20 individual ferrite-cored 
heads with mu-metal shielding between each head. 
These heads are designed to provide satisfactory 
recording of wavelengths as short as 0.0005" (0.5 
mils), and therefore when used at a tape speed of 
100 inches per second render useful channel re-
sponse to about 200 kc.  In the process of assem-
bly of such heads great care is taken to insure 
that each gap is mechanically as well aligned as 
possible with all the others in the assembly. 
Individual head alignment can be held to within 
i0.1 mils of the center line of the gaps.  At a 
tape speed of 100 i.p.s. 0.1 mil represents 1 
microsecond of time difference, and it is there-
fore possible for two adjacent heads in such an 
assembly to have a time-position difference of as 
much as 2 microseconds with respect to each other. 
The possible total time difference between 
channels is increased to about It microsec. when a 
separate playback head built to the same toler-
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ances is employed.  In actual operation even great-
er differences in head delays than can be explained 
by mechanical misalignment of the gaps are found to 
exist.  In some cases measured channels delay diff-
erences could be explained only by adding the delay 
corresponding to the thickness of the gap spacer to 
the normal alignment tolerance.  It was concluded 
that there is no certainty as to which edge of the 
recording head gap will define the remanent field 
on the tape, this apparently being a matter of the 
relative sharpness of the two gap edges. 

Fixed, unequal channel delays such as 
described above can be satisfactorily compensated 
for by installing adjustable delay lines in each 
tape channel.  The amount of delay added to any 
channel by this method is equal to the difference 
between the delay of that channel and that of the 
channel having the greatest amount of delay. 

Inequalities in Channel Delay Due To Tape Skew  

Multiplex tape recording systems of the 
type covered by this paper are subject to time-
varying inter-channel timing errors arising from 
small angular changes in the position of the tape 
with respect to the recording and playback heads. 
This effect is shown in Fig. 6.  Two possible 
extremes of skew angle of the tape are shown at 
the top of the figure, while below is shown the 
desired skew-free alignment of tape and head.  A 
number of tape transports designed for moving tape 
at speeds from 100 to 200 i.p.s. have exhibited 
maximum skew angles of the order of 40.02 degrees 
(0.35 milliradians) from the desired perfect align-
ment.  In terms of time variation between the 
center and outside edges of a in-wide tape running 
at a speed of 100 i.p.s. the above amount of skew 
will cause nearly 41. microsec. change in effective 
time delay of a tape track near an outside edge of 
the tape with respect to a track in the center of 
the tape.  In view of the channel timing accuracy 
requirements given earlier in this paper, it is 
evident that the above skew error is completely 
intolerable. 

The effect of tape skew on the time posi-
tion of the channel samples is shown in Fig. 7 
for an eight-channel system.  The no-skew condi-
tion is given at the top of the figure.  The dots 
indicate the time location on the tape of the 
correct values that should be re-sampled in each 
channel.  Two extreme conditions of skew are shown 
in the center and bottom portion of the figure, 
where in one case skew has approximately doubled 
the time between the tape channel samples, and in 
the other case all eight channel samples occur 
almost simultaneously. 

In Fig. 8 is a graphical representation of 
the effects of skew on a step-function input sig-
nal to the system.  Actual time positions and ampli-
tudes of the correct samples on the tape are shown 
for each channel, and the dots represent the times 
at which re-sampling actually takes place in each 
channel.  The pulse train which results from add-
ing the individual channel re-samples is shown 
near the bottom of the figure, as is the output 

signal from the syst em after filtering.  The wave-
form of the input signal has been almost com-
pletely destroyed by a train of leading and lag-
ging error signals. 

Several methods are available for correc-
tion of the variation in channel time delays due 
to skew.  One method, which is completely elec-
tronic, is to store the correct values of the 
channel samples in box-car storage circuits, and 
read them out in correct time sequence and spac-
ing.  Another method is to servo control the 
angular position of the playback head assembly 

with respect to the tape such that the time posi-
tions of the channel samples are correctly main-
tained.  The latter method will be described in 
this paper. 

Playback Head Skew Servo  

Servo control of the angular position of 
the playback head involves movement of the fairly 
massive playback head assembly at tape skew fre-
quencies, and it is therefore requisite to deter-
mine the frequency spectrum of tape skew.  Fig. 9 
shows a plot of relative skew amplitude of a typi-
cal tape transport versus frequency.  The larger 
amplitude -camponents of skew are seen to be con-
centrated in the region below about 25 cps, with 
measurable skew components extending as high as 
500 cps.  Therefore, the angular position of the 
playback head should be servo-controlled over a 
corresponding range of frequencies.  Successful 
operation of a head servo as a method of correct-
ing channel delay errors due to skew assumes that 
the time delay variations in any channel are pro-
portional to the distance of that channel from 
the center of the tape.  Measurements have shown 
that this assumption is valid, at least to an 
excellent first approximation, and the tape can 
be considered as a rigid web which maintains its 
shape during the skewing process. 

A block diagram of a playback head skew 
servo is shown in Fig. 10.  For operation of this 
system sinusoidal reference signals are recorded 
on the two outside tape tracks.  On playback the 
two reference signals are compared in phase to 
provide the necessary error signal for the servo. 
The error signal is amplified in a dc amplifier 
and fed to an electro-magnetic driver unit, which 
later rotates the head assembly about the center 
of the tape in such a direction that the phase 
error of the reference signals is reduced.  Thus, 
the playback head assembly is made to follow the 
skewing of the tape, and hence, to preserve cor-
rect channel time delays, at least within its per-
formance limits. 

The effectiveness of the head servo in 
reducing timing errors due to skew is illustrated 
by Fig. 11.  In this figure are shown actual °sell-
lograms of relative skew error in a tape transport 
with and without the head servo in operation.  A 
reduction in timing error of more than 10 to 1 is 
indicated, particularly for the lower-frequency 
skew components.  By means of such a servo it has 
been possible to reduce peak channel timing errors 
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due to skew to about 1.0.1 microsec., which was ad-
equate for satisfactory operation of the multiplex 
systems with which it was employed. 

Time-Varying Channel Delays Due To Flutter 

In time-division multiplex systems varia-
tions in tape speed (flutter) during the record-
ing and playback process have the effect of pro-
ducing time varying channel delays which are the 
same in all channels, since it can be visualized 
that the samples recorded on the tape arrive at 
the playback head either earlier or later than 
their correct time position, depending upon the 
instantaneous value of flutter.  Considered from 
a more-familiar point of view, flutter causes the 
recorded information in each track to be frequency 
modulated at the flutter frequency.  Accurate re-
sampling of the tape in the presence of flutter 
requires that the re-sampler unit be synchronized 
from a signal which is frequency modulated in an 
identical manner to the channel information. 
Great care must be taken to insure that the phase 
frequency characteristic of the synchronizing sig-
nal channel is identical with that of the informa-
tion channels; otherwise, the re-sampler will not 
properly track the recorded samples in the presence 

of flutter. 

In a properly synchronized time division 
multiplex system flutter has the same effect on 
the output signal as in a single-channel recorder, 
in that the output signal is frequency modulated. 
The allowable flutter of a tape transport depends 
upon the nature of the signal to be recorded. 
For recording many types of signals a peak-to-
peak tape flutter amplitude of 0.1 percent is 
acceptable.  Flutter is defined here as the ratio 
of the speed variations to the average tape speed. 
For recording television signals, especially if 
industry standards for frequency stability are to 
be met, flutter will have to be several orders of 
magnitude better than the above figure.  It may 
prove more practical to meet the television 
flutter requirement by electronic compensation 
methods rather than by exhaustive machine tech-
niques. 

Fig. 12 is an oscillogram showing the 
flutter characteristics of one 100 i.p.s. tape 
transport developed for recording video frequen-
cies.  Peak-to-peak flutter is seen to be approx-
imately 0.07 percent.  However, this oscillogram 
was made with a pen recorder which does not re-
spond to flutter components above about 100 cps. 
Total peak-to-peak flutter of this machine as 
observed on an oscilloscope where all frequency 
components up to several kc were included was 
about 0.1 percent. 

The synchronization problem is then one of 
insuring correct re-sampling of the output of 
each tape channel in the presence of flutter. 
The frequency at which the signal channels must 
be re-sampled is higher than can be directly 
recorded on a single channel (assuming all chan-
nels have the same bandwidth limitation); hence, 
it must be derived on playback from a sub-harmonic 

of the channel re-sampling frequency.  Although a 
recorded sub-harmonic which is one-half the chan-
nel re-sampling frequency is within the frequency 
range of the recording channels, it has been more 
advantageous to use a frequency which is one-third 
the channel re-sampling frequency, since signals 
recorded near the upper frequency limit of a chan-
nel exhibit greater amplitude modulation than 
those recorded in the middle range. 

Several methods of deriving the channel re-
sampling signal from the recorded sub-harmonic 
frequency have been used, and two of these are 
shown in the block diagrams of Fig. 13 for an 
eight-channel multiplex system. 

In the multiplier-type of re-sampler synch-
ronizer shown in Fig. 13a, the sync signal from 
the tape recorder of frequency f/12 cps is fed 
through a continuously variable delay line to an 
amplifier-clipper stage.  The delay line is vari-
able over a range of at least h/f seconds, which 
corresponds to the period of the channel samples, 
and permits exact adjustment of the phase of the 
re-sampling pulses with respect to the recorded 
channel samples.  After amplification and clipping 
to remove amplitude modulation, the sync signal is 
passed through a band-pass filter and amplifier 
tuned to the third harmonic of the sync signal, 
thus forming the required f/h cps re-sampler syn-
chronizing signal.  This type of re-sampler syn-
chronizer can be made to give an output signal 
which exactly follows the flutter present on its 
input signal, but very careful filtering techni-
ques are required to remove the sub-harmonic sync 
signal from the output of the synchronizer, and 
to achieve satisfactory phase delay characieris-
tics. 

The locked-oscillator type re-sampler syn-
chronizer utilizes a reactance-tube-controlled 
oscillator operating at the channel re-sampling 
frequency f/4 cps.. The output of the oscillator 
is coupled to a buffer amplifier which supplies 
the synchronizing signal to the re-sampler, and 
also drives a frequency-divider, which operates 
at 1/3 the re-sampler frequency, or the same fre-
quency, 1/12 cps, as the sync signal from the tape 
recorder.  The sync signal from the tape recorder 
is fed through a variable delay line, of the same 
type described above for the multiplier-type syn-
chronizer, and after amplification is compared in 
a phase detector with the output of the frequency 
divider.  The resulting error signal from the 
phase detector is amplified and applied to the 
reactance-tube to control the frequency of the 
oscillator.  One advantage of this type of syn-
chronizer is that its output signal can be kept 
very free from sub-harmonic content.  The locked 
oscillator type of synchronizer does not directly 
follow frequency changes caused by flutter, due 
to low-pass filtering action in the phase detector 
and reactance-tube control circuit.  This is equiv-
alent to a time delay, and if the cut-off frequen-
cy of the frequency control circuit is not sub-
stantially higher than any flutter frequencies 
which may be present, serious re-sampling time 
errors will result. 
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The effect of an error in re-sampling 
phase on a step function system input is shown in 
Figure 14.  In this figure the time positions and 
proper amplitudes of the correct samples on the 
tape are indicated for the eight channels, and the 
dots indicate the time at which re-sampling actu-
ally occurs due to incorrect re-sampling phase. 
The envelope of the pulse train resulting from add-
ing the channel re-samples is shown at the bottom 
of the figure and corresponds to the system signal 
output.  It will be noted that the desired single 
transition is altered by the addition of alternat-
ing error ('ghost") signals which both lead and lag 
the desired transfer time.  Since flutter which is 
incorrectly tracked by the re-sampling synchronizer 
results in instantaneous re-sampling phase errors, 
its effect on the output signal will be to cause 
ghost-type errors of a complex and continually 
varying character at each change in signal level. 

As an example of how well the requirements 
for accurate re-sampling synchronization can be 
met in the present  of flutter, a typical re-s am-
pling synchronizer of the multiplier-type exhibited 
a re-sampling time error of only 40.1 microsecond 
for 41% simulated flutter magnitude. 

Performance of Practical Systems  

Advanced development work has been done on 
a number of multiplex tape recording systems which 
utilize the synchronizing techniques discussed in 
this paper.  These systems have been intended pri-
marily for military applications, and bandwidths 
have ranged from 1 to 3.4 mc. 

Figs. 15 and 16 show, respectively, the 
square-wave and pulse response of a 6-channel, 
1.1 mc magnetic recording system, at various 
square-wave frequencies and signal pulse widths. 
The non-ideal input pulse shapes shown in the fig-
ure are the resat of limiting the frequency com-
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ponents of the input signal to 1.1 mc.  It can be 
observed that the recording system causes rela-
tively little degradation of rise times, and the 
resolution of narrow pulses is very close to the 
ideal limit for a 1 mc system.  Such a system is 
useful for recording many types of pulse and com-
munication signals.  The "grass" on the output 
signals gives indication of a fairly limited sig-
nal-to-noise ratio, but much further improvement 
is achievable within the framework of the basic 
techniques which have been shown. 

The type of multiplex system described in 
this paper is designed for recording any type of 
random signal within the useable frequency range 
of the system.  Television signals have been 
recorded, but picture quality was not up to broad-
cast standards.  As was indicated above, most of 
the General Electric major development effort to 
date has been directed toward the military require-
ments for wide-band tape recording systems rather 
than toward television, but the same basic tech-
niques are applicable to either field of use. 
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CHANNEL RESPONSE REQUIREMENTS OF MULTIPLEX SYS MS 
FOR RECORDING VIDEO SIGNALS ON MAGNETIC TAPE 

B. G. Walker 
Electronics Laboratory 
General Electric Company 

Syracuse, New York 

Sinmnary 

Time-division multiplexing has been employed 
as a means of recording a wide-land video signal 
on multiple-track magnetic tape.  The desired fre-
quency response in the individual tape channels is 
discussed, and a simple method for relating the 
sampling errors to the deviations in the frequency 
response is presented.  The effects of sampling 
errors on the output video signals are shown. 

Introduction 

A system capable of recording video signals 
on magnetic tape and reproducing them with reason-
able fidelity has many potential applications. 
The recording of television programs, radar data, 
telemetering signals, and motion pictures are 
examples.  Most of the applications require a 
system with a bandwidth of about four or five 
megacycles.  It is difficult to achieve this much 
bandwidth on a single track of magnetic tape; 
therefore, multiplexing systems have been 
developed in which the broad-band video signal is 
broken down into several narrow-band signals that 
can be recorded on tracks of magnetic tape operat-
ing in parallel.  The purpose of this paper is to 
discuss the requirements placed on the frequency 
response of the narrow-band channels in a time-
division multiplex system, and what effects devia-
tions from the ideal response have on the overall 
system operation. 
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A block diagram of an eight channel time 
division multiplexing system is shown in Fig. 1. 
The theory of operation of toe system is based 
on the sampling theorem which may be stated as 
follows:  If a function f(t) contains no fre-
quencies higher than f, cycles per second, it is 
completely determined By giving its )r.dinatrs 
a series of points spaced 1/2f, seconds apart. 

1  W W1 

VIOE0  ILTC 

S .C.010-

/WANG, 

UNIT 

-• 

ri
OUTPUT  OUTPUT .  

ILTE  wil)(0 

SYNCIOW-

W DMG 

OMIT 

Fig. 1 

Block Diagra m of 8-Channel Ti me-Division 

Multiplex Syste m 



In this system the input signal is passed through 
a low-pass filter to insure that no frequencies 
greater than fo enter the system.  Next, the 
signal is sampled at a rate of 2 1'0 times per 
second, and the resulting samples are distributed 
sequentially to the narrow-band tape channels. 
The first sample goes to channel .4, the second 
sample to channel #2, . . .the eighth sample to 
channel  1, the ninth sample to channel #1, and 
so on.  During playback, the outputs from the 
individual channels are sampled and the results 
combined to form a set of sample pulses identical 
to that taken from the input video signal.  These 
pulses are passed through a low-pass filter 
having a cut-off frequency of 1'0, and the output 
is tie reconstructed video signal. 

Ideal Channel Response  

.ach channel receives sample pulses at a 
rate fs which is one-eighth the video sampling 
frequency, 2 fo. It follows directly from the 
sampling theorem that if one desires to put 
independent samples into a channel at a rate of 
fs and recover then ,Tith no pulse-te-pulse cross-
talk, the channel must have a bandwidth of at 
least fs/2.  However, simply having the required 
banlwidth does not insure that the desired output 
can be easily obtained.  A channel which has a 
flat amplitude charact-riqtic and linear phase 
from zero to f /2, and transmits no frequencies 
greater than 4/2 is considered ideal since the 
input samples can be fed into it at the maximum 
rate and regained with no cross-talk simply by 
sampling the output signal at the proper times. 
This channel gas an irlIpulse response of the form: 

sin frfst  
ft-rs 

It will give an output waveform of this type when 
excited with a sampling pulse if it is much 

Fig. Z 

Ideal Channel Impulse Response 
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shorter than l/f . This ideal response is 
sh,wn in Figure  and the response due to 
several sample pulses spaced by intervals of 
1/f5 is shown in Figure 3.  Note that if the 
channel output is sampled at times correspond-
ing to fst  0, 1, 2, etc., each resulting 
sample is uniquely related to the amplitude of 
the corresponding input sample.  This condition 
comes about because the channel impulse response 
passes through zero at all but one of the sampl-
ing points.  If, due to an error in the synchro-
nizing circuits, a channel output is sampled at 
incorrect times cross-talk will be experienced. 
Since the ringing due to an individual sample 
pulse persists over a considerable number of 
samples, the effects of the crosstalk will appear 
as a whole series of errors in the output. 
Because of this fact, it may appear desirable to 
damp the channel impulse response so that it is 
essentially zero outside of the two sampling 
intervals in which it is rising to its peak and 
decreasing again to zero.  It is possible to con-
struct channels having this troe of impulse 
response, but the upper frequency limit of the 
channel must be considerably greater than that 
required for the even-ringing type of response 
shown in Figure 2. 

Analysis of Practical Channel Response  

In a practical system a channel impulse 
response will not be perfect, but will exhibit 
some "zero-crossing" errors; i.e., it will not 
be exactly zero at the sampling points.  These 
zero-crossing errors can be easily measured in 
a system and their effect on the system opera-
tion can be readily determined.  In order to 
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design and align the compensation networks which 
produce the proper phase and amplitude character-
istics in the channels, it is necessary to find a 
convenient method of relating the zero-crossing 
errors to the frequency response of the channels. 
Application of the techniques developed by Wheeler 
for interpreting phase and amplitude distortion in 
terms of paired echoes serves this purpose. 2 
Details of this analysis are given in the Appendix 

The results that can be obtained by this 
method are as fo llows:  Consider the frequency 
response curves shows in Figure 4. (a) is the 
ideal response; (b) the response achieved in a 
practical system; and (c) the difference between 
the ideal and the practical response.0 00 and 
004) are defined as the deviations of the practi-
cal amplitude and phase response respectively 
from the ideal.  Figure 5 shows the impulse 
response of the practical channel.  The zero-
crossing error, En, is defined as the ratio of 
the impulse response at the nth sampling point 
(fst  n) to its maximum value (f elt . 0).  If the 
deviations of the practical response from the 
ideal are small, then a good approximation for 
004) is given by: 

oo 
0 60)  2-01 sir? 

where: 

On z Eli 5-n 

n4) .forio1. -17-1.5 (1) 
fs 

(2) 

An expression foro((40) cannot be derived from the 
zero crossing errors; however, this is not too 
important since the amplitude response can be 
easily measured by other methods.  It is impor-
tant to determine what zero-crossing errors a 
given o( (44) and 00) will cause.  These can also 
be obtained from this analysis, and the express-
ions are as follows: 

for  /7 > O (3) 
2)7  Z 

c›( __   for 17(: c, (4) 
-2 4 

where On is the Fourier Series coefficient of 
0 0) in equation (1) and oct is the Fourier Series 
coefficient of o< (u)) as expanded in equation (5), 

.0  W  2O etroo)=. c<ri cas  -for 1141.2015(5)  
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Effects of Sampling 
Errors on Output Signal 

The effects of zero-crossing errors on the 
output signal can best be understood by consid-
ering the results due to a single zero-crossing 
error in each channel.  Once this case is 
clearly established the generalization to more 
zero-crossing errors is obvious.  The following 
discussion is based on the assumption that the 
only zero-crossing error is 6, , and that all 
channels are identical.  As illustrated in 
Figure 6(a), the output samples from a channel 
at time fst n is equal to the desired output, 
Sn, plus an error  Figure 6(h) shows 
the output samples from a channel d,:e to a pulse 
input signal, and Figure 6(c) shows the composite 
of the samples from all the channels.  The effect 
of the zero-crossing error, E , is to produce a 
ghost in the output which is aelgyed 1/f, seconds 
with respect to the desired output and is  E, 
times the desired signal in amplitude.  The 
effect of any zero-crossing error, EA, is to 
produce a ghost delayed by n/fs seconds and 
having an amplitude equal to g,.? times the main 
signal.  For negative values of n, the resulting 
ghosts are leading rather than lagging the main 
signal. 

For some applications, such as the recording 
of digital information, small ghosts do not 
degrade the output signals appreciably.  On the 
other hand, a five per cent ghost in a tele-
vision picture is objectionable. 

The perceptibility of ghosts in television 
signals can he redeced by appropriately alter-
nating the polarity of the sample pulses as they 
are fed into the channels.  Up to this point it 
has been assumed that all sample pulses were the 
same polarity.  Suppose that a circuit is added 
between the sampler and the record amplifier in 
each channel which reverses the polarity of 
every other pair of pulses, and that a decoding 
circuit is placed in the playback sampler to 
restore the sample signal to its original form. 
The samples that are fed into one channel due 
to a step-function input are shown in Figure 7(a). 
The error signals, as they appear in the channel 
output, are shown in Figure 7(b), and in Figure 
7(c) as they appear in the output signal (after 
going through the decoding circuit).  The 
important point to note is that every other 
error signal is reversed in polarity so that the 
result of the zero-crossing error is a ghost 
with its polarity alternating at the sampling 
frequency.  If the sampling frequency 
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is an odd multiple of one-half the frame rate, 
then it can be shown that at any point in the 
picture a ghost will be positive in one frame and 
negative on the next.  This technique will reduce 
the effects of ghosts considerably, especially if 
they are small.  Cancellation is never perfect 
due to non-linearity in the picture tube and 
failure of the eye to integrate the light output 
perfectly from one frame to the next. 

In general, it is not desirable to use this 
technique of alternating pulse polarities in 
systems used in applications other than television. 
In pulse recording for example, the effects of 
small ghosts can usually be easily recornized and 
removed.  If the polarity of the ghosts is alter-
nating the problem is much more difficult. 

Conclusions 

A system utilizing most of the techniques 
described in this paper has been constructed and 
evaluated.  The results proved satisfactory for 
some applications and demonstrated the feasibility 
of the approach; however, further development is 
required to bring the quality of the output signal 
up to broadcast television standards. 
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Appendix 

Ideally, the channels should have the fre-
quency response shown in Figure 4(a) which may 
be expressed in equation form as follows: 

_  
=  (6) 

where: 4('44) )  /  i iij 

11(w)--- o A,-
The impulse response of such a filter is given 
by the Fourier Transform of 

h i(1) = IN071-(-4 el  
Substituting from (6) into (7) and integrating, 
one obtains: 

/1. .) 4.2. (1/) z f  fr fj (Zi-

- it) 
This is the ideal impulse response.  Now the 
problem is to find the impulse response of a 
practical channel having the following frequency 

- /J. 1 q(1.443e1  0( .1 9) 

(8) 

response. 

If Om) approaches the ideal response 
quite closely, then it may be assumed that 
c1( 40),Kiand 0.)4X, . By expandinge-j 40(w) 
in a Taylor series 4rA neglecting all terms con-
taining powers of mc'w) and 0(w) greater than 
unity and products of m( (thr) and 0(w), equation 
(9) becomes:  • 

I  )144  
H('  - 4(w)  0(")) e (n) 
Thus the impulse response of the channel may be 
written as: 

where hi(t) is given by equation (8) and, 

4 (t)  = ii- (cr(a))  wto/u)  (12) -00 
ist(w),4(.4 ei wot) 13) 
Co 

It is convenient at this point to expand a (la) 
and 0(w) in Fourier Series and substitute into 
equations (12) and (13).  An equation for Aw) 
is required only over the frequency range of -fs 
to +f5, therefore it may be expanded in a Fourier 
Series over this interval.  An equatibn for 000) 
is required over the whole frequency range. 
However, if the practical response deviates only 
a small amount from the ideal, it is reasonable 
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to assume theta (Oa) s 0 for 
fore, a (if) can be expanded 
over the interval-2v fs to 
expansions are as follows: 

Q(044= 0 

r_ti2 
21; 

00 

lo,/?.2vf s . There-
in a Fourier .,eries 
+2 v. ft . The Fourier 

for itdi Val;  13J1) 

for.1444 7'201.5 

0044.2-(AS1'2 -Z ) for tIsir-is (15) 
Substituting for aC (of) and 0(86) from WO 

and (15) Into (12) and (13) yields: 

h (IV  ficr l'" ("4; 00) sinarf 
A EN  3 

00  aer " " 9.1-  2 41 4 e- 47 416) 

Sad N i4  ( V) 

Substituting into equation (11) from (8), (16) 
and (17) and evaluating the result at the sampling 
points ( fe(f-T)z n), one obtains the following: 

• = i II ,-, 'I  for fizo 
) = 1 ( Znc<  1-- 2 9 (Or r7> 0 

-5  

15 (c) 4)  /or _z n — 
2 

/7 < 0 

Thus from the definition of the zero-crossing 
errors, C n , 

c <z n °4  for 

= °<_2n  0- n  Tor  fi< 0 

From (19) it follows that, 

En — 
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FERRITE HEADS FOR RECORDING 
IN THE MEGACYCLE RANGE 

W. R. Chynoweth 
Electronics Laboratory 
General Electric Company 

Syracuse, New York 

Summary 

The low losses and hardness of ferrites have 
made them the logical subject of investigation 
for use in magnetic recording heads, particularly 
when higher than audio frequencies are to be 
handled.  It was thought that the hardness would 
produce good wearing characteristics, and that the 
main disadvantage would be poor resolution due to 
the granularity of the ferrites. 

A program for the development of high density 
ferrites was initiated.  This program has produced 
a ferrite from which heads with a very short and 
well defined gap can be produced. These ferrites 
have a permeability of 1000 or better up to 4 mc 
and losses sufficiently low to allow operation 
as playback heads over this frequency range. 

Using the improved ferrites, heads have 
been fabricated with discernable response to 
.125 mil wavelength and with marginally useful 
response to .16 mil wavelength. Saturated signal 
to noise figures greater than 40 db are possible. 
The maximum saturated signal at the head 
terminals was around 0.3 millivolt for a head 
with an inductance of 1 millihenry. 

When using these short gap heads as record 
heads it was not possible to saturate the tape. 
The ferrite head saturates about 12 db. below 
tape saturation.  This difficulty can be circum-
vented by using a longer record gap. 

The greatest deficiency of the ferrite heads 
is a short life. Although the gross wearing 
qualities are better than metallic heads, there 
is a local erosion at the gap edges; this 
deterioration occurs primarily on the trailing 
edge of the gap. Noticeable degradation in the 
resolution performance occurs in less than 10 
hours wear at 100 inches per second in some cases. 
The use of a glaze material in the gap improves 
the wear characteristics and improvements in this 

frabrication technique along with further 
improvements in ferrites may solve the ferrite 
head wear problems. 

Text 

Because of their relative hardness and low 
losses, ferrites were early considered a poten-
tial core material for magnetic recording heads. 
As early as 1949 some ferrite heads with an 
effective gap of around .75 mil were built and 
tested.  Since that time ferrite heads have 
appeared commercially, mostly for pulse applica-
tions where the head was spaced from the medium. 
In the field of contact heads, ferrites have not 
fared quite so well.  Early thoughts seemed to 
indicate the following disadvantages: 

1. difficulty in fabrication due to 
hardness, 

2. brittleness leading to easy chipping, 
3. poor resolution due to granularity. 

With the possible exception of the chipping, the 
above disadvantages have not proven serious. 
Ferrites can be molded and then ground and lapped, 
and this process could well prove to be more 
economical for production than the handling of 
thin metallic laminations. 

The work described in this paper was done 
as part of a wide band magnetic recording develop-
ment.  It was desired to build heads which could 
be operated at bias or signal frequencies in the 
low megacycle range with as high a resolution as 
possible.  Ferrites seemed to satisfy the high 
frequency requirements. 

It was thought at that time that the loss 
of resolution due to rough gap edges caused by 
granularity of the ferrite would be the most 
serious problem, therefore a material development 
program was initiated to produce a more homo-
geneous and dense ferrite with satisfactory mag-
netic and physical properties for use in heads. 
In terms of the original aims, this program was 
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quite successful.  Ferrites were produced with 
satisfactory permeabilities and Q to be used as 
playback heads up to five megacycles; Figure 1 
shows a graph of permeability and Q as a function 
of frequency.  That these ferrites had the 
necessary physical properties to make sharp re-
cording head gaps is shown in Figure 9.  It will 
be noted that the ferrite is free from large 
voids and blow holes ard that the gap edges are 
quite straight and uniform.  Additional evidence 
of the sharpness of the gap edges is shown in 
Figure 2.  The sharpness of the nulls is a charao-
teristic of relatively sharp and parallel edges. 

The head just described (Fig. 2) is not a 
high resolution head; it could be used out to 
O.  mil wavelength.  Photomicrographs of two 
higher resolution heads are shown in Figure 3. 
It will be noted that the gap edges appear 
straight and parallel and free from large irregu-
larities.  The sharpness of a gap edge is 
significant only when related to the recorded 
wavelength; from this point of view the edges are 
not sharp and straight but have irregularities 
which are comparable to the gap length.  The 
minimum gap length for head #1  (Fig. 3) is 
around .06 mil and for head :i18 is around .03 mil 
therefore the irregularities, although relatively 
large, are quite small on an absolute ecale. 
The wavelength response of these heads is shown 
in Figure 4; the problem of gap alignment at very 
short wavelengths was dodged by recording and 
playing back on the same head.  There were some 
differences in output between the heads but data 
on such factors as front and back gap reluctance 

anl the effect of potting strains was not 
sufficient to attach specific significance to 
these output variations.  It is significant that 

the curves do not show the sharp null of head #16 
this is evidence that the gap edges are less 
sharp relative to the recorded wavelengths at 
which the null should occur.  In Figure 5 are 
shown frequency response curves for head #15, 
taken at 100 and 160 inches per second tape 
speed.  It will be noted that the improvement in 
frequency ressGnse due to the increase in speed 
is not as great as one would expect.  There was 
evidence that an air film between the head and 
tape was produced at 100 inches/second.  A spac-
ing loss of .02 mils will account for the 
decreased resolution.  These ferrite heads have 
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a resolution which is at least as good as any 
metallic heads which have been made available 
for comparison at this time, a discernable out-
put was noted at .125 mil wavelength.  In terms 
of the equalization required, these heads would 
be useful to at least .2 mil recorded wavelength. 
The relatively low output would put a severe 
requirement on the associated amplifiers. 

It has been demonstrated that ferrite heads 
with good short wavelength resolution can be 
fabricated, however, they are not, at this stage 
of development, a satisfactory general purpose 
head at these resolutions.  As a record head 
they have the following shortcomings:  relatively 
low saturation flux density, low Curie tempera-
ture, and erosion of the gap edges.  Playback 
heads suffer from erosion at the gap edges. 

The Curie temperature for these particular 
ferrites was fairly low, around 65°C.  The use 
of these heads as record heads in an ambient 
temperature of 25°C is marginal; the rise due 
to combined bias and record current may cause 
the total temperature to exceed the Curie 
temperature.  They moult obviously not satisfy 
military specifications.  This limitation does 
not appear- to be fundamental.  A further 
material development should raise the Curie 
temperature some, although perhaps at the 
sacrifice of some of the other properties. 

The low saturation flux density is not a 
serious handicap in conventional playback heads, 
or in wide gap record heads.  In record heads 
which have gaps as small as those described 
above, saturation becomes a serious problem. 
Since the recording process in a gap type head 
depends upon leakage flux, an  since the 
relative amount of leakage flux with a very fine 
gap is very small, it follows that the flux 
density in the core, and especially the gap 
edges must be high.  It has been found that with 
these ferrites and gap lengths saturation does 
occur.  In Figure 6 are shown Input-Output 
curves for a ferrite head and a Brush BK1090 
head for comparison; the same head was used for 
playback in each case.  It will be noted that 
the first break in slope occur at 8 db. output 
for the Brush head but at -1 db for the ferrite 
head.  It is not obvious from the data that the 



Brush head is saturating but certainly the ferrite 
head is saturating well below tape saturation. 
This difficulty may be reduced by using materials 
with higher saturation flux density or by increas-
ing the record gap length.  Perrites as a class 
tend to have a low saturation flux density so that 
it appears wider gaps are necessary in ferrite 
record heads to avoid saturation.  It should be 
emphasized that the use of a wiier gap does not 
mean that a decrease in the sharpness of the gap 
edge is allowable.  The use of a wide gap record 
head would require special attention to the gap 
edges in order to retain resolution and to reduce 
record gap anamolies in the frequency response 
curve. 

Originally thoughtof as wear resistant heads 
because of their hardness, ferrite heads, at 
present, have wearing qualities which are poor. 
Wear shows up as an erosion of the tape contact 
surface.  In many instances this erosion may 
appear all over the surface, but in most cases it 
is concentrated at the gap edges, the worst loca-
tion as far as head performance is concerned. 
Some wear tests were performed on these ferrite 
heads by running them at a tape speed of 100 
inches per second and then measuring the wave-
length response at low tape speeds.  A mu-metal 
head was run at the same time for control pur-
poses. 

A ferrite head (Head #5) with a Hysol gap 
spacer was wear tested for a total of 93 hours, 
corresponding to 2,400,000 feet of tape.  The 
tape used was 3-M type 111 acetate backed tape, 
and the normal force between head and tape was 
around 75 grams.  No pressure pads were used.  In 
Figure 7 are shown photomicrographs of the gap 
edges after 35 and 83 hours of wear.  The original 
gap was similar to that of head #15 but somewhat 
more irregular.  The gap after 35 hours of wear 
shows a definite wearing pattern.  There are long 
scratches which do not appear to be serious 
except as a possible site for further erosion. 
After the scratches, erosion appears; actual 
erosion can be considered in two categories, 
surface erosion and gap edge erosion.  Surface 
erosion may occur anywhere on a surface where 
the conditions are favorable, and in itself is 
not detrimental to head performance.  The type of 
erosion which is very serious in ferrite heads 
occurs at the gap edges.  In the 35 hour photo-
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micrograph, the directional qualities of the gap 
edge erosion are quite marked.  The trailing edge 
which is directed against the direction of tape 
travel, is badly eroded while the leading edge 
which the tape slides off of shows very little 
evidence of erosion.  Intuitively this situation 
seems reasonable.  After 93 hours of wear the 
trailing edge is much more badly eroded, and 
some erosion is starting to occur at the leading 
edge; the surface erosion has also increased 
appreciably.  In Figure 8 are shown wavelength 
response data showing the deterioration in per-
formance as a playback head as the result of 
wear. It can be seen that the bulk of the deter-
ioration in performance has occured in less than 
23 hours of wear.  The deterioration then 
progresses slowly and there is evidence that a 
usefully long life could be realized at 0.5 mil 
wavelength if the direction of tape travel was 
not reversed.  If the tape direction is reversed 
the uneroded gap edge will erode rapidly so that 
no portion of the gap would be sharp or well 
defined.  Evidence based on some experience with 
ferrite heads designed for 1.0 mil useful resolu-
tion indicates that, when both gap edges deter-
iorate, the shortest useful wavelength will be 
around 1.0 mil. 

Wear data obtained on both sintered ferrites 
and single crystals without fabricated gaps 
inlicate that the intrinsic wearing properties 
are appreciably better than those experienced 
with fabricated heads.  For that reason methods 
of making the gap area physically more like an 
ungapned ferrite have been devised. One thought 
is that when the gap is very short the tape 
surface cannot get down into the gap region and 
erode the trailing gap edge; if the joint were 
perfect this certainly appears reasonable.  It 
appears unlikely, at this time, that a head with 
usefully high output will have a short enough 
gap to successfully resist wear.  For this 
reason it appears that something must be done 
in the gap or within the material in order to 
decrease this gap edge erosion. 

A technique which holds some promise, is to 
fill the gap with a glaze material which is non-
magnetic, bonds well to the gap faces, and is 
hard.  Such a glazed gap head (Head, ,i10) was 
fabricated and subjected to wear tests at 100 
inches per second.  A photomicrograph of this 



head is shown in Figure 9.  Most of the gap was 
clean and straight when new.  After 43 hours of 
wear (1,450,000 feet of tape) the head has a 
large amount of surface erosion and the gap edges 
have eroded somewhat.  The directional wear quali-
ties are not very obvious on this head.  It can 
be seen that this head has not eroded as much in 
48 hours as the previous head had in 35 hours. 
In Figure 10 are shown wavelength responses taken 
after 21 and 49 hours of wear.  After 21 hours the 
gap edges were relatively sharp giving a well 
defined null but there was apparently a loss in 
resolution.  After 43 hours the gap edges were 
irregular enough to almost completely suppress 
the second peak, although the resolution at wave-
lengths longer than 0.5 mil was substantially 
unchanged.  Comparison of the wear on heads 15 
and #10 indicated that the glazing technique has 
apparently increased the resistance to wear. 
Since there is no reason to consider this glaze 
optimum, it appears that there is something to be 

gained by this technique. 

2 

2 

0 

In conclusion it can be stated that ferrite 
heads can be constructed which have resolutions, 
when new, comparable to metallic heads, and that 
they compare favorably in performance with 
metallic heads constructed from thin laminations 
for high frequency use.  They are, however, 
defficient in wearing qualities; ferrites suffer 
a reduced performance with wear while metallic 
heads tend to retain performance although perhaps 
wearing faster.  There are grounds for hopes that 
the future will produce high resolution ferrite 
heads which are satisfactory from all view-po ints. 

The contributions of colleagues are grate-
fully acknowledged; in particular, Aaron P. 
Greifer and Fredrick G. Keihn who developed the 
ferrites and fabricated the heads, and Louis A. 
Budell who participated in the evaluation and 
testing.  This work was accomplished under the 
sponsorship of the United States Air Force. 
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ATTENUATION MEASUREUENTS ON SHORT LINE SAMPLES 
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Introduction 

The following measuring technique has been 
developed to compare the attenuations of relative-
ly short samples of r-f transmission lines. These 
lines are of the type used in FM and UHF-TV broad-
cast installations, and have low attenuation fac-
tors throughout the frequency range up to at least 
1,000 mc. 

The measuring procedure devised requires no 
unconventional test equipment or destructive line 
alterations and has given good results on line 
samples only 6 to 20 feet long.  The general tech-
nique employed is to close both ends of the line 
sample, couple into one end and then measure with 
an impedance meter and signal source the input im-
pedance of the line as a resonant coaxial (TEM) 
cavity. 

This resonance data for the different line 
samples with minor restrictions gives a relative 
comparison of their lenses due to series resis-
tance and shunt conductance.  This data can also 
be used to calculate directly the line attenuation 
in decibels per 100 feet, and an example of this 
calculation is described herein. 

The main restriction to the technique is that 
the simnle equations relating the ca/ity resonator 
losses to the matched line attenuation apply only 
for uniformly distributed loss factors. The series 
resistance loss is, in general, so distributed, but 
if the shunt loss is due to spaced insulator beads, 
it will be a function of the voltage standing-wave 
pattern for the particular resonant mode.  The un-
loaded, resonant "Qo" is measured at the frequen-
cies where the line sample is (1 ,t 2n)/4 wave-
lengths long.  This is not a severe restriction, 
since even for a typical 20 foot sample of air di-
electric line, the resonances occur about 24.6 mc 
apart above the first resonance at 12.3 MC. 

In closing this section it should be explained 
that a simple technique for closely evaluating the 
Zo of "smnoth" lines already exists.  This consists 
of first measuring "Ca", the quasi-static capacity 
of an air dielectric section of the line, in Apf/ 
foot and the added capacitf cf a typical insulator 
bead of dielectric C. The equation Zo 1015 ohms 
is then used with the bead capacity  Ca 
added as a distributed effect by the term L( 
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Attenuation Ueasurement Process 

A typical equipment set-up is shown in Figure 
1. The line sample is terminated at the far end 
by a shorting plate.  The near end is fitted with 
a coax-fed coupling probe separated lass than 0.05 
inches. The signal generator must have good fre-
quency stability after warm-up, it must have a 
good vernier interpolating dial, and it must be 
free of incidental FM when amplitude modulated or 
else operated without modulation.  The impedance 
or admittance meter must have "good laboratory ac-
curacy" and the receiver or vswr indicator require-
ments are conventional with the exception that it 
must indicate cw level if the siqlal generator is 
not modulated. 

After the equipment has fully warmed-up, the 
input Z1 or Y' referred to the location of the 
coupling probe is measured as the carrier frequen-
cy is tuned in small step  across one of the reso-
nance modes. This data is plotted on a normallized 
circle chart, "Smith Chart," to determine the gen-
eral outline of the "resonance circle." If it has 

a convenient diameter, (between about 1/5 to 3/5 of 
the chart diameter), additional points are taken to 
enable a smooth plot of this "circle."  if the 
measured circle is a'/Zo, rotate it 180° on the 
chart, inverting to Yqin. If the "circle" di-
ameter is not suitable it can be increased or de-
creased by increasing or decreasing the capacity 
of the coupling probe. 

The susceptance "/jBf" of the probe ends 

fringe capacitance "Cf" is then estimated from the 
Y' data at frequencies well below and above the 
resonance effect.  This term is practically con-
stant across the narrow resonance band and can be 

numerically subtracted to give Y , see Figure 2a. 
The plot of Y should be a 

Yo 
perfect circle and is graphically rotated 180° on 
the circle chart, inverting into Vao. 

The a/a, curve is now centered on the real 
axis at the 00 end of the chart, and should fit as 
a member of the constant R circles on the a chart. 
Since  should be a perfect circle, if the plotted 
data shows experimental scatter, the plot could be 
refined by graphical smoothing or by plotting R 
and jX vs frequency on rectangular paper and fol-
lowing "precision" techniques. 

The three frequencies fl, fr., and fh, on this 
resonance circle a are noted for :  --R, jX . 0 
and jX = g respectively. 



The unloaded Q0 of a high Q resonant circuit a LF receiver. 

is 

Qo = fr  
fh l 

If E e 211'f/Vg radians/length,  (2) 

line attenuation "OCg" = Bg/2Q0 nepers/length, (3) 

= 8.69 f/Vg Qo db/ft if V in ft/sec. 
(4) 

= 2.79 x 10-2  fr(mc) x Vc  in db/ft (5) 
Vg 

This procedure for capacitively coupling to 
the high impedance end of the cable is very con-
venient for checking the OCe of flexible cables. 
The coupling can often be provided by loosening 
the plug until the center contacts just barely 
separate. 

(1) 

A Practical Example 

The measurements and calculations for a 6 foot 
sample of RG-9A/U polyethylene insulated line are 
presented to illustrate the actual technique.  The 
specified characteristics of this line at 400 mc 
are: Zo = 51 ohms, OC, = 5.2 ib/100' and V =0 659 Vg  

Vc. 

A resonance close to 400 mc, assuming Vg = 
e.66 Vc, would be the 3.75  TM mode at b02 -mc. 
Fieure 2b shows the impedance plot of this reson-
ance at 402.25 ix.  The measured points are 250 kc 
apart. The resonance "circle" is not perfectly 
circular, due to errors in the impedance measure-
ments, but it closely resembles the circle for 

3.3 and the marks for fl and fh are 1.15 mc 
apart. 

So Q0 = 1402.25/1.15 st 350 

From eq. 5, 

00e = 2.79 x 10-2  x 402. 25 x 1 
.05 

= 4.95 x 10-2  db/ft. 

= 4.95 db/100 ft. 

This value of measured attenuaticn is within 
5% of the nominal value and confirms the technique. 
This 5% deviation may be due to the following fac-
tors:  deviation of line sample's characteristics 
from nominal value, errors in impedance measure-
ment, and errors in frequency interpolation.  The 
bandwidth measurements must be made with consider-
able precision and for beqt accuracy it would be 
desirable to employ some technique more refined 
than interpolations with the signal generator ver-
nier dial. One such refinement would be to mix a 
small portion of the signal generator output with 
the output of a fixed vliF signal generator and 
measure the frequency of the difference signals 
for fl and fh with an electronic counter-timer or 

The technique as described requires that one 
end of the line sample be open circuited.  The 
same technique is applicable when the input end of 
the line is short circuited.  In this case the 
center conductor bullet is added and a coupling 
loop with an area of 1 or 2 sq. inches is mounted 
on the end plate.  The center conductor resonates 
in all the half-wave TEL modes which have a low 
impedance at both ends and the coupling loop re-
act ance is "XL".  The resonance circle Y/Yo = ao/ 
(al - jXL) on a locus of constant G and is suit-
able for determining Qo directly. 

The portions of this paper which warrant the-
oretical discussion are equations 1 and 3.  The 
general theory of coupled resonant cavities and 
their evaluation by vswr measurements has been 
rigorously presented,' and the vswr technique dotal_ 
be applied to this case but it requires the use of 
a coefficient for cavity loading.  When the reson-
ator Qeis so high that the conventional theory for 
coupled lumped circuits2 applies quite well, it 
leads directiy to a simple technique for evaluat-
ing % from input impedance data. 

If the coupling coefficient is small, the cav-
ity is lightly loaded and its loaded Q, "QC ap-
proaches Qop, but when the coupling is increased to 
make the resonance effect large enough for accurate 
measurements, the cavity becomes loaded and QL de-
creases.  This means that response-band-Yidth mea-
surements of QL generally require a correction fac-
tor to determine 40. If, instead, the coupled im-
pedance admittance at the ccupling point is mea-
sured as a function of frequency, its variation 
with frequency is simply related to go without de-
pendence on the coupling coefficient. 

The probe-coupled case can be viewed as a very 
high-Q parallel resonant circuit which is coupled 
into by the probe capacitance "Gn."  The probe end 
fringe capacitance HCf" presents the shunt suscep-
taLce v/JLI'' across the input where Y' is measured. 
14ten the term / jLf is subtracted from Y', the 
re onance term Y remains. 

25 

At natural resonance the line end shows a 
pure resistance QZ0. This is too high for direct 
measurements with an impedance meter having about 
the same L,, and the probe capacity s-a.ven to shift 
the system's resonant frequency rar enough down to 
reduce the resistive term of the line by a factor 
on the order of 1/0.  This frequency is so far 
away from its natural resonance that the line end 
now appears as a relatively low resistance, Rs, in 
series with a high inductive reactance, Xis, lnd 

1.  J. G. Slater,-"Microwave Electronics, "p. )3-
95, Van Nostrand, N. Y. 

2. Ramo & 4hinnery, "Fields and Waves in Modern 
Radio," 2nd Ed. p. 464-470, Wiley, N. Y. 



when the parallel circuit is converted to 
its series-equivalent, see Fig.3.  Both 
Re and Xs are increased slightly but in the 
same proportion far off resonance by the 
line's resonating capacity, So: 

1: k(Ri+j(XLs -Xcp )) 

Therefore the plot of Z on an imped-
ance circle chart is a circle of constant 
R, and the frequencies f, and f, are those 
where tiXr.R. These frequencies Ere used to 
calculate Qo since  Q0 : fr/fk-fl. 

The loop coupled case can be viewed 
as a loss-less,  low inductance primary 
loop magnetically coupled by the mutual 
"M" to the high-  Q series resonant secondary, 
see Fig. 3.  The measured input impedance 
referred to the location of the loop is Ze. 

--2 
Z'= jXLp +  (pm   

R84.j(XLII -Xce ) 

Since the Q is high,  the terms of 
ut, and 11 8 are eonstant through the 
resonance and jX4  can be subtraeted to 
give Z: 

Z:  07 e .1. 1/Y 

Rs 41i(XLs-YCe)   

Y=G-0-jIls KRe+K(XLe -Xce ) 

Therefore the plot of Y on an admitt-
ance circle chart is a circle of constant 
G, and the frequencies of f, and f, are 
those for  The effect of chEnging 
M is to change K but not f1 or fk . 

Equation 3 will be derived from the 
conventional definition: 

Q: Stored Enermy  
Loss per Cycle WL fff 

XLe 

where la, is the stored magnetic energy in 
Joules Tor MKS units. 

Assuming a uniform coax guide of: 
Charatteristie impedance Ze ohms; 
Inductance Lo henrys per meter; 
Capacitance Co farads per meter; 
Resistance loss Ro ohms / meter, series only 

By conventional theory: 

20f/LoCo: pc radians per meter; 

zo: VIo/C a  ohms 

00 0=R0/2Z0 in nepere/Mcter 

If line current 10 flows la length "1" 

2 Li _u -Loli o Joules 

WL:R olig Joules/second 

Q0:L02TT OR0 = L0211"f/2Z 00C g 

After clearing terms, OC IC.2z_ nepers/i (3) 

2Qo 
By equation 3 it is seen that the 

lenrth of the line sample does not enter 
directly into the determination of OC L. 
This In logical since in even a short 
sample the losses in the end plates are 
nemlirible. Since the resonant cavity 
Q:271 stored energy/loss per cycle,  it is 
obvious that a chanre in line length to 
a d or subtract one or more resonant  o/2 
cylindrical sections will not change this 
ratio for Q.  Although the above calcul-
ations are for series conductor loss only, 
a uniformly distributed shunt loss would 
also be satisfied by (3). 

The basic principles of this atten-
uation-measuring technique apply to any 
resonant system and consequently to any 
mode in any guided transmission system. 
Obviously for nyatcm's resonance,  equation 
(3) has to be applied by using "waveguide 
wavelengths" in the case of wavemuides or 
non-TEW modes in coaxial,  twin-mire, 
strip lines,  etc. 

Conelusions  

The described technique for measuring 
the attenuation and velocity of preparation 
of coalcial lines and other transmission 
systems makes possible convenient and 
accurate measurements on short sample 
sections.  In addition it does not require 
any speeiallized test equipment or de-
structive modifications to the test 
samples. 
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Fig. 2b 

Expanded plot Z/Zo for RG-9A/U Sample 
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A NEW TELEVISION TRANS MITTING ANTENNA 

R. W. Masters and C. J. Rauch 

The Ohio State University Antenna Laboratory 

Abstract 

An omnidirectional traveling wave antenna 

suitable for high gain television trans mitting has 
been devised. It embodies a novel solution to 

the proble m of overco ming the inherent tendency 
in wave antennas for the bea m direction to change 

as the frequency varies over the operating range. 

While the particular construction described lends 

itself most ideally to applications in Channels 7 

to 13, it is conceivable that the basic principle 

of operation can be adapted to other types of 

construction for use in the low and uhf channels. 
The antenna is highly designable. 

Brief Theory 

Basically, the antenna consists of a long, 

spiralled, linear array of ele mentary radiators 
spaced moderately close together and lightly 

coupled to a uniform, dissipationless trans-
mission line.  The coupling is just sufficient for 

a traveling wave introduced into one end of the 
structure to be largely, if not entirely, dissipat-

ed by radiation upon its arrival at the re mote 

ter minal. In order for the antenna to function 
as intended, it is essential that the radiators 

have doublet-type patterns in the azimuthal plane. 

Granted this, it follows that the spiralling of the 
array advances the effective phase progression 
along the aperture by the amount of the spiral. 

The bea m direction, 6, with respect to the array 
normal is therefore given by 

- 2w 
sin 6 = 

f3o ' 
where 13 and (30 are the internal and free space 
phase propagation constants respectively in 

radians per turn length of the spiral.  When the 

spiral rate is precisely one turn per electrical 
wavelength in the loaded trans mission line, the 

maximu m radiation is in the broadside direction, 
and the highly circular pancake -type bea m that 

results has linear progressive azi muthal phase. 

In order to stabilize the bea m in the hori-

zontal direction in the neighborhood of a given 
frequency, it is obviously necessary for (3 to 

assume the stationary value, 27r, at that fre-
quency. Similar restrictions apply for other 

beam directions.  This condition can be realized 
by causing series or shunt coupled radiators to 

introduce reactance or susceptance functions re-

spectively which have negative slopes of the pro-

per magnitude at radiator resonance. 

A high degree of phase correction over a 
stated band requires, on the one hand, a fair 

attenuation rate and a suitable radiator Q, de-

pending upon the bandwidth and the correction 

tolerance.  High directivity, on the other hand, is 

usually achieved by using long apertures in which 

the relative excitation level has everywhere an 

appreciable value.  The higher the directivity 
beco mes, the more stringent beco me the needs 

for bea m stability, and the less beco mes the 

allowable attenuation rate. Since the obtainable 
phase correction must inevitably decrease with 

increasing aperture length, one concludes that 

the directivity which can be achieved using a 
given distribution is limited by the tolerance 

placed on the phase function.  This is true, but the 

limit is not a serious one. 

Well corrected, end-fed antennas  having 
directivities of the order of 20 relative to a 
half-wavelength dipole can be built for any 

channel in the 7 to 13 range.  By center feeding 

apertures longer than this, the emphasis on 

phase correction is greatly reduced, and antennas 

having very high directivity beco me quite feasible. 

A very acceptable bea m pattern having good 
directivity and no nulls is produced by an ex-

ponential distribution, which is fortunately 
associated with the si mplest of all structures, 

na mely the unifor m.  The bea m shape can be 
modified to a considerable extent, however, and 
the bea m itself pointed at any desired elevation 

by specifying the spiral rate and strength of 
radiator coupling to the line as functions of dis-

tance along the aperture.  Due to the progressive 

azimuthal phase character of the resultant fields, 

the spiral rate may be used as a design parameter 

to achieve any effective phase distribution whose 

fine structure is coarse compared to the radiator 
spacing. The required amplitude distribution 

(within reasonable limits) is obtained by adjust-

ing the coupling of the radiators to the line. 

Of utmost importance is the fact that the con-
trols on the amplitude and phase can be made sub-

stantially independent of each other.  In a practi-
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cal design, one would use four radiating units per 

turn of the spiral. Successive units, then being 
orthogonal to each other, would be blind to radia-

tion coupling which could seriously alter their in-

tended relative phase and amplitude.  Units two 
spaces removed from each other would be essen-
tially in phase so that radiation coupling, though 
present in so me degree, would not adversely 

affect the excitation. 

The spacing of the radiators being approxi-
mately one-quarter wavelength along the trans-
mission line, and the loading being small compar-

ed to the characteristic impedance or admittance 

of the unloaded line, the input impedance of the 
antenna when ter minated in a matched extension 

of its own line is practically the sa me as that of 

the unloaded line itself. Hence, the usual in-
put impedance bandwidth proble ms are absent. 
It is estimated that in practice the net attenuation 
between the extre meties of the antenna would be 
of the order of 20 to 25 db, which would result 
in the input reflection coefficient being less than 

0.05 under any terminal condition. 

With such a high insertion loss through the 
antenna, it is probable that trans mitters not 
differing greatly in frequency could operate 

successfully into both ends of the antenna simul-

taneously without objectionable cross modulation. 
This suggests an interesting possibility for the 
diplexerless introduction of the aural and visual 

trans mitters into the one antenna. 

Construction 

One suggested embodiment which appears to 
be practical for Channels 7 to 13 inclusive 
utilizes a coaxial trans mission line of sufficiently 
large dimensions to comprise a free-standing 
mast. A radiating unit consists of a dia metrical 

pair of short, narrow, probe-coupled, axial 
slots excited out of phase to achieve the required 

doublet pattern in the azimuthal plane.  The 
space pattern of such a unit has a symmetrical 

shape approximately equal to that of a tangent 
pair of identical spheres whose line of centers 
is nor mal to the array axis.  The primary source 

thus manifests a rather high directivity in the 

broadside direction, which is just what is 
desired.  This not only tends to mini mize radia-

tion coupling between alternate units, but im-
proves the effective continuity of the distribu-

tion. 

Since transverse -electric slots in cylinders 

generate only transverse-electric radiation 

fields, the resultant field of the array is en-

tirely free of cross-polarized radiation at all 
elevation angles.  Because the effective excita-

tion is so nearly continuous, the aperture may be 
used with a maximum of efficiency toward achiev-

ing the required distribution. 

Conclusions 

The striking physical simplicity, the high 
power handling capacity, and the relatively 

inexpensive and durable construction of this 
antenna are highly com mendable features, but 
probably the most important of all is the fact that 

it is thoroughly designable to a specified per-
for mance by an engineer sitting at his desk. Only 
the scantest of empirical infor mation is required. 

A significant contribution to the art appears to 
have been made in providing a practical physical 

means for approximating the mathe matically 
prescribed co mplex aperture distributions re-
quired for various given bea m shapes. 
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SPURIOUS EMISSION FILTERS FOR HIGH POWER TV TRANSMITTERS* 

William J. Judge 
Allen B. Du Mont Laboratories, Inc. 
Communication Products Division 

Transmitter Engineering Department 
Clifton, New Jersey 

Summary  

The basics theory of the coaxial 
short-line filter is reviewed from a 
survey of the literature.  Specifi-
cations for spurious emission filters 
for television transmission service are 
arbitrarily assigned.  Step by step 
design of a high power VHF filter is 
outlined and experimentally verified. 
Discussion includes 25 KW channels 2-13, 
50 KW channels 7-13, and 12.5 KW channels 
14-83 low pass filters.  Image parameter 
design with constant K and m-derived 
(series and shunt) sections is used 
throughout.  Effect of insertion of the 
filter in the transmission system is 
studied. 

Introduction  

The term "Spurious Emission Filter" 
is, in a sense, a misnomer.  Measure-
ments on a large numbel- of television 
transmitters have shown that only the 
fundamental harmonics require attenu-
ation if the F.C.C4 specifications on 
spurious radiation' are to be satisfied. 
Consequently, the spurious emission 
filter, intuitively a band-pass device, 
is usually in practice a low-pass or a 
harmonic filter.  Since it must be 
assumed that the magnitude of the 
harmonic signal appearing at the trans-
mitter output terminals is a function of 
the final amplifier only, the spurious 
emission filter has as requisites low 
fundamental loss and high power handling 
capacity.  This suggests physically 
large, high-Q elements, which are not 
usually realized in a lumped circuit. 
Standard coaxial transmission line 
elements, however, may be used to 
construct satisfactory high-power 
filters for the VHF and UHF television 
bands at all existing power levels. 

Coaxial line filters can be 
generally classified as:  (a) resonant 
line filters,  (ID) short-line filters. 

The development work described here 
was sponsored by Allen B. Du Mont Labs., 
Communication Products Division. 
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Resonant-line filters providing adequate 
harmonic attenuation and utilizing a 
minimum of elements are both practical 
and economical but they are by nature 
channel selective and do not readily lend 
themselves to large quantity production. 
On the other hand, the short-line filter, 
in essence a broad-band device, has the 
advantage of being in general non-channel 
selective and requires no field adjust-
ment, two obvious economies over the 
resonant-line type.  Therefore, it is the 
short-line filter which will be discussed 
here. 

The purpose of the paper is two-fold; 
(a) some observations are passed along to 
the development engineer which it is hoped 
will help to facilitate future designs; 
(b) personnel associated with television 
transmitting equipment, but not neces-
sarily with the development thereof, may 
derive a better understanding of the 
transmission line power filter wnich has 
only recently appeared on the electronic 
scene.  For information pertaining to 
the resonant-line type coaxial filter, 
which takes many interesting forms, the 
reader is referred to the literature 2)3. 

Coaxial Short-Line Filters  

It is desirable to base the design 
of short-line filters on classical filter 
theory, and this will be realized if 
short-line sections can Oe shown to simu-
late the requisite elements of the 
classical filter.  From the succeeding 
brief analysis4 some necessary relation-
ships are derived. 

The input impedance, i , of a 
length, t , of transmission line of 
characteristic Lmpedance,:43, is given by 

4, a Z-   szn,d2  
Zce-i/3/ 

where 4 L = 

7? 

terminating impedance 

CJ  (c0)/ -

(1) 



Equation (1) may also be written 

ZL  iztaigt 
1  + j ifL -aft/3/ 

If the inequality 

I 1 

and if 
then (2) becomes 

holds 

=  iw 1-0 2 

filter as (a) characteristic impedances 
(b) line lengths.  The limitation on the 
parameter (a) is physical, being depend-

(2)  ent primarily on the power to be trans-
ferred through the section5.  The 
parameter (b) effects the stop-band 
performance with respect to both attenu-
ation,and location of spurious pass-
band e.  The latter occurs for values of 

(3)  -09---h7r, where rt is integral and 0 - is 
defined as the phase shift along a line 
length t , and is given by 

(4) 

a series inductance plus the terminating 
impedance. 

We can also write (2) as 

_  (32 

 +  
and if the inequality 

1L 

with  -132 (--.1432 
then (5) becomes 

V  * ±  C, 2 

a shunt capacitance across 
impedance. 

For a coaxial line 

C zoy 

holds 

(5) 

(6) 

(7) 

the terminating 

henrys per cm 

farads per cm 

So from (4) and (8), 
of a short length of 

and from (7) and (9) 

Zoc V 

The development of (4) and (7) estanlishee 
the design parameters for the short-line 

the inductance, 
line 

(8) 

(9) 

-e- (12) 

Values of 19E  40 ° for inductive 
lengths and -e.c.  20° for capacitive 
lengths have been found practical for 

powcr filters. -el_ bein t-; FTeater 
than -0 -c. , the first spurious pase-cand 
is generally due to -et. and has a width 
which is approximately equal to(0-54 V-k  . 
The peak of the pass-band, though , i 
extremely sharp, end the "width', as 
defined here, represents points in the 
spurious pass-band where considerable 
attenuation- still exists. 

The discontinuity susceptance present 
at the impedance transition where the 
short-line elements of the low-pass filter 
are joingd together has been thoroughly 
analyzed°.  The discontinuity is a shunt 
capacitance and for low-pass filters can 
conveniently be lumped into the capaci-
tance section, the necessary modification 
of which is given ,by2 

--=  a.AcliZrt Etic.". Q-s. 

where 

Bczod 

5fc.DC  io-5  

the corrected phase angle 
outer diameter in inches 

= cutoff frequency in megacycles 
= uuf/cm (as per reference #6) 

t13) 

(14) 

With equations 10 through 14 as a 
(10)  point of departure, the design of a 

composite low-pass filter can be 
attempted. 

Specifications for Filters Used on Tele-
vision Transmitters 

(11) 
On the basis of measurements made on 

a large number of visual and aural trans-
mitters7 and in view of possible tighten-
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ing of future F.C.C. specifications on 
spurious radiation, realistic minimum 
values of harmonic attenuation by the 
spurious emission filter would seem to 
be 

2nd harmonic - 55 db 
3rd harmonic - 45 db 
4th harmonic - 40 db 
5th harmonic - 20 db 
6th and higher - usually very little. 

This would provide a system level of at 
least -80 db on all harmonics.  To mini-
mize pass-band insertion loss and effect 
on transmitter loading, the filter VSWR 
throughout the operating channel should 
be a maximum of 1.1.  The heat rise of 
the filter while passing its maximum 
rated power should be consistent with 
transmission line specifications. 

VHF 25 KW Filters  

The required decreasing attenuation 
levels for successive harmonics as out-
lined in the previous paragraph and the 
1.1 VSWR specification suggests the use 
of m-derived sections.  If m = .6 termi-
nating half sections are employed, the 
image impedance of a conventional low-
pass ladder filter will be within 5% of 
its Oagacteristic impedance up to 

°.  The VHF television low-band 
(54-88 mc) consequently is conveniently9 
handled by two low-pass filters, channels 
2, 3, 4 and channels 5, 6 both of which 
will supply the required harmonic attenu-
ation with a minimum of sections.  For 
the VHF television high-band, a single 
filter suffices for channels 7-13. 

The first filter discussed is the 
channel 2, 3, 4 unit which is required 
to pass a peak power of 25 KW.  The 
lumped element values ere calculated by 
the image parameter method.  A cutoff 
frequency of 100 mc is chosen because the 
stop-band attenuation is met simply and 
the 80% pass-band includes channel 4. 
(Figure 1) 

As the first step in the transfor-
mation of the filter to transmission line 
sections  oLis computed from the phase 
angle Ekwhich is arbitrarily chosen to 
position the first spurious pass-band 
conveniently, i.e., somewhere above the 
fourth harmonic region of channel 4.  A 
good starting point is to assume L-1. (the 
largest series inductance)  (Figure 1) 
responsible for the first pass-band, al-
though intuitively it may seem that 
ZL3 will produce a lower frequency pass-
band, particularly if the shunt legL41-C3 
presents a high impedance at or about the 
›yy...  frequency of ZL3  . It just so 
happens that the first pass-band depends 

on  42. ) Z L.3 and L4 -I- C3 , so it is 
necessary in the design of the inductive 
sections to utilize the smallest possible 
phase angles consistent with the power 
requirements.  A let, = .d radians or  46° 
will develop a pass-band at about 390 mcs, 

so initially C. 21 v /0 • /3/2- 1°  /03 

0 L  .1 

A power requirement of 25 KW suggests 
either 3 1/8" or 6 1/8" transmission line. 
3 1/8" line with a 3/8" inner conductor 
produces a 2OL= 125_11- which is greater 
than that arbitrarily calculated, but the 
higher impedance produces a more desirable 
phase angle per section.  Estimation of 
the heat rise of the line section under 
full power is attempted by calculating 
the stable operating temperature of a 
i/8" copper rod in free space.  If use is 
made of the vmpirical thermodynamic 
relationshipi° 

where 

== Lifz t3 
-3-rd/wrz 

B  Tzi 
Li  2 

1/1? -De ce( Es F  

r; cross-sectionai conduction area 
= temperature rise degrees F 

the temperature rise of the 3/8" copper 
rod is computed to be 110 °F. 

The inverse square law of classical 
physics suggests that the temperature 
rise of tne outer conductor is pro-
portional to the rise of the inner 
conductor times the square root of the 
ratio of the radii, which in this 
specific case would oe 38°F. 

If the internal filter sections are 
silver brazed and teflon dielectric is 
used, the computed full power operating 
temperatures indicate that 3 1/8" line 
can be rated at 25 KW for VHF-short-line 
filter construction. 

Referring to the schematic diagram 
of Figure 1, the short-line section 
lengths for 47.. and 2L3  are calculated 
using equation (8) with  oL 
The ffiirrsstt  spurious pass-band due to 2 L3 
is found at 262 mcs. but this depends, 
among other things, on the leg L.4. and C3 
shunting a high impeaance across the 
line, which is not the case at 262 mos. 
The spurious pass-b ane due to L.zis 
calculated at 500 mcs.  The actual first 
spurious pass-band, therefore, should lie 
somewhere between 262 and 500 mcs. since 
it depends on mutual impedance relation-
ships between the various short-line 

(15) 
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sections, and is probably a function of 
i_2 (zL3 L. 2_ )  11 . This being the 

hypothesis, the frequency of the first 
actual pass-band is estimated as being 
346 mos., which is well above the fourth 
harmonic frequency of channel 4. 

The impedance  -,i- oc = -7-gs)-provides 
a satisfactory phase angle for  Cz of 
17°.  This impedance is realized with a 
3 1/5" line of solid teflon dielectric 
and an inner conductor of 2 1/2".  If 
the dielectric, which has a width of 
1/4" is extended another 1/4" at each end 
of the short-line low impedance section 
(Figure 2), a voltage breakdown safety 
factor of 5 to 1 at a 25 KW level is 
obtained12 .  In addition, the fringing 
field at the impedance transition is 
partially in the dielectric, increasing 
the discontinuity susceptance and lower-
ing the value of  (equation 13).  As 
has been p2inted out previously, a low 
value of -0-c is desired,  el being the 
limiting factor on the width of the first 
spurious pass-band.  For this specific 
case e.4 = 13 0, making the pass-band at 
346 ace. aoout 20 mcs. wide.  The com-
posite filter construction can now pro-
ceed.  The legs L,C, and 1-.4 C3 are of 
course realized with coaxial tee sections 
(Figure 3).  The calculation of Ci and C3 
is straightforward, except that in closing 
off tne outer conductor as indicated in 
Figure 3, an additional parallel plate 
capacitance is added.  The latter 
suggests a simple method for compensation 
of the effects of mechanical tolerances 
on the electrical performance of the 
filter.  If the design values of C,  and c 
are purposely constructed somewhat less 
than required, the outer conductor plate 
can oe made adjustable and the filter can 
be "tuned" for minimum VSWR in the usable 
pass-band without appreciably effecting 
the stop-band performance. 

Figure 4 shows the construction of 
the composite filter.  The inner con-
ductor, except at the terminals, is built 
of solid copper.  Use of solid copper in 
the low imped ance sections permits better 
conductivity of heat away from the 3/8" 
rode than would occur if hollow copper 
drums were used.  The thermal conductivity 
of the teflon dielectric is enough to 
afford a good path to the outer conductor. 
Additional cooling is supplied by drilling 
four 1/4" holes radially spaced through 
the length of CL and locating heavy wire 
mesh screens on the outer conductor, 
(Figure 4).  Natural convection currents 
permit the hot air in the filter to 
escape through the center screen to be 
replaced by cooler air drawn in through 
the end screens.  Expansion of the inner 
conductor is allowed along the series 
bullets located near each flange.  The 

flanges are swivel type affording maxi-
mum physical flexibility when mounting 
the unit in the transmission system.  At 
25 KW levels, though, it is necessary 
that the center screen face up to provide 
the maximum effective convection cooling. 

Experimental verification of the 
paper design of the channel 2, 3, 4 
25 KW filter was almost completely 
realized.  Its transmission character-
istics are given in Figure 5 where close 
correlation witn the characteristics of 
Figure 1 are apparent.  The major dis-
crepancy involves the location of the 
first spurious pass-band wnich appears 
26 mcs. lower than calculated.  However, 
it was found that removal of the two 
support beads near the center tee shifted 
the pass-band out to 335 mos.  The support 
beads could not be sufficiently undercut 
cue to the small diameter of the inner 
conduci„or and consequently represent die-
continuities (of no effect in the pass-
band) which tend to "tune" wi th the leg 
L4 C3 in determining the spurious pass-
bend center frequency.  The beads were 
replaced am( the pass-band left at 
20 mcs. since it did not fall on any 
specific harmonic frequency.  The 
spurious pass-band width (Figure 5) is 
about 25 mca. at the 30 db points.  The 
insertion lose at the 5th harmonic 
frequencies of the channel 3 visual and 
aural carriers is about 20 db, whicn is 
adequate.  The target values of 55, 45 
and 40 db for 2nd, 3rd and 4th harmonic 
attenuation, respectively, are met. 

The channel 5, 6 25 KW filter 
(Figure 6) is a replica of the channel 
2, 3, 4 unit, differing only in its 
linear dimensions. 

A single filter serves the VHF high 
band, channel 7-13, at the 25 KW level. 
It duplicates the low-band design except 
that two additional constant-K sections 
are added giving the symmetrical con-
riguration  /10/A 1-2K *yri z {_?ir  ymb, 
and a stop-sand attenuation which is 
literally out of sight,  (Figure 7).  A 
similar stop-band performance could nave 
been achieved on the low-band filters by 
the addition or one or two constant-K 
sections but the filter lengths begin to 
get excessive and a system attenuation of 
80 db does not demand it.  It is not 
inconceivable, however, that some situ-
ation may require, say 120 db system 
attenuation on a specific harmonic.  If 
so, note (Figure 4) that the end section 
of the filter may be removed from the 
main body and as many constant-K sections 
added as desired. 

With reference to heat rise, the 
power tests for the 25 KW filters were 
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performed on the channel 5, 6 prototype. 
It may oe recalled that the calculated 
temperature rise was 110°F for the inner 
conductor.  Experimentally, the inner 
conductor stabilized between 200° and 
225°F with an ambient of 95°F under 
continuous full power operation over a 
period of four hours.  The outer con-
ductor stabilized at 120 °F, which was 
more or less as expected. 

Figure 8.1s a photograph of the 
three 25 KW VHF filters.  These units 
lend themselves readily to production in 
reasonable quantitien without any deteri-
oration in performance.  The mechanical 
tolerances on machined part  n are a strict 
L.002" and on most line lengths L1/64", 
ensuring uniformity of product. 

50 KW VHF High-Band Filter, Channels 7-13  

If operating temperatures similar to 
those observed on the 25 KW filters are 
to be realized at 50 KW, the coaxial line 
diameters should be increased. 

Intuitively, therefore, it is only 
necessary to scale up the 3 1/8" VHF 
high-band filter to 6 1/8", but closer 
investigation reveals that the shunt 
elements of the series m-derived sectionc 
are inconsistent with the larger line 
diameter.  Lowering 7*,,,L_ of the shunt 
sections le an apparent solution, but 
this lowers the frequency of the first 
spurious pass-band objectionably. 

A satisfactory solution can be 
obtained by utilizing shunt m-derlved 
terminating half sections in the symmetri-
cal ladder structure Th/2. -t-- 31‹ rniz,  . 

Figure 10 illustrates the physical 
realization of the shunt m-derived half 
section as used on the 50 KW channel 
7-13 spurious emission filter.  The 
effective impedance of the series leg 
L,C,  (Figure 9) must be duplicated by 
the outer conductor coaxial cavity for 
proper operation of the filter.  The 
correct cavity impedance Z07._ is calcu-
lated as 25 ohms 1J, and its length should 
be  A/44- at 375 mcs.  (the frequency of 
maximum attenuation for the m = .6 
section).  lt is convenient, however, to 
construct the cavity from standard trans-
mission line, 3 1/8" and 6 1/8"; conse-
quently the Zoa _value of 39 ohms is 
obtained, which, it will be seen, is not 
fatal.  Since77.0„ is given as 39 ohms, 
equations  (16) and (17) may be equated 
and tan-e-ie found to equal .685 at 195 
mcs.  This places the quarter-wave 
resonant frequency of the 39 ohm cavity 
at 447 mcs.  If the resonant frequency is 
raised to 490 mcs. and an adjustable 
capacitive slug inserted across the cavity 
mouth (Figure 10), the proper pass-band 

impedance is obtained oy adjusting the 
slug for minimum filter VSWR. Further-
more, the slug has much more effect on 
the cavity resonant frequency than its 
pass-band impedances the result being 
that when minimum pass-band VSWR is 
achieved, the actual resonant frequency 
of the capacitive loaded cavity is 385 
mcs., close enough to 375 mcs.  for 
proper stop-band performance.  Needless 
to say, the slug also provides a con-
venient method for "tuning out" mechani-
cal discrepancies.  The 1" gap at the 
cavity mouth is chosen on the basis of 
arc over requirements. 

In the balance of the channel 7-13 
50 KW filter (Figure 11)  -JFOL. = 125 ohms 
and = 7.8 ohms are again used, except 
that overlapping of the dielectric is 
carried to greater lengths because of the 
higher voltages involved.  Consequgptly, 
calculation of the exact value of tott in 
so difficult that the correct lengths 
of the low impedance sections are finally 
obtained by cut-and-try.  The inner con-
ductor Is constructed of silver plated 
brass, its expansion being allowed along 
the center bullet. 

Furthermore, the inner conductor is 
physically anchored witn the outer con-
ductor at the teflon sleeve of (:z by a 
teflon pin held in place externally with 
a hose clamp.  Additional inner con-
ductor lateral support is supplied by 
anchor insulator bullets at the filter 
terminals.  The brass tuning slug has a 
teflon cup on the end which protrudes 
into the cavity, providing a long arc 
over path. 

The damping filter, shown coupled 
into the 5394-A input cavity (Figure 11) 
is a lumped element high-pass filter with 
a cutoff frequency of 300 mcs., its stop-
band insertion lose in the region 174-216 
mcs. being greater than 40 db.  The 
purpose of the damping filter is to pro-
vide sufficient loading on the line feed-
ing the 5394-A so that the VSWR on har-
monics is restricted to 20 to 1, pre-
cluding the possibility of harmonics 
arcing over the spurious emission filter 
or the input feed line.  The impedance 
of the input cavity being much greater 
on harmonics than in the channel pass-
band, adequate loading is obtained by 
light coupling with no noticeable effect 
on the pass-band VSWR. 

As expected, the stable operating 
temperature of the 50 KW filter under 
full power is approximately the same as 
the full power temperature of the 25 KW 
design. 

Each of the three constant-K sections 
is convection cooled by perforating the 

34 



outer conductor (Figure 11).  The first 
spurious pass-band appears 200 mc. lower 
tnan calculated, but not low enough to 
cause trouble.  This discrepancy apparent-
ly has to do with the height of the 
capacitive sections and is discussed in 
the section on UHF filters.  The pass-
belie. peak is over 10 db down which may be 
due to moding inside the filter proper. 

UHF illters  

The 50 KW design is applicable to 
the UHF.  Three filters, having a power 
rating of 12.5 KW and respective cutoff 
frequencies of 800, 1000 and 11;0 cover 
the seventy channel UHF television band. 
Due to its lower power rating, the UHF 
filter (Figure 12) becomes physically 
quite simple.  The only variations from 
the 50 KW design lie in the closer 
approximated outer conductor cavity 
impedances and the 12.5 ohm:Zoe _.  With 
reference to the latter, the higher 
impedance was originally chosen to give 
the capacitive short-line sections 
additional length since the major part of 
the calculated cepacity at 7.8 ohms was 
supplied by the impedance discontinuity. 
However, an additional spurious pass-band 
relatively close to the cutoff frequency 
has been observed on these filters which 
is hypothetically a function of the 
physical height of the capacitance short-
line section.  If the section is viewed 
as a foreshortened quarter-wave stub 
support on a high impedance line, the 
attenuation of the composite filter will 
depend only on its series elements at 
the resonant frequency of the stub 
supports, and when impedance relation-
ships are optimum throughout the filter, 
a spurious pass-band of low attenuation 
exlets.  This hypothesis has been 
experimentally verified by changing the 
impedance of the capacitance sections 
with a resultant shift in the spurious 
pass-band center frequency.  Like the 
pass-band due to the inductive lengths, 
this additional pass-band is extremely 
sharp at the peak and narrow at the base. 
On the 1000 mc. cutoff filter which 
operates on channels 37-55, the peak of 
the additional pass-band was observed at 
1725 mcs. at an attenuation level of 25 
db, disrupting an otherwise 60 db stop-
cand extending from 1250 to over 3000 mcs. 
The channel 60-83 filter, J  = 1190 has a 

db peak at 1825 mcs.  oth filters use 
Zot = 12.5 ohms and, fortunately, the 
pass-band being discussed lies between 
the second and third harmonic regions of 
the respective operating channels of the 
filters.  A reversion to 7.8 ohms was 
necessary on the channel 14-36 filter 
fc = 800 mc.) to shift the 25 db 

spurious pass-band from 1650 mcs.  (12.5 
ohms) to 1375 glee., just oelow the third 

harmonic of channel 14. 

The channel 14-36 filter passed 15 
KW of peak power continuously for four 
hours with a resultant outer conductor 
heat rise of only 250F. 

Insertion of the Filter in the 
Transmission System   

There are some theoretical and 
empirical considerrtions concerning the 
insertien of a spurious emission filter 
into the television transmission system 
which it is worth while to discuss.  A 
filter with a VSW.R e. 1.1 will contribute 
little to the VSWR of the system in the 
operating channel of the transmitter 
(the maximum possible system VSWR being 
equal to the product of the VSWR's of all 
the components in the system.  Theoreti-
cally, therefore, the filter can oe 
inserted anywhere in the transmission 
system.  In practice, location of the 
filter directly at or close to the trans-
mitter output terminals provides two 
obvious advantages:  (a) the filter need 
not be pressurized, a distinct mechanical 
design economy, thus natural convection 
cooling replaces costly blowers and 
associated interlocks;  (b) adverse effect 
of htgn harmonic VSWR on transmitter test 
equipment and indicators is more con-
veniently eliminated.  With reference to 
the latter, if a filter is in the system, 
non-frequency sensitive devices sucn as 
envelope detectors, diode demodulators, 
broad-band directional couplers are likely 
to produce erroneous information about 
the channel pass-band.  This has been 
traced to the presence of high harmonic 
VSWR on the transmission line into which 
the devices were coupled.  Consequently, 
the coupling probes of such devices shotud 
succeed rather than precede the filter, 
and this is most easily accomplished 
when the filter is physically close to 
the transmitter. 

The behavior of the filter in the 
stop-band can be computed or measured. 
Initially the attenuation is probably 
calculated utilizing the attenuation 
function which depends only on the type 
and number of sections in the composite 
filter.  Secondly, the filter insertion 
loss is measured in the laboratory by 
the substitution method using real fixed 
source and terminating impedances.  If 
the filter is non-dissipative and perfect-
ly designed, the two methods should not 
be at variance by more than 6 db14 . When 
the filter is inserted in the television 
transmission system, it is the system 
loss rather than the filter loss which 
must oe considered since the nature of 
the terminating impedance on the filter 
le nebulous.  This situation has been 
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analyzed3. 

The analysis shows that under 
certain conditions it is possible for the 
filter to become completely transparent, 
in which case the total power generated 
by the transmitter is deliverea to the 
load.  This occurs when the ratio of the 
VSWR's at the filter input and output is 
unity.  On the other hand, it is pointed 
out that the equal VSWR's may produce a 
db system lose twice that of the 
filter15.  The case of filter transparency 
seems to be a gloomy one at first glance, 
but mathematical probability and the 
basis of the analysis on non-dissipative 
network shows that nature is witn us. 
The practical television transmission 
system is of course, not non-dissipative. 
Consiaer the hypothetical case of total 
transparency on a typical installation 
where the transmission line run to the 
antenna will usually be about 400 feet of 
3 1/8" line. 

The filter reflection coefficient is 
no less than .999 for frequencies at 
which the attenuation of the filter is 
40 db or more2. For transparency the 
load reflection coefficient is also .999. 
The magnitude of the voltage insertion 
ratio is given bylb 

Egi e °4 Islit ER  xi I — Kg Ka e   
- KR KG 
-4-

.5‹ =  .384 x 10  nepera/ft. for a 
j 1/8" 50 Ja- air dielectric copper 
coaxial line at 50 mos. 

X  = 400 ft. 

T—  

t4c$4 =  = .999 

iron which 

I'  o41.0 

E a .Q 0 1 

an insertion loss of 32 db.  The key 
factor in equation (18) is e -lr  upon 
whion the insertion loss of the system 
depends. 

where 

- 40 

As the transmission line separating 
the filter from the antenna reduces in 
length, the possibility of low system 
harmonic attenuation increases.  On the 
other hand, the mathematical probability 
/or total transparency tends toward zero. 
In fact, the probability that the filter 
transmission loss will decrease by as 
much as 6 db is only .25.  All of which 
seems to indicate that large decreases in 
system harmonic attenuation are not 

generally likely but that it is probably 
worth while to consider in some specific 
cases. 

Of course, the real danger resulting 
from high VSWR is that a few watts of 
harmonic power may be sufficient to arc 
over the line or the filter.  This 
phenomenon has been observed on 50 KW 
transmitters where 3 1/d" line is commonly 
used for snort runs inside the transmitter 
room, but it snould be noted that the 
observed arc overs occurred only on full 
power stopping and starting transients, 
not under steady operation.  As previously 
mentioned, the damping filter used on the 
5394—A is designed to eliminate the 
possibility of arc over by restricting 
the VSWR on the input line due to the 
filter in the harmonic region. 
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ELECTRONICALLY CONTROLLED AUDIO FILTERS* 

I. O. Dolan/Ad 

Northeastern University, Electronics Research Project 
Boston, Massachusetts 

Summary 

The use of filters whose cutoff character-
istics are controllable by electronic means is 
often desirable in problems dealing with audio 
signals.  Based on the recent work on fixed RC 
active filters by J. G. Linvi fl, variable active 
low-pass and high-pass filters have been devel-
oped using transistor negative impedance con-
verters. 

The design theory of such filters is sum-
marized and measured characteristics and other 
experimental results are presented.  An appli-
cation, in which the cutoff characteristics are 
controlled by the incoming audio signal for use 
in fo ment tracking, will be described and ex-
peri mental results given. 

Introduction  

In certain problems dealing with audio sig-
nals**  it is desirable to use filters whose cut-
off characteristics are continuously variable in 
accordance with an applied voltage or current 
signal, preferably with a minimum of delay.  The 
requirement of variable cutoff characteristics 
implies (a) that some of the filter co mponents 
can be varied almost instantaneously by means of 
a suitable control signal, (b) that such a con-
trol signal can be obtained.  The control signal 
may either be related to some property of the 
incoming audio signal, or it may be generated by 
independent means. 

In the application considered a low-pass and 
high-pass filter were required, both having cut-
off frequencies continuously variable between 
200 and 1000 cps. 

Theoretical Considerations  

The filter design adopted was based on the 
recent 'fork on fixed RC active filters by J. G. 

In this design a negative-impedance 
converter is used in addition to passive elements; 
however, the magnitude of the reactive filter 
elements used here can be varied by electronic 
means: so that electronically variable filter cut-
off frequencies are obtained. 

* This work was performed under Contract AF19 
(604)-1039 with the Air Force Cambridge Research 
'Center of the Air Research and Develop ment 
Command. 

** e.g. formant tracking in speech analysis. 

The block diagram of either the low-pass or 
the high-pass filter constructed is shown in Fig. 
1.  The transfer function of the entire filter in 
terms of the open circuit driving-point and trans-
fer impedances of the individual networks can be 
shown to be equal to 
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Fig. 1.  Block Diagram of HP or LP Filter. 

Ea 
H(s) a 4 1 1 

12=0  1 1 12=0 

-1 

[
-1   4 (zil)b  (z2z)a  1 

(2,12)41  (Z12)1)  (7,12)a . (Z2.2)t] 

(212)a (71.2)1)  

(Z22)a.( 511)12 

(I) 

H(s) will be a ratio of two polynomials and can be 
written 

EL . H(8) 0 I) e  (2 ) 
D(8)   

In order to synthesize H(s) by means of RC 
and RL networks only, it is convenient to divide 
both N(s) and D(s) by 

W O  (s -(3- )(s -0- 2) ••• (s - ah)  0) 

where a -1,  cr  ... Cr-a represent the poles of 

(z22 )a and (Z11)13. 

The denominator of H(s) becomes 

DI(s)  D(s) (4) 

11. (s - G̀i.) 
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I 

n + E   • (z22)a - (zii)b s kb  s 

while the numerator is equal to 

N(s)   
NI(s)  n ( 1z) a( 12) b • 

-rr (13 -6.1) 
1.1 

(5) 

If in eq. 4 the positive k's are associated 
with (z22 )a and the negative ones with (zil )b, the 
networks a and b can be synthesized, e.g. by 
Cauerts continued fraction expansion.  The negar-
tive sign before (z11 )13 is supplied by the negar-
tive-impedance converter. 

Low-Pass Filter 

The desired low-pass filter characteristic is 
of the Butterworth type (n  3), so that, in nor-
malized form, 

H(s) n 
(s  1)(52 + s + 1) 

The distribution of the poles of H(s) is shown in 
Fig. 2. 

I tw 

10 866 

o 

-j0.866 

Fig. 2.  Pole Pattern for Butterworth 
LP Filter. 

(6) 

A considerable freedom of choice exists about the 
location of the  In the present design, 

-0.3, C-2  - 1.05 and  3 sp - 1.5 have been 
chosen.  The circuit element values, after scal-
ing to a suitable frequency and impedance level, 
are given in Fig. 3.  As indicated in the diag ms 
three electronically controllable capacitors are 
used in the filter.  The negative-impedance con-
verter simulates at its input terminals the nega-
tive of the physical impedance connected across 
its output terminals, which in this case is com-
posed of a 1300-ohm resistor and a capacitor 
whose value varies between 0.08047 and 0.4023 µf. 

Negative Impedance Converter 

The requirements which the negative imped-
ance converter must meet exceed the possibilities 
of a combination of passive elements alone.  The 
converter must therefore contain active elements 
as well.  As indicated by Fig. 4, two transistors 

Fig. 3. Simplified Circuit Diagram of Electroni-
cally Controllable LP Filter. 

REYSTANCE IN NILOHNIS 
CAPACITANCE IN 

Fig. 4.  Transistor Negative-impedance 
Converter. 

are included in the negative-impedance-converter 
circuit.  When ZL is connected to the output 
terminals, the apparent input impedance ELI is 
approximately equal to -Z L. Since this circuit 
differs only in minor details from the original 
design described by J. G. Linvilll, a detailed 
description of its operation will be omitted 
here.  Figure 5 represents the values of the in-
put impedance magnitude  IZI  and phase angle 
for a purely resistive EL  1.02 kohm.  It is seen 
that  IZ I is substantially constant for 200 cps 

f < 20 kc, and increases rapidly for frequen-
cies lower than 200 cps.  The phase varies from 
-10.5° to +12.5° for 100 cps < f < 10 kc. 

Variable C Circuit  

In the electronically controllable low-pass 
filter three electronically controllable capaci-
tors are required.  A three-tube circuit, whose 
apparent input capacitance can be varied by means 
of a varying dc voltage, has been designed.  The 
operation, which is based on the so-called Miller 
effect, can be explained by means of the simpli-
fied circuit shown in Fig. 6. 

Assuming that the loading of the plate 
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Fig. 6. Principle of Operation of Electronically 
Variable Capacitor. 

circuit by C2 is negligible, the input current 

I = [juel + jwC2(1 + A)] E,  (7) 

where 

A 10 stage amplification . 

Thus the input admittance 

Y = I/E = jw[Ci Ca( 1 A)] 

= jai0eq , 

if A is a real nurber. 

The equivalent input capacitance 

C q = Cl + C2(1 + A) e 

can be varied if the stage gain is varied, for 
example by varying the gri of the tube. 

(8) 

( ) 

In the present application, fairly large 
values of Ceal  are required which means that large 
gridp-t rplate capacitors must be used.  This 

causes the stage gain to become complex, so that 
the input impedance has a resistive component as 
well.  The loading of the plate circuit by C2 is 
not negligible.  To remove this excessive load-
ing of the plate circuit, a cathode follower has 
been inserted between the plate load resistor and 
Cy. 

The complete variable-capacitor circuit is 
shown in Fig. 7.  The heart of the circuit is a 

NOTE RESISTANCE IN  OHMS 

CAPACITANCE IN )1 

12AUT 

• 500 v 

•• • ISO v 

ec 
(FROM 

CONTROL CRT} 

C „ 

V3  /1 0390 

/2  0608 

Al3 0169 

Fig. 7. Circuit Diagram of Electronically 
Controllable Capacitors. 

type 6B8 variable-gm tube (V2).  The gain of this 
stage varies according to the variations in the 
grid-to-cathode voltage.  These variations are 
achieved by controlling the de input to V3.  The 
first stage (V1) represents the isolation cathode 
follower mentioned before.  The variable capaci-
tor Vappears between the terminals a and b.  For 
each of the three variable capacitors used in the 
low-pass filter a different value of C g p  must be 
used, as indicated in the table of Fig. 7. Other-
wise the three circuits are identical. 

Tracking of the Electronically Controllable Ca-
pacitors  

Each of the controllable capacitors should be 
capable of a 5:1 variation in apparent capacitance, 
corresponding to the 5:1 variation in filter cut-
off frequency.  Moreover, the sere increment in 
control voltage eo should vary the capacitance 
values by the same ratio for all three capacitors. 
The measured values of apparent input capacitances 

02, 03 are shown in Fig. 8. The ratios of the 
capacitance values vary over the following ranges: 

ratio  desired value  measured value 
(for 200 cps <, f < 1000 cps) 

0.445 
4.73 
2.11 

0.443 - 0.516 
4.40 - 4.70 
2.00  - 2.42 

Experimental Circuit  

A circuit diagram of the entire electroni-
cally controllable 1 -pass filter is presented 
in Fig. 9.  A cathode-follower circuit (V1) is 
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included to provide the proper impedance for the 
low-impedance input of the filter; it also pre-
vents any disturbing loading of the preceding 

.4 

1 

4 

• Ito  le 

Fig. 8. Variation of 01, 112 and 03 vs. Control 
Voltage ecs. 

850-cps LP filter.  Tubes V2 through V10  repre-
sent the three controllable capacitors while the 
filter resistors are shown before and after the 
negative-impedance converter. 

High-Pass Filters  

Low-Pass-High-Pass Transformation 

If in the original low-pass filter expres-

It 

FROM 2 
850 cps 
LP FILTER 047 

L-vk  

NOTE  ALL RESISTORS IN KONMS AND ALL CAPACITORS mi., 

Fig. 9.  Electronically Controlled LP Filter. 

I2AT7 

VI 

12AT 

2 I 

sions, given in equation 6, s is replaced by us, 
a high pass filter with the same cutoff frequency 
is obtained.  The impedances which replace the 
variable ca acitors must vary in proportion to s 

instead of  as was required in the low-pass 

case.  Thus an electronically controllable induc-
tor is needed in the high-pass filter.  A suit-
able unit has recently been manufactured by CGS 
Laboratories under the name "Increductorn. 

Driving Circuit for nIncreductorn  

The nIncreductorn is a saturable inductor 
and its inductance depends upon the degree of 
magnetic saturation of the core, which in turn 
depends upon the magnitudes of two currents in 
two available control windings.  While a control 
voltage source was necessary to achieve the 
desired variations of the capacitors in the low-
pass case, a suitable current source had to be 
designed to vary the variable inductors over the 
desired range in the high-pass case.  It was 
desired, however, to start with the same origi-
nal control signal for both filters.  Hence a 
circuit for transform ing variations of voltage 
into variations of a current source has been 
designed, as shown in Fig. 10.  The control 
voltage in this circuit is fed into the 6AG7 
pentode which represents an approximate current 
source. 
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Fig. 10.  Control Circuit for Electronically 
Controlled HP Filter. 

Tracki u of the Electronically Controllable Induc-
tors 

As in the case of the electronically control-
lable capacitors, the inductors should change by 
the sare ratio for a given change in control sig-
nal.  This is achieved by connecting all the main 
control windings of all increductors in series and 
bypassing each of them by a suitable resistor so 
that only the desired fraction of the total vary-
ing control current passes through the winding. 
If a constant difference in magnetization between 
any two Increductors is desired, this can be 
achieved by means of the second control winding, 
usually called "bias" winding, which is connected 
to 4-300v through a suitable resistor. 

The measured variation of the electronically 
controllable inductors is given in Fig. 114 

Sh 

0 6 -0  -Mr 

Fig. 11. Variation of A, 4  and 4 vs. Control 
Voltage eb. 

Because of the large control-winding inductance 
and comparatively small parallel resistance, the 
tire constant of the control circuit is  somewhat 
excessive.  It is believed that this drawback can 
be minimized by using a separate control pentode 
for each Increductor and by reducing the total 
control current, rather than by passing a part of 

it through the parallel resistor.  Another diffi-
culty encountered with the use of Increductors is 
a certain amount of hysteresis.  Both these 
effects will be demonstrated presently by means 
of dynamic-behavior oscillograms, representing the 
output signals of the filters. 

Experimental Circuit  

Figure 12 represents the electronically con-
trollable high-pass filter, without the control 
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Fig. 12. Electronically Controlled HP Filter. 

circuit which has already been shown in Fig. 10. 
As in the case of the low-pass filter, two of the 
variable reactances are before, one behind the 
negative-impedance converter.  In order to secure 
more favorable conditions with respect to hyster-
esis and Q, 1,2  is composed of two Increductors 
Lia and Lib.  In this way it is possible to oper-
ate all Increductors nearer to their optimum 
ranges. 

Experimental Results  

Low-Pass Filter  

A family of curves representing the sinu-
soidal steady-state response of the low-pass fil-
ter for various values of the control voltage eo 
is given in Fig. 13. 

The attenuation in the stop-band is at a rate 
of about 17 db/octave.  The theoretically expected 
value is 18 db/octave.  Once the attenuation of 
35 db is reached, the response remains below this 
value for all higher frequencies. The residual out. 
put at these higher frequencies seems to be most-
ly due to high-frequency noise generated by the 
transistor-negative-impedance circuit, with a 
smaller component due to 60 cps hum.  A larger 
input signal will increase the difference between 
the pass-band and stop-band response, but at the 
same time a distortion of the sinusoidal output 
is observed. 

Figure 14A represents the output of the low-
pass filter for three values of the control volt-
age, corresponding to three cutoff frequencies - 
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Fig. 13. Resionse of Electronically Controlled 
LP Filter for Various Values of Control Voltage ec 

200 cps, 500 cps and 1000 cps - when the frequen-
cy of a constant-magnitude signal sweeps between 
100 and 1500 cps.  In Fig. 14B the input-signal 
frequency is fixed but the control voltage varies 
sinusoidally at various rates.  In Figs. 15A and 
B the control signal varies in a saw-tooth and 
square-wave fashion, respectively, the remaining 
conditions being the same as in the preceding 
figure. 

High-Pass Filter 

A family of measured response curves of the 
electronically controllable high-pass filter is 
given in Fig. 16.  It is seen that the desired 
5:1 variation in cutoff frequency can be achieved, 
and the filter attenuates at a rate of about 16 
db/octave, with a stop-band attenuation of 45 db 
or more. 

The response for a constant-magnitude sweep-
ing-frequency input signal is demonstrated by 
Fig. 17A, again for three fixed values of the 
control signal corresponding to three cutoff 
frequencies.  The response of the filter in the 
case of a constant sinusoidal signal, with the 
control voltage varying in a square-wave fashion, 
is shown in Fig. 17B.  Although the control 
voltage assumes the new value almost instanta-
neously, the output reaches the new steady-state 
response only after considerable delay. 

Figure 18 represents the output of the filter 
when the control voltage is varied very slowly in 
a triangular fashion, so that the sluggishness of 
the control circuit is minimized.  This oscillo-
gram is indicative of the effect of tysteresis 
upon the filter response.  Variations of up to 
about ID percent of the total inductance value 
have been observed when the Increductor was sub-
jected to the maximum control-current variation, 
required for the 5:1 change in inductance. 

Application to Formant Tracking  

In speech analysis, it is often desirable to 
obtain automatically an approximate indication of 
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15A.(left) fs = 500 cps, saw-tooth control 
voltage, fL.m. .., 5 Cps (a). 10 cps (b). 17 C106  (C). 
15B. (right) fs ... 500 cps, square-wave control 
voltage, fn . 10 cps (a), 5 cps (b), 20 cps (c). 

Figs. 14 & 15. Filter Output for Varying 
Input Signal Frequency and Control Voltage. 

the values of forman e freql.ency.  The block dia-
gram of Fig. 19 represents a sche me for the 

* The short-tine power spectrum of most speech 
sounds has several broad peaks along the frequen-
cy axis; these concentrations of sound power are 
sometimes called fornants.  The forgant frequen-
cy indicates their approximate location on the 
frequency axis. 
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Fig. 16. Response Curves of Electronically 
Controlled HP Filter for Various Vallies 

of Input Frequency. 
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B. (right) 
fs m. 300 cps  es=2v rro 
es E. -8.8v d.c. plus square 

wave 107 peak to peak 
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Fig. 17. Dynamic Response Characteristics 
of Electronically Controllable High-

Pans Filter. 

Fig. 18. Hysteresis Display, )weep 
Rate 0.33 cps, Triangular Vari-
ation of ec Between 3.6v and 16v. 

separation of the forrants.  An 850 cps LP filter 
eliminates that part of the power spectrum which, 
as a rule, does not contain the first formant. 
The density of zero-crossings of the remaining 
signal is converted into a voltage signal which 
controls the cutoff frequencies of a low-pass and 
a high-pass filter.  The output of the low-pass 
filter should contain essentially only the first 
forrant and a voltage proportional to the first 
forrant frequency should appear at Fl. Similarly, 
the output of the high-pass filter should contain 
the second and possibly higher fornants. 

SPEECH 
INPUT 

PILOT 

CHANNEL 

0-850 
CpS 

__...1 0-3400 
cps 

DENSITY OF 

ZERO 

CROSSINGS 

MAIN 

CHANNEL 

CONTROLLING 

/  SIGNAL 

LP 

ELECTRONICALLY 
CONTROLLABLE 

FILTERS 

HP e. - -.- F2 

Fig. 19. A Scheme fcr Forrant Tracking. 

As an example of the performance of the 
electronically controllable low-pass filter, 
sound spectrograms of the sound sequence i-E-a-o 
-u are shown in Fig. 20. 
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1.-4011111iu mft_ 
Fig. 20. Sonagrams for i-E-a-o-u.  (A) wide band, 
no filter, (B) wide band, variable LP filter. 

Note:  The Sona graph was set on HS (high shaping). 

In these spectrograms, the formants are rep-
resented as dark bars whose vertical position, 
corresponding to frequency, varies with time. 
Fig. 20A represents the sound before filtering, 
while Fig. 20B shows the spectrogram after the 
sound sequence has been filtered through the 
electronically controllable low-pass filter. It 
is seen that the separation of the first forrant 
is accomplished reasonably well even if the second 
forrant is very close to the first forrant, as for 
example for o and u. 



In Fig. 21 the behavior of the electronically 
controllable high-pees filter is indicated by 

outoff region in to be expected because of the 
lower Q of the Increductors under such conditions. 

A 

Fig. 21. Filtered (li) and Unfilter-
ed (B) Sa mples of the Sound "i". 

mane of the oscillograms of the filtered and un-
filtered sound Hi". It is seen that the lower 
frequency components have been attenuated con-
siderably, although for the given purpose more 
attenuation would be desirable. 

Conclunions and Limitations  

In view of the investigations which have been 
reported in this paper, and subject to the limi-
tations listed below, the following conclus ions 
can be made: 

1. The performance of the constructed elec-
tronically controllable loo-pass and high-pans 
filters have been found to be close to the 
expected behavior in the pass-band and in the 
cutoff region. 

2. A suitable voltage source is needed for 
the control of the cutoff frequency of the low-
pass filter. 

3. A current source is needed for the con-
trol of the cutoff frequency of the high-pass 
filter. 

4. The 5:1 range of the cutoff frequency is 
close to the maximum value which can be achieved 
with the present low-pars filter. 

5. In the cane of the high-pass filter, the 
range of the cutoff frequency is presently 
limited by the maximum current of the controlling 
pentode.  However, if a larger current source 
were used, a deterioration of the slope in the 

6. In the stop-band the response is at least 
35 db below the maximum response for the low-p ans 
filter and about 45 db for the high-pane filter. 
A larger attenuation would be desirable, parti-
cularly in the km-pass case.  The residual Big - 
nal seems to be predominantly high- frequency 
noise, with a smaller hum component. 

7. At present, the transistor-negative-
impedance converter is the limiting factor for 
maximum signal size without distortion.  However, 
the limitations imposed by the variable reactance 
elements are only slightly above the limitations 
of the transistor circuit. 

8. Hysteresis causes the apparent inductance 
of the saturable inductors to vary by about 10 
percent, for the same value of the control cur-
rent. 
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DISTORTION IN CLASS B TRANSISTOR AMPLIFIERS 
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Abstract 

An experimental investigation has been made 
of distortion in Class B amplifiers using 50 M 
watt junction transistors.  Qualitative explana-
tions are given for the results which show that 
distortion depends largely on 1) source impedance; 
2) emitter bias; 3) signal current amplitude; and 
in grounded emitter stages, 4) transistor balance. 
Correct design will depend on the proper compro-
mise between distortion, gain, and standby power 

drain. 

Introduction  

This article will deal only with distortion 
in low power drain Class B, grounded base and 
grounded emitter, junction transistor amplifiers. 
Grounded collector amplifiers will not be mention-
ed as they do not exhibit the type of distortion 
studied here, even though they are quite important 
Space does not permit discussion of bias stability 
which may also be an important problem. 

Feedback as a method of distortion reduction 
will not be considered since it too is a topic in 
itself.  It may be said, however, that feedback is 
not the best cure for distortion here.  As will be 
shown, distortion in the range of 25% can be re-
duced to less than 5% with proper circuit design. 
Such a reduction might be difficult to obtain with 
feedback due to the low power gain of the output 
stage, and the necessity of feeding back around 
not only the output transformer but also around de 
usual transformer at the input to the Class B 
stage.  Both these transformers will normally be 
designed for small size, and will have corres-
pondingly poor amplitude and phase characterisdcs. 
Thus, only small amounts of local feedback are 
likely to be found in these amplifiers. 

Grounded Base, Class B (Fig. 6) 

Two facts stand out:  1.  All the results 
to be shown vary remarkably little from transis-
tor to transistor, even for those of different 
manufacture.  The various curves shown invariably 
exhibit the same form.  2.  Distortion is almost 
entirely due to nonlinearity of the emitter cir-
cuit, due to the fact that emitter resistance re 
varies inversely with emitter current. 

This article is based in part on work done at 
the Microwave hesearch Institute under Signal 
Corps Engineering Labs Contract DA-36-039 sc-

42525. 

Figure 1 shows oscilloscope photos of 
typical Class B distortion.  The output current 
waveform at the top of Figure 1 results from the 
emitter current vs emitter voltage characteristic 
shown below it, for a pair of push-pull transis-
tors with no emitter bias. Each emitter is seen 
to effectively conduct less than half the time due 
to the very high emitter input resistance in the 

low current region. 

This may be remedied by a small emitter vol-

tage bias in the forward direction, or by attempt-
ing to feed from a high impedance source.  With a 
current source there would be no distortion since 
the input current would be independent of the non-

linear input impedance. 

Source Impedance  

Figure 2-shows collector current waveforms 
with a 252 and a 10002 source impedance.  It can 
be seen that there is considerably less distor-
tion with the latter, although it still has a 
noticeable notch, indicating higher harmonic dis-

tortion. 

Figure 3 shows the maximum 3rd harmonic dis-
tortion vs source impedance, with no emitter bias. 
The "maximum" refers to the fact that distortion 
varies also with signal level, and that the points 
of Figure 3 correspond to the peak of Figure 7. 

Figure 3 shows that low distortion may be 
obtained by using a high source impedance. The 
trouble with using this method of reducing dis-
tortion is that a high source impedance gives low 
power gain.  The low distortion that may be ob-
tained this way shows that there is little or no 
distortion introduced by the fall off of alpha at 

very low currents. 

Emitter Bias  

Figure 4 shows scope photos of collector 
current waveforms with a little emitter bias, and 
without.  Also shown are the two separate collec-
tor current waveforms, proving that even with bias 
each is still conducting essentially 50% of the 
time.  It is surprising that such a large improve-
ment may be made with only a small bias. 

Figure 5 shows the dependence of third har-
monic distortion on emitter bias. Bias is mea-
sured by measuring the DC collector current, lc, 
which flows in the collector as a result of emit-
ter bias.  Ic is a handier parameter to use than 
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emitter voltage.  It is more easily measured than 
Ve and more important since it is a measure of 
standby power drain.  Also, for a good transistor 
Ic is practically independent of collector voltage 
and is roughly proportional to Ve. 

The curve of figure 5 was taken at a con-
stant (and fairly low) source impedance.  The fact 
that this curve is of maximum distortion refers to 
dependence on signal level.  The points correspond 
to the peaks of figure 9. 

The top point on the curve is with no emit-
ter bias, and 16 microamps DC flows in the collec-
tor.  This curve shows clearly that as the emitter 
bias is increased the distortion decreases.  With 
100µA flowing in the collector, which gives very 
little standby power drain, distortion is fairly 
low.  This corresponds roughly to a 0.1-volt emit-
ter to base bias. 

Figure 6 shows how the emitter bias is ob-
tained from a divider across a 1.5-volt battery. 
The bias is developed across a low impedance, here 
622, in an attempt to obtain a constant voltage 
bias.  Since the full-wave rectified signal cur-
rent flows through the 622, same bias in the wrong 
direction is developed which offsets the applied 
bias.  The divider may be bypassed by a capacitor 

to give better AC gain, but since the DC component 
still flows through the 622 the resistance level 
must be kept low. 

In these tests no C was used, and the varia-
ble resistor R was on the order of 1 K2 for 100µA 
DC flowing in the collectors.  The corresponding 
emitter bias at room temperature is on the order 
of 0.1 volt.  (The 622 must be counted in the 
source impedance when unbypassed.) 

Signal Current 

Another important variable that distortion 
depends on is the size of the AC emitter current 
swing.  Here collector current swing is measured 
because it is easier to measure than emitter cur-
rent swing and also is equal to the emitter cur-
rent swing for all practical purposes. 

Figure 7 shows odd harmonic distortion as a 
function of the peak collector current swing in a 
Class B grounded base amplifier, with no emitter 
bias, and with a constant source impedance.  It 
is seen that the 3rd harmonic predominates here, 
and may be very large. 

The dependence of distortion on output cur-
rent swing is at first surprising but is easily 
explained.  Note that: 

1) Distortion is very low for low AC current 
swings; 

2) It reaches a large peak for slightly lar-
ger current swings; and 

3) It drops off steadily for large current 
swings. 
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The explanation is this: 

1) In the region of low AC current swing, 
the operation is in the region between dotted 
lines shows on the input characteristic in figure 
8a. This portion of the curve is fairly linear, 
even though the input impedance is very high and 
the gain very low.  The presence of a low gain re-
gion for small signals precludes this type of 
operation in most cases, but it can be seen here 
that the distortion should drop off to a low value 
when the input gets into this low current swing 
region. 

2) For slightly larger signals, the current 
swing is half in one region and half in the other, 
and distortion is at its worst.  This corresponds 
to the peak in distortion seen at some fairly 
small value of current swing. 

3) As the signal becomes larger the propor-
tion of the cycle that the signal spends in this 
high input impedance region becomes less and less, 
so on a per cent basis the distortion falls off. 
Fourier analysis based on the broken line charac-
teristic of figure 8b predicts that 3rd harmonic 
distortion will fall off approximately proportion-
ately to the size of the swing.  It is seen that 
this happens. 

Eventually at high current swings distortion 
will begin to rise due to fall off of alpha.  How-
ever, in good 50 MW transistors, and grounded base 
operation, this does not begin to occur until a-
bout 25 to 30 ma collector swing, which is about 
the limit of collector dissipation anyway.  For 
large power transistors this may not hold true, 
but most good 50 MW transistors will show only a 
1% or so rise in distortion at these high collec-
tor swings.  Thus, grounded base amplifiers have 
been operated at around 30 ma peak swing, 100 
microamps or less DC collector current due to 
emitter bias, and 1 to 2% distortion. 

Figure 9 shows a family of curves of 3rd 
harmonic distortion vs AC collector current swing. 
The DC collector current is taken as the parameter 
here. 

The top curve, with 13 microamps flowing in 
the collector is for no emitter bias.  As the 
emitter bias is increased and more DC collector 
current flows, the distortion peaks become smaller 
and smaller, and flatten out until with 95 micro-
amps DC flowing the distortion is at a fairly low 
level. 

The remarkable thing here is that such a 
small amount of bias gives such a good reduction 
in distortion.  Note that even for the lowest dis-
tortion shown, the standby power drain will be 
negligible since less than 100 microamps flow in 
each collector. 

Figure 10 shows the same amplifier with 
emitter bias such that 95 microamps DC flows in 
the collectors, and here the scale is blown up to 



show how the higher order harmonics come in.  It 
is seen that these also are greatly reduced so the 
third harmonic still predominates, although at 
larger current swings the higher order harmonics 
may become appreciable.  In general, it is seen 
here that distortion is quite small, having been 
reduced from about 20% to about 3% for an increase 
of DC collector current drain of only 80 microamps 

or so. 

Load Impedance  

As might be expected, since there is almost 
no distortion in the grounded base collector 
characteristics, distortion is practically inde-

pendent of load, as Figure 11 shows.  Here the AC 
collector currant swing was kept constant as the 
load was varied.  It is seen that over a wide range 
of loads, distortion remained constant, both with 
and without emitter bias.  Note that with constant 
AC current swing, power output here varies direct-

ly with load. 

This and the preceding figures point up the 
fact that, for the type of operation described 
here, distortion is practically independent of 

power output, and that it depends instead on out-
put current swing. 

The even harmonics depend almost entirely 
on the unbalance in the transistors, and are pretty 
much independent of current swing.  The 2nd har-
monic was about 1% and the lith about 0.1% in this 
case, both with and without emitter bias. 

For the grounded base connection, both the 
even and odd harmonic distortion is almost com-
pletely independent of frequency for the audio 
frequency range. 

One point that should be made is that all 
the grounded base distortion behavior presented 
here is remarkably constant from transistor to 
transistor, even for transistors from different 
manufacturers.  The magnitude of the distortion 
may change somewhat, but the shape of the curves 
and the dependence on bias and swing does not 
change.  Thus, the general behavior of grounded 
base Class B circuits is quite predictable as far 

as distortion goes. 

Grounded Emitter, Class B (Fig. 12) 

Several facts stand out here:  1.  There is 
an appreciable distortion of the grounded emitter 
collector characteristics, which varies from trans-
sistor to transistor so that distortion is not as 
predictable as for grounded base.  This also means 
that distortion depends somewhat on load, and 
usually increases with power output.  2. There may 
be considerable even order harmonic distortion due 
to unbalance in both phase and amplitude of the 
current gain.  3. Odd harmonic distortion acts 
pretty much like that in gr ounded base, since it 
too is largely a result of nonlinearity in the 
base-emitter circuit.  Thus, 3rd harmonic distor-
tion decreases with increased source impedance. 

As in grounded base it also decreases with in-
creased emitter bias, and with increased current 
swing.  Somewhat larger biases may be necessary, 
however, to get as low a 3rd harmonic as with 

grounded base. 

Source Impedance  

Besides affecting 3rd harmonic distortion, 
source impedance affects even harmonic distortion, 
due to the unbalance in alpha between the two 

transistors. 

Low Impedance Source: If fed from a zero 
impedance voltage source, the voltage gain for 
good high alpha transistors is approximately 

.  RL 
G 

re 

where RL is the load, re the emitter resistance. 
Fourier series analysis shows that the per cent 
2nd harmonic distortion is then approximately 

% D •;, 200X, -0( 2) 

whereoki andal2 are the two current gains.  This 
distortion will be small, and can be balanced out 
by putting an external resistor RE in one emitter, 
where the size of RE necessary for balance is 

RE ; Oa l -0t 2)re approximately. 

This will usually amount to only a few ohms, and 
is put in the emitter of the transistor with the 

high alpha. 

The circuit is shown in Figure 12, and the 
emitter bias is obtained exactly in the same way 

as for grounded base. 

High 
fed from a 
in al shows 
rent gain, 

Impedance Source: If the amplifier is 
current source instead, then unbalance 
as a much larger unbalance in the cur-

• 

If a .., pl - 132 is defined as the unbalance in the 
betas, then the per cent 2nd harmonic is 

• 20fi 
% D 

where p is the average current gain.  This distor-
tion may easily run to 10% or more, since a spread 
of two to one in beta is common for most manufac-
turers. 
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For balance Al 0 p2 which gives 
rA 

RE 77  

which easily may run as high as 10K. 

Thus, as the source impedance increases, 2nd 
harmonic distortion increases from perhaps 1 to 
15% while 3rd harmonic distortion decreases. Caear-
ly there is some optimum source impedance, depend-
ing on the unbalance.  Also, if it is desired to 
balance out the 2nd harmonic with an external emit-
ter resistance, this resistance may have to be in-
creased from a few ohms at low source impedance to 
10K or more at high source impedance.  This latter 
value may be too high to be practical, making bal-
ance impossible for a constant current source. 

Figure 13 shows how both third and fifth 
harmonic distortion fall off with increase in 
source impedance, while second and fourth both 
rise.  The total harmonic distortion curve shows a 
broad optimum from 500 to 700 ohms source imped-
ance.  This amplifier has emitter bias, with about 
500 microamps DC flowing in each collector.  The 
second harmonic was balanced to a minimum at low 
source impedance by an RE = 752.  This value was 
then left in the emitter as the source impedance 
was increased. 

Phase Shift  

It is very easy to get distortion in ground-
ed emitter due to unequal phase shifts of the two 
halves of the waveforms.  This in turn is due to 
the two transistors having unequal alpha cutoff 
frequencies.  This effect is exaggerated in ground-
ed emitter since the current cutoff and its atten-
dant phase shift is lowered in frequency by the 
magnitude of the current gain. 

Fourier series analysis shows that for a 
small difference in phase shifts, the per cent 2nd 
harmonic distortion is approximately % D = 20 0, 
where 0 is the difference in phase shifts in radian 
or 
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where the fao  are the two alpha cutoff frequen-
cies.  Distortion thus increases linearly with 
operating frequency f.  For the GE 2N43, with a 
production spread on cutoffs of 0.5 to 2.5 MC and 
p . 50 a second harmonic distortion of 4.8% at 3KC 
is possible.  The linear behavior of this distor-
tion with frequency can easily be observed. 

This type of 2nd harmonic distortion may 
often be excessive in complementary symmetry cir-
cuits, where the alpha cutoffs of the NPW and RP 
may be quite dissimilar. 

Signal Current  

The variation of distortion with signal cur-
rent is similar to grounded base.  Figure 14 shows 
odd harmonic distortion in a grounded emitter 
Class B amplifier.  Here, for no emitter bias, it 
is seen that the third harmonic is quite enormous. 
In Figure 15, with emitter bias, it is seen that 
distortion is greatly reduced.  In this case 500 
nicroamps DC flowed in the collectors which is 
somewhat larger than that necessary for grounded 
base.  Distortion will usually increase again at 
currents larger than shown in Figure 15, due to 
distortion in the collector characteristics. Thus, 
the grounded emitter circuit will almost always 
exhibit more distortion than grounded base for the 
same output power and standby drain.  On the other 
hand, the grounded emitter has extra power gain 
which when used in local feedback may give it the 
better over-all performance. 

In conclusion, Class B offers many advan-
tages to the circuit designer.  Both high effi-
ciencies and low distortion can be obtained, and 
with very little standby power drain.  70 to 75% 
efficiencies, standby collector currents of only 
100uA or so, and about a quarter watt out of a 
pair of 50 milli-watt transistors make these cir-
cuits worthwhile. 
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Fig. I  Top:  Output current waveform. 
Bottom:  Input emitter current vs emitter 

voltage characteristic. 
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Collector current waveforms 
Top:  25 Ohm source impedance 

Bottom:  1000 Ohm source impedance. 
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Fig. 3 G. B.  Maximum third harmonic distortion 
vs source impedance.  No emitter bias. 
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Fig. Is G. B.  Output current waveforms 
(a)  With a small emitter bias 
(b)  With no emitter bias 
(c)  Current in each collector, with 

bias as in (a). 
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Fig. 6  Class B grounded base circuit. 
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Fig. 8 (a)  Input characteristic:  emitter 
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emitter bias. 
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DETECTION OF AUDIO POWER SPECTRUM DISPERSION* 

H. S. Littleboy and J. Wiren 
Northeastern University 
Boston, Massachusetts 

Abstract 

This paper deals with the design and descrip-
tion of a "V" filter which is to be used to dis-
tinguish between power spectra having the same 
central frequency and average power but different 

dispersions.  The power spectra that are discussed 
have a Gaussian distribution curve when plotted on 
a logarithmic frequency scale.  The filter is 
adaptable for use in the analysis of speech and 
its use in this analysis will be discussed.  The 
design of the filter including graphical means of 
establishing the filter characteristics from the 
dispersion of the given power spectra is included. 

Introduction  

The work carried on at Northeastern Univer-
sity on the analysis of speech has as its goal 
the coding of speech into signals which may be 
transmitted over a channel of considerably narro-
wer bandwidth than now required for normal voice 
communication.  In order to apply appropriate 
techniques for the extraction of these parameters 
it is desirable initially to separate speech into 
major classes such as turbulent and non-turbulent 
sounds.  A device for performing the initial 
separation is described on pp. lit, 18-20 of refer-
ence 1.  The present paper is concerned with the 
analysis of the output from this device which 
contains those sounds referred to as being turbu-
lent in nature. 

These turbulent speech sounds have similar 
properties to noise signals passed through filters, 
as seen by the typical power spectra for  s (as 
in see) and sir (as in ship) shown in Fig. 1.  Ex-
perimental results have shown that knowledge of 
the center frequency of these power spectra is not 
always sufficient information to distinguish one 
sound from the other.  The additional parameters 
which synthesis of these turbulent sounds has 
indicated as being necessary are the dispersion 
and the envelope of the original sound. 

The work described in this paper has been 
initiated to determine means of obtaining a meas-
ure of the dispersion of noise signals of this 
type.  This measure of dispersion may be used to 
classify a turbulent speech sound into one of two 
arbitrary groups, which is a discrete type of 
analysis, where the mean value of the dispersion 
of each group is known beforehand.  Also, a con-
tinuous type of analysis has been suggested where 
the output gives a continuous rather than discrete 
indication of dispersion. 

Theory 

The development of the network, as discussed 
below, assumes that the center frequency is known. 
This is justified since this value can be obtained 
by using an average frequency meter.  For the pur-
pose of the development which follows it is as-
sumed that the input spectrum is a Gaussian curve 
when plotted against the logarithm of frequency, 
as shown in Fig. 2. 

0 fo 

Fig. 2.  Assumed Input Power Spectrum. 

The equation of this curve is: 

1 2 
i x1 = 67727 . exp(- a_w) 

where the logarithmic frequency  x has been nor-
malized with respect to the central frequency  .10. 
The ordinate  j(X)  is similar to the normalized 
power spectral density, in that areas under this 
curve are assumed proportional to power in corres-
ponding bands and, as indicated by the equation, 
the total area is normalized to unity.  The signals 
are assumed to have the same  L(x)  except for 
different values, a-1 and  a- 2, of the parameter a. 

The choice of the network characteristic to 
accomplish the analysis was based upon the avail-
ability of methods for synthesizing this type of 
network as well as the simplifications which are 
introduced into the development by this choice. 
The network characteristic of the "V" filter is 
shown in Fig. 3.  Using the notation in for natural 
logarithm its equation is: 

or 

fin a + kx 
in IHI:1 

rat kx  

1 

(OixlExc) 

( X c X-coo) 

(0 x xc) 

( X c 5- X c 03 ) 

*This work was performed under Contract No. AF19(604)-1039 with the Air Force Cambridge Research Center 
of the Air Research and Development Command. 
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Fig. 3. Network Characteristic of the wV" Filter. 

Since the input power spectrum and the char-
acteristic of the "V" filter are symmetrical about 

the origin the output power is: 

where 

or 

therefore 

0. 
Po = 2 .R0(x)dx  

00 (x) I HI 2 ii(x) 

a_a2 it exp(2kx - 2:: ) 

1 

1 x2 
z.,77f .c exp( T077  ) 

xc  oo 2 
Po= 2[J a2 exp(2loc - x2 )dx f 1  exp c7L,odx] 

ocrj rn  2 o- x 7 7R  2crl 

which can be written in terms of the probability 

integral 

(ina -v kdr) 00 
r 2 E2erp(2k2cr 2) f exp(-u2)du fexp(-v2)dv] 

o 
-  in a 

72' gr 

The "V" filter can be used for the two dif-
ferent types of analysis mentioned previously. 
First of all it can be used to separate two power 
spectra of known dispersions and equal power by a 
proper choice of the slope  k of the "V" filter. 

It can be also used to determine the dispersion of 
an unknown power spectrum by the use of a refer-
ence spectrum or by normalization with respect to 

the input power. 

The separation of two power spectra requires 
that a means of determining the optimum  k be 
developed.  If  a is assumed fixed, the problem 
now is to select  k so as to maximize the ratio 
of output power values for the two signals; name ly, 

Since the expression for Po 

cannot be developed into a closed form a graphical 
procedure was used to solve the problem. 

The final expression shown above is a function 
of  ko-. A numerically computed curve for this 
function, where log 18 used to indicate logarithms 
to the base ten, is shown as Fig. 14 where log  Po 
is plotted versus log  ko-. For this curve the 
value of  a was taken as 60 db attenuation at the 
central frequency.  Specifying the values of 0-1 
and 0-2 now determines the interval length log 
k cr2 - log kcri along the horizontal axis between 

the two points the difference of whose ordinates 
is to be maximized.  This interval must evidently 
be located where the slope of the curve in Fig. h 
is largest which is in the region containing its 

point of inflection.  More specifically, if the 
derivative of that curve is plotted graphically, 
as in Fig. 5, and seen to have a single maximum, 
the interval of specified length on the log  ko-
axis is located so that at its endpoints the ordi-
nates of the derivative curve are equal.  This is 
easily done by moving a straight edge of the re-
quired length parallel to the log  kcr  axis of 
Fig. 5 until its endpoints intersect the curve. 
The values of  ko-1, and kcr 2 so obtained deter-
mine the optimum  k for the given 0-1, a- 2 and a. 

In a particular example considered with 
o-1 0.479 and o-2 = 0.773 the optimum value from 
Fig. 5 is  k = 3.06.  The ratio of the two outputs 
in this case is calculated to be 11.2 db. 

The use of the "V" filter to determine the 
dispersion of an unknown spectrum is accomplished 
by taking a spectrum whose dispersion is known and 
plotting a curve of the ratio of power output ver 
sus dispersion with the known spectrum as a refer-
ence by using the expression derived in this sec-

tion.  The input powers of the unknown and refer-
ence signal are then made equal and the ratio of 
output powers can be used with this curve to 
determine the dispersion of the unknown signal. 
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Design of "V" Filter 

In designing the "V" filter to check the com-
puted results it was decided to design a stage for 
k = 1 and to cascade several of these so that it 
would be possible to analyze the variation of out-
put power as a function of  k.  Using the method 
described by Baum2 the transfer ratio for the fil-
ter was found to be: 

E2 _  s2 +Nfi a + 1   

El  " a2 + 10.1 s + 1 



This transfer ratio was synthesized in the 
form of a nongymmetrical bridged "T" network which 
in its normalized form is shown in Fig. 6. 

IC 2 
R1.11.3 OHMS R1.I OHM 

R2 
(J o 

Irod/sec 

C2.0.115 FARADS C2.0.766 FARADS 
Fig. 6. Bridged "T" Form of "V" Filter for k = 1. 

The final form of a single stage of the "V" 
filter is shown in Fig. 7. A cathode follower is 
used to drive the network and a stage of amplifi-
cation is included.  The filter network was scaled 

by increasing the impedance level to 5000 ohms and 
the central frequency to 5000 cps. Six stages 
were cascaded in the final form of the filter that 
was constructed. 

Measurement Techniques  

Measurements that were made to verify the 
theoretical conclusions made use of the equipment 
arrangements as shown in Figs. 8 and 9. The noise-
shaping circuit shown in these block diagrams con-
sisted of a 6AU6 pentode with an RLC parallel tunei 
circuit as its plate load.  Varying the parameters 
of this tuned circuit produced the four spectra 
that were used in these tests. The General Radio 
1390A Random-Noise Generator was used with the 
range switch set at 20 kc throughout these tests. 

The arrangement of equipment shown in Fig. 8 
was used to determine the power spectrum for the 
artificially generated signal from which the stand-
ard deviation was then computed. A sample of one 
of these power spectra is shown in Fig. 10.  It 
should be noticed that the scale of the power axis 
is only proportional to power. No effort was made 
to determine absolute levels since the standard 
deviation would not be altered if the scale were 
simply multiplied by a constant.  The Gertsch 
Driving Circuit indicated in Fig. 8 is a cathode 
follower using a 6AQ5 and is described on page 71 
of reference 3. 

Figure 9 shove the equipment arrangement with 
the "V" filter being used.  The vacuum-tube volt-
meters were used to indicate the rms values of the 
corresponding voltages. 

In determining the values of  k and  a for 
the "V" filter the sine-wave response of the filter 
was plotted and the values determined graphically. 
Figure 11 shows the response of six stages.  The 
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indicated computed points were determined by 
graphically adding the three Butterworth character-
istics which were combined in forming the filter 
transfer function.  Figure 12 is a chart which 
shows the values of  a and  k for each of the 
six stages of the "V" filter. 

Stages k  a (db) 
1  7.75  17 7 
2  1.50  26.3 
3  2.142 38.5 
4  3.00  50.5 
5  3.67  55.3 
6  3.91 65.2 

Fig. 12. Values of  k and  a for "V" Filter. 

Computations  

The final expression for output power as 
developed in the Theory section was used in com-
puting expected ratios of output power when the 
input powers were made equal. Since the data was 
in the form of rms voltages the square roots of 
the computed power ratios were calculated and used 
for comparison. The values of a, k and o- were 
the values actually measured.  Care should be 
taken to convert the standard deviation to con-
form with the abscissa in terms of log to the base 
as assumed in the derivation. 

Results 

The results of the measurements and computa-
tions are given in chart form in Fig. 13.  The 
values corresponding to four stages of "V" filter 
were plotted and are shown as Fig. 14. 

In the section entitled Theory an example was 
given for determining the optimum value of  k for 
separation of two power spectra.  A value for  k 
of 3.06 was found rith an expected ratio of 11.52 
db separation.  Actual measurements showed a 10.1 
db separation. 

Discussion 

If it is desired to make use of the 'TV" filter 
to determine the dispersion of an unknown power 
spectrum by reference to a known spectrum a plot 
such as shown in Fig. 14 can be made and from this 
plot the value of the dispersion may be obtained 
from the knowledge of the ratio of output voltages. 

As was stated in the initial development, the 
center frequency of the noise spectra are assumed 
to have the same value as that for the "V" filter. 
Since this might not be the case in actual prac-
tice it would be necessary for the center fre-
quency of the filter to be automatically adjusted 
to coincide with that of the spectrum being ana-
lyzed.  This would require the use of electroni-
cally controlled filters.  The paper presented by 
Mr. Dolansky offers a description of the necessary 
techniques which would have to be followed.  Pre-
liminary work has been completed on necessary 
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Stages 

1 2 3 4 5 6 

Meas. Comp. Meas. Comp. Meas. Comp. Meas. Comp. Meas. Comp. Meas. Comp. 

0.1479 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

0.611 1.13 1.15 1.27 1.39 1.40 1.90 1.40 2.44 1.45 248 1.35 3.05 

0.773 1.40 1.38 1.96 2.06 2.70 3.311 3.20 3.64 3.40 4.81 3.30 6.86 

1.026 1.90 1.83 240 3.15 5.80 5.52 7.90 7.65 9.50 7.05 9.20 11.45 

Fig. 13. Comparison of Computed and Measured Output Voltage Ratios as Functions of a- and the Number 
of Stages. 
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CALIBRATION OF TEST RECORDS BY B-LINE PATTERNS 

B. B. Bauer 
Shure Brothers, Inc. 

Chicago, Ill. 

ABSTRACT 

Test records are often calibrated by meas-
uring the width of the optical pattern formed when 
a sharp beam of light is reflected from the modu-
lated grooves. An error has been found in this 
measurement owing to diffraction of light at the 
edges of the pattern, which results in a fuzzy end-
ing and a general enlargement of the pattern width, 
especially at high frequency. A new optical method 

has been devised for calibration of test records by 
the use of interference-line patterns. Two sets of 
interference lines have been identified: (a) Uni-

formly-spaced lines which are related to the 
recorded frequency, the angular velocity of the 
record, and the wavelength of light—these have 
been called the A-lines; (b) lines with variable 
spacing which are related to the amplitude of 
modulation and to the wavelength of light-these 
have been called the B-lines. B-line patterns 
may be readily related to the theoretical width of 
the optical pattern free of diffraction error, with 
the resultant improvement in the accuracy of 
test-record calibration. 

DESIGN AND PERFORMANCE OF A 
HIGH FREQUENCY ELECTROSTATIC SPEAKER 

Lloyd Bobb, R. B. Goldman and 
R. W. Roop, 

Philco Corporation, Philadelphia, Pa. 

ABSTRACT 

An electrostatic speaker has been developed 
which provides a quality of high frequency repro-
duction not available with electromagnetic tweeters. 
The diaphragm consists of a thin plastic film bear-
ing an evaporated metallic layer. The membrane 
is stretched around a semi-cylindrical perforated 
electrode on which ridges are embossed to provide 
clearance. The response varies less than t 2 db 
in the frequency range between 8 and 16 kc. The 
azimuthal distribution pattern is excellent, owing 

to the cylindrical geometry, and is essentially in-
dependent of frequency in the same range. The 
second harmonic distortion inherent in this type 
of speaker is maintained at a low value. An in-
dication of the quality of high frequency reproduc-
tion is provided by oscillograms of the response 
to tone burst signals. The speaker is in quantity 
production and has been incorporated in several 
models of home reproduction instruments. 

ELECTRONIC MUSIC SYNTHESIZER 

Harry F. Olson and Herbert Belar 
RCA Laboratories 
Princeton, N. J. 

ABSTRACT 

The electronic music synthesizer is a ma-
chine that produces music from a coded record. 
The coded record is produced by a musician, 
musical engineer or composer with a fundamental 
understanding of the composition of sound. The 
electronic music synthesizer provides means for 
the production of a tone with any frequency, inten-
sity, growth, duration, decay, portamento, timbre, 
vibrato, and variation. If these properties of a 
tone are specified, the tone can be completely 
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described. The advantage of the electronic music 
synthesizer is that it can produce new and radical 
tone complexes for musical satisfaction and grat-
ification. The new system does not displace the 
artist and musician of today. It does not take the 
place of talent combined with work. The electron-
ic music synthesizer provides the musician, musi-
cal engineer and composer with a new musical tool 
with no inherent physical limitations. 



PROPOSED CONTROLS FOR ELECTRONIC MASKING IN COLOR TELEVISION 

W. L. Brewer, J. H. Ladd and J. E. Pinney 
Color Technology Division 
Eastman Kodak Company 
Rochester, New York 

Suimnary 

Electronic masking in the color television 
studio is accomplished by the use of crosscoupling 
networks.  These networks yield three output sig-
nals, each of which is a linear function of the 
three input signals.  The colors of the final re-
production depend upon the values of the coeffi-
cients in the linear equations relating output vol-
tages to input voltages.  A change in the value of 
any individual coefficient in these equations 
affects the hue, saturation, and brightness of 
most nonneutral colors.  The effect of an incre-
mental change is described for a given set of mask-
ing equations.  Coefficient controls may be ganged 
to simplify the relationship between manual adjust-
ments and visual effects.  A block diagram is shown 
for a suitable circuit.  A means for ganging the 
controls is also described. 

Introduction  

In earlier papers 1 '2, we have demonstrated 
that the color space reproduced on film does not 
coincide with the color space which can be repro-
duced on a color television picture tube.  Be-
cause of the greater luminance output range of 
color film, scenes of high contrast can be better 
reproduced on color television if the luminance 

range is electrically compressed in the color 
television studio.  One method of accomplishing 
this result employs gamma overcorrection and elec-

tronic masking. 

Electronic masking has been suggested as a 
means of improving hues, saturations, and bright-
nesses of chromatic colors.  Circuits7 ,4 .5  for 
accomplishing electronic masking are known.  The 
present paper is a further discussion of the appli-
cation of electronic masking to color television. 
Attention is given to the problem of correlating 
manual masking adjustments with desired visual 

effects. 

Masking Equation Coefficients  

In an electronic masking unit, each output 
signal (red, green, or blue) is a function of all 
three of the red, green, and blue input signals. 
These functional relationships are essentially 
linear and can therefore be conveniently repre-
sented by the equations: 

Ro = allRi + al2Gi + al3Bi 

Go = a21111  a22Gi  a23Bi 

Bo = a3iRi + a32Gi + a33Bi 

The red output signal, Ro, is derived from 

the red, green, and blue input signals, Ri, Gi, 
and Bi, in the relative amounts of all, al21 and 
ail.  The diagonal elements all, a22, and a33 
will be large and positive whereas the remaining 
six constants will usually be small and negative. 
It is seen that there are nine independent con-
stants whereby the output signals can be adjust-
ed as functions of the input signals. 

(1) 

Adjustments to improve picture quality 
must be made through the proper selection of 
values of these nine constants.  If the neutral 
scale is to remain in balance, the sums of the 
three coefficients in each of the equations rust 
be the same.  It is convenient to set these sums 
equal to unity.: 

all  al2  al3 = 1 

a21  a22  a23 ' 1 (2) 

a22 , 

Ro = 

Go 

Bo = 

a31 + a32 + a33 = 1 

Applying these equations to eliminate all, 
and a33 , the masking equations become: 

(1 -a12-a13) 11i  al2Gi 

a21Ri4(1-a 21-a 23 )G i 

al3Bi 

a23 Bi 

a3iRi t a32G1 (1-a31 -a32 )Bi 

(3) 

Thus the require-lent of proper gray scale 
balance is seen to reduce the independent para-
meters from nine to six.  The masking unit shown 
in Fig. 1 maintains gray scale balance and has 
these six independent controls.  Any desired 
masking improvern nt in the colors on the color 
picture tube must be obtained through the selec-
tion of proper values of these six constants. 

63 



There are thousands of colors which may be 
differentiated on a color television receiver. 
With no more than six independent parameters on 
the masking equipment, it is evident that the 
colors viewed on the screen cannot all be inde-
pendently modified.  A complete array of color 
changes on the picture tube will be associated 
with changes in the parameters, either singly or 
in combination.  The question is, in what manner 
should these parameters be controlled to produce 
the most desirable pattern of color changes. 

One possible arrangement would be to have 
each of the six parameters, the als in the equa-
tions, controlled by a separate control knob.  Let 
us consider the pattern of color changes involved 
in the change in one of these parameters.  Con-
sider au, for example:  Suppose that we make it 
more negative.  The effect on numerous colors over 
a trilinear chromaticity plot of colors is illus-
trated qualitatively in Fig. 2.  Reds are made 
more saturated.  Cyans are also increased in sat-
uration.  Green colors are shifted in hue toward 
cyans.  Magentas are shifted in hue toward reds. 
All of these effects are of somewhat comparable 
magnitudes; hence it would be difficult to asso-
ciate with the change in this one parameter any 
simple pattern or any simple type of color change. 

Association of Manual Controls 
with Visual Effects 

As an alternative approach to the problem 
let us consider the color changes which we would 
like to have associated with our control knobs. 
Consider the array of reds from the neutral point 
up to the primary point as illustrated on the tri-
linear plot of Fig. 3.  Suppose we have one con-
trol which would enable us to shift the hue of 
these reds toward yellow, as shown, without mark-
edly changing their saturations, nor greatly in-
fluencing the hues or saturations of other colors. 
Turning the knob in the opposite direction would 
move the reds toward magenta.  Suppose, likewise, 
that we had a second knob which, as shown in Fig. 
4, could be used to cause the reds to become more 
saturated or less saturated, again without marked-
ly affecting their hues and not greatly affecting 
other colors. 

Such controls would make possible a simple 
association of control adjustment with resulting 
visual effects.  If one saw a red color which he 
considered too saturated, or desaturated, or of 
slightly the wrong hue, adjustments could be made 
which would not be distorted by later changes in 
other controls.  Such a solution to the problem 
also would appear attractive in terms of the num-

ber of knobs.  Two knobs would be required for the 
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reds, one a hue control, and one a saturation con-
trol.  A similar pair of knobs for the greens and 
another pair for the blues would involve six al-
together.  The number of knobs then matches the 
number of independent controls, six in each case. 

Let us consider the possibilities of ob-
taining such a system.  A careful examination of 
our basic equations (3), reveals that changes in 
the hue of the reds are affected most directly 
by the relative sizes of the coefficients, an  
and ail . Similarly the hues of greens and blues 
are atrected by au and a32 , and by au and a23  
respectively.  If a21 is made more negative, 
green will be taken out of the reds, thus moving 
them toward magenta.  On the other hand, if a31 
is made more negative, blue will be taken out of 
the reds thus moving them toward yellow.  If one 
of the control knobs were made such that a21 in-
creased in value as an became smaller and as the 
knob were turned in the opposite direction the 
opposite effects would take place, this would pro-
vide an excellent control on the hues of red colors. 

The same controls will affect cyan colors 
as shown in Fig. 5.  A change in reds toward 
yellow will move cyans toward blue.  Similarly, 
a change in reds toward magenta will move cyans 
toward green.  Thus the red hue control rotates 
the red-cyan axis.  Similarly, the green hue con-
trol rotates the green-magenta axis, and the blue 
hue control rotates the blue-yellow axis. 

Saturation control is a little more com-
plicated.  Saturations of reds, for example, can 
be increased by making constants au and au more 
negative.  This in effect gives a greater red out-
put signal for a given red input signal.  Reds are 
made brighter and more saturated. 

Saturations in reds are also affected by 
a21 and a31 . Making them more negative removes 
green and blue outputs from reds, thus making the 
reds more saturated.  This also tends to make reds 
slightly darker. 

Any of these changes have secondary effects. 
Changes in au and al3  will also affect the satu-
rations of the cyan, as will changes in a21  and 
a31.  Changes in au and al3  will also affect 
hues unless a32  and a23  are similar ly changed. 
We are of the opinion that the most practical way 
to control red saturation is to link the co-
efficients a21  and a31 . If these two constants 
are increased or decreased together, red satu-
rations are controlled without major hue changes. 
Saturations of other colors are affected to a 
lesser extent.  Similarly, a green saturation con-
trol may link coefficients au and a32 ; while a 



blue saturation control may link coefficients al3  

and a23. 

Fig. 6 shows a panel with the controls de-
sired.  The knobs in the upper row are associated 
with the six potentiometers of the masking unit 
shown in Fig. 1.  The knobs* in the lower row pro-
vide hue and saturation control for reds, greens, 
and blues independently.  The red-cyan axis hue 
knob controls coefficients an and a31.  Turning 
the knob in one direction increases a21  and de-
creases a31 , while turning it in the opposite dir-
ection has the reverse effect on these two co-
efficients.  Two other controls similarly affect 
the hues along the green-magenta axis and along 
the blue-yellow axis.  Saturation controls for the 
red axis involve the simultaneous increase or de-
crease of coefficients  a21 and all . Similarly, 
saturation controls for the green and blue axes 
involve ganging of coefficients al2  and a32 , and 
all and a23  as shown.  These illustrations are 
schematic and undoubtedly other arrangements can 
be devised. 

Calculated Effect of Ganged Controls 

To determine the probable effects of such a 
system of controls we made calculations for a num-
ber of colors.  We assumed the television system 
shown in Fig. 7.  The signals, R1, Gi, and El, from 
the film scanner are gamma overcorrected by an ex-
ponent of 0.67, and are then given the normal ga mma 
correction of 0.45.  Next comes the masking unit. 
The signals then go through the encoder and are 
transmitted to a standard color television receiver. 
The color picture tube is assumed to have a gamma 
exponent of 2.2. 

In our calculations we first established 
the coefficients for the masking equations which 
would apply to Eastman Color Print Film, Type 5382 
in this system.  These coefficients were determined 
by a method of least squares for a number of Munsell 

* In Fig. 6 are shown two rows of panel control 
knobs.  The lines connecting the knobs represent 
belts running between pulleys on the shafts indi-
cated.  A plus sign at the end of a belt indicates 
that when the lower shaft is rotated, the upper 
shaft rotates in the same direction.  A minus 
sign at the end of a belt indicates that when the 
lower shaft is rotated in one direction, the upper 
shaft rotates in the opposite direction.  If all 
the pulleys indicated were rigidly connected to 
their respective shafts the system would be im-
mobile.  One way to prevent this is to make one 
pulley on each of the lower shafts free from the 
shaft.  This pulley is engaged only when the lower 
control knob is depressed.  It is then necessary 
to push in each lower knob before it is turned, in 
order to make desired adjustments. 

patches.  Our procedure is further described in 
the appendix. 

The resulting equations are as follows: 

Ro = 1.9Ri - 1.2Gi + 0.3Bi 

Go =-0.6Ri + 1.9Gi - 0.3B1 (4) 

Bo = 0.1Ri - 0.7Gi + 1.6Bi 

The coefficients are rather large and two 
of the nondiagonal coefficients are positive.  The 
coefficients would be smaller if gamma overcorrec-
tion were not used. 

To determine the effect of the red hue con-
trol, we added O. 40 to a21 and subtracted 0.40 from 
a31.  The chromatic changes are illustrated in the 
trilinear plot of Fig. 8.  The colors along the 
red-cyan axis are changed in hue as predicted. 
There are minor changes in the remaining colors. 

To determine the effect of our red satura-
tion control, we subtracted 0.40 from a21 and a31. 
The chromatic changes are illustrated in Fig. 9. 
Here the reds are increased in saturation'.  The 
side effects, however, are greater than for the 
hue shift controls.  The side effects are increases 
in saturations of other colors, but to a lesser de-
gree than for red.  Hues, however, remain relative-
ly constant.  We made similar calculations cover-
ing changes in other pairs of coefficients corres-
ponding to the green and blue axes.  The effects 
are similar to those which have been described and 
are shown in Figs. 10, 11, 12, and 13.  In these 
last six figures, the numbers associated with some 
of the arrows represent relative luminance values. 

Conclusion 

We have proposed that in the masking unit 
of a color television studio a simple means for 
associating manual adjustments and visual effects 
may be obtained.  A block diagram of a suitable 
masking unit was shown.  This unit automatically 
holds the neutral balance.  A proposed control 
arrangement for this circuit was illustrated. 
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Appendix 

MaskinE Equation Coefficients 

The coefficients for the masking equations 
(equations 4) were computed by the method of least 
squares for a sample of 13 Munsell patches dis-
tributed in color space.  Since the answer depends 
upon the starting sample chosen, the coefficient 
values were rounded to the nearest tenth.  The 
coefficients were established by the following 
procedure. 

The 13 Munsell patches were each photo-
graphed on Eastman Color Negative Film, Type 5248. 
The illuminant was 3200 K, for which that film 
was designed.  Prints were made on Eastman Color 
Print Film, Type 5382.  The color television film 
scanner output signals from the Eastman Color Print 
Film reproductions of the original Munsell colors 
were measured on a color densitometer for which 
the red, green, and blue responses had been adjust-
ed to approximat9 "ideal" practical responses al-
ready published.°  These synthetic scanner sig-
nals (R1, Gi, and Bl) were rooted as indicated in 
Fig. 7 to obtain the masking device inputs. Ri. 
Gi, and Bi. 

The corresponding masking outputs, Ro, Go. 
and Bo, were found by computing back from the de-
sired color picture displays.  For each Munsell 
color patch it was desired that the chromaticity 
(xe, ye) displayed on the color television pic-
ture tube be that which the patch itself would 
have if viewed directly under CIE illuminant C. 
However, it was desired that for each Munsell 
patch the luminance (Y2) displayed on the picture 
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tube be computed by the equation 

Y2 = 0.30 R2 + 0.59G2 + 0.11 B2, 
or 

(5) 

y2 = 0.30 (R1) 067  + 0.59 (GI)0.67  + 0.11 (B1) 0.67 
.   

(6) 

This latter equation implies that the Eastman 
Color Print Film and the scanner were balanced 
for CIE illuminant C.  The fractional exponent 
compensated for the greater-than-unity contrast 
of the film. 

From the CIE tristimulus values (X2, Y2, 
and 22) for each display on the color picture 
tube, the corresponding phosphor input signals 
(Rs. Gs, and Bs) were computed, assuming standard 
NTSC phosphors.  The equations7 are as follows: 

R* = 0.670 X2 + 0.330 Y2 

G* = 0.210 X2 + 0.710 Y2 + 0.080 Z2  (7) 

B* = 0.140 X2 + 0.080 Y2 + 0.780 22 

The 1/2.2-power of each phosphor input signal 
yielded the corresponding receiver decoder output 
signal.  Transmission noise was neglected; hence 
each receiver decoder output signal was identical 
with the corresponding studio encoder input signal. 
By this procedure 13 sets of masking output sig-
nals were computed. 

From the 13 sets of masking input signals 
and corresponding 13 sets of masking output sig-
nals, the coefficients in the masking equations 
were computed by the method of least squares. 

Fig. 1 Block diagram of color television studio 
masking circuit in which the six inde-
pendent controls are suitable for gang-
ing to simplify the relationship between 
manual adjustments and visual effects. 



SCHEMATIC 

Fig. 2  Trilinear plot showing qualitatively the 
visual hue and saturation effects asso-
ciated with a change in a single masking 
coefficient, au. 

Fig. 3 
VEAL RED ME .9*-7-
SCHEMATIC 

Trilinear plot showing visual hue shift 
of reds alone.  A manual control to do 
this would be desirable. 

IDEAL RED SATERA77011 

SCHEMATIC 

Fig. 4  Trilinear plot showing visual saturation 
increase of reds alone.  A manual control 
to do this would be desirable. 

RED-CYAN HUE SHIFT 
SCHEMATIC 

Fig. 5 Trilinear plot showing visual hue shift 
of cyan colors which occurs when red 
hues are shi fted.  The red-cyan axis 
rotates about the neutral point. 

®®®®®® 
.1 X I. .1 X I. J 
Os 0 CI e 

RED  GREEN  BLUE 

Fig. 6  Panel with two rows of color television 
studio masking control knobs.  The knobs 
in the upper raw provide direct manual 
adjustment of the six independent para-
meters shown in the masking circuit of 
Fig. 1.  The knobs in the lower row pro-
vide manual adjustments which are asso-
ciated with specific visual effects.  The 
lines connecting the knobs represent belts 
running between pulleys on the shafts in-
dicated.  A minus sign indicates a cross-

ed belt. 

• I. 

SCENE 
COLOR 
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FILM 
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66/11.14 
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COLON TV STUDIO 

r 4.  

DECOOER --A Ci f  °I  CV 

COLON  TV  RECEIVER 

Fig. 7  Block diagram of color television film 
chain. 
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COMPUTED /?V-CYAN /F SHIFT 
OG2, = 0 4  401= - 0 4 

Fig. 8  Trilinear plot showing calculated visual 
effects from a 0.4 clockwise rotation of 
the red hue knob of Fig. 6.  In this and 
the succeeding figures, the numbers asso-
ciated with some of the arrows represent 
relative luminance values.  In this and 
the succeeding fieures, the initial po-
sitions of the upper row of control knobs 
of Fig. 6 are given by equations 4. 

COMPUTED RED SOZ/RATION 
40r = 40,1= -04 

Fig. 9  Trilinear plot showing calculated visual 
effects from a 0.4 counterclockwise ro-
tation of the red saturation knob of 
Fig. 6. 
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22 —.23 

COAPUTEDGREEN-M4SEN-M HUESH/FT 
40,2=0.4 =-0.4 

Fir, 10  Trilinear plot showing calculated visual 
effects from a 0.4 counterclockwise ro-
tation of the green hue knob of Fig. 6 

COMPUTED GREEN S47lli'A77ON 
Age 442.- 0.4 

Fig. 11  Trilinear plot showing calculated visual 
effects from a 0.4 counterclockwise ro-
tation of the green saturation knob of 
Fig. 6. 

COAFUTED BLLE-YELLOW HUE 9-1/FT 
za,3=o4  443 -O4 

Fig. 12  Trilinear plot showing calculated visual 
effects from a 0.4 clockwise rotation of 
the blue hue knob of Fig. 6. 

COMPUTED BLLE SATURATION 
4 3 A02, = -0.4 

Fig. 13  Trilinear plot showing calculated visual 
effects from a 0.4 counterclockwise ro-
tation of the blue saturation knob of 
Fig. 6. 
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REQUIRE MENTS OF A RECORDING MEDIU M 
One of the most serious proble ms in the way of 

expansion of color television broadcasting is the 

lack of a convenient and econo mical recording 
sche me.  Such a sche me must be satisfactory for 

the perfor mance of several basic tasks.  First, it 
must be capable of recording live color scenes for 

later use in color television broadcasting.  It 

would be convenient if this first task could be ac-

co mplished with so me si mple device such as a 
mechanical movie ca mera.  Second, it should have 

facilities for making kinescope recordings of good 

quality which can be later used for broadcasting 

purposes.  A third require ment concerns the re-
producing device.  It should be capable of playing 

back either the recording of the live scene or the 
kinescope recording.  It is, of course, always 

desirable to make the mechanis ms involved as 

si mple and as reliable as possible.  This last re-
quire ment has beco me more important with the in-
creasing co mplexity of color television equip ment. 

At the 1954 convention of the Institute of Radio 

Engineers, a general syste m for perfor ming the 

afor mentioned tasks was proposed. ' At that time 

the syste m had not been tried.  This paper is a 
report of the experi mental work done and the re-

sults obtained with the syste m to date. 

BASIC DESCRIPTION OF THE SYSTE M 

The syste m as originally proposed, illustrated 

in figure 1, employed color separation and elec-
tronic switching in co mbination.  The three color 

pri maries were the C. I. E. standard all positive 
coordinates  and I.  There were two columns 

of images on the black and white fil m.  Each indi-

vidual image represented a television field for its 
own particular pri mary.  The colu mn of images on 

the left side of the fil m strip of figure I consisted 
si mply of successive fields of Sr or lu minance in-

for mation.  The column of images on the right 

side of the fil m strip consisted of alternate fields 
of x and I or chro minance infor mation.  That is, 

for one particular field, k and St infor mation would 

be recorded but I infor mation would be ignored. 
In the next field cr and z infor mation would be re-
corded, but  infor mation would be ignored, and 

so on. 
In reading the infor mation out during playback 

three scanner tubes (or one scanner tube and an 

optical bea m splitter) were to be employed.  The 
scanner tubes were to have a horizontal line only, 

and the fil m was to run continuously with one co m-

plete image passing any given point each 1/60 of a 

second.  Even though only two images were re-

corded si multaneously, three were simultaneously 

scanned, as shown in figure 1.  Thus, one piece 
of color infor mation would be 1/60 of a second out 

of step with the re maining luminance and chro mi-

EXPERI MENTAL EQUIP MENT FOR RECORDING AND REPRODUCING 

COLOR TELEVISION IMAGES ON BLACK AND WHITE FIL M 
William L. Hughes  Iowa State College  Ames, Iowa 

nance infor mation.  x and 2 would alternate field by 

field in this role.  The luminance infor mation St was 

then read field by field by photo multiplier 1.  The 

two pieces of chro minance infor mation, X and 
were read by photo multipliers 2 and 3, which had 

to be switched electronically at a field rate.  The 

fil m transport mechanis m was to be synchronized 

by co mparing appropriate field marks shown on 

figure 1 with the vertical synchronizing pulses.  The 

electronic switch would be synchronized with ap-
propriate field marks.  It was originally proposed 

that since fields (2621 lines) instead of fra mes (525 
lines) were being recorded, the images need be just 

as wide and one half as high as an ordinary 16 mm. 

image to provide adequate definition.  This is cer-

tainly true for kinescope recordings if the fil m trans-

port mechanis m is capable of placing the fil m ac-
curately.  For images recorded with a mechanical 

ca mera, the limiting definition capabilities of 

present day optical syste ms and fine grain fil ms are 

such that both horizontal and vertical definition will 

be essentially deter mined by the characteristic of 

the television syste m.  Therefore, there would be 
trivial losses in definition caused by reducing the 

height of the image by the amount discussed.  The 

fil m speed co mpatible with these require ments and 
also with a 30 fra me 60 field television syste m was 

45 feet per minute. 
The reasoning behind the choice of R, St, and 

in the originally proposed syste m instead of the 

more conventional red, green, and blue is as fol-

lows:  Let us assume that the entire syste m was 

either linear or properly ga m ma corrected.  If 
the gains of the two chro minance channels were 

identical, there would be no advantage in choosing 

either set of pri maries except that, theoretically 
at least, better color accuracy can be obtained 

with all positive fc, Sr, and I than with all positive 
red, green, and blue pri maries.  However, let us 

suppose that there is a slight difference in gain be-

tween the two color channels.  If red, green, and 

blue were the three pri maries, then red and blue 

would be the electronically switched chann-21s since 
it would be desirable to keep the pri mary with the 

most luminance infor mation (in this case green) in 

the channel which will never have any fields miss-

ing.  If there is a saturated red (or blue) patch in 
the picture, that red (or blue) patch would have 
slightly different brightness for successive fields 

but constant brightness for alternate fields.  This 

would be quite likely to produce a small luminance 

flicker which might be objectionable.  On the other 
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hand, suppose that 2, g. and 2 pri maries were 
used.  Then red, green, and blue signals would be 

obtained fro m the m by matrixing.  However, lumi-

nance infor mation for all three is obtained fro m 
the g signaltand variation in chro minance channel 

gains would produce pri marily a chro minance 

flicker which would be much less visible than a 

corresponding all luminance flicker.* It should 

probably be said at this point that later experi-
mental investigation proved that this luminance-
chro minance flicker proble m was not as serious 

as originally expected, though these factors did 

influence the choice of pri maries in the originally 

proposed syste m.  Also, for other reasons to be 

discussed later there is a definite advantage in 

keeping as much luminance infor mation as pos-
sible in one channel. 

Before proceeding further it is expedient to 

consider two possible methods which might be used 

to place the infor mation on a fil m in a mechanical 
ca mera.  The most obvious way is to design a 

mechanical ca mera which will record sixty dif-
ferent pictures a second.  A rotating color wheel 

would be used to alternately place 2 and t on one 
side of the film.  Luminance infor mation would be 

placed at a field rate on the other side of the film. 
Probably the major difficulty with this syste m is 
that the mechanical ca mera would be expensive and 

completely non-conventional.  Fortunately another 

method may be used which allows the easy conver-

sion of already existing conventional 35 min. movie 
ca meras.  In this method the ca mera will have a 
pull-clown mechanis m that operates 30 times a 

second instead of 60 so that four co mplete images 
(two luminance and two chro minance) can be re-

corded simultaneously.  This camera will be set 
to move twice as much film per pull-down as the 

first camera.  An optical syste m co mposed of an 
ana morphic (aspect ratio distorting) lens and a 
four-way bea m splitter would make it possible 

for this type of ca mera to perfor m for color tele-

vision functions analogous to those of a standard 
movie ca mera.  The use of appropriate color 
filters in the beam splitter and panchro matic film 

in the camera is all that is necessary to expose 

film from which high quality color television 
images can be taken directly after development. 

THE EXPERIMENTAL EQUIP MENT 

To test the feasibility of the proposed syste m, 
it was decided that two basic units must be either 
constructed or otherwise obtained by the conver-

sion of existing equipment.  These two units are a 

co mplete playback syste m and a mechanical ca mera 
for making a suitable test film.  It was the con-

sidered opinion of those involved in this project 
that if these two units could be made to operate 
successfully, the technical feasibility of the 
system would be reasonably well established. 

As is often true in the imple mentation of such 
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sche mes certain changes fro m the basic plans be-

ca me expedient as the project developed.  One 

basic change made involved the choice of taking 

pri maries. It will be recalled that initially stand-

ard C.I. E. pri maries i, i, and i were specified. 

It was later decided that the pri maries for the 

first model would be all positive red, blue, and 

luminance infor mation.  The luminance pri mary 

would correspond to standard C. I. E. jr as closely 

as possible. It is true that this set of pri maries 

does not give the theoretical color accuracy ob-

tainable with the original pri maries.  Experience 

in color television broadcasting has proved, how-

ever, that all positive red, green, and blue pri-

maries give perfectly satisfactory results fro m a 

subjective point of view.  It would see m that such 

a choice of pri maries would be reasonable for this 

syste m also. However a choice of primaries which 

we will sy mbolize by Y, R. and B (where Y = y-), 
has certain additional advantages.  In this syste m, 

the green signal would be obtained by subtracting 
correct proportions of R and B fro m the Y signal 

and the anti-flicker feature in the presence of 

chro ma gain differences would thereby be retained. 
In addition, the matrix required to obtain the green 

signal would be si mple, since the other two chan-
nels would operate on a straight through basis. 

This represents a definite advantage over the 

syste m.  Another advantage that might assume 
considerable importance is that the use of Y, R, 

and B pri maries ad mits the possibility of direct 
ga m ma correction on the fil m.  This makes pos-

sible the eli mination of three co mplicated elec-
tronic chassis and also makes it possible to feed 

the three signals (after electronic switching of the 

chro ma channels) directly to a standard N. T. S. C. 
encoder. / 

Still anot)7er change in the experi mental syste m 

is concerned with the fil m speed.  This speed was 
increased fro m the originally proposed 45 feet per 

minute to a new figure of 54 feet per minute, which 
changed the individual image aspect ratio fro m 8:3 

to 20:9.  The reason for this increase in fil m speed 

is si mple.  Standard 35 mm. fil m with negative per-

forations would be moved at the rate of 54 feet per 

minute if sixty individual sprocket holes passed any 
given point in one second.  There is, then, a one 
to one ratio between images and sprocket holes, 

which means that conversion of existing standard 

movie ca meras is greatly simplified.  Also it was 
then possible to buy a 24 tooth sprocket wheel for 
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a standard 35 m m. si mplex projector and mount it 

directly on the shaft of a co m mercially available 

Bodine synchronous motor-reducer (1800 rp m 

motor reduced 12:1) co mbination.  When the 

motor was synchronized with the vertical synchro-

nizing pulses, the co mbination made a si mple fil m 

drive mechanis m for test purposes. 
Both of these basic changes in the syste m are 

illustrated in figure 2 which is a diagra matic ex-

planation of the modified syste m which was built. 

The field marks shown in figure 2 were not in-

corporated in the first experi mental syste m.  In 

the revised sche me these field marks would be 
useful in correcting the mode of electronic switch-

ing should it beco me reversed by accident; but they 

are no longer necessary to make the syste m work 

correctly, because both the drive mechanis m and 

electronic switch are controlled by the vertical 

synchronizing pulse.  Once the fil m is started cor-
rectly (there is a chance of error here) the switch-

ing will henceforth be correct for nor mal opera-

tion.  In a co m mercial syste m, the field marks 
would be useful in that they could be used to insure 

correct starting of the fil m and fully auto matic 

mode correction if so mething should happen during 

operation. 

BLOCK DIAGRAM 
A block diagra m of the entire experi mental 

syste m is shown in figure 3.  A 5ZP16 is used for 

the fast decay scanner tube,and its surface is 

focused on three appropriate images on the fil m 

through the use of a special optical syste m.  Three 

photo multipliers are placed so that each one re-

ceives light fro m a particular image on the fil m at 

any given instant.  Each photo multiplier feeds a 

channel amplifier.  The output of one channel 
amplifier (the Y channel) is fed through an aperture 

corrector which in turn feeds the output matrix. 
The other two channel amplifiers are fed to the two 

inputs of the electronic switch.  Each of the two 
outputs of the electronic switch is fed to an aper-

ture corrector and then to the matrix.  Standard 

blanking is mixed with the video signals in the 

matrix chassis. 

driven by an approxi mately 100 volt peak to peak 
square wave which has a frequency of 30 cycles per 

second.  The square wave is obtained fro m a con-

ventional Eccles-Jordan multivibrator.  This 

multivibrator is driven by a Schmidt trigger cir-

cuit which is modified with an inductance -- da mper 

diode co mbination in one plate so that it produces 

one very high pulse for each 60 cycle sine wave 

that is used to drive it.  Since each pulse changes 

the Eccles-Jordan multivibrator mode, the co m-

bination is effectively a 2:1 frequency divider.  Ex-

tensive decoupling must be used in the plate cir-

cuits of the keyer tubes, since the 30 cycle square 

wave must be passed with essentially no tilt.  If 

this is not done, it is extre mely difficult to balance 
the electronic switch to give no chro ma flicker. 

Since no co mpensation is provided for high fre-
quencies in the cathode followers and in the keyer 

tubes, it is necessary to insert overco mpensated 

video amplifiers in each channel.  These ampli-

fiers serve to keep the signal at a usable level, 
since the keyer amplifiers have gains of much less 

than unity.  They also serve to correct the high 

frequency roll-off caused by the keyer circuits. 
The entire unit'has a frequency response of plus or 

minus one decibel fro m 20 cycles to 5 megacycles. 
D-c and a-c stability of the switch are good enough 

so that once careful adjust ment is made, it is not 

necessary to adjust it again for several days, pro-

vided at least a 15 minute war m-up period is al-

lowed when the switch is turned on. 

ELECTRONIC SWITCH 
The circuitry of the entire syste m is quite con-

ventional except for that of the electronic switch, 

which is given in figure 4.  Provision is made for 

the separate adjust ment of signal gain into each of 

the four keyer tubes through the use of four cathode 

followers (two 12AU7's)  Each keyer tube is a 6J6 
that is either biased to cutoff on one side because 

of extre me conduction of the other side or is al-

lowed to operate as a si mple low gain resistance-

capacitance coupled amplifier on the first side when 
the second side is cut off.  Low resistance poten-

tio meters provide a means of obtaining d-c balance 
on the amplifier sides.  The switching sides are 

OPTICAL SYSTE M 
The optical syste m required for this syste m is 

quite unique.  The image fro m the cathode ray tube 

face must be split into three images,and each of 
these three images must be placed on the fil m in a 

particular place.  This optical syste m is illus-

trated in figure 5.  Three individual 75 m m. Carl 
Zeiss Tessar lenses are used.  These lenses are 

displaced fro m the optical axis center as little as 

possible.  The individual bea ms are bent through 

two 90 degree angles through the use of si mple re-
flecting pris ms.  Two of the three lens-pris m co m-

binations are shown in figure 5.  These two repre-

sent the chro ma channels.  The Y channel co mbina-

tion is not shown,but it is si milarly constructed. 
The only difference is that the pris ms displace the 

bea m laterally rather than vertically.  Registration 

is acco mplished merely by adjusting the lenses.  A 

photograph of this optical syste m is shown in figure 
6.  Once the individual images on the fil m have been 

scanned, it is necessary to trans mit the gathered 

light from each image to the respective photo-

multipliers.  This is acco mplished through the use 

of polished optical lucite light pipes.  A photograph 

of the entire photo multiplier pickup head is shown 

in figure 7.  It should be re me mbered that no 

electronic circuitry is involved in the registration 
of the three images and excellent registry can be 
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obtained.  If such a device is ever built co m mer-

cially,and the lenses are provided with micro meter 

adjust ments, registration should beco me a task 

that can be acco mplished in a few seconds. 

A photograph of the entire syste m plus monitor-
ing equipment is shown in figure 8.  It must be 

re me mbered that in this experimental syste m, all 

of the individual functions (channel amplification, 
aperture correction, switching, matrixing, etc.) 
were built into separate chassis to facilitate ex-

peri mental work.  In co mmercial equipment, the 
electronics could be greatly co mpressed. 

TEST FILM 

To test the experi ment syste m adequately, it 

was necessary to make a suitable test fil m.  This 

fil m was made in the following steps.  A large test 

pattern was drawn with the vertical di mension co m-

pressed such that its aspect ratio was 20:9.  Three 

identical photostats were made of this test pattern 

drawing.  Papers of various appropriate shades of 
gray were pasted on the different photostat copies 

of the test pattern to produce colored bars and 

wedges, so that typical red, blue, and green pat-
terns were obtained.  A luminance pattern was not 

made because it was desired to test the syste m 

critically for flicker.  Therefore if a regular 

green pattern is used and appropriate red and blue 

signals are not subtracted fro m it in the matrix, 

the most severe flicker features of the syste m will 
be present.  Further, since saturated pri maries 

would have the greatest tendency to flicker, the 

bars and wedges were chosen to be saturated red, 

green, yellow, and blue. The proble m is particu-
larly significant with the red and blue pri maries. 

Small black and white negatives were made of these 

test patterns,and these negatives were carefully 
placed between plate glass in the proper orienta-

tion.  Two green black and white negatives were 
placed one directly above the other.  To the right 
of one green negative was placed a red negative. 

A blue negative was placed to the right of the other 
green negative.  The plate glass with the negatives 

was then placed in a specially constructed inte-

grating light box.  The light box was simply a cube 
approximately three feet on a side and painted on 

the inside with a white diffuse reflecting paint. A 

hole was cut in one side of the cube with dimensions 
large enough to cover the four negatives mounted 

in the plate glass.  Inside the cube and on the 

same side as the hole were placed twelve 500 watt 

number 2 photoflood bulbs.  These bulbs were 
oriented so that they co mpletely surrounded the 
hole ibut they were shielded so that no direct rays 

fro m the bulbs could fall on the plate glass.  Thus 

any light falling on the negatives had to go through 
at least one diffuse reflection.  With the plate glass 
in place, the luminance variation over its entire 

surface was found to be less than one-half of one 

percent.  This figure was considered satisfactory. 
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If there had been any significant luminance varia-

tion over the surface the Y channel on the fil m 

would have an inherent 30 cycle flicker regardless 
of the state of perfection of the electronic scanner 

it is used to test.  Next a standard 35 m m. Bell 

and Howell Eye mo Model K movie ca mera was 

modified to pull down two sprocket holes instead 

of four for each revolution of the shutter.  When 

the ca mera was loaded and placed the correct 

distance fro m the illuminated negatives in the 
plate glass, a test fil m of high quality was made 

with it. Figure 9 is a photograph of the whole 

test fil m asse mbly.  Figure 10 shows a sa mple of 

the resulting test fil m.  The only things that must 

be done to make the ca mera capable of producing 

live fil ms for use in the color scanner are: (1) 

Replace the lens with a proper bea m splitting and 

ana morphous optical syste m, and (2) load the 

ca mera with panchro matic fil m. 

PERFOR MANCE 

The general perfor mance of the equipment is 

quite satisfactory. * As stated before, good regis-

try is quite easy to obtain.  With proper adjust-

ment, there is no visible thirty cycle flicker. As 

a matter of fact, it is possible to put either indi-
vidual color channel on a black and white mon-

itor with no detectable flicker.  The si mple and 

econo mical fil m drive mechanis m that was used 

for these tests gave a picture stability that can be 

described as about equivalent to that of a medium 

quality 16 mm. projector.  However, considerable 
improve ment could be made.  It was felt that this 

proble m was one that could be handled easily by 
qualified engineers in that field.  The fil m trans-

port mechanis m required for this application ap-

pears to be quite simple co mpared with that of a 

continuous motion projector for standard fil m be-
cause there is no moving optical syste m. 

So me mention should be made of certain pro-

ble ms that arose in scanning a single line on the 

fast decay cathode ray tube.  For moving fil m, an 

acceleration potential of 15 kilovolts and a bea m 
current of 10 to 15 microa mperes were used. The 

pictures obtained had good definiiion,and the noise 

content was below that nor mally seen in the pic-
tures obtained fro m scanners using color fil m. 

This is due in part to the fact that the 5ZP16 is 

rich in blue and ultraviolet light and the photo-

multipliers are characteristically sensitive in this 

region of the spectrum.  Nevertheless, more light 
would not be detri mental.  With these tube par-

ameters it appears that at least five hundred hours 
can be obtained fro m any given tube, since the 

position of the line can occasionally be changed. 

An alternative is to scan the equivalent of 

*In the oral presentation, a color slide of the test 

pattern as presented on a 156GP22 tricolor tube was 
presented to show overall color rendition. 



approximately ten lines in a vertical direction. 
This puts a negligible vertical distortion in the re-

produced picture while making it possible for the 
tube life to be increased probably to the life of the 

electron gun.  Still another alternative is to put a 

standard raster on the tube and co mpress it opti-

cally.  One feature of the syste m is that if the 

fil m is stopped, the electronic switch disabled, and 

a raster placed on the cathode ray tube instead of 
a line, the syste m will faithfully reproduce the 

fra me.  One difficulty with this procedure is that 
where the line was originally scanned, the x-ray 

darkening of the glass will be more significant as 
well as the fact that the light output of the phosphor 

may be slightly reduced.  Therefore a slightly 

darkened line will appear in the picture when the 

fil m is not running.  This defect is not present, of 

course, when the fil m is running.  In any case it 

can easily be eli minated by using one cathode ray 

tube for still fra mes and one for moving fil m.  If 

a co mpressing optical syste m is used for running 

fil m, the difficulty is not present. 

POSSIBILITIES OF 30 CYCLE 

COLOR FRINGING 
All of the fil ms that have been used to test the 

syste m have been made fro m still subjects.  The 

possibility has been suggested that,if it is at-

te mped to record rapid motion, certain color 

fringing difficulties might occur.  This possibility 
arises fro m the fact that four images (two lumi-

nance and two chro minance) are recorded si mul-

taneously when the more econo mical ca mera 
syste m is used.  Thus successive images in either 

column are either si multaneous or 1/30 of a second 

apart.  This presents no difficulty except on alter-

nate fields when the luminance and one piece of 

chro minance infor mation are simultaneous but the 

second piece of chro minance infor mation is lag-
ging by 1/30 of a second.  It is not yet known 

whether or not this proble m will be serious in the 
syste m that has been described thus far.  If it is 

objectionable, however, there appears to be a 

relatively si mple way to overco me the proble m. 
This technique requires a si mple modification in 

the scanning procedure when the fil m is run in the 

playback syste m.  This modification is illustrated 
in figure 11.  A fourth photo multiplier is used, and 

four images are scanned si multaneously instead of 

three.  For a given field, one luminance image, its 

adjacent chro minance image, and the chro minance 

image directly above that adjacent chro minance 
image are scanned si multaneously.  It will be as-

sumed for discussion purposes that these three 

images were recorded si multaneously.  In addition, 

however, the chro minance image directly below 

the chro minance image adjacent to the luminance 

image will also be scanned.  For this field, then, 

if chro minance photo multipliers 2 and 3 are se-
lected by the electronic switch all of the luminance 

and chro minance infor mation will be si multaneous. 

For the next field, chro minance photo multipliers 

2 and 4 will be selected by the electronic switch 

and lu minance and chro minance infor mation will 

still be co mpletely si multaneous.  This procedure 

is repeated for the next set of four images and so 

on.  This syste m adds a little co mplexity to the 
optical syste m and requires an additional photo-

multiplier and channel amplifier.  A si mply study 

of electronic switching techniques will show, how-

ever, that the co mplexity of the switch required to 

perfor m this type of switching is not increased at 

all over that required by the original switching 

syste m. 

FEASIBILITY OF KINESCOPE RECORDING 

One technique of making recordings is to place 

a special mechanical ca mera in front of a dichroic 

display and synchronize the ca mera with the fra me 

rate.  It may be, however, that this technique, 

while theoretically possible, is not the most eco-

no mical one.  Figure 12 illustrates another pos-
sible method which may be more desirable.  This 

kinescope recorder consists of two scanner tubes 

and a fil m transport mechanis m much like the one 

required for the playback mechanis m.  One scan-

ner tube is controlled with the luminance infor ma-

tion and the other is controlled with appropriately 

switched chro minance infor mation.  Motion 

through the fil m transport mechanis m is continu-

ous,and the scanner tubes have no vertical sweep 
as before.  A difficulty encountered with this type 

of syste m is that every other field of color infor ma-

tion is thrown away for both red and blue.  This is 

equivalent to decreasing vertical chro ma definition. 
If it can be assumed, however, that a decrease in 

vertical chro ma definition until it is equivalent to 

the existing horizontal definition in the chro ma 
channels is allowable, then this unused color in-

for mation should not present noticeable losses to 

the co mplete color picture.  This syste m also in-

herently produces a possibility of 1/60 of a second 
color fringing for fast motion.  However, the short 

time involved coupled with low bandwidth chro ma 
channels should not allow this proble m to be 

serious.  As a matter of fact, there is at least one 

piece of color television equip ment available today 

which has this inherent possibility and yet has 

proved itself capable of excellent perfor mance. 

CONCLUSIONS 

The experi mental work done thus far see ms to 
indicate that a fil m sche me for color television 

using black and white fil m with a co mbination elec-

tronic switching and color separation process is 
technically feasible.  Further, the equip ment in-

volved for a co mplete syste m appears to be so me-
what smaller in quantity and si mpler in design than 

that required for a syste m using color fil m.  Al-

though they have not been proved, kinescope 
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recording possibilities with reasonable econo my 

appear to be good. 
It is well established, of course, that black and 

white fil m when used in a color separation process 
is an excellent way to record and store indefinitely 

high quality color pictures.  In this particular 

syste m (which is devised specifically for color 

television) the running fil m costs at current prices 

for purchasing and processing fil m appear to have 

between a two and three to one cost advantage over 

16 mm. color fil m required to perfor m the sa me 
function. With proper operation, the image quality 

should be at least as good as that obtainable with 

conventional 16mm. color fil m.  There is no 

cross coupling because of imperfect dyes.  Also no 

electronic masking or over-ga mma correction is 
required.  The fact that no high degree of skill is 

necessary to run a black and white fil m processor 

is important to the operation of an ordinary tele-

vision station.  Whether or not television stations 

will be willing to operate a color fil m processor 

re mains to be seen. 

116. 

Flying Spot Tubes 

OWNS or Equivalent) 

Diroction of 

Film Trowel 

It is difficult to co mpare such a syste m with 
magnetic tape syste ms.  At present, the only func-

tion in which the two syste ms might be co mpetitive 

is kinescope recording,and there are not enough 

data available on either syste m for a fair evaluation. 
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CATHODE-RAY VECTORGRAPH 

Frank Uzel, Jr. 
Allen B. Du Mont Laboratories, Inc. 

Clifton, New Jersey 

Summary 

This paper describes a new Cathode-ray 
Vectorgraph developed primarily for color 
television instrumentation. 

Introduction  

The Cathode-ray Vectorgraph is an oscillo-
graph developed primarily to simultaneously 
display the N.T.S.C. color television chrominance 
signals. In order that we may obtain a better 
understanding of the purpose and application of 
this instrument, we shall first consider some of 
the basic concepts of the N.T.S.C. color tele-
vision system. 

The Chrominance Signals 

The location of any point in a plane of 
rectangular coordinates is defined in terms of 
its X and Y values. Hue and saturation of any 
color can likewise be defined in terms of the 
values along two chrominance or color defining 
axes. In color television these chrominance 
values are represented by two electrical signals 
known as I and Q. It is the phase angle of their 
instantaneous vector sum which determines the 
color that the receiver is to display. It is the 
amplitude of their instantaneous vector sum 
which determines the degree of saturation, that 
is, chromatic purity. 

These chrominance signals are color camera 
information which has been processed in the unit 
immediately following the color camera. This 
unit, known as the Encoder, converts the red, 
blue, and green camera signals and the synchro-
nizing signals into the composite color video 
signal. Matrices in the encoder combine 
appropriate amounts of the red, blue, and green 
camera signal to produce the two chrominance 
signals. The chrominance signals are recovered 
in the receiver where titey are used to regener-
ate the red, blue, and green signals in another 
matrix circuit. They are also present in a test 
unit known as a Vector Decoder. The Vector 
Decoder and the Cathode-ray Vectorgraph are 
used as a unit to measure the chrominance 
components of the composite color television 
signal. 

If the source information is a color bar 
test pattern, the chrominance signals will 
appear as in figure 1. This is a photograph of 
the I signal (above) and the Q signal (below). 
Each minor scale division horizontally repre-
sents 3 microseconds. The sequence of the 
color bars was green, yellow, red, magenta, 

white, cyan, blue, black. The small pulse at the 
right hand end of each trace is the demodulated 
burst signal. The horizontal sync pulse does 
not appear because the chrominance signals for 
blacker than black are zero. The zero DC 
voltage axis is the number one minor division 
for the Q signal and the number 9 minor division 
for the I signal. The white bar, black bar, and 
horizontal sync pulse all fall on these lines 
indicating that the encoder was properly adjusted. 

The oscillogram of figure 1. was made in 
the color studios of the Du Mont Television 
Network. Figure 2. is a block diagram of the 
method used to simultaneously display the I 
signal and Q signal. A TV line selector was used 
to synchronize a wide band Cathode-ray Oscillo-
graph. I and Q signals were simultaneously fed 
into a High Frequency Electronic Switch operat-
ing in the triggered condition so that I and Q were 
alternately fed into the Y input of the oscillo-
graph. Since the video information of all the 
lines of the bar pattern used was the same, 
adjacent lines could be used and the resulting 
chrominance signals would still represent the 
color information of a single line. 

The Vector Display 

When the chrominance signals are applied 
to the X and Y channels of an oscillograph, the 
instantaneous position of the spot on the face of 
the cathode-ray tube represents the instan-
taneous vector sum of the chrominance signals. 
The resultant display on the face of the Cathode-
ray tube will appear as in figure 3. The center 
dot represents zero DC for both the I signal and 
the Q signal. This in turn represents black, 
white, and the intermediate gray scale. The Y 
or brightness signal carries all the picture 
information in this case. The small dot with a 
transition loop to the left of center and elevated 
above the horizontal by 33 degrees is the burst. 
The outer 6 dots represent the 3 primary colors 
and their negatives, that is, the 3 secondary 
colors. No Z axis signal was applied to the 
cathode-ray tube. The bright spots are the rest 
positions of the beam during the flat portion of 
each step of the chrominance signals. The 
transition lines are much fainter due to the 
rapid transition from one position of rest to 
another. The bandwidth of the X and Y channels 
of the Cathode-ray Vectorgraph used to make 
this photograph is approximately 600 KC. 

Figure 4. is the identical display as repro-
duced by an oscillograph with amplifiers of 4 MC 
bandwidth. The larger diameter of the spots is 
caused primarily by the presence of some of the 
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subcarrier in the demodulated I and Q output 
signal circuits. The response of the amplifiers 
in the first instrument was sufficiently far down 
the subcarrier frequency -3.6 MC -to attenuate 
this residual. It is to be noted that the location 
of each spot can be determined equally well with 
the wide band or narrow band instrument. While 
the wide band instrument would be useful in the 
development of color equipment, it is felt that 
the greater cost makes its use prohibitive for 
station equipment. 

Figure 5 is the scale which has been used 
on pilot run and engineering models of the 
Vectorgraph. It is a stationary illuminated 
clear plastic scale. The markings are standard 
tolerances specified for the chrominance 
signals. Accurate measurement of vector 
amplitude can be made by rotating the entire 
display until the spot in question falls on one of 
the calibrated axes. This rotation is accomplish-
ed electronically by rotation of the Vector 
Decoder phasing controls. In the case where 
the phase of one of the colors is off sufficiently 
to fall outside the tolerance box, the amount can 
be determined with a straight edge laid between 
the scale center and the compass rose. 

Figure 6 shows idealized I and Q bandwidth 
curves. The encircled points are the F.C.C. 
specified points. As noted, the 3 DB point on 
the I characteristic is at 1.5 MC and the 3 DB 
point for the Q characteristic is at 500 KC. 
These limits have been imposed for reasons 
which cannot be covered in this paper. They are 
the primary factor which permits the use of an 
oscillograph with amplifiers of less than one 
megacycle bandwidth in this application. The 
oscillograms of the figure 1. were taken using 
instruments with more than 10 megacycles 
bandwidth hence it is fairly certain that the 
trace was a faithful reproduction of the original 
signal. 

Figure 7. is a photograph of one of the rack 

mounted instruments which were supplied to the 
Communications Products Division of Allen B. 
Du Mont Labs. These units had rotable non-
illuminated scales. Further field investigation 
has indicated that the rotation is not generally 
required, but that illumination is generally 
desired. Future Vectorgraph instruments will 
be supplied with non-rotating illuminated scales 
as standard unless otherwise specified. 

General Purpose Usage  

The characteristics of the Cathode-ray 
Vectorgraph have indicated that it may be useful 
as a general purpose oscillograph. The low 
relative phase shift of the amplifiers is of 
special interest. When the amplitude controls 
are set for equal sensitivity, relative phase 
shift is less than one degree, at least to 600 KC, 
and, in all probability, far beyond. For any 
combination of amplitude control settings, the 
relative phase shift will be less than 3 degrees 

below 600 KC. 

The cathode-ray tube is the tight tolerance 
type 5AQP-. It is a flat face mono-accelerator 
type. Deflection plate alignment is held to 
within plus or minus one degree. 

The instrument includes a modern highly 
linear vacuum tube sweep circuit. Incremental 
linearity is held to better than 10%. This 
circuit operates either driven or recurrent from 
the usual synchronizing sources. 

Stability is assured by use of a Sola self-
regulating transformer incorporated within the 
instrument. 

Acknowledgements to R.T.Cavanagh and 
R.Deichert of the Du Mont Circuit Research 
Laboratory and J.Auld, W.Flynn and 
W.Triantefellow of the Du Mont Television 
Network for their assistance in preparing the 
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AUTOMATIC BALANCE CONTROL 
OF COLORPLEXERS IN COLOR TV 

by J. R. Popkin-Clurman 
Telechrome, Inc. 

Amityville, L. I. , N. Y. 

One of' the most difficult problems with 
which the color television industry is faced is 
that of chroma drift in the modulator section of 
a colorplexer. The colorplexer is regarded as 
the "Heart" of the compatable color television 
system which was adopted by the NTSC and the 
FCC.  It is that unit which combines the simul-
taneous color information from red, green and 
blue video into a signal which will operate both 
black and white as well as odlor receivers. 

If a colorplexer becomes unbalanced, it 
causes a color receiver showing a color picture 
to color everything in the direction of the un-
balance.  A black and white receiver will also 
show subcarrier in the form of dots on a black 
and white picture when there should be none. If 
a black and white picture is received on a color 
receiver, with the colorplexer unbalanced, the 
color receiver will show this as a tinted pic-
ture instead of in black and white. If the burst 
which supplies color sync information becomes 
contaminated by unbalance conditions, the re-
ceiver color sync circuits may not properly lock 
at the correct phase. 

The broadcasting industry in particular, 
needs a colorplexer or color video translating 
device which will be precise and yet give trouble 
free service over long periods of time.  Present 
color broadcasting occupies a relatively small 
part of the daily broadcast schedule.  Thus it is 
desirable that the encoding or colorplexing equip-
ment which is used intermittently, reach oper-
ating equilibrium as quickly as possible. 

But all colorplexers drift! Some more 
than others. The average colorplexer takes a 
minimum of one hour of warm-up time and gen-
erally several hours to stop drifting.  Even so, 
it has been found desirable during the course of 
a day to "touch up" for nulls of the background 
chroma components. 

At present, frequent manual rebalancing, 
poses a personnel problem in connection with the 
maintenance and adjustment of colorplexers.  To 
solve this adjustment problem, an automatic bal-
ance control has been developed.  This automatic 
balance control in its various forms is sufficient-
ly dependable so that after its installation only 
normal preventative maintenance routine is re-
quired by the station personnel.  In fact, one 
colorplexer in our laboratory has been running 
for more than nine months without any attention 
being required for its bal ance after it was equip-
ped with automatic balance control.  With auto-
matic balance control, approximately 25 seconds 
from a cold start is all that is required to bring 
the colorplexer into balance, instead of allowing 
the usual one to two hours for warmup.  The de-
sign of the automatic balance control is such that 

it may be used with any colorplexer with no 
changes required in the colorplexer itself. 

In all types of colorplexers, the modu-
lator color channels must be able to generate a 
chrominance vector anywhere through 3600. 

Typical colorplexers resolve themselves 
into four or five categories: 

The first type has been called the Quasi 
Balanced colorplexer.  This consists of an I or 
Q or R-Y, B-Y modulator with two balance chan-
nels; one to eliminate the chroma unbalance in 
the plates of the modulators; the other a video 
bucking channel, to elirninate the video compon-
ents in the modulator plate, leaving only the 
chroma components. 

A second type, which is by far the most 
common, is the double balanced modulator using 
6AS6 or other double input tubes.  A pair of tubes 
is required for each modulator channel.  In the 
double balance modulator type, both the video 
and chroma subcarrier information are in split 
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phase, 0° and 180°. See block diagram figure 1. 
Sometimes encoding is done at R-Y, B-Y or with 
I and Q axes and a separate modulator for gen-
erating burst. When R-Y, B-Y modulators are 
used, burst is derived from the B-Y modulator 
channel, since the burst is at minus B-Y phase. 

A third type is the conventional four diode 
bridge switch type. A fourth uses two diodes. 
A fifth type uses 6BN6 tubes. In these types both 
video and reference subcarriers may be fed in 

single ended. 

All types of colorplexers have common 
features. They must encode a pair of vectors, 
normally land Q, or R-Y, B-Y, (the chroma in-
formation) with the carrier suppressed in the ab-
sence of chrominance information. We are pri-
marily concerned with chroma unbalance in the 
balance modulators so our discussion is confined 
to that portion of the colorplexer.  Excursions 
of video from the color difference channels to 
the modulators are positive as well as negative 
around zero or black level. It is, therefore, 
necessary to have some form of black level ref-
erence for the modulators. This is generally 
accomplished by Wendt type keyed clamp black 
level setters which hold the grids of the modu-
lator tubes to a reference black.  The clamp 
tubes operate so that pulse keying voltages close 
the clamps during the reference period which 
generally is during horizontal blanking time. The 
clamps are then released during the remainder 
of the scanning line. In this way, should the av-
erage value of dc on the modulator grids attempt 
to move from the reference black level, it is re-
stored or held once each line. The d.c. voltage 
at the bottom of the clamp sets the operating 
point of the modulators. Unfortunately, black 
level setters have dc drifts in themselves. Some 
of these drifts may be traced to: varying contact 
potential of the diodes; uneven conduction of the 
diodes; varying or uneven amplitudes of clamp 
pulses, high resistance leakage in the pulse coup-
ling condensers to the clamps, or high resistance 
leakage in the video coupling condensers in the 

clamp circuits. 

In addition, all modulators including the 
diode types, have drifts in themselves.  For ex-
ample, in the double balance modulator type using 

two 6AS6's, the two tubes which carry push-pull 
video and subcarrier must be capable of sustain-
ing balance for both the subcarrier and the video 
signals for long periods of time. The modulat-
ing elements, however, do not have very good 
long term stability.  Changes in line voltage, 
heater and ambient temperatures, changes in 
values of resistors, differential aging of the 
tubes, contact potentials, as well as gas cur-
rents - all are present more or less. 

The automatic balance control develop-
ed for using colorplexer used for encoding sig-
nals work as follows: Reference to Block dia-
gram, Figure 2 it is seen if either modulator 
of a colorplexer tends to become unbalanced 
for any reason, some combination of unbalanc-
ed chroma quadrature components will be pres-
ent in the output of the colorplexer.  A sample 
of these unbalanced chroma components in the 
composite signal is taken during a time when 
there is never supposed to be any chroma in-
formation present. This may be derived any-
where during the blanking interval. 

The most convenient time to sample the 
signal is during the sync period since the back 
porch normally has burst on it. An amplified 
sample of the unbalanced chroma components is 
fed to a series of gated amplifier tubes and then 
to a pair of amplitude-phase discriminator cir-
cuits. Reference quadrature voltages are also 
fed to the amplitude-phasediscriminators. The 
references may be derived in a number ofways, 
either from a source of subcarrier or from the 
colorplexer.  The dc outputs of the discrimin-
ators,  which compare the reference signals 
against the quadrature unbalanced components 
of the colorplexer output are proportional to the 
magnitude and phase of the unbalanced compon-
ents present during the keyed sample interval 
of the composite color video signal. Since the 
discriminators are sensitive to both phase and 
amplitude changes,  the error voltages from 
these detectors may be fed back to their appro-
priate keyed clamp black level setters as dc 
voltages. If the reference phases are correct, 
adrift of a keyed clamp or a modulator or any 
component in the circuit which upsets the chro-
ma balance is restored by a corresponding dc 
voltage in the opposite direction applied to the 
keyed clamp. 
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Because of the high loop gain in the auto-
matic balance control servo system nulls result-
ing from the error signals can be as much as 
70 db down from peak to peak signal values.  Al-
though a. c. amplifiers are used,  the 3.58 mc 
information acts as a carrier giving high stabil-
ity to the amplifier section of the ABC unit with-
out DC drift problems.  Because there is nega-
tive feedback present during the closed loop op-
eration of the automatic balance control, it be-
comes possible, to considerably expand the tol-
erances allowable for the normal operation of 
colorplexers.  Thus, drift in the keyed clamps 
themselves, resulting from differences in the 
conduction of the diode clamps, a change in the 
height of the keyed clamping pulses, drift in dif-
ferent directions due to contact potentials, or 
Gm of the modulator tubes, become second order 
effects.  Widely dissimilar characteristic mod-
ulator tubes may be replaced without matching 
a condition which would ordinarily make a color-
plexer impossible to use.  Drifts due to ambient 
temperatures or line voltages or heater voltages 
maybe ignored when the automatic balance con-
trol makes the colorplexer a very reliable per-
former instead of its former unsteady self. 

Two types of automatic balance control 
units have been developed as well as a complete 
encoder or colorplexer with the automatic bal-
ance control built in as part of its normal func-
tioning.  In some cases, it is possible to derive 
the reference quadrature voltages directly from 
the colorplexer itself.  In this case, the small 
automatic balance control adapter shown in slide 
(3) may be mounted on the colorplexer itself and 
the correction voltages fed back with all the cir-
cuitry as part of the colorplexer. 

A second type, with a 360° coarse phase 
shifter for any phase 3.58 mc subcarrier, de-
velops its own reference quadrature voltages 
with circuits which are tuned .707 in amplitude 
above and below 3.58 mc resonance, giving 
4-45° phase shift. In some cases the automat-

TE balance control may be operated as much as 
100 feet away from the colorplexer which it is 
governing. Such an independent unit is shown 
in slide (4).  Where switching transients or loss 

of signal or sync occurs, suitable memory cir-
cuits in the form of long time constant filtering 
of the dc error voltage path may be used to al-
low the balance to be maintained during the trans-
ient condition.  Similarly, anti-hunt networks 
may be incorporated in the error voltage chan-
nels in order to remove instabilities resulting 
from initial surges of voltage that may result 
when a colorplexer is first turned on. 

In all designs, the automatic balance con-
trol unit may be disabled, allowing manual con-
trol or for rebalancing.  A typical circuit is 
shown in slide (5). 

V1 is the gated amplifier tube.  V2 also 
functions as a gated amplifier tube in order to 
allow a high order of discrimination between de-
sired chroma information during the sampled 
time of the signal, as opposed to the picture time 
where there is normally chroma information 
which might leak through and provide spurious 
information to this error detector.  V3 is a driv-
er tube which drives a bifiliar transformer, the 
output of which is fed to V4 and V5, phase and 
amplitude detectors.  Note that no limiting is 
used before the phase detectors in order to have 
the feedback error voltages be proportional to 
the amplitudes of unbalance as well as their 
phase.  V6 feeds reference 3.58 mc in quadra-
ture which is derived from a tapped 360° delay 

line.  A block diagram of an integrally designed 
ABC controlled colorplexer is shown in slides 
(6) and (7), a photograph in slide (8). 

As an operational tool,  the automatic 
balance control represents a major step forward 
in the design of colorplexing equipment. It al-
lows the user of a colorplexer to treat it like 
most of the monochrome equipment now used in 
Telecasting. 
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TELEVISION IN EUROPE 

H.A.S. Gibas 

Garratt and Mumford have extensively 
reported about the history of televisionl. 
A great number of inventions had to be accom-
plished before television could become the 
quality for public introduction. A part of 
these inventions come from Europe. Two well-
known European inventors are Nipkow, who 
applied for a patent of a complete television 
system in Berlin already in the year 1884, 
and Baird, who contributed much to the deve-
lopment of television in Great Britain. 

In Europe there exist different tele-
vision standards. Great Britain opened the 
television service officially in the year 
1936 with 405 scanning lines. This number of 
lines offers a good picture quality. With the 
high number of 819 the most scanning lines 
are used in France. Most other countries in 
Europe use the 625 lines standard. 

The different standards are the source 

of several difficulties. In places lying in 
a zone where the reception of transmissions 
with two or more standards is possible, one 
needs receivers which are suitable for the 
reception of different standards. A further 
difficulty arises at the international 
program exchange. The standards of a tele-
vision signal must be changed, when it is 
transmitted in countries with different 
standards. The program exchange between 
different countries in Europe is much prac-
tised. The rise of the number of televiewers 
is especially great in times of extensive 
international program exchange. 

Different television standards in Europe  

The European standards differ in the 
first place in the number of lines. The 
principal standards are noted in the table 
below. The table contains, for comparison, 
also the American standard. One can see that 
the British standard has 405 lines, the 
French 819 and the Gerber standard, which is 
used by most European countries, 625 lines 
per image. The number of images per second is 

25, for all standards in Europe. This is the 
reason, that the number of lines per second 
of the American  and the Gerber standard 
differs by less than 1 %. The 625 lines 
standard differs in several countries. In 
Belgium two standards are in use, the 625-
and the 819-lines standard; but both differ 
from the standards in the neighbouring 
countries. The countries in Eastern Europe 
also use the 625 lines standard but with 
enlarged bandwidth. The conference of 1952 
in Stockholm2 had to solve a difficult problem. 
It had to allocate the channels of the tele-
vision and FM-transmitters in the European 
zone. It concerned the following bands: 
Band I from 41 to 68 MC/sec, band II from 
87,5 to 100 MC/sec and band III from 
174 to 216 MC/sec. Band III was extended for 
France down to 162 NC/sec, and for several 
countries at the upper limit up to 223 MC/sec. 

The conference in Stockholm allocated the 
channels for 600 television transmitters. The 
allocation agreement in Stockhom was signed 
by the representatives of 21 countries. The 
European zone is formed by 31 countries. 
Portugal and the countries of Eastern Europe 
did not sign the convention. A proposition of 
Prof. Siforov of Russia, to cover Europe with 
a regular network of television transmitters, 
has not been accepted. 

One could ask, what is the reason 
that so many different standards exist in 
Europe. Great Britain has had the 405 lines 
standard for 20 years. The results with this 
standard are satisfactory, and therefore 
Great Britain remained at this standard. After 
the war the communication authorities of the 
European countries investigated the possibi-
lities of improving the picture quality of 
television reception. Different opinions 
about the requirements of good picture quality 

led to the different television standards. 
These different standards have already been 
discussed extensivly and further discussion 
is useless. We in Europe are obliged to accept 
the fact of these different standards and to 

USA British Gerber French 

Lines per image 525 405 625 819 

Images per second 30 25 25 25 

Lines per second 15750 10125 15625 20475 

Channel width MC/sec 6 5 7 13,15/14 

Video modulation Neg. Pos. Neg. Pos. 

Sound modulation FM AM FM AM 
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try to solve the problems which arise. 

European television transmissions 

Interest in television exists in all 
countries of Europe. The state of development 
of television is very different in these 
countries. In Great Britain a big network of 
television transmitters covers a large part 
of the country and reaches most of the popu-
lation. The number of television receivers is 
about 4 million. In other countries commis-
sions study the possibilities of introducing 
television. In most cases the obstacle in the 
way of a rapid introduction of television 
lies on the financial side. With a few ex-
ceptions there is no advertising at the 
broadcast transmissions in Europe. Many 
countries do not use advertisements at all, 
while others transmit only a few. The owners 
of television receivers have to pay a fee, 
which amounts to about 10 to 20 Dollars per 
year. This money is used to finance the 
programs and the upkeep and contruction of 
television transmitters. Dr. Nestel of Ger-
many indicated that at the end of the year 
1954 the amount of 10 million dollars have 
been spent on transmitters, studios and the 
television network. At the same time there were 
about 100.000 televiewers in Germany who could 
not as yet finance the German television 
expenditure. In other countries we find 
similar conditions, although the number of 
televiewers is rising rapidly in countries 
with regular television programs. 

Television in Belgium, Denmark, France, 
Germany, Great Britain, Italy, the Netherlands 
and Switzerland is in a state of good deve-
lopment. Their studios partly are technically 
and acoustically most modern. The hours of 
television transmissions in Europe are short 
in comparison with those in the United States. 
Great Britain is leading also in this respect, 
averaging 7 hours a day. But in other coun-
tries programs are on the air for only one or 
two hours a few evenings of the week. 

The possibilities of stratovision3 
were investigated in Switzerland. The propa-
gation of ultra short waves in mountains is 
difficult te foresee as reflections of moun-
tains play an important role. The reflections 
also depend upon the growing of woods and 
plants on the hill sides. Therefore the propa-
gation of waves and the coverage of television 
transmitters were investigated by a great 
number of measurements, in Switzerland as well 
as in other countries. 

The quality of television programs is 
improving. The childrens' hour in Great 
Britain has special success. The children are 
very satisfied with their transmissions. It 
hapened sometimes that the many television 
receivers working during the childrens' hour 
at sunset caused a shortage of electric 
current in some living districts in Great 
Britain. 

Eurovision  

The television networks of eight 
European countries are connected4 . This net-

work is shown in the figure below. The pro-
gram exchange of Europe runs over this net-

work. It is the beginning of the European 
network, which in later times can be connec-
ted with the networks of other continents. 
The international transmissions in Europe were 
named Eurovision. The international television 
transmissions are followed up with great in-
terest; when a queen is crowned, the world 
championship of footbal is held, or other 
sporting or cultural events take place, than 
these can be seen on television screens in a 
great part of Europe. Plans are under consi-
deration for the extension of these trans-
missions and programs. It is intended, during 
next summer, to transmit parts of the festi-
val of Salzburg over the European television 
network. It is interesting to note that the 
number of television receivers sold is always 
large in times of international television 
program exchange. 

The network of the Eurovision con-
sists of microwave relays. The highest point 
of these microwave links is at the eastside 
of the Jungfrau in Switzerland at a height of 
about 12.000 feet. mere special provisions 
were necessary to protect the antenna system 
against snow and ice. The station lies high 
above the lower limit of glaciers in the 
Alps. 
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A particular problem in Europe is the 

conversion of the line number at the inter-
national program exchange. In the Eurovision 
such transformation points are in France and 
Holland. At these points the standards with 
405, 625 and 819 lines are changed. The 
standard conversion was already investigated 
by Zworykin, Ramberg, Schroter and others5. In 
Europe we have the advantage that all stan-
dards are based on 25 images per second. The 
standard converter at the transformation point 
in Holland which was developed by Philipsb 
consists of a receiver and a television 
camera. The receiver produces a sharp image 
with long persistency. This receiver stands 
in front of a television camera, in which an 
image iconoscop is used. The difficulties, 
which are connected with this conversion 
method could be mastered with success. The 
loss of sharpness is small. The noise factor 

changes only a bit. 
Part of the Eurovision network can 

work only in one direction; this means that a 
television program can run only in one direc-
tion. Some time is necessary to reverse the 
transmission direction. It is intended to 
provide the possibility of transmitting in 

both directions of the linkages. In Belgium 
a coordination and a control center of the 

European television exchange exist. The 
television companies of Europe are in close 
connection to make the television exchange 
more perfect and to study the possibilities 

of program exchange. 

Television receivers  

The development of the television 

receiver in Europe follows in principle the 
same line as in the United States. The 
dimensions of the pictures are smaller in 
Europe than in America. This is a question of 
the price and of the capability of production. 

The lower standard of living in many European 
countries demands low-priced receivers, this 
means receivers with a small picture tube. 
nevertheless the largest picture tubes, which 
are produced in Europe in great quantities 

have 21". On the other hand the prices of 
television receivers show a tendency to 
decline, and the number of television receiver 
models with large picture tubes is rising. 

The attempt of Philips to diminish the 

dimensions of a television receiver7 is 
interesting. The neck of the picture tube is 

bent and so the length of the tube is 
shortened. In this manner it is possible to 
build a receiver whose picture is 13" large, 

and which has a depth of 13". 
Interesting problems arise in 

connection with the developments of receivers, 

which are suitable for the reception of 
transmitters with different television 
standards. In the zone in which a reception 
of Belgium, French and German transmitters is 
possible, the receiver must be able to receive 

four different standards8. In a special 
receiver this problem was solved in such a 

manner, that the picture intermediate fre-
quency amplifier has 38,9 MC/sec and a band-
width of 4,25 MC/sec. So the French pictures 
cannot be received with the best possible 
quality. The sound intermediate frequency is 
MC/sec and is produced in a second conver-

ter. The problem of the demodulation of 
AM- and FM-sound modulation is solved by a 
simple method. Positivaand negativepicture 
modulation is considered by applying the 
picture voltage either to the grid or to the 

cathode of the picture tube. 
The determination of the intermediate 

frequency of television receivers has been 
investigated thoroughly. One is inclined in 

Europe to choose about 35 MC/sec for this 
frequency. The British Radio Equipment 

Manufacturers Association9 recommend a 
frequency of 34,65 MC/sec. 

The possibilities of television in 

the moving motorcar were also investigated in 

Europe. Television receivers with projection 
tube and screen are seldom found for use in 
the home. The reason is certainly that picture 

tubes with large screen can be made easily 

to-day. 
The Schmidt projector is used in the 

first place for the projection of large 
television pictures in cinemas 10 . This system 
is built in several cinemas in Europe. At 

Dr. Gretener in Zurich they are working on 
the very interesting Eidophor. The advantages 
of this cinema projector lie in the high 
light intensity and the large contrast of the 

picture. As in the United States also in 
Europe a great number of special measurement 

and service instruments for television 
purposes have been developed. 

Industrial Television  

In Europe many applications for in-

dustrial television exist. The underwater 
television was of good service in the search 

for the wreck of the British submarine 
"Affray" in 1951. The television camera 

identified it in a depth of 280 feet. Under-
water television was also used to find the 
crashed Comet aircraft, which was lost near 
Elba in the spring of 1954. Television shows 
great advantages in medical education and at 
medical conventions. Televised surgical 
operations can be demonstrated in detail to a 
great number of spectators. There exist 
different types of television pick-up in-
struments in Europe for this special purpose. 
A television camera was also installed aboard 
a Lirge whalingvessel in Great Britain. The 
captain of the ship can in this way observe 
exactly the happenings at the end of the 
ship. He need not leave the bridge, and can 
give orders easily and quickly. 

Industrial laboratories in Europe 
worked on color television already before the 
last war. The war interrupted these develop-
ments. After the war we observed with great 
interest the development of color television 

in the United States and admired the great 
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effort which has been unuertaken to come to an 
all-electronic compatible color television 
system 11 . Pye demonstrated in 1949 color 
television according to the field-sequential 
system of Columbia. The picture quality was 
good and the demonstrations met with great 

interest and success at the public. 
Emitron Television Limited, the 

producer of the well-known television pick-up 
tubes and Marconi are trying to find a way to 
simplify the television camera for color 
television. Marconi has developed a color 
television system following the N.T.S.C. 
technique, bur for the British 405 lines 
standard. The British Broadcasting Corporation, 
E.M.I. and Marconi demonstrated in the year 
1954 color television with success at several 
occasions 12 . We suppose that the high price of 
color television, before all the high price of 
color television receivers, will prevent the 
introduction of color television in Europe in 
the near future. 

This paper shows the advantage, if a 
big continent, as Northern America, has one 
television standard, and the difficulties which 
bring the differences of standards in neigh-
bouring countries, as in Europe. On the other 
hand Europe is learning to master these 
difficulties. We suppose that in the near 
future the television networks of continents - 
for instance the networks of Northern America 
and Europe - will be linked together. At a 
later date there will certainly be one 
television network all over the world for the 
transmission of occurences which are inter-
esting for all nations. The standard conversion 
of the American 30 image standard and the 
European 25 image standards will become 
necessary. We are sure that the scientists will 
solve also this problem. 

Numerous European technical journals 
report about the development of television in 
Europe. Some of these reports are listed in the 
Bibliography at the end of this paper 13. 
Finishing the author is obliged to thank the 
many authorities, departments and firms in 
Europe, which have contributed to this report 
with technical material and information. 
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ELECTRCNIC ORGAN TONE RADIATILN 

Daniel W. Aartin 
The 3aldwin Piano Company 
Cincinnati 2, Ohio 

AdSTRACT 

fhe principles of design for elec-
tronic organ tone chambers are outlined. 
The differences between the design goals 
for loudspeaker enclosures for organs 
and for other purposes are explained in 
fundamental ter,as.  rhe construction of 
new organ tone cabinets for indirect 
radiation is described in detail.  A 
few organ installation examples are 
given. 

NOTE: 
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The complete manuscript of this 
paper, including the parts used in the 
condensed version presented at the 
Convention, has been published in the 
Aay-June 1955 issue of IRE TRANSACTIONS 
on Audio. 



THE ROLE OF ROOM ACOUSTICS IN MUSIC LISTENING 

John A. Kessler 

Acoustics Laboratory 

Massachusetts Institute of Technology 

Summary 

As sound travels from a source to a 
listener or to a microphone, its spec-
tral and temporal characteristics are 
altered by the room through which the 
sound travels.  In the case of recorded 
music, at least two rooms usually 
contribute to the quality of the sounds 
which the listener hears.  The effects 
of the room on the music may be bene-
ficial or detrimental to listening 
enjoyment.  The evaluation of these 
physical effects in terms of listener 
preference is a subject of continuing 
interest to musicians, architects, and 
engineers concerned with design of 
concert halls and with the recording 
and broadcasting of music. 

The topic of our symposium today is 
"Music, High Fidelity, and the Listener"; 
my remarks are directed at the role 
which room acoustics has to play in the 
transmission system which carries the 
music to the listener.  I think you 
will agree with me at the outset that 
when we use the terms "high fidelity 
recording" and "high fidelity reproduc-
tion", we do not intend the words to 
be interpreted literally -- obviously 
we cannot wholly recreate, in a small 
apartment, say, everything that goes 
on in Carnegie Hall (even if we wanted 
to, and I know what my neighbors would 
say if I tried!). 

Recording and reproducing a musical 
event is rather like taking a photo-
graph - the photographer cannot possibly 
"reproduce" his subject in every detail, 
and he may choose to de-emphasize some 
features and emphasize others, inten-
tionally introducing some kinds of 
distortion for purely aesthetic reasons. 
Distortions of this sort can greatly 
enhance the illusion which the photo-
grapher is trying to create, just as 
surely as his picture can be spoiled 
by undesirable distortions such as bad 
focus, coarse grained film, or the like. 
Indeed, it is these unpleasant effects 
that come immediately to mind when we 

use the word "distortion" in the first 
place. 

A music recording and reproducing 
system may well have electrical, 
mechanical, or magnetic elements which 
introduce spurious harmonic or in-
harmonic tones, noise, and resonant 
phenomena, all of which seem to be 
disagreeable to a greater or lesser 
degree.  Suppose for the sake of the 
present discussion that we assume that 
all such unpleasant distortions can be 
eliminated - or at least held within 
tolerable limits -- by careful appli-
cation of existing audio engineering 
techniques such as quiet disk record 
materials, feed-back record cutters, 
magnetic recording, wide-range FM 
broadcasting, and the like -- in short, 
let us assume our recording and re-
producing system is beyond reproach. 

This perfect recording system is 
useless, however, until it is linked 
to a listener at one end and to a 
source of program material at the 
other --- and both of these links 
commonly involve rooms and room 
acoustics. 

In recording music or in the pro-
duction of various sound effects in 
motion pictures and radio, the recording 
engineer makes constructive use of the 
room characteristics in many familiar 
ways - a distant microphone may be used, 
for example, to add reverberation and 
make a small dead hall sound larger and 
the concert correspondingly more im-
pressive - or the microphone may be 
brought in closer (or its directional 
response altered) to produce a more 
intimate effect, for a string quartet 
or a romantic dialog.  As another 
example, suitable microphone placement 
has been shown to reduce the dynamic 
range required of a recording or 
broadcast system without any notably 
deleterious effect on the musical 
material. 

Clearly, the effects produced by 
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,a room can be manipulated to the advan-
tage of the listener.  But it is equally 
clear to all of us who have made 
recordings or attended concerts that 
rooms can also introduce unpleasant 
forms of distortion.  In an effort to 
track down distortions of this type, 
many sorts of physical and analytic 
studies have been made, of rooms and in 
rooms --- reverberation time, decay 
modulations, transmission irregularity 
or frequency irregularity and space 
irregularity, pulse response, direc-
tional diffusivity, and many other 
physical concepts have been used to 
describe the properties of a room. But 
the interpretation of these physical 
measurements, in terms of what the 
listener likes or dislikes, is a more 
difficult problem, and one for which 
no wholly satisfactory solution has yet 
been found. 

How then can we evaluate different 
acoustical situations -- how can we 
distinguish "good" rooms from "bad" 
rooms, or "good" locaticns from "bad" 
ones?  As soon as we start using words 
like "good" and "bad", we imply that a 
listener is making an evaluation and 
rendering a judgement, so why not ask 
the listener directly? 

It is not easy to get from a 
listener a reliable, consistent, and 
interpretable judgement, in the case of 
something so complex as what I shall 
call, for want of a better term, the 
"listening experience".  The real 
meaning of this term "listening ex-
perience" was brought sharply home to 
me several years ago, when we first 
began broadcasting live concerts of 
symphonic music over wide-range FM in 
the Boston area.  A friend of mine who 
is blessed (or cursed) with a "Golden 
Ear" was our friendliest but most vocal 
critic for many months.  Even after the 
broadcast system had been painstakingly 
set up for a flat response of more than 
15 KC (including the equalized con-
denser microphone used for single-point 
pickup) and a dynamic range of about 
70 decibels above noise, for many months 
he always called me up the day after the 
broadcast, to register dissatisfaction 
about flaws in the broadcast the night 
before---occasional electrical inter-
ference, or slight imperfections in 
balance resulting from unexpected 
rearrangements in orchestra seating, 
and the like. 

Then one day he failed to call. 
Fearing that something awful had 
happened to him, I called him.  He 

sounded hale and hearty -- yes, he'd 
heard the broadcast but, "you know", he 
said hesitantly, as if groping for words, 
"the music was so good I didn't have 
time to listen"! 

This story gives us fair warning not 
to underestimate the psychological 
complexity of the overall "listening 
experience".  More important, it gives 
us one positive hint as to what to ex-
pect if we ask a listener a direct 
question.  We can expect to find some 
definite evidence of acoustic flaws, if 
these flaws are so aggressively un-
pleasant as to distract the listener's 
mind from the music, and consciously or 
sub-consciously interfere with his 
enjoyment of it.  But if the flaws are 
not strong enough to over-ride his 
concentration on the music itself, he 
will probably be completely unaware of 
their existence, and therefore unable 
to give any meaningful information 
about them.  I have seen an eminent 
composer and orchestrator listen with 
rapt attention and obvious enjoyment 
to a record in.which the noise and 
distortion were almost painfully 
unpleasant to me, but he was so fas-
cinated with the scoring of the fourth 
horn part that he was blissfully un-
aware of anything else. 

These observations have been borne 
out in a number of studies which may 
be noted for reference purposes, even 
though a detailed discussion of the 
available evidence would be outside 
the scope of this paper.  Helmut Haas I 

established for speech signals certain 
thresholds of "disturbance" produced 
by a single artificial echo as a func-
tion of echo level and time delay, 
although the time delays involved were 
not long enough for the listener to 
observe an actual discrete echo   
His results have been shown to be in 
good quantitative agreement with  2 
results published by Mason and Moir 
on pulse response measurement and 
listener evaluation of motion picture 
theaters, and in still better agreement 
with measurements and questionnaire 
results obtained by Beranek, Bolt, and 
Doak3.  In this latter instance, the 
key question asked of twenty-one 
listeners in a theater (during the 
playing of a standard SMPE test film) 
had no intended implication of pleasure 
or displeasure:  it was "To what degree 
are you aware of the acoustics of the 
room?", and we had at that time no 
a priori evidence that such "awareness" 
need necessarily be construed as un-
pleasant.  Yet subsequent questioning 
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of the listeners showed that all of them 
without exception interpreted "awareness 
of the acoustics" as meaning the intru-
sion of the room on their enjoyment of 
and concentration on the film. 

It is of interest to note4that 
Muncey and others in Australia  have 
reported an extension of Haas's work 
to include string quartet music and 
electronic organ music as well as speech, 
using a magnetic tape recorder to pro-
duce a single echo in a free-field 
environment. The disturbance criteria 
for music were found to be somewhat 
less stringent than for speech.  There 
was a hint that the complete absence 
of echoes was disturbing to the lis-
teners in the music tests, but the 
test conditions were so different from 
any normal listening situation that 
this factor would be difficult to 
evaluate. 

In contrast with the quantitative 
results which have been obtained in 
studies of speech and music under 
conditions where disturbing room 
effects are known to exist or are 
created artificially, a more exten-
sive questionnaire test, carried out 
during a concert in a well-designed 
modern auditorium, failed to show 
anything but the overwhelming general 
satisfaction of the audience; evidently 
the enjoyment of the music wiped out 
any distractions which the room may 
have created. 

In this brief review, we have 
noted the several parts that the room 
plays in music recording and in lis-
tening to music.  In recording, the 
room is usefully employed for dramatic 
effects, but apparently the first 
approximation to good room acoustics 
is the absence of evident flaws; the 
second approximation, the good features 
of room acoustics which ma TiTtually 
enhance the enjoyment of listening, 
are apparently outside the capabilities 
of direct questionnaire techniques in 
their present stage of development. 
Quantitative measurement of these good 
features depends on a better under-
standing of the listening experience 
itself, as a psycho-physical phenomenon, 
and on a more sophisticated interpreta-
tion of the part which room acoustics 
plays in the interaction between the 
physical stimulus and the psychological 
responses of the listener. 

Techniques other than the direct 
questionnaire have of course been widely 
explored in the evaluation of room 

acoustics -- an outstanding example is 
the monumental investigation attendant 
upon the design and evaluation of the 
Royal Festival Hall in,London. The 
report by Parkin et al' is so comprehen-
sive that I shall simply incorpo"ate it 
by reference into this morning's pro-
ceedings. For subjective assessment of 
the properties of the Hall, there were 
test concerts, forums, and endless 
discussions and correspondence among 
an impressive assembly of musical and 
scientific experts, leading to a 
correspondingly variegated collection 
of descriptive terminology. In press 
comments alone, adjectives which appeared 
during the first eighteen months 
included the following: 

"clarity (twenty times); brilliant 
(five times); beautiful, blend, 
definition, resonant (all four 
times each ; alive, balanced, 
exhilerating, frightening, perfect, 
ruthless, shattering, subtle, 
superb, truthful, warm (all twice 
each); admirable, astonishing, 
charitable, charming, Chaucerian, 
cold, consolidated, dazzling, 
deplorable, eerie, exalting, 
exquisite, frank, full, glorious, 
hard, ice-clear, inspiring, intimate, 
lovely, magnificent, magnified, 
mellow, merciless, muddy, over-
bearing, ravishing, responsive, 
revealing, rich, ruinous, sharp, 
shimmering, shrill, sickening, 
sonorous, stunning, te mperamental, 
toneless, touchy, tremendous, 
unrelenting, wonderful (all once 
each)." 

The authors themselves note that 
this list is less than talf as long as 
one published by Salmon ° to describe 
music from recordings.  And they note 
later:  "One difficulty with subjective 
assessments is the use by musicians of 
a large number of terms, and to bring 
order into the problem it has been 
necessary to translate some of their 
opinions into our own terms': 

This is a succinct statement of 
the problem which seems to me to be 
next in line when it comes to improved 
methods for subjective evaluation of 
concert hall acoustics, recording 
systems, or other physical components 
which play a part in the overall psycho-
physical interaction which I have 
referred to as a "listening experience". 

Words constitute our most versatile 
technique for the description and 
classification of our sensory observa-
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tions, and extremely sophisticated 
vocabularies have been developed to 
describe the characteristics of sounds, 
especially among practising musicians 
and hi-fi enthusiasts.  Verbal scaling 
techniques are already being applied to 
the problem of establishing quantitative 
relationships in certain special appli-
cations7.  Unless we have recourse to 
electrodes applied to the scalp or 
inserted in the auditory system, we 
shall almost certainly continue to 
stumble over the interpretations of 
words until we can put these inter-
pretations on a quantitative basis. 
This is the principle obstacle which 
limits the usefulness of all our 
existing techniques for the evaluation 
of room acoustics and other components 
in music systems. 
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ENVIRONMENTAL-FITNESS CONSIDERATIONS OF HIGH-1,112.LITY AUDIO SYSTEMS 

By R. D. Darrell 
Author of "Good Listening" 

Stone Ridge, N. Y. 

Summary; Performance evaluations became progres-
sively more difficult as the field of interest ex-
pands from isolated audio components to integrated 
systems and as rigorously objective measurements 
either become impracticable or are superseded by 
wholly subjective aural judgments.  Yet if the 
final evaluation of overall sound qualities must 
be determined by aesthetic rather than engineering 
criteria, the latter still are significantly ap-
plicable to the fitness of any specific system to 
its specific environment.  The present paper calls 
for extended and intensified study of present-day 
listeners' practical audio needs and psychological 
attitudes, and -- anticipating the results of such 
study -- suggests possible engineering approaches 
to the better "matching" of home high-fidelity 
systems to their actual "habitats." 

Introduction 

The subject of complete sound-reproducing 
systems, in its broadest aspects, is one of which 
most audio engineers are justifiably wary.  Tech-
nical studies generally are restricted to pro-
fessional studio installations or to specialized 
details of component integration, and the free-
ranging discussion of home systems is left to mer-
chandisers, semi-professionals, and amateurs --
few of whom are particularly inhibited by any lack 
of reliable engineering data.  From a narrow point 
of view this looks suspiciously like licensing 
fools to rush in where angels fear to tread, but, 
in larger perspective, it is both wiser and kinder 
to recognize that once an audio system has been 
installed in a layman's living room, what happens 
then pertains: largely to sound-renroduction as an 
art rather than as a science. 

Yet few conscientious engineers can abandon 
their creations to alien hands without a strong 
sense of disappointment and perhaps even of guilt. 
The higher they have set their own standards of 
performance, the more aggravating it becomes to 
find how far short of these standards most systems 
fall in actual home use -- or misuse.  However we 
may define "high fidelity," we all know that some 
kind of ideal in reproduced-sound quality is cur-
rently the subject of tremendous public interest, 
and that nowadays this ideal can be more closely 
approached by legitimately rated wide-range audio 
systems (as well as by the best recordings and 
broadcasts) than ever was possible in the past. 
Yet the gap between our high-fidelity ideal and 
our common sound-reproduction home practice grows 
steadily wider. 

As one of the "fools who rush in" (in my case 
as an audio critic -- I. e., an unofficial, self-
appointed intermediary between engineer and lis-
tener), I don't pretend to have any pat solution 

to a problem which patently is so complex that it 
well may be inherently insoluble.  But at least I 
am sufficiently uninhibited to suggest a possible 
avenue of engineering approach to that problem. 
And I hope you won't be too shocked by my basing 
that approach on the unaccustomed, seemingly but 
not necessarily unscientific, notion of environ-
mental-fitness considerations. 

Terminology and Qualifications  

Although the "environment" of an audio sys-
tem usually is thought of (at least by engineers) 
in terms of the acoustical characteristics of the 
room in which the system is located, I'd like to 
employ it here in a larger sense which also takes 
into account the nature of the program materials, 
the types and habitual settings of the operating 
controls, and the response characteristics of 
listeners' aural sensibilities.  The system's 
"environmental-fitness" then is determined by its 
degree of "suitability" not only to the listening 
room alone, but to gl the various demands that 
are made on it.  And obviously that suitability 
is measurable only in part by any technical means: 
in larger part it can be evaluated only in terms 
of "user-satisfaction." 

Unfortunately, such unavoidably loose term-
inology is easily misinterpreted, and so 1 must 
emphasize immediately that I have no intention of 
raising the specters of "listener-preferences" or 
of implying that audio-performance standards be 
scaled dawn so as to match the lowest common de-
nominator of popular tastes.  On the contra ry, 
I hold that tastes of any kind always are too 
personal, too subject to change, and too inex-
pressible ever to serve as guides -- except on 
wild-goose chases:  When I speak of user-satis-
faction, I have in mind the basic human need for 
musical experience and the usually intuitive and 
inarticulate, but nevertheless very definite, 
ability of individuals to indioate by their re-
actions whether or not this need is rewardingly 
met.  And since i believe that this need never 
can be fully satisfied (certainly not for normal 
sensibilities and over extended periods of time) 
by anything short of the very best that is pos-
sible today in sound-reproduction, my concept of 
environmental-fitness need not involve any corn,-
promise in the highest of fidelity standards, 
however these may be formulated. 

To me, the goal is not one of designing and 
using home systems which will please their lis-
teners (a relatively easy task on any short-term 
basis), but of designing and using those which 
will do full justice to the finest recordings and 
broadcasts available today, and with which their 
owners long can live happily. 
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arch Needs. Sublects. Locales. and Procedures 

Now, I'm keenly aware that a discussion of 
environmental-fitness considerations raises many 
awkward questions which audio engineers hardly can 
be expected to answer.  But surely it is not un-
reasonable to hope that they should at least lead 
the way in helping to formulate the most perti-
nently,significant queries.  For, as George A. 
Sartoni has shrewdly noted, "In science immense 
progress is made whenever the right question is 
asked, the asking in proper form is almost half 
of the solution."  Yet it is right here that the 
audio profession as a whole tends to abdicate its 
present responsibilities. 

Why, for example, are there so few contempo-
rary re4xaminations of the great basic studies of 
auditory perception, audible frequency and ampli-
tude ranges of music, residence noise levels, etc. 
-- most of which date from a decade or even two 
decades ago?  Undoubtedly their fundamental con-
clusions are not likely to be altered radically, 
but surely they stand in need of extension and 
modification, if only as a result of the recent 
tremendous expansion in sound-reproduction, the 
vast increase in listening experience, the new 
popularity of symphonic (often highly "modern") 
music, and the consequent notably enhanced audio 
concern with both frequency-spectrum and loudness-
level extremes. 

The study of room (as distinct from auditori-
um) acoustics gradually is being intensified, but 
as yet there are far too few papers, such as those 
by Kessler and Harris on this afternoon's sympo-
sium program, which are of directly practicable 
value to the home listener.  And it is even more 
rarely that investigators are directly concerned, 
as Rosenblith is today, with the overall response 
characteristics of the human listener himself --
the most complex transducer of all those with 

which we have to deal. 

Indeed the most promising subject of new re-
search well may be the contemporary "audiophile." 
For, although he is a relatively new phenomenon, 
at least in the numbers in which he exists now-
adays, we now have access to an ever-growing fund 
of raw data on his nature, attitudes, practices, 
and native "habitats";  both in the direct evi-
dence of his comments, complaints, and queries 
published in the correspondence columns of the 
popular audio and record-reviewing press; and in 
the indirect evidence of that same press's edi-
torials and articles, plus of course many recent 
books and pamphlets dealing with various aspects, 
technical and otherwise, of the "hi-fl craze." 

Within more familiar engineering territory, 
one particularly happy example of the kind of in-
vestigation needed so badly today is W. R. Thur-
ston's paper, Testing and Adjusting Speaker In-
stallations with the Sound-Survey Meter2, which 
I cite not merely for the value of its specific 
contents, but for the fact that all its data are 
based on overall sound-output measurements made 
under normal (living-room rather than laboratory 

or anechoic-chamber) conditions.  And, moreover, 
Thurston's procedure impresses me as setting a 
superb example to follow by other engineers will-
ing to experiment on the handiest of all guinea-
pigs -- themselves and their own home systems. 
There are few audio engineers who are not also 
home listeners and presumably hi-fi fans too (at 
least to some degree short of the fanaticism of 
the more notorious amateur representatives of 
that breed:).  So where can you better pursue the 
subject of "fitness" than with the suitability of 
your own system to your own environment? 

Yours is an exceptional case, you protest? 
Perhaps, but all individual cases are exceptional 
in some respects and, from what I have seen and 
heard in engineer-friends' homes, I am strongly 
inclined to doubt that their typical environment-
al-fitness problems differ greatly from those of 
other audiophiles -- or that engineers, in gener-
al, are notably more successful in solving these 
problems than ma ny serious amateurs. 

Nor should this be surprising.  Moving from 
his laboratory to his living room, the engineer 
naturally tends to leave behind his objectivity 

along with the other tools of his profession.  His 
greatest advantage over the technically untrained 
listener is his ability to analyze overall system 
response in terms of specific component-perform-
ance characteristics.  Too often, at home, he may 
not make good (or indeed any) use of that advan-
tage, but its very possession is likely to blind 
him to the fact that any clear analysis of this 
sort normally is impossible for the layman. 

The latter, especially if he has had consid-
erable listening experience, generally knows well 
enough when something is wrong with what he hears, 
but he seldom can -- and as a rule makes no at-
tempt to -- discover /there the fault lies: in his 
program materials, in one or more of his system 
components, in his own and his speaker locations 
in relation to each other and to his room's geo-
metry, or in his own ears and mind....  Then, too, 
the lay listener's most decisive reactions prob-
ably are even more negative in character than 
those of most professionals.  Both types of lis-
tener are more easily displeased than pleased, 
but the layman tends to be more acutely conscious 
of minor defects, and his annoyance over these 
flaws often is disproportionately prejudicial to 
his system as a whole. 

101 

Yet despite such differences, and indeed des-
pite all the diversity of contemporary listeners' 
individual backgrounds, temperaments, equipment, 
and locales, I'm convinced that those most seri-
ously interested in high-fidelity sound share many 
aural attitudes and ideals in common, and experi-
ence much the same difficulty in matching their 
particular systems to their particular needs. And 
risky though it may be to anticipate the results 
of the more formal studies for which I am calling 
here, my own observations point to three general 
areas in which environmental-fitness investiga-
tions seem especially needed and where they well 
may hold the promise of most immediate rewards. 



Area No. 1 

The first is, not surprisingly, further tac-
tical improvements in system-components' funct-
ional suitability. I say "further," because this 
area is already well known and considerable pro-
gress currently is being made here, notably in 
the enhancement of home-equipment's visual appeal 
and use-convenience, and in the closer adherence 
to "professional" constructional and operational 
standards. But much remains to be done -- perhaps 
particularly in effecting greater design economy, 
eliminating superfluous versatility, reducing es-
sential controls to a minimum, and ensuring opti-
mum "fool-proofing" throughout. 

In theory, at least, many desiderata here are 
clearly enough recognized by engineers, but as yet 
the general public still has to be convinced that 
these are not merely ideal but quite practicable 
and indispensable.  In actual merchandising and 
promotional practice such desiderata too often are 
given lip-service at best -- and in consequence 
many true high-fidelity essentials are considered 
by laymen to be "refinements" or "elaborations" 
which only fanatical specialists really want or 
can afford.  The safest examples to cite here are 
diamond pickup styli and high-quality turntables 
and pickup arms (rather than changers), but for 
myself I'd also add horn,loaded dual or multiple 
speaker systems, studio-type calibrated attenu-
ators, and VU and Fk-tuning meters.... 

I hesitate to touch on the more controver-
sial details of system-control and loudspeaker 
problems, but just because so many controversies 
still rage in these domains, it must be obvious 
that their effective resolution demands far less 
heated and more illuminating investigations than 
we have had so far.  Let me call attention only 
to the desirability of reconciling two currently 
conflicting schools of thought;  one (to which I 
subscribe) claiming that the seeming need for 
"tone" and "loudness" controls is a sure sign 
that something is basically wrong or inadequate 
in the system itself;  the other asserting that 
such controls are necessary for room-matching and 
quality-compensation purposes.  Similarly, the 
former school finds a properly designed and lo-
cated horn-loaded speaker system quite free from 
objectionable point-source effects;  the latter 
yearns for multiple dispersed speakers, special 
sound-diffusion devices, or even quasi-stereo-
phonic effects.  Can either point of view be 
authoritatively justified -- and how/ 

Area No  2 

Fortunately, the second area is less disput-
able, at least where ends rather than means are 
concerned, and possibly it may eventually supply 
some of the answers needed in Area No. 1.  For it 
is the development of more  effective overall sys-
tem-performance test or "check" methods -- to be 
conducted under normal rather than laboratory 
conditions, and as far as possible utilizing sig-
nal sources more closely akin to actual musical 
materials than steady-state pure tones. 
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Formidable as the difficulties here may seem, 
I'm convinced that some means must -- and can --
be found to overcome them.  One encouraging sign 
is that we are gradually coming to be better sup-
plied with appropriate signal-source materials. 
Besides many useful discs and tapes of steady-
state or spectrum-swept frequencies, there are a 
few for MW-distortion tpting, of which the Emory 
Cook N-A Beam Test disc' is perhaps outstanding 
in that it permits immediate aural checks on the 
test results.  Then there is the valuable Thermal 
Noise disc' (also from Cook), in which switched 
comparisons between wide-range white noise and 
various types of restricted-range gray noise also 

may be evaluated, if less precisely, by ear.  And 
best of all there now is available a wide variety 
of "demonstration" discs (both those specifically 
designed for hi-fi displays and those easily se-
lected from the regular LP symphonic repertories) 
with which audio systems may be subjected to the 
most exacting musical-performance checks. 

With these last there is unfortunately no 
present way of making meaningful (instrumental) 
response measurements -- yet under suitable con-
ditions, and with properly qualified listeners, 
aural judgments can be made with a considerable 
degree of quasi-objectivity.  I outlined a pos-
sible method in my "Engineering Listening" edi-
torial  a couple of years ago, but of course sim-
ilEr methods long have been more-or-less con-
sciously employed by many critical listeners, and 
they well may be susceptible of further develop-
ment and far wider application. 

At any rate, a -- if not the -- prime cri-
terion of high-fidelity reproduction is directly 
involved wi th a system's overall transient res-
ponse and spectrum balance, and in my opinion one 
of the most pressing engineering needs still un-
met today is that for better rays of making such 
response and balance measurements or evaluations. 
Perhaps what we really want is some kind of aural 
equivalent of a TV-broadcast test-pattern, with 
which John Q. Public himself can obtain a quick, 
accurate, and unambiguous answer to his vital 
question, "Is the overall performance of my audio 
system good, bad, or indifferent?"  Surely some 
such ideal home-test means is not wholly impossi-
ble -- but how much longer must-we wait for some 
ingenious inventor to make it a reality? 

Area No. 3  

The third area is characterized neither by 
basic differences of opinion nor by any special 
technical difficulties -- which makes its neglect 
in current practice all the more inexplicable.... 
For it is simply better protection against common 
performance deteriorations, the main sources of 
those noise, distortion, and unbalance troubles 
which are most readily recognized and always most 
strongly resented by lay listeners. 

What shocks me most about nearly all the aud-
io systems I hear in friends' homes is not so much 
their bad sound, as such, as it is their almost 
invariably sounding so much worse than they should  



if they were in proper operating condition.  Even 
with the best and most expensive of hi-fi systems, 
after they have been in home use for a few months, 
how often can you crank up the level control all 
the way and (with turntable or tape-transport run-
ning, but with no record playing) put your ear 
close to the speaker and hear no hum or rumble but 
only a smooth high-frequency hiss?  Haw often can 
you play a modern wide-range recording and hear no 
evidence of motor unsteadiness or incorrect speed, 
none of stylus or head wear or misalignment, none 
of overloading, and none of unbalance between or 
among the various elements of a multiple speaker 

installation? 

Yet it is exactly such defects, above all the 
rise of background noise, which are the first to 
be resented by even untrained listeners, and cer-
tainly it is the presence of distortion and spec-
trum unbalance which contributes most heavily to 
aural fatigue and consequent dissatisfaction with 

the system as a whole. 

Unhappily, most home-system owners never have 
even heard of preventive maintenance:  only a com-
plete breakdown forces them to seek a serviceman 
-- and then their chances of finding a competent 
audio specialist are slim indeed.  Right here is 
where the whole audio business has fallen down 
disgracefully:  designers and manufacturers for 
not meeting higher standards of ruggedness; deal-
ers and servicemen for minimizing the need -- or 
failing to supply the means -- of regular expert 
maintenance;  and my own profession as well, for 
audio critics and commentators have been as lax . 
as others in failing to alert audiophiles to the 
early recognition of deterioration symptoms and 
the ways in which at least many simple faults may 
be corrected or emergency replacements be made. 

Conclusion 

Probably I am unduly biased by my personal 
orientation, but no matter from what direction I 
try to approach the problems of audio-system en, 
vironmental-fitness I find the greatest barrier 
always is a lack of knowledge -- on the part of 
professionals no less than on that of amateurs. 
J. Robert Oppenheimer5 diagnosed the general ail-
ment of our not-so-golden age of technology when 
he sadly concluded, "It isn't the layman that's 
ignorant -- it's everybody that's ignorant:" 

As long as high-fidelity audio-system prac-
tice was confined to a narrow circle of recorders, 
broadcasters, and other specialists, its environ, 

mental-fitness considerations could be reasonably 
well understood and controlled.  Nowadays, how-
ever, comparatively large numbers of technically 
untrained laymen are forced to wrestle -- for the 
most part blindly and helplessly -- with far more 
recalcitrant home-system fitness problems.  And 
one thing is sure:  the home listener, no less 
than nature, "abhors a vacuum" and will continue 
to flounder toward "easy" pragmatic solutions un, 
til he is shown some better and more rational an-
swers.  High fidelity originally was an engineer-
ing ideal; today it has been taken over by a pub-
lic which has perhaps more than its normal share 
of crackpots -- and whatever responsibilities are 
abdicated by the engineers, the crackpots will be 
only too avid to seize. 

The supreme challenge to audio profession and 
public alike is simply this:  given the technical 
resources and skills available today, and given 
the incalculable active and potential interest in 
high-quality sound reproduction, why aren't high-
fidelity home systems more common, more depend-
able, and far more rewardingly used?  Probably 
there are many good reasons, but the best one I 
know is that the pertinent environmental-fitness 
considerations have yet to be fully explored, 
clearly grasped, and effectively acted upon. 
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CAN A HIGH-FIDELITY SYSTEM BE DEFINED 

Cyril M. Harris 
Acoustics Laboratory 
Columbia University 
New York 27, N. Y. 

Summary  

As yet,. there has not been laid down 
a satisfactory operational definition for 
a high-fidelity system--one that depends 
only on specified measurements on the sys-
tem in question.  If our definition is to 
have significance, it must rank order sys-
tems in a way that will correlate with 
subjective evaluation.  Thus an opera-
tional definition of a high-fidelity sys-
tem can only be meaningful if it includes 
a rating of all variables that have a 
significant affect on the subjective 
evaluation of the system.  For convenience, 
various possible factors that may be of 
importance have been divided into the fol-
lowing groups: 

1.  Response-frequency distortion 
2.  Non-linear distortion 
3.  Transient distortion 
L.  Phase distortion 
5. Spatial distortion 
6.  Background noise level 
7.  Difference in level between 

original and reproduced sound 
The problem is (a) to specify the varia-
bles in each group, and (b) to determine 
their relative importance by listener-
preference tests.  Various listener-pre-
ference tests are discussed.  It is con-
cluded that we do not have sufficient data 
at the present time to give a quantitative 
evaluation of all types of distortion that 
may be of importance to the subjective 
evaluation of a high-fidelity system. 
Therefore, it is not possible at this 
time, to give an operational definition of 
a high-fidelity system. 

41,1-143-344-14R141-.J-11. 

Much confusion has arisen in the 
field of the high quality reproduction of 
sound because the term high-fidelity  
system does not mean the same thing to 
each of us--the reason being that, as yet, 
there has not been laid down a satisfacto-
ry operational definition for such a sys-
tem, one that depends only on specified 
measurements on the system in question. 
The definition of such a term is arbitrary 
in nature.  But this does not mean that we 
can define, with significance, a high-
fidelity system in any manner we choose. 
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If our definition is to have significance, 
it must rank order systems in a way that 
will correlate with subjective evaluation. 
Here the word system is used in the broad 
sense to include all components that in-
fluence the acoustic reproduction in one 
location of a sound source that has been 
generated in another.  It includes, there-
fore, characteristics not only of the 
electroacoustic equipment, but of the 
source and listening rooms as well. 

Suppose that a definition of a high-
fidelity system is selected and that it is 
applied to a group of 10 systems to deter-
mine which of the group qualify as high-
fidelity systems.  If, for example, the 
definition classes 6 of the systems as 
high-fidelity, but listener-preference 
tests indicate that 3 of the non-qualify-
ing group actually are judged to be of 
higher quality than those we have classed 
as being high fidelity, then it is appar-
ent that the arbitrary definition was not 
well chosen.  The criteria of rank order 
correlation with subjective judgements 
would thus rule out a definition that one 
hi-fl fan has suggested:  "A high-fidelity 
system is one whose electrical components 
cost more than ft99.50." 

Thus, an operational definition of a 
high-fidelity system can only be meaning-
ful if it includes a rating of all varia-
bles that have a significant affect on the 
subjective evaluation of the system.  The 
question is what are these variables and 
how important are they?  If we can provide 
this answer, we can give a satisfactory 
operational definition of the term high-
11A211 a_IyAlfts.  Here, then, is the objec-
tive of this paper.  For convenience, vari-
ous possible factors that may be of impor-
tance have been divided into the following 
groups: 

1.  Response-frequency distortion 
2.  Non-linear distortion 
3.  Transient distortion 
b.  Phase distortion 
5. Spatial distortion 
6.  Background noise level 
7.  Difference in level between 

original and reproduced sound 

Now the problem is (a) to specify the vari-
ables in each rroup, and (b) to determine 
their relative importance by listener-



preference tests.  Unfortunately we have 
very little such material to discuss, for 
if one separates mere opinion, or opinion 
backed  by meaningless listening tests, 
from carefully controlled experimentation, 
it turns out that the number of papers of 
importance in this regard are few indeed. 

Greatest attention has been given to 
the first item of the above group, response 
-frequency distortion.  Among the factors 
that might be considered here are: 

(1) 

(2) 

(3) 

General requirements as to 
frequency range. 
Balance between upper and lower 
cut-off frequencies. 
Rate of "roll-off" at the cut-
off frequencies 

Two studies are of particular importance 
in this connection.  The nature of their 
experiments and their results will be 
stated briefly. 

In 1945, Chinn and Eisenberg published 
a paper an a frequency-range preference 
study cinducted with various groups of lis-
teners.  The following is abstracted from 
their paper: 

"Almost 500 subjects, in small groups, 
took part in the tests and all together, 
over 10,000 individual preferences were in-
dicated.  In adlition to the "average" lis-
teners. tests were undertaken with a group 
of professional musicians whose training 
presumably qualified them as critical lis-
teners, and with a group of frequency-
modulation listeners.  A wide variety of 
program material, including popular, light-
classical, and classical music, male and 
female vocals, and male and female spoken 
and dramatic speech, was presented at three 
tonal ranges.  These were arbitrarily de-
signated as narrow, medium, and wide.  (The 
wide range was said to be essentially flat 
from 40 - 10,000 cps.  The medium and nar-
row ranges were obtained by inserting fil-
ters into the electrical system having the 
following approximate passband character-
istics:  70 to 7,000 cps and 150 to 4,500 
cps respectively.)  The trend was consis-
tent throughout the investigation.  Except 
for one series  of tests that were made 
with live talent, all voice and music se-
lections were produced from especially 
original recorded "masters" cut on cellu-
lose-nitrate coated disks.  The background 
noise, even during the reproduction of the 
records, was not detectable by the majori-
ty of the listeners.  The measured distor-
tion of the electrical portion of the sys-
tem was extremely low throughout the 
frequency range.  The loudspeaker unit was 
a dual unit of well-known manufacture, em-
ploying a folded horn for the low frequen-
cies and a multicellular horn for the high 

frequencies.  The band-pass filters had 
the characteristics representative of the 
conditions that generally prevail in 
radio and recording equipment." 

The main conclusions of the study are: 

Listeners prefer either a narrow or 
medium tonal range to a wide one.  How-
ever, the exact choice of bandwidth varies 
to some extent, within these limits, for 
different types of program content.  Most 
listeners still prefer a narrow to a wide 
tonal range even when informed that one 
condition is "low-fideltiy" and the other 
is "high-fidelity."  No great difference 
in preferences were found between groups 
of different sex, age, education, and musi-
cal training; even professional musicians 
and frequency-modulation listeners having 
the same preferences. 

An interesting study of another type 
was carried out by Olson who investigated 
listener preference for a restricted fre-
quency range using a small live orchestra 
as a source2 . The listeners always heard 
the live orchestra--no electrical repro-
ducing equipment was involved.  In order to 
compare the full frequency range with a re-
stricted one having an upper cut-off of 
5,000 cps, an acoustical  low-pass filter 
was inserted between the orchestra and lis-
teners.  The orchestra and filter were hld-
den by an illuminated shear cloth curtain. 
The results of tests, involving about 
1,000 listeners, indicated a preponderant 
preference for the full frequency range. 
From this, one may conclude that if a re-
stricted range is preferred in some cases, 
it is not because listeners have become 
conditioned to a restricted range and pre-
fer it for that reason, nor because present 
musical instruments are improperly designed 
and would be more pleasing if higher fre-
quency overtones were suppressed. 

The above frequency range preference 
studies are not necessarily in conflict, 
they simply test two different situations. 
For example, there was considerable differ-
ence in the rate at which their response 
frequency curves dropped at cut-off.  Until 
we have enough knowledge about this subject 
to enable us to extrapolate our conclusions 
from one listening situation to another, 
then each such study can be of help in con-
tributing to our own understanding of the 
relative importance of frequency range in 
high fidelity for a specific condition. 
Thus it would be incorrect to assume that 
the extrapolated results of Chinn and 
Eisenberg necessarily apply to a situation 
where the wide-band condition has a 15,000 
cps bandwidth; they may not necessarily ap-
ply to a situation if the distortion were 
an order of magnitude lower than was possi-
ble to obtain 10 years ago.  Their results 
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certainly cannot be extrapolated to ster-
eophonic reproduction, although some en-
gineers have attempted to do this.  On the 
other hand, it would be equally incorrect 
to assume that the results of Olson, taken 
with a live source, also apply a wide band 
single-channel reproducing system using 
transcription material as a source. 

The above two studies differ in anoth-
er very important respect--what we have 
called spatial distortion, that is, the 
difference hetween the original and repro-
duced sound that arises primarily as a re-
sult of differences in the acoustic radia-
tion pattern of the source in the two 
cases.  For example, consider a hypotheti-
cal single channel system that is perfect 
in every respect save one:  At a specified 
distance from the loudspeaker in an acous-
tic free-field, the radiated sound prRs-
sure is uniform within an angle of 30' 
from the axis of the loudspeaker; beyond 
this angle the acoustic output is negligi-
ble.  Now suppose a violin were used as a 
sound source.  Even if the loudspeaker of 
the hypothetical system is placed in the 
same location in the room as the violin, 
it will not produce the same acoustic pat-
tern in the room since its acoustic output 
would be confined within an angle of 30' 
in contrast to that of the violin which 
has a complex radiation pattern.  As a re-
sult, spatial distortion is introduced by 
the reproducing system.  Furthermore, the 
ratio of direct-to-reflected sound reach-
ing the ears of a listener in the room 
would be distorted.  Work of Maxfield and 
Albersheim seem to indicate that there are 
preferred limits for this ratio).  With 
reverberation time, it enters into a quan-
tity they defined as liveness. In the 
example we have just considered with a 
violin as a source, the liveness at a 
fixed point in the  room would be altered 
by the distorted acoustic radiation pat-
tern. 

So far, we have discussed a single in-
strument.  If one considers a distributed 
source such as an orchestra, the resulting 
spatial distortion is even greater.  Then 
the listener no longer has the ability to 
discriminate direction.  This type of dis-
tortion can be decreased by increasing the 
number of reproducing channels.  As the 
number becomes very large, one may ap-
proach true stereophonic conditions.  This 
is essentially the situation that Olson 
tested since he used a live orchestra.  The 
appeal of stereophonic reproduction is due 
to its significant reduction of this type 
of distortion.  Early work in this field 
includes research by members of the Bell 
Telephone Laboratories, especially Fletcher; 
Steinberg, Wente and Snow, who analyzed 
the subject of sIereophonic sound in consi-
derable detailb,).  The renewed interest in 
this type of sound reproduction seems to 

justify further experimentation in this 
direction. 

Continuing with our discussion of 
factors included under the general heading 
of resronse-freouencv distortion we now 
consider the question of so-called "bal-
ance."  It has been stated and accepted 
for many years that the product of the low 
and high frequency limits of a reproducing 
system should equal a constant.  Some En-
gineers use the value 500,000 while others 
prefer 600,000.  Still others feel sure 
that they will be reasonably safe if they 
pick a value halfway between these.  The 
origin of this concept is somewhat obscure 
--most engineers are not sure where the 
figures first arose.  A little investiga -

tion has indicated that this concept ori-
ginated in the broadcast industry more 
than twenty years ago, based partly on ex-
trapolation of tests with pure tones and 
partly on the application of cl9ta of Snow 
for another type of experiment 0.7. Ap-
parently no controlled listener-preference 
tests have been published to indicate the 
validity of the above rule.  In fact, this 
relationship does not appear to be true--
unless, of course, the per cent tolerance 
is extended to ridiculous limits, in which 
case it has no meaning.  For example in 
one chart, which has been circulated wide-
ly, a shaded area for the product of the 
upper and lower cut-off 'requencies is re-
commended for engineering purposes; it is 
stated that satisfactory aural balance 
will be obtained within this area.  In 
this chart it will be noted that for an 
upper cut-off frequency of 8,000 cps a 
product as low as 320,000 is acceptable; 
in contrast, at an upper cut-off frequency 
of 15,000 a product as high as 1,200,000 
is considered acceptable.  Here then is a 
criteria many design engineers will ap-
preciate--plenty of tolerance, about 100 
per cent. 

As indicated above, no controlled 
listener-preference tests have been repor-
ted in the literature on the subject of 
"balance".  The only published results 
seem to be those which appear in a fooA-

note of Olson's paper in which he says', 
"Some investigators have attributed con-
siderable importance to balance in repro-
duced sound.  Correct balance is said to 
obtain when the product of the upper and 
lower limits of the frequency range is 
500,000 (cycles) 2 .  In order to obtain 
approximately the same balance for the re-
stricted high frequency range condition, 
the frequency components below 100 cycles 
were eliminated or attenuated.  A compari -

son of  this condition with merely attenu-
ating the high frequency range showed a 
greater listener preference for the latter 
condition.  This is in spite of the fact 
that the latter condition is said by some 
critics to be improperly balanced.  Under 
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certain conditions, there appear to be 
other factors which influence the balance, 
besides the arbitrary value for the pro-
duct of the upper and lower limits of the 
frequency range." 

Thus we may conclude a discussion of 
"balance" by indicating that there appears 
to be no evidence from listener-preference 
tests to substantiate the validity of ap-
plying the above balancing procedure to 
high-fidelity systems. 

Another possible type of distortion is 
that which arises as a result of the dif-
ference in level between the original and 
reproduced sound.  Since the overtone 
structures of musical instruments vary 
with level, reproduction of music at 
levels different than the original may 
introduce an unnaturalness.  Furthermore, 
it may be accompanied by an undesirable 
reduction in dynamic range. 

Somerville and Brownless of the Brit-
ish Broadcasting Company carried out a 
series of tests to determine listeners 
preferences for maximum sound levels for 
various types of music8 . They set up a 
listening room in one of their studios so 
that it would have acoustical characteris-
tics similar to those of the average liv-
ing room.  Recorded material was used as a 
source.  Their results indicate that the 
preferred maximum sound levels decrease 
with age for men and women and are about 
the same for both; it is lowest for speech, 
higher for dance music, still higher for 
light music, and highest for symphonic 
music —the range from lowest to highest 
being on the average, about 6 db.  The 
range of their data is about the same as 
Chinn anl Eisenberg's, however, the pre-
ferred British levels were perhaps 5 db 
higher.  This and other significant dif-
ference may result from a difference in 
listener preference between the American 
and British groups or from differences in 
the noise level of their program material, 
differences in overall transmission charac-
teristics of the reproducing systems, or 
differences in non linear distortion. 
Thus, the types of distortion in our ori-
ginal list do not contain independent 

variables.  A change in one will affect a 
listeners preference with respect to 
another.  For example, if the upper fre-
quency limit of a high-fidelity system 
is increased then the amount of non-
linear distortion that will be considered 
acceptable will be reduced.  Therefore, 
in reporting listener-preference tests it 
is important that complete test  condi-
tions be stated so that the results may be 
compared with other studies. 

Although the results of tests on all 
possible types of distortion have not been 
outlined here, it has been shown that we 

do not have sufficient data at the present 
time to give a quantitative evaluation of 
all types of distortion that may be of im-
portance to the subjective evaluation of a 
high-fidelity system.  Therefore, one con-
cludes that it is not possible at this 
time to give an operational definition of 
a high-fidelity system. 
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MAN, A SOMEWHAT NEGLECTED COMPONENT OF HI-FI SYSTEMS 

Walter A. Rosenblith 
Massachusetts Institute of Technology 

Cambridge, Mass. 

ABSTRACT 

In recent years much progress has been 
made in assessing the transmission efficiency of 
communication systems. In most situations that 
are of interest to the hi-fi enthusiast, it is how-
ever not possible to specify the message that is 
to be transmitted. Under these circumstances, 
one might suggest that the most realistic yard-
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stick for the performance of hi-fi systems is 
man's discriminative ability. This talk will, in 
the main, deal with man's hearing. It will also 
be concerned with the question: 'To what extent 
do laboratory experiments on pure tones predict 
human reactions in more general listening sit-
uations?" 



MAGNETIC TAPE AS A RECORDING MEDIUM 

Frank Radocy 
Audio Devices, Inc. 
New York, N. Y. 

There has been a steady improvement in the 
characteristics of magnetic recording tape over the 
past six years, partly as the result of the availa-
bility  of  new  materials, and  partly  from  more 
effective formulation with older ingredients. Since 
the performance of a magnetic recorder is, at least 
in  part, dependent  on  the characteristics of the 
tape  used, recorder  results  have improved in the 
following directions: 

1.  Base  material of improved strength has 
permitted  reliable  operation  under  hitherto 
difficult  conditions  of humidity and temperature; 
and  has encouraged use of a thinner base. allowing 
50% more tape footage and recording time for a reel 
of  given size.  For the  thinner base, it appears, 
that cellulose acetate  is inadequate  under summer 
conditions, and  that only the new  polyester Mylar 
should be generally suitable. 

2.  Improved  oxide  and  the  use  of  an 
orientation technique have produced: 

A.  An 11 db  increase in  signal  to 
noise ratio. 

noise ratio. 

output. 

B.  A 15 db increase in signal  to DC 

C.  A 6 db  increase  in  saturation 

D.  A 317 decrease in  erase  current 
requirement. 

E.  A profound  improvement in relat-
ive response at the higher frequencies. 

3.  Improved  coating  and quality  control 
techniques  have improved uniformity of performance 
from  one  foot to  the next  and from  one reel to 
another, to the degree indicated by the following: 

Tape 
1949 1955  

Uniformity at 7.5 mil wavelength:  2 db  0.25 db 

Uniformity at 1 mil wavelength:  4 db  1.0  db 

4.  Binder  formulation controls the coef-
ficient  of friction  and the coating  adhesion of 
tape.  Early  tapes  were  prone to poor  physical 
properties,  due  to the  lack  of  data  on aging 
effects  and inadequate  knowledge of  accelerated 
tests. 

Adhesion  to the base  material was helped 
enormously by a method of presizing the basetefore 
the magnetic coating was applied.  This opened new 
fields to the formulation  chemist, and the binder 
was  developed  to incorporate  new anti-tack com-
pounds, anti-friction agents and higher concentra, 
tions of magnetic  oxide.  Operation  in hot humid 
climates  without layer to layer  sticking  became 
possible, and friction was profoundly reduced. 

5.  The growing use of magnetic tape read-
in and readout, and  for multi-track  instrumenta-
tion recording, has compelled intensive  attention 
to the avoidance of physical defects on thesarface 
since  these  lead  to errors.  It has  been found 
thst rolling and ..scraping techniques smearnanufac-
tured defects, over  the tape surface  rather than 
remove them entirely.  Accordingly, there has been 
intensive  attention  to  the  production  of tape 
entirely  free  from  defects.  The  methods  are 
indicated by the following production test results, 
secured  with  the  defect  counter  described  by 
Kramer: 

No. of reels tested: 
Reel size 
No. of permanent defects per reel: 

1200 
1250 x 1/4" 
.05 

Permanent  defects  are those which are not remov-
able, and exclude dust particles laying loosely on 
the  surface,  etc.  Arcordingly,  it  has  proven 
practicable  to supply  tape  which is  guaranteed 
free from defects.  However, the user must protect 
this  quality by protecting  the reel from dust at 
all times.  Storage must be in the manufacturer's 
special dust-free packing. 
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MAGNETIC RECORDER-REPRODUCER DESIGN 
Walter T. :Selsted, Chief Engineer 

Ross H. Snyder, Application Engineer 

Ampex Corporation 
93h Charter Street 

Redwood City, California 

When magnetic recording was introduced into general use, it was first applied to sound record-
ing.  Since that time, the uses have become very widespread, but the basic rrinciples which apply 
to sound recording are used in all fields.  For use in the field most familiar to radio engineers, 
the design of 4 magnetic recorder must meet rather stringent requirements.  These requirements are: 
(1) Excellence of performance, and (2) Reliability.  The first of these is made up of a number of 
characteristics, such as frequency response, signal-to-noise ratio, distortion, flutter, ease of 
handling and threading, starting time, interchangeability of tapes, et cetera.  Reliability, the 
second major requirement, is very important to the radio engineer since lost time, servicing, and 
general inconvenience are so expensive to the radio industry.  3ome of the factors which result in 
reliability are: basic design, conservatism of component ratirr7, ease of servicing, gentleness of 
tape handling. 

All of the foregoing factors are 5mportant in the design of a magnetic Recorder-Reproducer 
for the radio engineer, and are covered in some detail in this paper. 

Magnetic Recorder-Reproducer Design 

In the design of a tape recorder-reproducer, 
the development program may conveniently be divi-
ded between the mechanical and the electronic 
components; the requirements relating to each 
may be conveniently divided into those which 
nave to do with reliability, and those which 
have to do with performance. 

Reliability 

Reliability, as it relates to tape re-
corder design, may be considered in two ways. 
Short term reliability may be thought of as a 
function of outright component failure, such 
as burn-out of motors, failure of insulation 
in transformers or inductors, failure of tube 
filaments, and so forth.  Such failures can 
only be minimized by design which minimizes 
the stresses, whether mechanical or electrical, 
on all components, and by careful choice of ap-
propriate component elements.  The components 
should never be operated at a large percentage 
of their maximum rating at any time, and as-
surance should be obtained that the ratings 
themselves are reliable.  600 volt capacitors, 
for example, would appropriately be used 
throughout equipment in which peak voltages 
do not exceed h00.  Transformers should be 
rated to operate at considerably higher tempera-
ture rise than their operation will demand. 
This consideration applies, also, to motors, 
and similarly to all other components. 

Long-Term Reliability 

Long-term reliability factors are those 
concerned with failures which occur after 
extended periods and which are due to what 
may be termed normal wear and tear.  Among 
these are the wear-out of heads due to tape 
abrasion, which may reasonably be expected to 
occur after the passage of approximately fifty 

million feet of tape.  Fast-forward and re-wind  
operations, contrary to initial supposition, 
need not be  expected to contribute materially 
to head wear-out, even tholldh the tape is not 
withdrawn from the heads during these high speed 
operations.  Indeed, experience-has established 
that head faces may not even be expected to be-
come polished excepting by the passage of tape 
at normal velocities. This is due to the forma-
tion of an air film between tape and heads 
during high speed tape motion.  The only reason, 
Then, to design head structures so that tape may 
be pulled readily from the heads would be for 
convenience in editing operations.  Heads should, 
of course, be designed, if possible, so that 
performance does not deteriorate in any way until 
the very end of normal useful life.  Gradual 
deterioration due to abrasion may also be ex-
pected in such guides as are necessary to conduct 
the tape accurately past the heads.  These should 
be of hard, abrasion-resistant material.  Capstan 
wear will be rather rapid if the oxide surface of 
the tape contacts it. It is imperative, there-
fore, that the tape operate with the oxide away 
from the metal capstan. If this procedure is 
observed, capstan wear-out will eventually be due 
to bearing failure in the canstan,assembly, and - 
no gradual change in the speed of the tape will 
occur throughout normal life.  Elsewhere in the 
transport mechanism, sleeve or ball bearings may 
be chosen for motors, idlers, guides, etc., and 
these may require attention before the machine 
exceeds its useful life. 

The electronic components will require more 
attention on the part of the user than will the 
mechanical apparatus. The gradual, almost pre-
dictable deterioration of electrolytic capacitors 
and vacuum tubes may reasonably require of the 
user scheduled periodic replacements.  Tubular 
paper capacitors and resistors are usually not 
subject to predictable long-term failure, and 
with the present quality of available components 
rarely need be a factor in reliability.  Parks 
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reports that machines designed, in general, as 
described in the foregoing, have performed in 
network service, without back-up duplicate re-
corders, for more than 8,000 consecutive hours 
without sign of failure.  Simple and suitable 
preventive maintenance procedures are followedl. 

Performance 

We may conveniently separate performance 
considerations into those relating to the trans-
port mechanism, and those relating to the 
electronics. 

Transport Mechanism 

Satisfactory performance of a tape re-
corder transport mechanism involves ease of 
handling and smoothness of tape motion.  Ap-
propriateness of size and weight for the appli-
cation, and appropriateness of control functions 
are factors in ease of handling.  A facility for 
remote control, for example, may be needed in 
machines designed for recording studio and radio 
broadcast use, whereas simpler lever controls 
are more appropriate for use in recorders whose 
application demands extreme portability, light-
ness, and compactness.  Both types of machines 
find important uses in broadcast service.  In 
broadcast operations, of course, it is extremely 
important that the machine be easily threaded in 
a minimum of time, since the equipment is often 
set up for operation during short time periods, 
such as station breaks, and since the whole 
nature of any broadcast operation is split-
second timing. For this reason, also, starting 
time of the mechanism should be held to a mini-
mum.  Threading, indeed, should be so straight-
forward as to make it difficult if not impossible 
to thread the machine incorrectly.  Push-button 
controls are most desirable where remote opera-
tion may be needed. 

Among the design details which contribute 
to handling ease are those which have to do with 
the prevention of improper operation of the 
equipment, such as interlocking relays which pre-
vent accidental erasure or breakage of the tape. 
These must be included in the design of any 
transport mechanism which is to be used in 
broadcast operations.  In the event the machine 
is lever-controlled, it must be made as diffi-
cult as possible to damage the tape during 
operation of the machine, by the use of appro-
priate mechanical interlocks. 

The second consideration in tape recorder 
performance, that of smooth tape motion, depends 
upon a number of interrelated details.  Smooth-
ness of tape motion is measured by flutter and 
wow content.  To understand how these effects 
may be minimized, let us first consider a 
typical tape transport, as shown in Figure 1. 
The supply reel on the left feeds tape to a 
stabilizing idler assembly, from which the tape 
enters the head assembly.  After leaving the 
heads, the tape passes through the capstan and 
is fed to the takeup reel. Figure 2 shows the 

electrical equivalent of this mechanical system. 
The voltages produced by the components shown as 
Vs, VC and VT should be first considered.  These 
represent the rotating fields within each of the 
three motors which drive, respectively, the reels 
and the capstan.  VT represents a voltage which 
corresponds to the constant velocity of the tape. 
If we consider those parameters which affect the 
value of VT we will be considering those variables 
which will alter the velocity of the tape, pro-
ducing flutter and wow. 

Note, at the left, that Vs supplies current 
to the circuit through Rs, which represents the 
variations in torque created by irregularities 
in the torque motor, due to imperfect design and 
construction of the motor itself.  Cs represents 
the combined inertia of the torque motor rotor, 
reel, and the tape on the supply side.  LT', LT23 
LT3, LT4, and LT5 represent the compliance of the 
various lengths of tape between the supply reel 
and CI, which is the stabilizing idler assembly 
pulley, the erase head (represented by RH1), the 
record head (RH2), the playback head (RH1), and 
the capstan, Cc.  Cc represents the inertia of 
the flywheel on the capstan.  CT1 through CT4 
represent the mass of those lengths of tape be-
tween the elements_from the stabilizing idler to 
the capstan.  Lm represents the compliance of the 
magnetic field between the rotor and the stator 
of the synchronous capstan motor.  CT and RT 
correspond to Cs and Rs on the supply side.  LT6 
is the compliance of the tape between capstan 
and takeup reel.  CG and LA represent the spring-
loaded tape guides associated with the stabilizing 
idler.  RI represents the frictional loss in the 
ball bearings of this assembly.  RH' through RH3 
represent the variable frictions between the head 
surfaces and the tape.  Rc represents variable 
losses due to non-uniformity of the rubber in the 
capstan idler wheel. 

The equivalent network thus set up could 
be considered, first, as to the way it responds 
to low frequency disturbances of various kinds, 
and, second, as to its response to high frequency 
disturbances, since the various kinds of flutter 
seem to divide themselves in approximately this 
manner.  Insofar as tape motion is concerned, 
that portion of the tape located between CI and 
Cc is the only important section.  The most 
important consideration before us, when we refer 
to the electrical equivalent circuit, is that the 
values of VTI, VT2, and VT3 remain as nearly 
constant as possible.  Let us consider, then, 
what sorts of disturbance would produce a voltage 
drop across LT3, LT4 and LT5 at a slow rate.  Any 
change in the current flowing through these three 
circuit elements would cause a momentary change 
in VT1 through VT3, and, correspondingly, 
momentary changes in tape velocity at the heads. 
If we assume for the moment that VT originates in 
a source of indefinitely low impedance, so that 
changes in current will not affect its value, 
then the only changes in current through LT-1, 
LT4 and LT  5 at low frequencies will be due to 
changes in the values of RI, Rs, and Vs.  Changes 
at a low rate in RI would be due to ball bearing 
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imperfections, such as runout, misalignment, or 
stiff lubricant.  Changes in Rs would be those 
in torque due to design and manufacturing defects 
in the torque motor, such as "cogging," rotor 
and stator eccentricities, poor bearings, or bad 
winding distribution.  The reel hub eccentrici-
ties are also considered as a part of Rs. 

It becomes obvious from a study of the 
equivalent circuit that the greater the value of 
CI with relation to RI and Rs, the less will be 
the affect on VT of these variables.  The value 
of CT for practical considerations should be 
only sufficiently high to attenuate changes in 
current which occur at a greater frequency than 
approximately one-half cycle, when considered as 
a portion of an RC filter, R being Rs and RI in 
parallel. 

High frequency disturbances from Rs and 
RI would then be negligible. 

Throughout the foregoing, it has been 
assumed that the impedance cf the source of VT 
is zero; this is not entirely attainable.  In 
the practical case, the capstan, whose surface 
velocity is represented by VT, is derived from a 
synchronous motor which has a compliance between 
the rotating field and the rotor, represented 
by Lm.  Also associated with this motor, either 
mounted directly on the motor shaft or after speed 
reduction, is a flywheel, Cc.  This combination 
is a resonant circuit of finite Q.  Hence, 
changes in current through Lm will change the 
value of VT, and if these disturbances occur at 
a rate approximating the natural resonance of 
Cc and Lm, the effects may be quite serious. 
One of the commonest causes of trouble in this 
portion of the circuit is Rc, which is the 
rubber capstan idler.  Variations in rubber 
uniformity can cause serious changes in current 
(force) in Lm.  The current changes in Lm due to 
the variations in Rc are normally many times 
greater than the total variations in current 
through components LT' through LT5, so that these 
latter variations, as regards slow frequency 
variations in VT, may be neglected.  For the 
same reason changes in VT caused by current 
changes through LT6 due to changes in RT may be 
neglected.  It may be seen that the maintenance 
of a high degree of motional stability at low 
frequencies requires that the design be directed 
toward making the value of Cc as high as possible, 
LT3 through LT5 and Lm as small as possible, 
making Rs and RI as constant as possible, LT2 as 
large as practical from the point of view of the 
size of the equipment, and, at the same time, 
making CI of such value that the resonant 
frequency between it and its associated induct-
ances is in a frequency range where no other 
periodic disturbances may be expected to occur. 
vith suitable care in the selection of the above 
constants, the low frequency variations in VT2  
and VT3 may be held to values as low as 0.03% 
r.m.s., on a commercial basis. 

One of the reasons we have considered low  frequency flutter will center about the relations 

frequency flutter first is that it is much more 
important for an audio recorder, since the human 
ear and mind detect periodic speed variations in 
a manner which is much affected by the rate of 
flutter, and by the frequency of the tone being 
varied2. See Figure 3.  It will be obvious on 
examining these curves that flutter rates between 
1 and 5 cycles per second are most easily detected, 
and therefore most rigorously to be excluded in 
the design of the transport mechanism.  Whenever 
possible, shafts, idlers and other rotating com-
ponents should be designed to turn at frequencies 
outside this region.  It turns out in most practi-
cal designs, however, that rotational rates must 
often fall entirely within this region, so the 
components must be given extremely careful 
attention as regards perfection of bearings, 
eccentricities, etc. 

From the considerations presented thus far, 
it might appear that it is always necessary to 
include a component corresponding to CI.  This is 
not, however, the case.  CI can be eliminated if 
the variations in Rs and Vs are greatly reduced. 
This can rather readily be accomplished by using 
a hold-back device of very smooth torque instead. 
Such a device may take several forms.  A spring-
controlled slip clutch, or a mechanical feedback 
type of constant brake would be appropriate. 
This is an especially desirable procedure where 
considerations of size and weight are of great 
importance, as in airborne or in broadcast 
portable recorders.  Years of experience with 
quality torque motors have made clear that even 

the finest of these cannot satisfactorily be used 
without a precise and carefully designed, and 

probably necessarily expensive stabilizing idler. 
Constant tape tension throughout the reel is not 
necessary, however, for excellent performance. 
It is only necessary that tape tension be suf-
ficient to provide adequate tape to head contact, 
and low enough to minimize head wear.  Obviously 
such criteria allow for wide variations in 
average tension without degradation of performance. 

For low frequency speed variations which are 
not audible, which might be referred to as "drift," 
the consequences are variations in program timing 
and minute variations from perfect pitch in the 
reproduction.  T prevent these, it is essential 
that a synchronous capstan motor be used, and 

that when a speed reduction device is inserted 
between the capstan motor and the capstan shaft, 
no low frequency speed error is thereby intro-
duced.  Another consideration is the capstan 
shaft diameter, itself, which must be maintained 

within extraordinarily tight limits from machine 

to machine.  In practice, the variations in tape 
velocity must be held within 0.2%, which is to 
say that the capstan diameter must be ! 0.1% of 
design center, from machine to machine.  If we 
allow the capstan to contribute half the allow-
able error, the tolerance on capstan diameter 
becomes 0.05%, independent of capstan size. 

A consideration of the causes for high 
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among LT2 LT3, LT4, LT,  CTi, CT2, CT 1, 

and Rmi, Rm2, and Rmi, it may be seen that the 
values of L and C which represent the tape be-
tween the stabilizing idler and the capstan form 
a resonant circuit which for diagramatic con-
venience is shown as distributed elements.  The 
resonant frequency of this length of tape depends 
upon the elasticity of the tape, its mass, and 
the distance between CT and Cg.  Rmi through Rm3 

(which represent variable frictional resistances 
between heads and tape) will tend to excite the 
tape into oscillatory motion in the vicinity of 
its natural resonance.  This type of speed 
variation occurs generally at a frequency which 
is rarely detected by the ear when its magnitude 
is minimized by careful attention to the value 
of RH, through Rml. This means that a low co-

efficient of friction must be maintained, and 
that low pressures must be applied at each area 
of contact.  One of the best ways to obtain uni-
form and low friction is to polish the head 
surfaces highly, and to obtain the necessary 
tape-to-head pressures, by smoothly "wrapping" 
the tape around the heads, rather than by pro-
viding pressure pads, or by the use of tortuous 
paths, such as are necessary when the heads are 
arranged in one straight line. 

Whenever design considerations dictate a 
relation between Lm and Cc so that resonance is 
objectionable, it is necessary that one or the 
other of these elements be changed in value so 
as to move the resonant frequency or else the 
elements must be suitably damped. 

If due consideration is given to all of the 

foregoing mechanical details, the resulting 
transport will have excellent reliability and 
performance. 

Electronics  

Consideration of the electronic portions 
of a recorder-reproducer may well begin with a 
discussion of head structures.  Several elements 
must be considered simultaneously in the design 
of a high performance head assembly.  Most 
important are those details which affect 
frequency response, signal-to-noise ratio, and 
useful life.  Within the audio range, the upper-
most frequency response of a magnetic playback 
head is primarily determined by its gap size as 
related to the velocity of the tape.  In the 
design of the playback head, it is important 
that the size of the gap be small in comparison 
with the shortest wave length to be recorded and 
reproduced.  Experience shows that in audio ap-
plications a gap of 0.00025 inches is a practical 
minimum, and yet allows satisfactory performance 
at 0.5 mil wave lengths (for example, response 
to 15 kilocycles at 71 ips).  Figure 4 illustrat-
es the interrelations of frequency response, 
signal-to-noise ratio, and useful life.  A re-
duction in gap size, in the interest of in-
creased frequency range, will either reduce use-
ful output, and hence reduce signal-to-noise 
ratio, if the gap depth is held constant, or it 

will reduce useful life if the gap depth is re-
duced so that additional turns may be added to 
compensate for the reduction in useful output.  A 
reasonable choice among these parameters can re-
sult in a head which is responsive to half-mil 
wavelengths, with sufficient output for 60 deci-
bels of signal-to-noise ratio at 15 ips tape 
velocity, and for a useful life of 50 million 
feet of tape.  Thus, it may be seen when the de-
sign of the head is changed in order to favor 
frequency response over one of the other two re-
lated parameters, one or both of the others 
necessarily will suffer. 

Signal-to-noise ratio  as so far considered 
is that ratio which is imposed by the input noise 
level of the playback amplifier. If, however, 
shielding of the head assembly is inadequate, the 
hum level from the playback head in relation to 
the desired signal may well be the limiting 
factor on signal-to-noise ratio.  In a machine 
designed for good mechanical characteristics it 

is extremely difficult to keep stray hum fields, 
originating in motors, solenoids, relays, etc., 
to an insignificant value. Therefore, it is al-

most always necessary to have a minimum Df two  
mu-met gI enclosures for the playback head, and  
prefergBIY also for the record head. With care-
fully designed shielding of-this type, it is 
possible to locate the capstan motor as close to 
the head assembly as may be desirable for mechani-
cal reasons. 

Record Heads  

The problems associated with record heads 
are not nearly so exacting as those relating to 
playback heads, but these considerations do con-
flict.  For a record head, by all odds the best 
choice of gap size appears to be in the vicinity 
of one-mil. A smaller gap provides inadequate 
bias penetration, and consequently distortion and 
irregular low-frequency response.  A larger gap 
results in loss of definition and consequent 
degradation of high-frequency response.  The in-
formation recorded on the tape is mainly a 
function of the field to which the tape is exposed 
immediately prior to leaving the gap area.  The 
tape "remembers" only what it last "saw."  A one-
mil gap, then, may satisfactorily record half-mil 
wavelengths, although the playback gap must be 
smaller than this, for satisfactory response. 
These differences indicate the desirability of 
using separate record and playback heads. 

Erase Heads  

The erase head must be capable of develop-
ing sufficient flux density in the area occupied 
by the tape so that complete erasure of a previous 
saturated signal will result.  Flux densities 
exceeding those necessary for saturation should, 
therefore, be provided.  Complete erasure depends 
not only on the flux density, but also on the 
number of polarity reversals experienced by the 
tape in moving through the gap.  This dictates 
either a large gap or a high erase frequency or 
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both.  Since the bias frequency should be at least  
five times higher than  the higtmst intelligence 
frequency, these requirements are compatible 
with a blis and erase frequency of approximately 
100 kilocycles. This should e supplied by an 
oscillator of high power.  In order that high 
intensity high-frequency fields be produced 
without overheating the erase head, the design 
of the head should be of high efficiency.  The 
Western Electric double gap construction con-
siderably improves erase head efficiency, and 
is recommended. 

Signal-to-Noise Ratio 

Assuming that the signal-to-noise ratio of 
the system will not be limited by hum output 
from the heads or by amplifier noise, the signal-
to-noise ratio will ultimately be limited by the 
characteristics of the tape used.  The output 
from a playback head of good life and good 
frequency response is low enough that such com-
mon expedients as well filtered DC plate and 
filament supplies should be used, as well as 
careful elimination of hum loops.  Extension of 
signal-to-noise ratio to the limits imposed by 
the tape itself can be readily accomplished if 
these considerations are observed, and if ap-
propriate equalization techniques are used. 

Since there are a number of different fre-
quency response losses in the record-reproduce 
process, these must be compensated by equaliza-
tion, also.  By suitable distribution of equali-
zation between playback and record amplifiers, 
advantage may be taken of the equalization to 
improve signal-to-noise ratio.  Referring to 
Figure 5, it may be seen that considerable pre-
emphasis is used in the record process.  The 
amount of pre-emphasis has been established by 
consideration of the energy distribution in 
typical audio signals.  Studies made by Sivian, 
Dunn, and White3, and later confirmed by similar 
tests in laboratories of the Ampex Corporation, 
have established these curves as suitable compro-
mises for the various tape speeds. 

Figure 6 shows the complementary playback 
amplifier characteristic required to produce 
uniform overall frequency response for the 
various tape velocities.  Some improvement in 
overall signal-to-noise ratio, especially in 
the high-frequency noise region, might result 
from modification of these characteristics. 
However, degradation of the desirable smooth 
overload characteristic will result dhen using 
certain types of tape.  The best way in which to 
improve the high-frequency signal-to-noise ratio 
is to increase tape velocity.  This results, of 
course, in increased operating costs. 

A/B Facility 

Since it has already been shown that a 
conflict exists between those parameters which 
describe an optimum record head and those which 
describe an optimum playback head, and since it 
has been shown that separate heads are therefore 
desirable, further advantage may well be taken 
of the situation, in the provision of separate 
record and playback amplifiers, with a switch 
facility to provide instantaneous monitoring 
either of the input to the recorder, or of the 
output of the playback amplifier.  While the 
human ear is unsatisfactory as a meter of absolute 
effects, it is probably more sensitive than 
laboratory instruments at detecting significant 
relative variations.  A continuous check on the 
performance of the recorder-reproducer, by the 
ear, the instrument which is in any case its 
ultimate judge, should be provided, in the form 
of an "A/B" input-output monitor selector switch. 
The gain of the record channel after the input 
gain control should be made as constant as possi-
ble, and the level therein should be monitored by 
a VU Meter of standard ballistic characteristics, 
in order that uniform tapes may be produced. It 
is important that no control should be readily 
accessible which will vary the relation between 
the VU meter and the record head current, in 
order that a ready reference on record level 
shall be preserved.  For reasons of operating 
convenience, it may be desirable to provide a 
playback amplifier gain control, which neces-
sarily would influence the reading of the VU 
Meter acruss the output of such an amplifier, 
but this, too, may possibly be dispensed with. 

Conclusion 

It has been the intention of this discus-
sion to illustrate our contention that the de-
sign of a high performance tape recorder-repro-
ducer of great reliability involves the simul-
taneous consideration of a large number of design 
details. If the proceedures outlined are followed, 
a tape recorder of high performance and great 
reliability can be achieved. 

1Parks, Richard: "Flexible Broadc4st Recorder 
Installation," Radio-Electronic Engineering 
Edition, Radio and Television News, December, 
195h. 

2Kellog, Fdward W., "Comment On Flutter Standards," 
IRE PGA, July, 195h. 

3Sivian, Dunn 4 White, "Absolute Amplitudes and 
Spectra of Certain Musical Instruments and 
Orchestras," J.A.S.A. January, 1931. 

114 



Fig. 1 

Typical professional recorder using transport 

mechanis m described in test. 
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GAP SIZE  TRACK WIDTH 

GAP DEPTH 

Fig. 3 

Variation in the configuration of the head structure 

can give improve ment in each of the qualities 

of a magnetic head only at the expense of one 

or both of the other desirable qualities. 
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Fig. 2 

Electrical equivalent of typical tape transport. 
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TAPE-RECORDING APPLICATIONS 

Marvin Camras 
Armour Research Foundation 

Chicago, Ill. 

ABSTRACT 

Standard designs are flexible enough for 
most uses of tape recorders. Special machines 
have been devised for unusual applications, such 
as pronouncing dictionaries, length-measuring 
machines, time compressors, dc and square-wave 

recorders, artificial reverberation generators, 
musical instruments, memory devices, and video 
recorders. The construction and operation of 

typical devices are reviewed. 
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U. S. Navy 

SUM MARY 

TAPE LIFE 

Willia m S. Latha m 

Underwater Sound Laboratory 

Magnetic recording provides the scientist 
and engineer with a new tool which makes it pos-

sible to capture and store energy manifestations 
which can be. recreated at will.  Thus, when we 

speak of "tape life," we must consider not only 
the medium itself, but also the intelligence 

stored in the medium, which is equally irnport-

ant. With respect to the latter factor, it is nec-

essary to consider (1) the manner in which it is 
affected and the degree to which it is affected 

during the passage of time and under various 

environmental conditions and (2) what can be 

done to preserve the information in its original 
for m. 

Magnetic recording tape, in the form with 
which we have been familiar over the past 

decade, has been called upon to perform man-

sized feats while still in its infancy. Scientists 
and engineers were quick to recognize the 

potentialities of this medium and did not hesitate 

to make use of it; as a result, in many fields 
of physical science, magnetic tape, when used 

in conjunction with its associated apparatus, 

is an accepted laboratory tool.  As more and 

more reliance was put on the validity and 
consistency of the intelligence recorded on the 
magnetic tape, questions arose concerning 
the life expectancy of the tape and of its 
contents. 

Magnetic recording tape, which employs 

either plastic- or paper-base material, may 
have its physical structure and electrical 

properties undesirably altered by diverse 
environmental situations, which, unfortunately, 
we are frequently unable to control.  An 

insurance policy is of little value as protection 
for magnetic-tape recordings of data and 
events which occur only once.  The best 

insurance is to try to understand fully the 

factors which are detrimental to prolonging 

tape life and to avoid subjecting the tape to 
unfavorable environmental situations. 

It will be the purpose of this paper to dis-
cuss these factors, to show how each affects 

magnetic recording tape and the magnetic pat-
terns impressed thereon, and to suggest certain 
precautions which will minimize the number 

of undesirable changes which may be reflected 
in the medium and its contents as a result 
of improper handling and storage. 
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Of course, as in other, similar, situations, 

it is possible to go overboard and become 

overly cautious to the point where more damage 

than good is accomplished in attempting to 

preserve tape recordings.  Look back a few 

years to the time when home movies were first 

becoming popular.  Metal film-storage cans 

were made available to the public with special 

inserts, which the buyer was instructed to 
keep moist in order to prevent drying of films. 

It was not long before the idea lost popularity 

because films were being ruined by mildew! 

What external forces influence tape life? 

Other than situations which cause partial or 

complete obliteration of the recorded material, 
te mperature and humidity changes produce the 

most adverse effects.  Radical temperature or 

humidity changes not only tend to alter the 
physical dimensions of the magnetic medium; 

they also are reflected in the intelligence re-

corded on the tape.  One of the more com mon 
problems encountered with recorded tapes is 

termed "print-through." This condition exists 

when the magnetic pattern laid down on a 

portion of tape influences tape adjacent to it 

on the reel to the extent that a print of the 
pattern is impressed on the adjacent layers at 
a considerably reduced amplitude. Unfortunately, 

this situation is accelerated and magnified if 
the recorded reel of tape is subjected to a 

significant rise in temperature from that at 

which the recording was made. For several 
reasons, it is not always possible to keep a 

reel of tape-stored at the temperature which 
prevailed when the recording was originally 

obtained.  The storage problem is particularly 
difficult for recordings made at tropical and 

arctic temperatures. Also, a site selected 
for the storage of magnetic tapes will be de-

signed to house not one but poslibly thousands 

of reels of all sizes, and obviously it would 
be impractical to have individually clirnatized 
pockets for each reel. 

Nor mally, the "ghost" signal created by 
the print-through process appears 55 to 75 db 

below 100 per cent progra m level, but it can 

become as high as 25 db below progra m level 

in cases in which the original sound was impressed 
on the adjacent layer at overload level. The 

minimum tolerable level is approximately 

55 db.  Ordinarily, in order to prevent this 

situation from arising, peaks of the material 
being recorded should be held below 2 to 3 

per cent harmonic distortion.  A policy at the 

Underwater Sound Laboratory, where virtually 



. all recording is done for scientific purposes - 

to document situations or processes and for 

subsequent data analysis - is to record 3 to 
5 db below nor mal recording level, or approx-

imately 9 to 11 db below overload when possible. 

Under these conditions, very few exa mples of 
print-through have been noted in spot checking 

several thousand reels of tape which have been 

stored since 1947.  It has been found that the 

effects of print-through are greatly reduced 

if the recorded tapes are stored in te mpera -

tures which do not exceed 70° to 75° F. 
The early German tapes, which had coercive 

forces in the order of 80 to 100 oersteds, 

did not contain properties conducive to print 
through, but the later black-oxide tapes, which 

were first introduced in this country, had 
coercivities of over 350 oersteds and de mon-

strated the ability to print through from layer 

to layer quite readily.  Each of these types of 

tape had certain disadvantages which brought 
about the for mulation of the present oxides. 

The medium -coercivity red oxides (200 to 250 

oersteds) present a compromise in that print 

through is in the order of 5 to 8 db lower than 

that encountered with black oxides.  In some 
cases, where print-through is not too severe, 

the undesired "ghost" signal can be virtually 

eliminated by means of surface erasure, but 

this elimination is accomplishedatthe expense 
of high-frequency components of the desired 

signal recorded on the tape. 

The effects of te mperature changes on the 

linear dimensions of samples of various mag-
netic tapes are illustrated in Fig. 1.  It is 

interesting to note that uncoated cellulose-

acetate backing expands as the temperature is 

raised, but that the oxide, together with its 

volatile binder, has a negative coefficient of 

greater magnitude. Therefore, all the coated 
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Fig. 1 - Effects of Temperature on Length of Various 
Magnetic-Tape Samples 
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COATED ACETATE 6.7 8.3 

COATED PAPER 3.4 15 

COATED FILM /4 5.6 

COATED LAMINATED ACETATE 
AND PAPER 

13 t 9 

IMPREGNATED 1.5 5.5 

COATED 2.11IL MYLAR 0.3 0.8 

COATED 1.111L MYLAR 0.3 0.7 

COATED 0.5-MIL MYLAR 0.3 0.3 

Fig. 2 - Effects of Humidity on Length of Various 
Magnetic-Tape Samples 

acetate-base tapes contract as the te mperature 

rises; this contraction is probably the result 

of evaporation of the volatile components. 
Tapes of DuPont polyester film base, however, 

tend to contract to a lesser degree.  The im-
pregnated tapes showed less contraction than 

did the coated acetate tapes. With the exception 

of the Mylar sa mples, all tapes exhibited a 

tendency to curl toward the oxide surface. 
The change in length of the 1- and 2-mil 

Mylar tape sa mples as a function of change in 

te mperature showed a definite decrease as 

higher te mperatures were approached. Also, 
it was noted that after being subjected to a 

given te mperature rise for a prolonged period 

the tape tended to return to its original phys-

ical dimension, although it never actually 

reached it.  The initial length of all sa mples 

was 41 inches. 
Perhaps the most important condition 

influencing cellulose-acetate magnetic tape 
during storage is that of humidity.  Abnor mal 

humidity conditions have the ability to alter 

the physical properties of the tape tothe extent 

that dimensional instabilities are created which 
are reflected in the recorded data. In some 

cases, these changes are irreparable. Present-
day Mylar tapes exhibit properties of re markable 

physical stability when subjected to drastic 
changes in relative humidity. This is a relatively 
new improve ment, however, and we are still 

confronted with the old proble ms when we 

consider the thousands of reels of recorded 

acetate-base tapes which are currently in 

storage. 
In Fig. 2 are shown the effects produced 

on sa mples of various magnetic tapes as a 

result of changes in relative humidity.  All 

tape sa mples, including the paper-base types, 

show expansion, but it may be noted that the 

Mylar tapes are affected to a much lesser 

degree.  Also, note that the relatively high 

degree of expansion of the uncoated acetate 

base is considerably retarded by the application 
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of the oxide and binder.  The impregnated 

tape is affected by humidity somewhat more 
than is the Mylar but much less than are the 

acetate and paper fa milies.  For these tests, 
the initial length of each sa mple was 66 inches 

at 60 per cent relative humidity. 

It is possible for acetate-base tape to curl 
under various combinations of temperature 

and humidity.  For exa mple,  samples were 

seen to cup at 70° F., 95 per cent relative 
humidity, and also at 110° F., 60 per cent 

relative humidity.  At 110° F., 96 per cent 

relative humidity, tape beca me wrinkled, 

cupped, and slippery to the extent that there 

was no surface adhesion between tape and 
capstan.  High humidity produces by far 

the most devastating effects on cellulose 

acetate tapes, and Mylar is not entirely 

im mune to its effects. 

The "spider-web" effect present in reels 
of tape which have been subjected to varying 

conditions of humidity is familiar to many 

users of magnetic tape.  This effect indicates 

partial defor mation of the tape itself and is 

usually enhanced if the tape has notbeen wound 
properly on its reel. Either the tension on the 

'ape was insufficient, or an uneven wind occurred 

which left edges of single layers extending 
above adjacent layers at random intervals. 

An excellent illustration of this condition 
is presented in Fig. 3.  The inner portion of 

the reel was uniformly wound with sufficient 

tension on the tape to prevent such deformation, 

but the outer portion was wound unevenly and 

with insufficient tension.  It is important that 
the tape be properly wound before being placed 

Fig. 3 - Effects of Humidity on Properly Wound and 
Improperly Wound Magnetic Tape 
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in storage in order to avoid such da mage. Tape 
in the condition shown in Fig. 3 is difficult to 

restore by means other than a process of 

rewinding evenly and then aging under the 

conditions which existed when the tape was 

recorded.  Winding and rewinding defor med 

tape under increased tension is sometimes a 

practical, but not the ideal, means of eliminating 
cupping, since the process will actually stretch 
the uncupped portion to the dimension of the 

distorted section.  Nor mally, for musical 

and vocal recordings, this effect may pass 

unnoticed, but in the treatment of recorded 

scientific data, where deviations of fractions 

of a cycle per second are observed with extre me 

interest, such phase distortions would be in-

tolerable. 

Magnetic-tape recordings of underwater 

sounds made with tape which was originally 

in good physical condition can create erroneous 

impressions when reproduced at a later date, 

if the tape is per mitted to become deformed 

during storage.  Periodic loss of high-frequency 

energy as the cupping of the tape causes it to 

lose contact with the reproduce head creates 

an impression quite similar to that produced 

by actual ship propellers and may, in effect, 

indicate the presence of a ship which actually 

was not there when the original recording was 

made.  Rewinding under excessive tension in 

order to relieve this condition may set up 
stresses in the tape during storage which 

result in layer-to-layer adhesion. Of course, 

if the tapes are reproduced on a tape trans-

port where the capstan precedes the magnetic-

head assembly, the effects of adhesion are 

greatly reduced, but few machines are so 

constructed.  The new narrow-width reels are 
a great help in achieving uniform winding. 

When it is considered that rises in tem-

perature cause acetate-base tape  to shrink 
and that changes in relative humidity cause 

it to expand, it is easy to visualize the con-
tortions through which the tape goes and the 

accompanying distortions of the intelligence 

impressed on the tape.  Tests have revealed 
that conditions of 40 to 60 per cent relative 

humidity and temperatures between 70° and 

75° F. are perhaps the most nearly ideal for 
reducing the effects of te mperature and 

humidity on magnetic tapes which are to be 
stored for a great length of time. 

At the Underwater Sound Laboratory, 
where recording is used as a scientific tool, 

all original disk and tape recordings are 
preserved. Since the formation of the 
Recording Branch in 1942, the library of 
original recordings pertinent to the field 

of underwater acoustics has grown to include 
over 5000 disks and over 4000 reels of tape 
of all sizes. 



A portion of the present storage room may 

be seen in Fig. 4.  These disks and tapes have 

not always been stored under ideal conditions, 

Fig. 4 - View of Section of Tape-Storage Facilities at the 
Underwater Sound Laboratory 

but reasonable values of temperature and humid-
ity have been maintained when possible.  Many 

of the recordings have been made in submarines 

in te mperatures exceeding 100° F. at extre mely 

high relative humidities. Others were recorded 

in sub-freezing te mperatures.  These reels of 
tape have shown little tendency to distort phys-

ically once they were allowed to become ac-

climated gradually to the storage conditions. 
From these thousands of original recordings, 

random sa mples have been taken over the 

years for checking for any ill effects of storage. 
Figure  5 shows how the unrnodulated 

groove noise of acetate disk recordings has 

been affected during storage since 194Z.  The 
high surface noise of some of the earliest 

sa mples is a result of surface drying.  Note, 
however, that the unrnodulated groove noise of 
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Fig. 5 - Unmodulated Groove Noise 

fresh cuts made on these disks approached 

currently obtainable noise levels. This infor-

mation is presented to show that surface or 

groove noise of disks does increase with age 

even under favorable storage conditions, but 

the uncut portions re main relatively unaffected 

as is evidenced by the low noise level of 

new cuts made in these areas. 
Figure 6 illustrates the effects of storage 

upon magnetic-tape noise —that is, noise fror., 
portions of tape which have been subjected to 

high-frequency erasure but to no other signal. 
In addition, this graph also shows an interest-

ing bit of history.  The 1945 figures were ob-

tained from sa mples of coated and impregnated 

Ger man tapes of that period.  These tapes, 
especially the coated tape, have become some-

what brittle, but it may be noted that after re-

erasure on a modern machine the noise level 

was not improved, a fact which indicates that 

the nine years of storage have had little effect 

in that respect.  These early tapes employed 
vinyl copolymer bases with vinyl acetate 

binders which were probably not for mulated 
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properly to withstand the rigors of climatic 

variations.  Apparently, the Germans did not 

give too much consideration to the longevity 

of tape at that time.  It is understood that their 

current policy is to re-record every five years. 

This procedure, of course, alters the original 

material. 
In 1947, the first Americantapes, consisting 

of black oxide on calendered kraft paper, were 

appearing.  These tapes, as in the case of the 

Ger man variety, exhibited low noise levels 

when checked —noise levels which did not 

change when the sa me sa mples were re-erased 
with high-frequency energy. Both the Ger man 

tapes and these early American tapes exhibited 
low signal-to-noise ratios, and it is interesting 

to note that when the broad-band signal energy 
originally recorded on the tape was compared 

with tape noise, no change had taken place in 
this ratio over the years. The left-hand portion 



of the curve indicates these German and early 

American tapes. 

As shown by the graph, 1949 is a year of 

interest, since it marked the advent of the 

medium-coerctvity red-oxide tapes on cellu-

lose-acetate backing.  Note that the black-oxide 
tapes exhibit approximately the sa me properties 

as for the previous year but that the new red-
oxide tapes showed higher noise levels. As the 

years progressed and better oxide formulations 
appeared, the noise levels of the tapes were re-

duced to their present status.  In all cases, 

however, when noise levels of the original sa mple 

were compared with re-erased noise levels, it 

was apparent that no increase had occurred dur-

ing storage, and similarly, the broad-band signal-

to-noise ratio had not been altered.  It should be 

emphasized that the points on this chart repre-
sent numerous observations, and in many 

instances the values obtained from the measure-

ments of several reels coin( ide. 
One infor mative observation was made 

when stored reels of tape which contained 

sections of paper leader and timing tape spaced 

at intervals throughout the reel were being 
checked. On the portion of magnetic tape irn-

rriediately preceding the paper timing tape, 

partial erasure of high-frequency energy had 

taken place.  In Fig. 7 are shown the relative 

reduction in a 15-kc signal and the degree 
to which lower frequencies were  similarly 

affected by this phenomenon.  Investigation 
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Fig. 7 - Frasure of Recorded Energy as a Result of 
Contact with Paper Timing Tape 

revealed that the paper tape accumulated a 

static charge during passage over the magnetic-
head assemblies. This static charge was then 
dissipated through the adjoining magnetic tape 

as the paper tape and plastic tape ca me into 
contact on the take-up reel, and partial erasure 
resulted. Modern plastic leader and timing 

tapes should greatly reduce this effect. 
It should be mentioned that information 

concerning levels of definite frequencies was 
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available over the years because of the practice 

of accompanying all scientific-data recordings 

with carefully made calibration recordings 

which per mit quantitative treatment of data. 

Where magnetic-tape recordings are used 

for scientific applications, the tape is fre-

quently subjected to conditions placing demands 

upon its physical strength and electrical 

properties which far exceed those encountered 

in nor mal broadcast and com mercial use.  At 

the Underwater Sound Laboratory, thousands 

of loops of tape are made annually for purposes 
of spectrum analysis.  In order to obtain 

maximum definition in the analyzed data, it is 

frequently necessary to run these loops con-

tinuously for four hours or more.  This 
application raised a question as to how well 

the recordirg medium and its contents would 

stand up under continuous motion over rollers 

and heads. Tests perfor med with loop record-
ings of individual sine-wave frequencies were 

first conducted at the Laboratory on a controlled 
basis early in 1951.  After several hours of 

continuous replay, a significant accumulation 
of oxide on the reproduce head was noted, and 

there was an appreciable reduction in high-

frequency energy. Because of the vast strides 

made in the development of new magnetic tapes 

during the ensuing years, it beca me apparent 
that certain improve ments had been achieved; 

therefore, the tests were recently repeated with 

gratifying results. Figure 8 shows no noticeable 

decrease in high-frequency energy for 5400 
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Fig. 8 - Reduction in Level of a 15-kc Signal as a Result 
of Continuous Replay 

consecutive replays of all current types of tape 

except for 0.5-mil Mylar tapes.  Note the 

loss encountered with the 1950 tapes, however. 

This information is encouraging, since tape 

recordings are analyzed at the Laboratory for 
data in the region of 100,000 cycles per second. 

Also, no excessive amount of oxide particles 

was seen on the reproduce head, a fact which 
indicated improve ment in bonding methods. In 

Fig. 9, may be seen oscillogra ms of a 15,000-
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Fig. 9 - 15-kc Signal Before and After 5400 Replays--
1955 Tapes 

cps signal, before and after 5400 continuous 

replays, as recorded on 1.5- mil acetate- and 

0.5- mil Mylar-base tapes.  Tapes of half- mil 
thickness will probably tend to print through 

quite readily during storage, since it was noted 

that a 10,000-cps signal reproduced through the 
back of the tape reduced only 23db in amplitude, 

whereas 1.5-mil tapes showed no such tendency. 

Current magnetic tapes are actually more 

durable than many persons are inclined to 

believe. In all the sa mples of reputable tapes 
analyzed, only on the early black-oxide plastic 

tapes did the oxide show any tendency to scrape 

off, and in this case it was the result of tape 

adhesion on the supply reel. The base materials 

appear to be in excellent condition and exhibit 

adequate tensile strength, which indicates very 

little weakening of the components structurally. 
It is known that laboratory sa mples of cellulose 

acetate show no ill effects after 12 years. Reels 

of recorded magnetic tape have been placed on 

top of voltage regulators, in trucks near FM 

trans mitting equipment, and aboard high-speed 

ships, where they are subject to rather severe 

vibration, with little or no apparent ill effect 
either to the tape or to the information recorded 

on it.  Recorded tapes have been dropped from 

heights of 15 feet onto solid concrete floors and 
have been heated to the point where they were 

uncomfortable to hold, with no serious physical 

or electrical effects. 
Only in the case of recorded reels of tape 

which had been submerged for several hours in 

salt or fresh water were any serious effects 
permanently incorporated in the recorded intelli-

gence, and these effects occurred at the high-
frequency end of the spectrum in the for m of 

rather severe amplitude variations. The varia-

tions were reduced as the tapes were dried and 

rewound, but they did not disappear entirely. 

It is not recommended that this practice be 

adopted for recorded tapes, but because of the 

wide variety of circumstances under which 

recording work is done at the Underwater Sound 

Laboratory it was necessary to go to extre mes 
to establish the precautions which must be 

observed when recorded magnetic tapes are 

handled. 
Although the present storage room at the 

Laboratory has been lined with fire-retarding 

material, it was necessary to consider the threat 

of fire originating externally, and for this rea-

son some rather extensive burn tests were 

conducted. It was found that the cardboard box 

in which a reel is stored provides very good 

fire protection for the reel of tape. Individually 

boxed reels of tape were partially placed in an 
intense fla me for a period of 10 to 15 minutes 

and then exa mined. The result of one such test 

is shown in Fig. 10.  The box itself did not 
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Fig. 10 - Effect on Boxed Recording I ape of 15-Minute 
Exposure to Direct Flame, Cover Removed 

ignite, but pressure built up inside to the extent 

that smoke was puffing out of the corners of 
the box.  The reel started to melt but did not 

burn, and only the outer most layer of tape had 

been seriously affected.  With the exception of 
metal reels and cans, all ite ms directly con-

nected with the spooling and packaging of mag-
netic tape are combustible and will burn with 

varying degrees of intensity once they are ignited. 

Since the recordings made at the Laboratory 

are valuable, not only as records of past events 
but also as tools for future scientific research, 

plans were prepared for the construction of a 

special vault which could be climatically 

controlled by means of separate temperature 

and humidity-control devices. The interior of 



Fig. 11 - Interior of Climatically Controlled 
Magnetic-Tape-Storage Vault Under Construction 

this vault maybe seen in Fig. 11. It is entirely 

above ground level and is constructed of 8-inch 

ce ment walls; the ceiling and the floor are also 

of ce ment. A thin plaster surface coats all but 
the floor.  The vault is 50 feet in length, is 

16 feet wide, and has a 10-foot ceiling.  There 

are no openings into the vault other than one 
door and the air-circulating vents connected to 

the dehumidifier, which is located externally, 
as are all other temperature- and humidity-
controlling devices. 

Storage shelves line the perimeter of the 
room, and approxim ately three inches of space 

has been left between the back of the shelves 
and the walls in order to provide for adequate 

air circulation.  The bottom shelves are four 
inches above floor level for the sa me purpose. 

These shelves alone provide storage space for 
approximately 18,000 seven-inch reels and 

2,600 ten-and-one-half inch reels of 1/4-inch 

tape.  Additional rows of shelves will be 
installed in the center of the room for the 

purpose of storing stocks of unused tape.  It 

is planned to store some original disk record-

ings in this vault also, since optimum storage 

conditions for these are practically identical 
to the best conditions for magnetic-tape storage. 

The dehumidifier which controls the cli-

matic condition of the vault can be adjusted to 

maintain almost any desired combination of 
temperature and humidity. This unit is shown 
in Fig. 12. It is a desiccant type, which employs 

two 50-pound piles of silica gel.  The blowers 
in the dehumidifier circulate air in the vault 

at the rate of 400 cubic feet per minute, and 
the unit is capable of removing 7.5 pounds of 

water per hour.  The temperature of the vault 
will be maintained at from 70° to 75° F., and 
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the relative humidity will be confined to the 
limits of 40 to 60 per cent. 

It is not difficult to draw conclusions from 

the infor mation discussed inthis paper. Neither 

is it difficult to make recom mendations. The 

difficulty lies in setting up conditions, which, 

based on the conclusions, will fulfill the 

recom mendations.  Climatically-controlled 

storage facilities are costly.  Other storage 

rooms, which have less than desirable tem-

perature- and humidity-control facilities, should 

be considered as te mporary measures. If the 

data recorded on the magnetic tape are suffi-

ciently important scientifically to warrant 

retention at all,  it is certainly obvious that 

we will want the stored infor mation to re main 

unchanged during storage; we should therefore 

take all precautions to protect it and the medium 
upon which it is stored. 

Where funds and facilities are not available 

for adequate protection of tape during storage, 
the next best procedure is to avoid creating 

conditions which would result in introducing 

undesirable effects into the tape and the infor-
mation on the tape.  Do not use tape which al-

ready has been severely affected by humidity 

as indicated by the fa miliar "spider-web" 

effect. Before atte mpting to record, rewind 
the tape under slightly increased tension in 

order to reduce this effect, and allow the tape 

sufficient time to become acclimated to the 

Fig. 12 - Automatic Dehumidifier for 
Magnetic-Tape-Storage Vault 



.conditions under which the recordings are to 

be made.  Take extra precautions during the 

recording process to insure that no continuous 

signal overload occurs, which, when supple mented 

by increases in te mperature at a later time, 

may cause layer-to-layer print-through in the 
reel of tape.  Be sure that the tape winds 

evenly during both record and rewind operations. 

Discard warped reels and check clutch tensions 

on the tape transports frequently. Repair idlers 

which have worn bearings.  The  latter items 

affect the tension and skewing of the tape during 

winding.  Store the recorded reels of tape in 

their individual boxes, on end, and avoid 

exposure to dust.  Tape which has been run 

recently through a tape transport will often 

attract dust particles in much the sa me manner 
as does a vinylite pressing. 

As a final word, scientific use of magnetic 

tape recordings de mands the utmost and offers 

little compromise.  The intelligence recorded 

on the tape today must be mirrored in the intel-

ligence obtained when this tape recording is 

reproduced years hence. 
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THE FUTURE OF MAGNETIC RECORDERS 

John S. Boyers 
National Company, Inc. 
Malden, Massachusetts 

The principle of magnetic recording 
was invented over 50 years ago but the 
art did not develop to any great extent 
until relatively recent times, and cer-
tainly the greatest development has 
occurred since the end of World War Two. 

The early wire recorders called 
telegraphones suffered from serious 
limitations in that no vacuum tubes were 
available to amplify the weak output from 
the reproduce head.  Consequently, it was 
not until the middle thirties that any 
considerable satisfactory magnetic re-
corder was produced. 

Since the end of World War Two 
advances in both components and systems 
have been extremely rapid. One need only 
look at the amount of business done in 
magnetic recorders in 1945 as compared to 
1954.  In the former year the total 
business in magnetic recorders, essen-
tially wire, there being no tape record-
ers at that time, probably amounted to a 
few hundred thousand dollars; while in 
1954 the total tape recorder business was 
over 120 million dollars.  That the 
future of magnetic recording is very 
bright cannot be denied. It is anticipa-
ted that 1955 will see an increase of 
about 15% in dollar value and it does not 
appear that there will be any leveling 
off of this increase with!n the foresee-
able future. 

In trying to predict the future of 
this art one may break the matter down 
into two areas; namely, components and 
systems.  Certainly they go hand-in-hand 
but by this analysis the problem is some-
what simpler. 

Components can be grouped into 
essentially the following: transducers, 
media and drive mechanisims.  Transdu-
cers, of course, refers to what we 
commonly call the head.  We are all 
familiar with the straight forward type 
of record reproduce head as used on stan-
dard audio type of recorder.  Perhaps not 
so familiar are some of the limitations 
of this type of head such as the fact 
that its output, when used as a repro-
duce head, is essentially a function of 
frequency.  A further difficulty is the 
requirement that the gap which contacts 
the tape be small, smooth and straight. 

A few years ago we all thought we 
were doing very well if we could record 
and successfully reproduce one thousand 
cycles per inch.  As of today, a number 
of machines are available commercially 
which will do two thousand cycles per 
inch and these have certainly not 
approached the ultimate resolution of the 
medium. 

Improvements in the operation of 
this type of head do not appear to be 
very practical.  However, improvements in 
its manufacture are certainly coming. At 
the end of the war practically no one 
produced a quality head of this type for 
sale as a component.  However, today there 
are a number of manufacturers in this 
field and others are planning to enter it. 
Manufacturing techniques are being con-
tinuously improved to the end that a 
cheaper head is produced, yet has higher 
quality.  Other types of heads such as 
the magnetic amplifier, the perpendicular 
bias field and the boundary recording 
type have seen considerable development 
in the past few years.  It is to be ex-
pected that still further development 
will be seen in these types of heads to 
the end that increased resolution, in-
creased signal-to-noise ratio, and 
narrower tracks will be possible. 

In the area of media, we had ten 
years ago essentially only one tape 
which was an American-made copy of 
material produced in Germany during the 
war.  Today there are quite a number of 
tape manufacturers producing a tremendous 
variety of products.  A large amount of 
tape has been produced having one and one-
half times as much on a spool as was 
formerly available.  This seems to me to 
indicate a trend although it seems that 
the ultimate has almost been reached. 

One of the shortcomings of tape 
recording, as compared to that practi-
cally ancient art of wire recording, is 
that for a given quantity of recording 
on tape, a greater cubic content is re-
quired.  Certainly the advances made i. 
recent years toward thinner base tapes 
and increased resolutions has lead to 
diminishing of this undesirable factor. 
In fact, a tape is available today which 
has 2400 feet on a seven inch spool in-
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stead of the usual 1200 feet. 
A further development in tapes has 

been to increase their output, minimize 
their distortion and improve their fre-
quency response.  Certainly the manufac-
turers of tape are not overlooking the 
possibility of still greater improvements 
but they are undoubtedly hampered by the 
large number of existing machines which 
cannot accept a very great change in tape 
parameters.  It seems reasonably certain 
that a tape could be manufactured today 
having marked improvements over those 
presently available, but such tape would 
require a relatively new system of both 
recording and driving means.  Consequent-
ly, the market for such tape would be 
relatively limited, at least at the be-
ginning. 

One of the difficult factors in the 
driving mechanisims, using the extremely 
thin base materials, is that the tran-
sient condition of starting and stopping 
may very well exert excessive mechanical 
strains in the medium.  The development 
of new types of drives is proceeding al-
most as rapidly as any other area in this 
business. In particular, the availability 
today of drive motors operating at such 
speeds that practical sizes of capstan 
can be used to drive the tape at normal 
speeds results in an exceeding constant 
drive having relatively low flutter and 
wow. Further development of the reel 
drives, such as those in employing 
electrical or mechanical servo systems, 
points to the direction of further sta-
bility and simple operation of machines. 

In the area of systems development 
certainly the greatest progress has been 
made in the non-audio or instrumentation 
recorders. In fact so many different 
systems have been developed that this 
progress almost staggers the imagination. 
Of particular interest are those systems 
now used for recording telemetered data, 
in computing machines, and TV.  The most 
spectacular of these is certainly TV. 

It is relatively apparent that con-
siderable development effort is being 
expended in this area and it is indicated 
in the trade press that one of these 
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systems is now being used on a limited 
operational basis.  It is to be antici-
pated that the ultimate application of 
TV recording techniques will be such that 
for many applications photographic re-
cording will be essentially eliminated. 

The method of recording data as 
frequency modulation is undergoing still 
further development and may be expected 
to result in increased bandwidth and 
improved accuracy in the foreseeable 
future. 

Further development on the pulse 
ratio type of recorder system should 
undergo the same progress.  Multi-track 
recorders such as those used in computing 
machines have seen improvements in both 
linear and transverse packing density as 
well as other parameters.  Many of these 
machines operate on a high speed start-
stop basis, and machines are currently 
or will shortly be available which 
accelerate a piece of tape from stop to 
100 inches per second in the order of one 
millisecond.  It is to be expected that 
further improvements will be made in this 
direction. 

In summing up one might predict the 
day when almost everything we do is con-
trolled or at least influenced in some 
way by this growiag industry of magnetic 
recording.  Already our telephone calls 
are sometimes recorded magnetically even 
to where our bills are magnetized spots 
on a piece of tape - we are bombarded 
with magnetically recorded music in our 
favorite restaurant - the sound in a local 
movie comes from a magnetic track - freight 
shipments on the railroads are speeded by 
tape recorders - the local police and fire 
departments all use such units - and the 
list goes on for page after page with no 
end in sight. 

What will the list look like next 
year or ten years from now?  Certainly 
with the increased resolution, improved 
signal-to-noise ratio, better media, new 
types of recording and reproducing 
systems along with still simpler and more 
reliable systems we can look forward to a 
bright future in this magnetic recording 
art. 



REMARKS BY RALPH BOWN, CHAIRMAN OF SYMPOSIUM ON 
SPURIOUS RADIATION AT IRE CONVENTION, MARCH 23, 1955 

Ladies and Gentlemen: 

I would like to open this Symposium on 
Spurious Radiation by reminding you that this 
session is sponsored by the Professional Groups 
on Broadcast and Television Receivers and Broad-
cast Transmission Systems.  Perhaps no better ex-
ample need be Cited of how the professional group 
system contributes to the vitality of the Insti-
tute than to note that two of the most fundamen-
tal groups have joined to initiate this discus-
sion of a pressing and difficult present and 
future problem of radio engineering. 

Being naturally a simple and direct sort 
of fellow, when I sat down to think about the 
subject of Spurious Radiation I first wanted to 
know just what I was going to think about.  As a 
radio engineer I was quite familiar with the word 
"radiation."  But just what did "spurious" mean? 
Going to the dictionary I found these meanings: 

1. Bastard, of illegitimate birth; 
2. Not proceeding from the true source, not 
genuine, counterfeit, false. 

The part of this which struck me as most appli-
cable was the word "illegitimate" - illegitimate 
radiation.  Just what does illegitimate mean? 

The one dictionary definition said "un-
lawful" and another said, "not authorized by 
good usage." 

Here it seemed to me I had hold of words 
which fitted the case.  Spurious radiation is 
radiation not authorized by_good usaRe. 

My next question was, what is the history 
of spurious radiation - when did it originate? 
One might say it originated back in the days 
when the second radio transmitter and the second 
radio receiver got tangled up with the first 
transmitter and receiver.  But bear in mind 
that there was no good usage in that day, and 
certainly no authorized good usage.  The word 
"spurious" would hardly have applied.  Moreover 
in those early days of passive and insensitive 
receivers, radiation was presumably only a 
property of transmitters.  As receivers have be-
come more sensitive and transmitters more numer-
ous, Interference, with a capital "I" has be-
come and will continue to be a major problem of 
radio engineering. 

At this point we must distinguish between 
natural interference, as from lightning and other 
atmospheric phenomena, and man-made interference. 
The farmer has long been known to radio engineers 
as strays or static.  The term static is now of 
doubtful utility since it has been adopted by 

the public as a name for any nuisance signal 
bothering radio or TV reception.  Spurious 
Radiation does not include natural interference, 
but only the man made variety. 

Spurious Radiation is thus a property of 
apparatus and systems, and so, theoretically, is 
capable of engineering control through design and 
operating specifications and practices. The ques-
tion then becomes one of what is "authorized good 
usage."  Some philosophical discussion of this 
point may be appropriate as an introduction to 
this symposium. 

When I arrived at this juncture in making 
up my notes for this discussion, my secretary 
had just come back from the library with the only 
official IRE definition of Spurious Radiation 
she was able to find.  It is stated to be "any 
emission from a radio transmitter at frequencies 
outside of its communication band."  I think you 
will agree that this did not help very much for 
our purposes today because the kinds of spurious 
radiation we are going to talk about may come 
from a transmitter, a receiver, or any other de-
vice which radiates energy beyond the bounds of 
"authorized good usage." 

Let us look at these three words again - 
authorized good usage.  Each of them is signifi-
cant. 

"Usage" my dictionary calls "customary 
procedure or action."  In ether words, it is 
what we normally do. 

"Good" my dictionary says is "sufficient 
or satisfactory for its purpose."  So we may 
say good usage is what we normally do that is 
sufficient and satisfactory.  Obviously good 
usage will change with time and circumstance 
and obviously it is essentially practical in 
nature. 

Let us now open the dictionary to the 
word "authorized."  It means "possessed of 
or endowed with authority."  And authority, 
in turn, is said to be "legal or rightful 
power." 

I do not wish to become tiresanear fine-
spun about this semantic exercise, but it seems 
clear to me that certain ideas flow out of this 
language which are important and fundamental. 

a) The basic standard of comparison is good 
usage - that which is customary and 
satisfactory.  In other words, our judg-
ments should be practical and workable 
rather than visionary or theoretical. 
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b) Working standards of comparison should be 
endowed not only with legal but with  gh.tr 
1111 power.  They should be not only prac-
tical and workable, but morally right. 
That is to say, they should appeal to our 
conscience and our ethical sense. 

If in our discussion and argument we would 
accept and keep these principles in mind, perhaps 
we would save time and arrive at sound conclu-
sions. 

When I came to this point in my thinking 
I looked back over my notes and concluded that 
there were at least three other fundamental con-
siderations which we should have in mind in dis-
cussing spurious radiation. 

The first one is that there are many cir-
cumstances in which radio is the only feasible 
method of communication.  These include not only 
mobile stations on land, sea and air, but also 
those cases of isolation as in the arctic or as 
in the mountains where communication by continu-
ous electrical conductors is just not feasible. 

The second circumstance relates to the 
fact that in many cases the oommunication is en-
dowed with special responsibility for safety of 
life or other very important human values.  This 
relates not only to disaster calls from mobile 
units, but perhaps also such cases as alternate 
routing or back-up services for major public 
services handling great volumes of communication, 
including those of national defense. 

Evidently these two categories of radio 
communication are endowed with a special charac-
ter which might put them in a different class 
than services that are concerned essentially 
with amusement or convenience. 

The third and final point, it seems to me, 
is the economic equation.  In any case of con-

flict involving spurious radiation - and one may 
question whether the term spurious is applicable 
unless there is conflict - it is necessary to 
recognize that there is a dollars and cents equa-
tion which needs to be balanced so as to produce 
as nearly as practical the minimum overall cost 
to society and/or the most equitable distribution 
of costs among those elements of society which 

must bear them. 

I would like now to recapitulate the 
points I have tried to make as being fundamental 
to a discussion of spurious radiation - a term 
which I like to define as meaning "radiation not 
authorized by good usage."  I find I can collect 
the points into three packages, as follows: 

1. Good usage implies practical and workable 
judgments with standards of practice which 
have the forte of moral soundness. 

2. Circumstances in which radio is either the 
only feasible method of communication, or 
is deeply involved in individual or pub-
lic safety, should be credited with this 
fact. 
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3. The ultimate solution will always involve 
some reasonable economic balance if it is 
a good engineering solution. 

Questions  

1.  Does the FCC now have power to forbid use of 
receivers causing interference to other 
services? 

2.  Is it or is it not a good idea to have the 
FCC specify radiation limits for all receiv-
ers and require each one sold to carry its 
label of type test approval? 

3. As a practical matter, how can FCC type test-
ing of receivers be avoided? 



CC WROL OF RADIO INTEKFERENCE IN CANADA 

Mr. G.C.W. Browne 
Controller of Telecommunications 
Department of Transport, Ottawa. 

The large geographical area of Canada as 
compared with the size of its population has 
always made it economically difficult to provide 

radio broadcast signals of adequate strength in 
many areas, and this condition has emphasized 
the need to keep down the level of radio noise 
and interference.  The importance of this was 
recognized since the early days of broadcasting, 
and as early as 1928 an interference service was 
set up in what is now the Department of 
Transport. 

From the inception of radio communication 
the Department administered the laws governing 
the use of radio, and in 1936 legislation was 
passed empowering the Government to prohibit or 

regulate the use of any machinery, apparatus or 
equipment causing or liable to cause interference 
to radio reception. 

In 1941, the regulations made under these 
powers took on very nearly their present form, 
prohibiting the use of any electrical or other 
apparatus which causes or is liable to cause 
interference to reception of a radio signal of 
500 microvolts per meter or greater, provided 
the interference can be suppressed at a cost of 
less than fifty dollars.  In addition the 
Minister of Transport may order suppression of 
interference, even though the cost exceeds fifty 
dollars.  A further provision prohibits the use 
of devices which emit radio frequency energy 
intentionally and for a purpose, that is, whose 
radiation is essential for the purpose, rather 
than incidental.  Such devices may only be used 
with the written permission of the Minister of 
Transport. 

All this, of course, is in addition to the 
legislation whereby the Department licenses 
radio transmitters, and the use of radio 
communications in general.  Transmitter 
harmonics and spurious emissions are of course 
controlled in the terms of the licence of the 
individual transmitter and are in general 
required to be at or below the levels 
recommended by the International Telecommunica-
tion Union. 

To enforce the provision that apparatus 
shall not be used which causes interference to 
reception of a normal signal, the Department 
maintains some fifty oars fitted with interfer-
ence investigating equipment, at the major 
centres across Canada. 

All complaints of radio interference are 
investigated, and while the onus of having it 
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suppressed lies with the owner of the interfering 
apparatus, the Department does advise as to the 
best means of suppression.  Each investigator is 
equipped with a kit of plug-in and other types of 
suppressors, to ascertain by test the most 
efficient and economical means of suppressing the 
interference. 

In the past, interference control has been 
largely in the "use" stage but recently the Radio 
Act has been amended to give powers to the 

Government to make regulations to also control 
the sale or offering for sale of any electrical 
or other apparatus liable to cause radio inter-
ference. 

Regulations to this effect are under study, 
and one of the principal bases for these are the 
Interference Standards developed by the Canadian 
Standards Association, with the co-operation of 
the Department of Transport.  The following is 
a brief resume of these Standards: 

Standard C22.4 No. 101 - "Radio Noise Measuring 
Instruments and General Methods of Measurement". 
This Standard specifies the use of quasi-peak 
type measurements for radio noise, with second 
detector time constants of less than three 
milliseconds charge time and 600 milliseconds 
discharge time. 

Standard C22.4 No. 105 - "Tolerable Limits and 
Special Methods of Measurement of Radio 
Interference from Electrical Appliances and 
Equipment".  - 

This Standard calls for conducted noise to be 
less than 500 microvolts, and radiated noise to 

be less than 100 microvolts per meter at 30 feet. 
0 Equipment is exempted, however, if the noise does 
not occur for a total of more than ten seconds in 
any one hour period, nor more often than thirty 
times in any one hour, in normal operation. 

Conducted noise is measured by using R.F. 
isolating chokes in the power supply, and by 
loading each side of the line by 150 ohms 
resistance to ground, via a coupling condenser. 
The measuring instrument forms a part of the 

150 ohms.  The 500 microvolt limit refers to 
the actual R.F. voltage on the line, and not 
merely to the portion across the meter. 

Standard No. 105 also provides for the use of 
sampling procedures so that measurements need 
only be made on a limited number of items which 
are produced in large quantities. 



'Standard C22.4 No. 106 - "Tolerable Limits of 
Radio Interference from Radio Frequency 
Generators - Industrial, Scientific and Medical". 
Radiation shall not exceed 15 microvolts per 
meter beyond 1000 feet, except harmonics of the 
Industrial, Scientific and Medical (I.S.M.) 
frequency bands, which shall not exceed 25 micro-
volts per meter at this distance.  At R.F. 
powers above 5 kilowatts, up to 10 microvolts per 
meter at one mile may be permitted. 

Standard C22.4 No. 104 - "Tolerable Limits and 
Special Methods of Measurement of Radio 
Interference from Vehicles using Internal 

Combustion Engines". 
The limits are as follows: 
500 kilocycles to 100 megacycles, 35 microvolts 
per meter at 15 feet from the side of the ear on 
which the distributor is situated; vertical 

polarization. 
100 to 400 megacycles, 100 microvolts per meter 
at 50 feet from distributor side of oar, 
horizontal antenna, 7i feet above ground. 
400 to 1000 megacycles, 1500 microvolts per meter, 
same measurement method as 100 - 400 :ace. 

All values are quasi-peak. 

There are also Standards for noise from 
power and other lines, trolley oars, etc., but 
time will not permit detailing these. 

TV horizontal sweep oscillator radiation is 
not covered by these Standards, but is a major 
source of public complaint.  In fact, in certain 
cities in Canada this interference is so acute 
that even powerful local stations are aver-ridden. 
Because of the nature of the interference it 
would appear that a limit of about one-fifth the 
limit for appliances would be appropriate.  A 
similar limit, about one-fifth that for 

appliances, also appears appropriate for 
radiation from the heterodyne oscillator of TV 
receivers using other than a 41.25 megacycle 
intermediate frequency. 

Before closing I should perhaps make a few 
comments on the problems of applying and 
administering such limits.  As we all are aware, 
the practical application of such limits tends to 
be rather complex and we therefore feel that 
every effort must be made to simplify procedures 
as much as possible.  Measurement of radiation 
at VHF frequencies tends to be affected by a 
number of variables whi ch are difficult to 
control, and serious consideration is being given 
to relying, initially at least, on measurements 
of conducted noise only, which are much more 
manageable and easy to make.  This of course 
would apply only to appliances and possibly to TV 
receiver interference.  Such measurements of 
conducted noise from TV receivers would include 
measurements with the antenna terminals grounded. 

Another simplification which appears 
possible in the ease of appliances and TV 
receivers, at least in the initial stages, is to 
apply the limits only to noise generated on 
frequencies in the Standard Broadcast band, and 
on TV channels 2 to 13.  Since all of these are 
essentially household appliances, they are 
normally located much closer to Standard band 
broadcast and TV receivers, than to receiving 

facilities in any other service.  Also, 
suppression for Standard Broadcast and TV 
frequencies will generally be at least partially 
effective at other frequencies. 

In the application of these Standards, and 
the development of further Standards, we shall 
continue to seek the co-operation of the 
industry, as in the past. 
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THE  TECHNICAL CONSIDERATIONS  UNDERLYING  THE REGULATION 

OF SPURIOUS RADIO  EMISSION:  A STUDY  UNDERTAKEN  FOR 

THE  FEDERAL CO M MUNICATIONS CO M MISSION  BY  THE JOINT 

TECHNICAL ADVISORY  CO M MITTEE, 

A.  V.  Loughren 

Hazeltine Corporation 

Little Neck,  N.  Y. 

The title of my talk, and its relevance 

to our world of co m munications,  have been 

fully set forth to you by Dr. Bown.  The concern 

of the Federal Co m munications Co m mission 

with this matter, and the justification for that 
concern, have been clearly presented to you by 

Co m missioner Webster.  Let me therefore, by 

way of introduction, speak only to the position 

of the Joint Technical Advisory Co m mittee in 

relation to this morning' s topic. 

The Joint Technical Advisory Co m-

mittee was established seven years ago by the 

IRE and the Radio-Electronics-Television 

Manufacturers Association, to serve as a 

source of co mpetent and unbiased technical in-

for mation in the radio and allied fields (insofar 

as co mpetence and lack of bias are hu manly 

achievable).  It was the intention of the sponsor 
organizations that the services of the JTAC 

should be available to public bodies concerned 

with our field of interest.  The Federal Co m-

munications Co m mission, with its tre mendous 

responsibility for the regulation of the use of 

the radio spectrum in the public interest, is of 

outstanding importance as a public body of this 
sort. 

The co mposition of the JTAC re-

flects its sponsorship; of the eight members, 

half are appointed by the President of IRE, and 

half by the Director of Engineering of the RET MA. 

The Chair man of the JTAC is appointed alter-

nately by the sponsor bodies, and serves for a 

one-year ter m.  The Chair man and the me mbers 

receive no compensation for their services, but 

the sponsor organizations provide meeting 

space, adequate secretarial support, and the 

funds to cover the costs of such publication as 

may appear appropriate.  So much for intro-
duction. 

On Dece mber 3, 19 52, Mr. Walker 
(then Chair man of the Federal Co m munications 

Co m mission) wrote to Dr. Bown asking that the 

Joint Technical Advisory Co m mittee undertake 

a study of the technical factors underlying the 

regulation of spurious radio emission.  The 

Co m mittee recognized the importance of the 

FCC request and agreed to proceed with it, 

and established a subco m mittee for the conduct 

of the study. 

To develop an understanding of the 

nature of the pr oble m has been itself a major 

task.  The me mbers of the JTAC and the me m 

bers of the subco m mittee have spent a great 

deal of time on the direct question and on re-

lated questions in the interval since Chair man 

Walker' s request.  A report discussing the 

technical factors is now in preparation, and it 

is my purpose this morning to present to you a 

su m mary of the pr esent for m of that report. 

Incidentally, I should like to make it quite 

clear that since the report has not yet been of-

ficially approved by the JTAC, and is therefore 

subject to change, my re marks here represent 
only my own expectation as to its final content. 

The report takes note, among others, of 

two particularly important technical facts: 

first, the generation (or for that matter even 

the amplification) of radio frequency energy is 

in general acco mpanied by sosne measure of 
spurious radio emission; second, a reduction 

in the amount of spurious radio emission acco m-

panying any generation of radio frequency ener-
gy usually increases the cost of the apparatus 

generating the energy. 

In preparing its report, it has been con-
tinuously apparent to both the JTAC and the 

subco m mittee that it was the desire of the me m-

bers of the FCC (and their obligation under the 

law, as well) to regulate spurious radio emission 

in such fashion as best to serve the public 
interest. 

To regulate in the public interest----. 
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Let us look at a specific exa mple, in 

order to try to fix the nature of the public inter-

est.  With respect to present practices. I be-

lieve the exa mple I shall use to be entirely hy-

pothetical.  Assume, however, that tv receivers 

using inter mediate frequencies of the order of 

40 Mc had the general custo m of placing the os-
cillator below the signal for the reception of 

channels 7 through 13.  When receiving channel 
10, therefore, the receiver local oscillator 

would lie in the band of frequencies near 150 Mc 

which has been heavily used for certain public 

services and for taxicab radio and things of this 
sort.  Now, if radiation from the tv receivers is 

great enough to require drastic increase in trans-

mitter power for the 150 Mc services to operate 

effectively, the cost of the added trans mitter 

power, or, alternatively, the cost of giving up 

the services will have to be borne in the end by 

the public. On the other hand, the cost of re-
ducing the radiation fro m the tv receivers to the 

point where it causes no disturbance whatsoever, 

even to seriously underpowered services in the 

150 Mc region, will also co me ho me to the pub-

lic in ter ms of a substantial increase in the 

prices which must be paid for the television re-
ceivers. Now, in such a case, where does reg-

ulation in the public interest lead us? 

Obviously, there is no simple answer. 

Probably, in my hypothetical exa mple, reason-

able regulation would turn out with a per mitted 
amount of spurious radio emission fro m the tv 

receivers very much greater than the least per-

ceptible amount of power, but on the other hand 

very much less than the power which receivers 

might radiate if no limit at all were to be estab-

lished. 

The objective of regulation, seen in 

the light of the important related technical fac-

tors, appears to be the making possible of the 

amount and kind of each of several services 

which the public wants at the mini mu m total 

cost to the public. 

In practice, the proble m of estab-

lishing limits for per missible spurious radio 

emission fro m the various classes of emitters 

and at the many frequencies of interest in the 

radio spectrum is an extre mely difficult job. 

However, approximate values can be developed 

relatively easily, and may then be submitted to 

open discussion by the various affected interests. 

If the importance of developing limits which are 

close approximations to the ideal numbers is 
great enough to justify the effort, these limits 

can always be found. 

In the studies leading to the JTAC 

report, apparatus producing spurious radio 

emission has appeared to justify separation 

into two classes;  first, the class of apparatus 

which is operated under license to a govern-

mental agency such as the Federal Co mmuni-

cations Co m mission; second, the class of 

apparatus which is not nor mally regarded as 

requiring a license for its operation.  The most 

important difference between these two classes 
of apparatus co mes up with respect to the time 

at which control of the spurious radio emission 

of the apparatus is most conveniently exercised. 

In the case of licensed apparatus, control may 
be exercised at any time that it beco mes nec-

essary, since on any occasion when an excess-

ive and troublesome amount of spurious radio 

emission is traced to such a piece of apparatus, 

the licensee is under direct obligation to use 

his best efforts to correct the co mplaint, and he 

is in the general case competent to act.  With 

non-licensed apparatus, however, control of the 

spurious emission is readily exercisable as a 

practical matter only at the time of manufacture. 

Television receivers are exa mples of this class 

of apparatus, an &here it is obvious that as a 

practical matter control of the spurious radio 

emission must be exercised by the designer and 

the producer of the merchandise rather than 

by the thousands of individuals who purchase 

the merchandise at the retail market. 

It is probable that under present legis-

lation the FCC authority with respect to non-

licensed apparatus extends only to its use and 

not to its manufacture.  However, if the Co m-
mission were to define these kinds of non-licensed 

apparatus which are capable of radiating sensible 

amounts of spurious radio emission as certifi-
able apparatus, a substantial step forward might 

be taken.  The Co mmission could then invite 

manufacturers proposing to build such apparatus 
to propose limits for per missible radiated 

power and to propose methods of securing con-

formance by the industry with those limits.  The 

Co m mission could then invite co mment on the 
proposals fro m users of the frequencies where 

disturbance might be expected and the Com-

mission could then deter mine limits in the light 
of all of the considerations brought before it. 

If the Co mmission would then accord to a piece 
of certifiable apparatus which had in fact been 

duly certified the same privilege accorded to a 

licensed piece of apparatus; na mely, that of 
being a duly authorized emitter, the purchaser 

of the television receiver or whatever other 

apparatus was involved might be given assurance 

that all requirements applicable to his apparatus 

at the time it was made had been co mplied with, 

and that he would have every reason to expect 
that he would be able to enjoy undisturbed 

operation of the apparatus which he pur chased. 
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IRE AND THE MEASUREMFMT OF SFURIOUS EMISSION 

Ernst Weber, Polytechnic Institute of Brooklyn 

Chairman, Standards Committee, IRE 

Recent discussions of the problem of 
spurious emission from radio and industrial 
equipment have naturally led to strong interest 
in measurement methods of spurious emission. 
Since standardization of methods of measurement 
has been one of the foremost professional con-
tributions by the IRE technical committees it 
is appropriate to relate here the pertinent 
activities within IRE.  But even before doing 
that, it might be well to point out some of the 
technical aspects in order to put the whole 
problem into its proper perspective. 

The spurious emission at radio frequencies 
of any radio, television, or industrial equip-
ment is extremely dependent upon environmental 
factors.  A reasonably accurate measurement of 
spurious emission represents therefore an ex-
tremely difficult problem.  It might be best to 
illustrate the complexities in terms of the 
testing of receivers, be it broadcast receivers 
or television receivers. 

Major sources of interfering electric and 
magnetic fields and power line interference are 
local oscillators, sweep transformer and output 
tube elements and circuits, high voltage recti-
fier and associated circuits, and others.  The 
distribution of the fields constituting spuri-
ous emission depends upon the structure of the 
equipment as well as upon the surrounding 
building walls and materials. 

Any measurement of spurious emission from 
equipment needs to be carried on under condi-
tions which are indicative of the possible 
interference levels in the actual use of the 
equipment.  Yet, to be meaningful, the measure-
ments must be conducted under standardized 
environmental conditions.  This requires there-
fore correlation of the standard measurement 
method with the practical interference experi-
enced.  To date no general such correlation has 
been established but data are being accumulated 
at a rapid rate. 

Early approaches to the measurement prob-
lem favored the standardization of open field 
conditions.  Of course, the properties of 
ground and the presence of the measuring equip-
ment itself affect the radiation pattern.  Most 
frequently, measurements were carried on at a 
distance of about 100 feet, which is about one 
wavelength at the frequency of 10 MC.  Going to 
a distance of 15 feet as has been proposed, 
brings 113 to the edge of the near field or in-
duction zone and will likely give results 
different from that obtained for the larger 
distance.  At any rate, the field strength 
measurements, usually made with commercially 
available field strength meters, did not corre-
late well with the interference experience 
besides having the inconvenience of any outdoor 
measurement even in so-called temperate climate. 
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A logical alternative is the screen-room 
technique which is now favored for frequencies 
up to about 100 MC.  It permits measurement of 
the induction field at distances up to one-
sixth of the wavelength as well as measurement 
of conductive interference.  Correlation with 
open field measurements might be established 
by replacing the equipment under test by a 
standard signal generator for which the free 
space field strength can be computed.  However, 
the screen room is a "live" room with reflec-
tion patterns affected by the constructional 
details of the equipment under test as well as 
the test equipment itself. 

For this reason, there has recently come 
under very serious consideration the construc-
tion of so-called dark rooms which are essen-
tially screened rooms covered on the inside 
with ideally absorbing material to simulate 
essentially free space.  Unfortunately, absorb-
ing material of reasonable cost is conveniently 
useful above 1400 MCs, thus restricting dark 
room techniques to UEF and higher frequencies. 
Data are yet quite sparse and attempts to find 
absorbing materials which could be used econom-
ically down to about 100 MC have not been success-
ful to date.  There is hope, however, that this 
development, if properly supported, can supplement 
the live-room technique.  Obviously, at this 
point we shall have to pay attention to cost. 
It might be feasible to create certain primary 
standard sites which could be used for the 
calibration of secondary installations of less 
elaborate design. 

We must also keep in mind, that in the 
various frequency ranges, different kinds of 
pick-up devices need to be employed.  In addi-
tion, the detecting device must be designed 
to properly detect according to the wave fo rm 
of the spurious emission, which might vary 
from a sinusoidal oscillation to an impulse 
type depending on the device producing the 
spurious emission. 

With this as background, I can assure you 
that the IRE technical committees have been 
keenly aware of the need for standardization of 
measurop,,-,at methods for spurious emission.  But 
obviously, the lack of direct correlation and 
the inability of analytical treatment of the 
problem requires extensive experimental data 
for any serious endeavor of standariization. 
The Receiver Committee of IRE has been particu-
larly active and has recently puhlished a 
standard for measurement of interference out-
put of television receivers in the range from 
300 KC to 10 MC employing screen- mom tech-
niques. 

Spurred by the increasing urgency for 
stenliard methods of measurement of spurious 
emission, the Standards Committee of IRE created 



in July 1954 an Ad Hoc Committee on this par-
ticular subject to coordinate all efforts bear-
ing upon standardization of spurious emission 
measurements in eight specific technical com-
mittees.  It became evident rather quickly that 
coordination alone was not sufficient to assure 
quick progress.  By action of the Board of 
Directors a new committee was established on 
"Radio Frequency Interference" and this commit-
tee has just recently held its first meeting 
taking reports from the subcommittee chairmen 
covering, respectively, the following topics: 

27.1 
27.2 
27.3 
27.4 
27.5 
27.6 
27.7 
27.8 
27.9 
27.10 

Basic Measurements 
Definitions 
Radio & TV Receivers 
Radio Transmitters 
Industrial Electronics 
Recording Equipment 
Mobile Comm. Equip. 
Carrier Current Equip. 
Community Antennas 
Test Equipment 

All the subcommittee chairmen have had ex-
tensive experience with technical committee 
work of main committees in these respective 
fields. They bring to their assignment a broad 
professional background and can count on sup-
port by their respective organization. 

The Subcommittee on Basic Measurements has 
started the preparation of a general standard 
for measuring spurious emissions to cover radio 
transmitters, radio receivers, industrial elec-
tronic devices and other devices capable of 
such emissions.  Because of its wide scope, the 
standard will incorporate a variety of methods 
and will describe the standard arrangements for 
open field tests, screen room tests, as well as 
dark room tests.  It is expected that this 
basic standard will be pushed to completion in 
a comparatively short time, perhaps within the 
year. However, it must remain flexible to in-
clude more precise techniques as they are 
developed and to include additional factors as 
experience with experimental set-ups will 
indicate. 

In addition, the Standards Committee of IRE 
has actively coordinated its activities with 
task forces appointed by the Engineering Depart-

ment of RETMA which were established in August 
1954.  It is intended to avoid duplication and 
to supplement the efforts of the two organiza-
tions in their respective spheres of interest. 

With respect to spurious emission from 
industrial electronic equipment, close coordi-
nation has been established with the respective 
committees of AIEE, particularly through Sub-
committee 27.5 of the new Committee on Radio 

Frequency Interference. 

All standardization efforts are also corre-
lated with ASA in order to assure as far as 
possible a single standard for all professional 
and industrial uses. 

Even further than this, IRE has under-
taken active participation in, and cooperation 
with, international standardization activities, 
in particular with Technical Committee 12 of 
the International Electrotechnical Commission, 
or briefly IEC.  Committee 12 has the subject 
Radio Communication and its first subcommittee 
deals with measurements.  At the forthcoming 
meeting of IEC in London in July of this year, 
IRE will be represented by its Standards 
Coordinator, Mt. Axel Jensen, and one of the 
important topics 'will be the discussion of an 
international standard on the measurement of 
RF oscillator radiation from television and 
FM receivers.  Our own comments have been sub-
mitted through the U. S. National Committee. 

In similar manner, IRE has undertaken 
direct participation in the activities of the 
International Radio Consultative Committee, 
or C.C.I.R., through the Standards Committee. 
It has two representatives on the CCIR 
Executive Committee of the U. S. National 
Delegation. 

In summary, IRE has been actively inter-
ested in spurious emission measurements for a 
considerable time.  It has recently, because 
of the urgency of the situation, taken leader-
ship in creating standard methods through its 
new technical committee on Radio Frequency 
Interference; it has actively participated in 
similar endeavors with other national organiza-
tions, as well as with appropriate international 
bodies. 
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FCC LOOKS AT SPURIOUS RADIATION 

Coruissioner E. i% Webster 

Chairman, fellow members of the Panel, 
menbers of the IRE and guests:  As indicated by 
te title of my statement, I shall endeavor 
briefly to delineate tilr pro nems relating to 
spurious radiation from the viewpoint of the 
Federal Communications Commission. 

The emission of spurious radiations by 
communication and other electrical equipment is 
a problem of long standing, and it appears that 
it will remain with us for a lonp time to come. 
The optimum use of radio and other forms of com-
munication which are subject to interference from 
this source depends upon the maintenance of 
effective measures of interference control. 

Proper administration dictates such mea,uren 
of control be taken as are consistent with the 
public interest.  In many areas of concern, 
prrhaps in most, it does not appear feasible to 
take measures which will prevent individual cases 
of interference from arising.  In these areas the 
goal should be to take such steps as are practica-
ble to reduce the number of interference cases 
to manageable limits, and at the same time assure 
that proper consideration is given to problems of 
manufacture, to economics, and to proper operating 
procedures for the offending equipment and for 
the systems of communications which are affected. 
It seems that this may best be accomplished by 
first encouraging voluntary control by the manu-
facturer and user, and second by local, state or 
Federal regulation. 

Engineers engaged in the design, development, 
manufacture, installation, operation or main-
tenance of communications equipment or electronic 
devices have long been cognizant of various 
aspects of the problems of spurious radiation. 
However, I sometimes wonder whether some have been 
sufficiently concerned about the interfering 
aspects of the problem. To design, manufacture 
and operate equipment which is needlessly capable 
of causing interference to the various authorized 
radio services does not appear to be in accord 
with our delegation to "encourage the larger and 
more effective use of radio in the public interest, 

The Commission has been seriously concerned 
with most phases of this problem for a long time. 
It has proposed or adopted rules which specify 
limits for non-essential radiations from both 
communications and non-communications equipment. 
Prior to the time when it became feasible to 
establish specific limits, our rules contained 
general requirements that equipment design be in 
accordance with "good engineering practice", or 
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with "the state of the art", in order to call 
attention to the necessity for giving serious 
attention to these problems in the design and 
use of communications equipment. 

In some cases it has been less difficult 
for the Commission and the Industry to resolve 
problems relating to the establishment of trans-
mission standards for communications services 
than it has been to cope with some of the 
problems inherent to the control of unwanted 
radiations from diatnerly machines, industrial 
heaters, arc welders, and a miscellaneous group 
of devices which we have called "restricted 
radiation devices". 

The need for national and international 
regulation of emissions from radio stations 
became apparent as far back as the early part of 
1927 when the question was considered in con-
nection with the International Radio Telegraph 
Conference of Washington. 

The years following 1930 saw a steady in-
crease in the use of diathermy machines and 
electronic devices, with a consequent increase 
in interference which they caused to radio 
services.  Of particular concern were the safety 
services such as aviation, marine, police and 
fire.  This prompted the Commission to initiate 
studies looking towards the regulation of such 
devices. 

International consideration of the subject 
developed when the delegates participating in an 
Inter-American Conference held in Havana, Cuba, 
in 1937, made an administrative agreement looking 
toward regulation of all non-communication 
apparatus which generates radio frequency energy 
as an essential to its operation. 

The Commission, in 1938, had completed ex-
tensive studies of the problem of interference 
caused by the operation of restricted radiation 
devices, diathermy machines, induction heaters 
or furnaces, vacuum tube bombarders, and other 
indus trial electronic devices of higher power. 
In November of that year it adopted what is now 
Part 15 of the Rules and Regulations, relating 
to a limited category of restricted radiation 
devices.  This was the first rule making action 
of the Commission which looked toward the 
possible solution of overall interference 
problems created by the operation of unlicensed 
and non-co mm unicatio ns devices. 



Subsequently, at an International Conference 
in Santiago, Chile, in 19140, the delegates agreed 

! that their respective countries should adopt 
neasures to alleviate interference caused by radio 

! frequency equipment which may radiate energy 
capable of interfering with the reception of 
regularly authorized transeiszioas. 

In the latter part of 1943, the radio in-
dustry set up an organization known as the Radio 
Technical Planning Board, to work with the Com-
mission in an attempt to solve many of the in-
volved problems relating to frequency allocations, 
including the problem of non-communications radio 
frequency devices.  On the basis of testimony and 
recommendations of representatives of the Radio 
Technical Planning Board and other interested 
parties, the Commission recognized the need for 
diathermy and other indestrial devices and allo-
cated three frequencies for their general use and 
development in its report of May 25, 1945. 

Rules Soverning Industrial, Scientific and 
Medical Equipment were adopted by the Commission 
on May 8, 1947.  The International Radio Con-
ference held at Atlantic City during the same year, 
recognized the fact that the uncontrolled operatim 
of radio devices used for industrial, scientific 
and medical purposes could seriously interfere 
with vital co munications, and made the first 
provision for the allocation of frequeLcies for 
such purposes on an international basis.  The 
three frequencies allocated were slightly dif-
ferent from the three adopted by the Commission, 
but the Commission's Rules, Part 13, were later 
modified to conform thereto. 

The Commission's present Rules Governing 
Restricted Radiation Devices, Part 15, provide in 
substance that any apleratus used for communica-
tion over very short distances Which generates 
a field not exceeding 15 microvolts per meter at 
a distance of 157,000 feet divided by the fre-
quency of operation in kilocycles is not subject 
to the ether rules of the Commission, provided 
that no ebjectionable interference results to 
the reception of authorized radio signals. 

Recognizing the inadequacy of present eart 
15 with respect to the regulation of the many 
thousands of unlicensed "low-power" communicetion 
devices, and several million uunintentional" 
radiators such as carrier current systems, radio 
receivers, ignition systems and electrical 
appliances, the Commission on April 13, 1949, 
issued a notice of proposed rule making setting 
forth the administrative and engineering factors 
to be considered in amending the rules. 

Studies relating to the problem of radiation 
from TV and FM receivers were undertaken, and in 
the fall of 1950 joint meetings between members 
of the Commission's staff and representatives 
of the Radio-Television-Electronics Manufacturers 
Association (RETMA) were held to discuss the 
oscillator radiation problem.  I shall leave to 
Dr. Baker to relate the action taken as a result 
of these meetings. 

In December 1953, the Commission requested 
the Joint Technical Advisory Committee (JTAC) to 
study the question of spurious radiation to the 
end of developing methods and standards for 
dealing with practical problems which the Com-
mission faces in its regulatory functions.  The 
JTAC accepted the task and have coordinated their 
activities with the REINA and the IRE in setting 
up co mmittees to cover the broad field of 
interest. 

On April 14, 1954, the Commission issued 
Notice of Further Proposed Rule W ing In the 
Matter of Amendment of Part 15 of the Commission's 
Rules Governing Restricted Radiation Devices. 
This proposal would govern the operation of both 
incidental and restricted radiation devices.  The 
first named category includes devices in which 
the production of tadio energy is unintentional 
or incidental, such as electric power, lighting 
and ignition devices.  Restricted radiation 
devices embrace carrier current communication 
sys tems, signal generators, beat frequency 
oscillators, radio receiver oscillators, and 
other low powered radio frequency generators. 
Comments have been received on this proposal but 
rules have not as yet been adopted by the 
Commission. 

137 

A second matter which is currently the sub-
ject of rule making has to do wits the type 
acceptance and type approval programs for com-
munications equipment.  These programs are 
designed to simplify our licensing processes 
by setting up lists of accepted or approved 
equipment to which reference will be made by 
applicants for radio station licenses.  Type 
approval, which is required for certain marine 
safety services and for the citizens  radio 
rervice, in based on tests performed by or under 
the direction of the Co mmission's Laberatory. 
Type acceptance is based on certified test data 
submitted to the Co mmission by the manufacturer. 
Such data include measereeents of various forms 
of spurious radiation, in addition to other 
natters required by the rules.  These rules are 
under study by a special Panel of the RETMA and 
certain user groups, in an effort to have some 
of the Commission's proposed rules modified 
before final adoption. 



SYMPOSIUM ON SPURIOUS RADIATION 

QUESTION AND ANSWER PERIOD  

Ralph Bown (Chairman): It is not often that 
engineers find a member of the Federal Communi-
cations Commission as a sitting duck in front of 
their guns so I beg that you do not concentrate 
your fire on Commissioner Webster.  However, this 
does not mean that questions cannot be asked 
which involve him and as a matter of fact I think 
that perhaps a good way to start off the dis-
cussion is to ask Commissioner Webster if he would 
be willing to respond to a question which he 
provided himself.  Perhaps he didn't expect to 
have to answer it himself but I would like to ask 
him if he wishes to say a few words about a ques-
tion which reads as follows:  "What can be done 
to make the play of free competition work towards 
a reduction of spurious emissions or responses 
in equipment without intervention by Government?" 

E. M. Webster: Mr. Chairman before I reply, if 
anyone has a heater in the room, whether it would 
cause interference or not, I wish he'd bring it 
up. 

I asked that question or at least I put that 
question down on a list, and as you can tell it 
has to do with the role of the manufacturer. 
Now I have never been a manufacturer and maybe 
that's what makes me competent to answer.  But 
I have one or two thoughts in mind in regard to 
that question.  In the first place, I'm giving 
my personal opinion.  You know we have six other 
Commissioners and they have some personal opinions 
too and I try to be rather careful at times when 
it comes to giving my own personal opinion. 

I have heard this subject discussed for I don't 
know how many years, but it has been a live one, 
and it seems to me that there's something wrong 
somewhere when it takes so long to come to con-
clusions.  The engineering industry -- the 
engineers, the radio engineers, the electronic 
engineers in my opinion can do most anything. 
You've all heard the statment that the impossible 
we do tomorrow, and in my experience with radio 
engineers, that's exactly what happens.  I take 
my hat off to the communication engineers, the 
electronic engineers, and what they've accom-
plished.  It just seems to me that there's 
something wrong when it is said the engineer 
hasn't solved this problem. I think he has 
solved it.  I think there's another element in 
this that has to be looked at.  It's not in my 
opinion a truly engineering problem.  There is 
a policy-executive problem that arises in the 
midst of it, and that involves the executive 
and policy levels of the industry.  Now the 
policy and executive groups of the industry don't 
hesitate one minute to come down to Washington to 
discuss problems with the policy and executive 
group of our Government -- in this case the 
Commission. 

138 

I have a great deal of respect for Dr. Baker 
and what he said.  I think that there's a lot of 
meat in his paper and I want every Commissioner 
to read it.  Personally, I may not agree with 
everything that he has said but that's immaterial 
for the moment.  He has talked about things I 
think the executives should talk about and I put 
the Commissioners in that category.  They are 
not the engineers of the Commission -- they are 
on the executive level with the President, Vice-
President and so forth of companies and they are 
the people that ought to talk together about this 
problem.  The engineers of the industry shouldn't 
come down and talk to the Commissioners.  They 
should come down and talk to our chief engineer 
and our stPff.  It's the Presidents and the Vice-
Presidents that I want to see come down to 
Washington and talk to u.  about policy. 

With any electronic apparatus we end up as its 
being a system.  You have a transmitter on one 
end and a receiver on the other and it just seems 
to me that it's too bad that the law only covers 
one end of it. We write volumes -- you know what 
our rules look like -- we write volumes about one 
end of the system, and there isn't very much 
about the other end of the system.  That is left 
to industry.  And in my opinion industry, as 
Dr. Baker has intimated, has a very great and 
high responsibility for what it should do on 
that end for the unsuspecting purchaser.  And 
it isn't always the television buyer who's 
unsuspecting -- I have been out through the 
country and I have found company after company 
that has told me that the equipment they bought 
six months ago is no good.  They put it on the 
shelf and bought somebody else's.  The manu-
facturer in that case was not acting in the 
public interest. 

Another thing that I'd like to see -- Dr. Baker 
talks about the cost. I'm alive to that, that's 
a big economic problem that you're faced with. 
But nobody comes down to us and says not only 
should you look at the engineering in conjunction 
with the industry -- (that it is'a joint responsi-
bility of the Government and industry to look at 
this from an engineering point of view) but also 
let's all get around the table and talk about the 
cost.  If that point is raised, immediately they 
will tell you that that is a competitive angle, 
that we can't talk about the cost because it 
reveals competitive material.  But if you're 
going to talk about this problem it just seems to 
me that you've got to get down in the dirt and 
talk about every single portion of it.  That is 
what's been worrying me over a long period on 
this particular subject. 

Now as I said in the beginning, I'm not a manu-
facturer and everything that I've said can be 
shot full of holes by a manufacturer.  I don't 



know that that answers the question.  I've thought 
of the answer sitting here after listening to 
these papers.  I didn't come up here with any pre-
conceived idea of what the answer should be but I 
think that the public should know the facts about 
this interference problem and I don't think the 
public does today.  I'd like to see this aired 
publicly so that everybody knows what the diffi-
culties are -- and it's more than engineering. 
I don't think the public knows the difficulties 
on the economic side, if there are difficulties. 

Of course, we're always having trouble and 
probably most of this is on account of the non-
conformists.  You know that most laws are made for 
that purpose; not to take care of the man who will 
conform and do right, but for the man that's 
trying to cut the corners and do what he shouldn't 
do.  I think that is probably part of our problem, 
to bring that man in line.  I know that RETMA has 
its difficulties.  I hear everyday from members of 
RETMA the difficulties they have, the disputes 
they have among themselves.  But it all boils down 
to economics and ltd like to see these Presidents; 

I'd like to see a panel up here in front of you 
engineers, let's say composed of Mr. Folsom or 
even General Sarnoff himself or Price of Westing-
house or Galvin from Motorola or Commander 
McDonald from Zenith; maybe Stanton from CBS, 
he's a manufacturer too.  Not that they're doing 
anything wrong, because I think that they're 
doing the very best they can.  They're turning 
out good equipment.  But I think those people or 
people in that class could give you some very 
illuminating material to chew on.  That is my 
position in regard to that particular question. 

Mr. Crayton (General Electric Company): I would 
like to question what technical term should be 
used. The point is raised that people don't 
know what they're talking about.  I'd like to 
refer to the tern spurious emissions and to the 
tern extraneous emissions.  Spurious and extran-
eous mean very much the same thing. 

Ralph Bown: I think I would like to attempt to 
answer that one myself if I may.  The term 
spurious has been used this morning primarily 
because that is the way in which the title of 
the Symposium was stated.  There are obviously 
synonyms which are useful, such as extraneous. 
I think you will find that this word is used 
primarily as a synonoyn rather than as a sub-
stitute or for a different meaning.  It seems to 
me that this is something which would get down to 
too fine a distinction for us to attempt to wres-
tle with in a group of this size. 

Question from Floor: I think in the electrical 
industry a great deal of public education has 
been accomplished by giving some kind of Under-
writers Laboratory seal of approval.  Could a 
similar process be adopted for the control of 
spurious radiation?  Can there be some discussion 

of the matter by this panel? 

W. R. G. Baker: Of course there is a great deal 
of difference between the Underwriters Laboratory 
and any certification laboratory that could be 
established either by the industry, the FCC or 
jointly.  The Underwriters Laboratory has real 
teeth in its ability to enforce.  There are some 
states which would permit the sale of a product 
either in the white goods line or any hard goods 
consumer line without having an Underwriters tag 
on it.  A company that doesn't use the Under-
writers approval takes serious liability risks 
if somebody's injured or something else happened 
with an appliance no matter what it may be.  The 
certification laboratory, then established by 
the industry or by the Commission or jointly, 
would have to have some means of enforcing.  And 
that is a very difficult problem when you are 
enforcing a product that is as complicated as 
television or radio, where you're building many 
many thousands a day.  And how far do you carry 
the checking of the quantity and all the. rest of 
it.  The Underwriters Laboratory is a distinct 
advantage to the appliance manufacturer but I 
think this is an entirely different animal.  We 
studied the certification problem in great detail 
and so far have not come up with what seems to 
be a workable answer. 

Ralph Bown: I'm going to turn to Art Loughren 
for the question which he handed to me himself, 
and ask him if he would like to attempt a few 
remarks on it.  It's a very pertinent question 
and it reads this way:  "Why can't apparatus 
producers by expected voluntarily to conform 
to suitable spurious radiation emission stan-

dards?" 

A. V. Loughren: First let me make the comment 
that it wasn't part of my expectation that I be 
caught with my own weapon.  But I think there 
is a difficulty to which the question is directed 
that is basic to a free enterprise economy.  The 
maker of a product to be offered for public sale 
in a free enterprise economy is concerned with 
satisfying the requirements of the market and 
if he fails to satisfy these, his product doesn't 
sell.  He may have some other requirements to 
satisfy also.  The case of the Underwriters list-
ing was mentioned a moment ago and this is en-
forced not by the purchaser ordinarily but by 
Governmental agencies usually on a local level 
acting to protect the purchaser.  In the case 
where a manufacturer, not faced with such a 
requirement as the Underwriters requirement, 
adds cost to his product to make an improvement 
which will not be sought after by the purchasers, 
then his competitor who has not added cost in 
this same fashion can sell the competing product 
cheaper.  If the difference in value, from an 
overall public interest point of view, is not a 
difference which is apparent to the individual 
purchaser at the time that he is making up his 
mind which of two competing products to buy, 
then there is no reason why the purchaser should 
be expected to buy the more expensive and socially 
more desirable product.  The manufacturer who 
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puts the added cost into his product may find 
himself out of business.  It seems to me that 
the manufacturer who would make the socially 
more suitable product needs some measure of 
assistance to insure that the socially desirable 
thing be done by his competitors as well.  It 
seems to me it's undesirable to restrict the 
freedom of the market place in any fashion other 
than to achieve a needed social end.  Usually 
when some small group attempts to say this is 
better for the customer and therefore we must 
make him have it, that small group may run the 
risk of being completely wrong.  I speak here 
from some experience because I was on one 
occasion a member of a small group that was 
quite convinced that the public ought to have 
what we call high fidelity equipment and I'm sure 
that I hurt the sales of my own company the year 
when I and a few others put on an internal cam-
paign to get some of the company's merchandise 
into this class. The public didn't think much 
of what we said the public ought to have.  So 
here was a small group that did something wrong 
and the public turned us down. There are 
dangers in reducing the freedom of the market 
place but there are times when perhaps it simply 
must be done and this may be a case of that sort. 

Ralph Bown: Perhaps I shouldn't allow myself to 
go scott free.  Since I'm in a position to do so 
I'll try not to.  Like Commissioner Webster, I'm 
riot a manufacturer either, at least my personal 
job has never been in manufacturing. I feel that 
I would like to reinforce somewhat the remarks 
which he made and I would like to say it this way. 
This matter of spurious radiation is not a thing 
which can be licked and taken care of by engi-
neers alone.  Certainly in the most difficult 
forms in which it comes up, namely where you 
have apparatus which is widely sold to the 
public on a very competitive basis, the engi-
neers can only go so far and, even though they 
know the right answers, they are not necessarily 
in a position to apply them. I believe this 
means that the policy and executive levels of the 
industry must look at and deal with this question 
in a responsible manner.  The engineers I'm sure 
stand ready to help them to any degree possible 
but they can't do it all alone. Is this a fair 
statement of it, do you think Commissioner 
Webster? 

E. M. Webster: I think so. 

R. F. Guy: Mr. Cnairman I'd like to suggest to 
a gentleman that represents the Commission that 
they might make a contribution which would be 
helpful to arriving at a common solution and 
that is, to give more publicity to the inter-
ference problem.  Service by service perhaps 
indicate the seriousness of interference of 
various types which we can classify as extran-
eous or spurious, so that they can be publicized 
to a much greater degree than they are now. We 
hear these problems of interference spoken of in 
more general terms, I might say in generalities. 
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It would help to have more specific information. 
In one case in point I know that JTAC requested 
from the Commission analyses of interference 
complaints which the Commission possibly com-
piled but so far as I know that has never been 
published in a manner available to our public 
use.  I suggest that that sort of stuff be pub-
licized in a manner so that we can appraise the 
problem with them. 

F. M. Webster: May I comment just a second. I 
certainly do agree with that and I think the 
Commission should do a great deal more than it 
does. I have been one of those in the Commission 
since I have been a Commissioner that has 
suggested from time to time that we do more and 
give more publicity to things.  This gives me a 
chance to say that unfortunately we don't have 
the staff, the funds and so forth to do things. 
I made that very strong statement the other day 
before the Congressional Committee.  I felt that 
the Commission was not doing the job it should 
be doing because we did not have the facilities 
to do it.  One of them in my opinion is to give 
more publicity to things.  Of course on the other 
hand there are companies that come running right 
in as soon as you give publicity to something 
thinking that you are taking a crack at their 
particular equipment although you don't name it. 
You have that other side of the picture too, but 
I agree thoroughly that there should be more 
publicity given. 

Ral h Bown:  We're approaching our closing time 
and I would like to ask Mr. Browne whether he or 
Mr. Coffey who accompanies him might have any 
comment which they would like to make on the 
discussion which has occurred this morning. 

G. C. W. Browne:  Thank you Mr. Chairman, I don't 
think there is anything that I can comment on 
from our standpoint.  I am not a Commissioner nor 
have I six other Commissioners as Commissioner 
Webster has with hf.m.  I do have a deputy minister 
to whom I report and he is the executive head of 
our department and he of course reports to the 
political head who is a member of the Cabinet. 
That is the setup in Canada as most of you 
probably know.  I have attempted to outline in my 
talk what we have done so far in Canada and we, 
of course, as I stated, would be glad to cooperate 
with the industry in working out these many 
problems that are still to come.  I'd say that we 
enjoyed their cooperation in the past although we 
do hope that things will get moving a little fast-
er from now on so that we may setup the remaining 
standards that are yet to be dealt with.  Thank 
you very much. 

1121ELLan:  Thank you.  I am not going to ask 
George Sterling or Ed Allen who so kindly con-
sented to come up and sit with us to say anything 

this morning.  I wish to thank them for coming.  Iwould   like to thank in the name of the audience 

the members of the panel who have given these 
discussions and I would like to declare the meet-
ing adjourned. 



A DEVELOPMENTAL POCKET-SIZE BROADCAST RECEIVER EMPLOYING TRANSISTORS 

D. D. Holmes, T. 0. Stanley, 
and L. A. Freedman 

RCA Labs. 

Princeton, N. J. 

ABSTRACT 

This paper describes a pocket-size develop-
mental AM broadcast receiver which utilizes eight 

junction transistors. Its performance is compar-
able to that of conventional personal receivers. 
Emphasis has been given to developments which 
contribute to stability with respect to temperature, 

battery voltage, and variations among transistors. 
The superheterodyne circuit employed uses a 
single-transistor frequency converter to perform 

the functions of both mixer and oscillator. Refined 
detector and automatic-gain-control circuits and 

an audio amplifier embodying further develop-

ment of the principle of complementary symme-

try are incorporated. Reduction in physical size 
and battery requirement, as compared to conven-
tional receivers, is substantial. 
The circuits are described in detail and certain 

aspects of components and of physical arrangement, 
which contribute to the small size, are discussed. 
Detailed performance data are also included. 

(The full paper appears in the June 1955 issue 

of PROCEEDINGS OF THE I. R. E.) 
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PROGRESS IN FERRITE COMPONENTS 
FOR TELEVISION AND RADIO RECEIVE W 

H. M. Schlicke 
Allen-Bradley Co. 
Milwaukee, Wisconsin 

Fimmiary 

The reported improvements in ferrite compo-
nents for television and radio receivers are 
based on better materials, novel circuits, or the 
utilization of normally unwanted properties.  An 
example of each type is given. 

A new high efficiency ferrite (Class W-02) 
perceptibly out-performs all others for color 
television flyback transformers.  A ferrite near-
ly as efficient (Class W-01) is considered for 
monochrome television flyback transformers.  The 
performance criteria of these materials and the 
methods of testing and evaluation are outlined. 

A simple compact omnidirectional ferrite an-
tenna circuit provides a possibility for inside 
automobile antennas and miniaturized aircraft an-
tennas. 

Ferrite beads and cups acting essentially as 
resistors for UHF only and as shields are incor-
porated in discoidal feed-through capacitors. 
Acting as integrated filter units of small size, 
they have a minimum of 40 db insertion loss. 

A.  Introduction  

This report describes improved ferrite com-
ponents for television and radio receivers.  The 
knowledge of these improvements may be advanta-
geous in the development of military equipment if 
these components are used in the same class of 
application and in the same frequency range. 

Progress in the use of ferrites may be based 
on the following principles: 

a)  Better materials, 

b)  Novel circuit arrangements, or 

c)  Utilization of normally undesirable 
properties. 

An example of the application of each 
principle will be discussed. 

B.  Improved Ferrites (Classes W-02 and W-03)  

This is an exemplification of the first 
principle: better materials.  It should be under-
stood that there is no better or best ferrite, 
unless the application is specified in all per-
tinent points.  Ferrite "A" may be the best avail-
able material, or even the ideal material for pur-
pose "a", but it may be of no avail for purpose 

"b", where material "B" is the best while "A" is 
worthless. 

A ferrite for antenna rods operating at very 
low power levels in the broadcast range requires 
an initial permeability of between 100 to 300, a 
low temperature coefficient of /uo, a high Q, a 
low temperature coefficient of Q, and negligible 
aging effects.  In the ease of a flyback trans-
former the above parameters are irrelevant.  The 
sought-for conditions are: high flux density, low 
losses at large flux densities, zero or negative 
temperature coefficient of the losses at large 
flux densities, low Br and high incremental /u at 
large flux densities, under heavily biased condi-
tions and at elevated temperatures. 

In high energy recovery systems presently 
used with television flyback transformers, it is 
true, a frequency spectrum as that depicted in 
Figure 1 is encountered.  However, the ferrite 
used in the flyback transformer is a non-linear 
element, and in spite of linearization by air gaps, 
it inherently will not distinguish between the 
frequency components shown.  The ferrite is oper-
ated in the range of "irreversible" domain wall 
movements.  It will respond to the momentary force 
dH/dt as determined by the saw tooth deflection 
conditions.  The frequencies of interest, then, 
for the core material will be the basic sweep fre-
quency of 15.75 Kcps and of 55 Kcps, the latter 
being established by the half cycle free oscilla-
tion during the retrace. 

The power handling capacity of any magnetic 
device is given by B2f2. The specific losses 
(same volume) P are nearly proportional to B2. 
Assume two materials: (1) with maximum usable B1 
and with losses P1 at B1, and (2) usable up to 
B1 x I T and having only P1/2 losses at 131. 
There are at least two possibilities to gain from 
this better material: 

(a)  By using only vr2- the cross-section 
of the core material (2) as compared with the ori-
ginal material (1).  Then the magnetic losses are 
maintained, but the mean length of the winding is 
reduced, decreasing the copper losses; or 

(b)  To maintain the same core cross-section, 
but use less turns.  This again results in a reduo-
tion of copper losses.  This second approach may 
sometimes be impractical because of prohibitive 
per turn voltages. 

Depending on the design goals, additional 
gains can be made with the better material, parti-
cularly with respect to copper losses and distri-
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buted capacitance.  The higher B material should 
have the same or higher effective permeability to 
draw no more or to draw less magnetizing current. 

Figure 2 depicts the normal magnetization  
curves for Class W-01 and Class W-02 ferrites, the 
latter being perceptibly superior.  In both oases 
the magnetization curves are shown for 25°C and 
100°C.  There is a safe margin for practical de-
sign purposes when 100°C magnetization curves are 
used, since the temperature of a well designed 
flyback transformer will not exceed 95°C.  When 
using the Class W-02 material, having much lower 
losses, the temperature in the magnetic material 
will be from 10° to 20° lower.  Figure 2 indicates 
that the W-02 ferrite, even at 100°, is superior 
to W-01 ferrite at 25°. 

The advantage of W-02 material, moreover, 
becomes more obvious in Figure 3, Here the speci-
fic losses P, measured in /uWcm-, cps-1 , for three 
fixed flux densities of 500 Gauss, 1000 Gauss and 
2000 Gauss, are plotted against frequency up to 
400 Kcps.  At 16 Kcps the losses in W-02 are less 
than one-half of the losses in W-01.  Evan at 
50 Kcps W-02 has about half the losses of W-01. 
The curves shown in Figure 3 were obtained from 
measurements using pulsed conditions with a duty 
cycle of about 2% to avoid masking of the results 
by heating effects. 

Figure 4 compares the losses of W-02 and 
W.-01 material in a B (in Gauss) vs. P (in 
/uWcm-3 cps-1 ) diagram.  Whereas W-01 has a slight-
ly negative temperature coefficient of the losses 
(B being constant), the temperature coefficient of 
W-02 is practically zero.  It is essential that 
the temperature coefficient of losses be zero or 
even negative.  If not, the heating process in the 
flyback transformer will not stabilize, and the 
material will develop excessive heat.  Gases are 
known in which the ferrite had a large positive 
temperature coefficient of losses which resulted 
in so much heating in the flyback transformer that 
the Curie point was approached and a complete 
"slump" occurred.  Checking of temperature coeffi-
cient of flyback transformer ferrites at high flux 
densities is an essential feature of production 
batch testing. 

As explained in several papers (Fee Biblio-
graphy Nos. 1-6), d.c. bias is present in the 
magnetic core of the flyback transformer.  Depen-
ding upon the mode of operation, the efficiency of 
the circuit, and the additional drain taken off 
the flyback circuit, the magnetizing current is 
more or less unsymmetric about the zero axis of 
the normal magnetization curves. 

The following curves (Figures 5, 6 and 7) 
pertaining to the incremental permeability p p 
were measured with Class W-03 ferrite, which is a 
cheaper grade of Class W-02 ferrite, W-03 having 
as a lower limit a 20% lower p mem  and 20% higher 
losses.  In other respects both ferrites are in-
trinsically the same.  A pair of representative 
U-pieces of the shape U-2218 was used for these 

measurements.  The mean ferrite length of a pair 
of these U-cores is 6.54 inches. 

To minimize the number of diagrams and to 
avoid confusion by shoving too many curves on one 
illustration, only a few data obtained at 100°C 
are plotted.  Despite the fact that the test con-
ditions disfavor the lower loss W-03 ferrite (it 
gets less warm) in comparison with W-01 ferrite, 
the advantage of the new material comes clearly to 
light in the figures to be discussed now. 

Two eases of biasing conditions are disting-
uished: 

(a)  A constant current bias (Figures 5 and 
6) as parameter.  A constant current bias corres-
ponds essentially to the flyback transformer opera-
tion. 

(b)  A proportionate d.c. bias that is a 
certain constant percentage of the current swing 
(Figure 7).  This premise is more closely approxi-
mated in a pulse transformer, where the larger the 
duty cycle, the higher the percentage of d.c. 

One of the major problems in flyback trans-
former design is the avoidance of "slumping" after 
warm-up.  The "slump" is caused by diminished in-
cremental permeability affecting the mutual induc-
tance of the flyback transformer.  Here an analog-
on to the low frequency limit of a transformer 
exists.  Since the loading deflection yoke induc-
tance is practically invariant with temperature 
and the shunting mutual inductance of the flyback 
transformer decreases with temperature or flux 
density, there will be a certain temperature or 
flux density where both inductances become equal. 
Then a "slump" of 50% occurs (if all other condi-
tions remain constant).  The higher the operating 
flux density, the lower is this "slumping" tem-
perature. 

Unfortunately, since practically no flyback 
transformers are compensated for d.c. bias, the 
mutual inductance in question cannot be made 20 or 
30 times larger than the yoke inductance.  The 
reason is twofold: 

(1)  The leakage inductance would be too 
high and decrease the efficiency, and 

(2)  The d.c. bias in a flyback transformer 
shifts the operating point into the flat saturation 
part of the normal magnetization curve, resulting 
in small incremental permeability and small B. 
To remedy this situation an air gap has to be in-
troduced.  Because of the non-linearity of the 
underlying relations, the optimum air gap is best 
determined experimentally as a function of tempera-
ture and flux swing. 

In Figure 5 the incremental permeability vs. 
air gap is contrasted for W-03 and W-01 ferrite. 
The parameters of the curves are d.c. bias of 0, 
1, and 2 Acm-'.  Constants of the diagram are 
T = 10Q°C and B = 2000 Gauss.  For a bias of 
2 Acm-I  for Class W-03 ferrite, the maximum ii/u 
is 240 at an air gap ratio of Z11Ve = 2 x 10-3. 
Class W-01 ferrite reaches a MaxiIIND 46/11 of only11.5. 
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Felecting from Figure 5 an optimum air gap 
of 8 mil for Class W-03 ferrite at 1 ACM-1  bias 
and at 100PC, in Figure 6 Lill vs. B for a con-
stant air gap of 8 mil is plotted for 100°C for 
both kinds of ferrites, d.c. bias being the para-
meter.* 

When replacing a ferrite core of the old 
material with one of the new, the new material is 
not fully utilized.  A new design is then recom-
mended.  Thus, an older flyback transformer using 
a W-01 core was equivalently replaced by a new 
one with a W-03 core having 65% of the ferrite 
volume and about 68% of the copper volume.  Lead-
ing manufacturers using W-02 cores for color 
television have reduced component cost by utiliz-
ing the increased efficiency of the W-02 ferrite. 

Figure 7 provides curves significant of the 
previously mentioned case (b); namely, propor-
tionate bias.  In order to cover severe cases, 
measurements were made going to an extreme case 
of unsymmetry.  This is in accordance with the 
always helpful engineering principle that a com-
plex situation becomes more transparent if the 
limiting cases are considered.  To investigate 
the effects of proportionate bias on the magneti-
zation curve, a diode was inserted in the driving 
circuit.  Thus, only half cycle waves were ap-
plied to the core, resulting in a d.c. bias of 
1/1T of the peak current.  Although in practice 
this extreme case will seldom be encountered ex-
cept in some pulse transformers, the curves as 
obtained still show the pronounced superiority of 
the new material as compared with the old.  All 
pertinent constants are denoted in the graph. 

C.  New Circuits  
(Omni-Directional Ferrite Antenna)  

There are numerous cases in which the merit 
of ferrite rod antennas, namely, small size and 
freedom from electrostatic interference (if pro-
perly shielded), is defeated by the directivity 
of this type of antenna.  In order to make an 
orni-directional ferrite antenna (for horizontal 
magnetic polarization) the following two prin-
ciples were combined: 

(a)  There must be a 900 difference with 
respect to time and space when two figure eight 
dipoles are combined into one omnidirectional 
antenna. 

(b)  In critically coupled circuits the 
voltages in each circuit are 900 out of phase 
with each other. 

The resulting configuration is sketched in 
Figure 8,  The two antenna rods cross each other 
at 90°. They are positioned in such a way that 
the coupling coefficient k = 1A. 

A portable radio was satisfactorily conver-
ted with this input circuit.  There was excellent 
reception for all stronger stations when the ra-
dio was placed on the dashboard inside of an auto-
mobile.  However, since the modified radio did 

not have an R-F amplifier stage (as the built-in 
car radio had, used for comparison), weak stations 
were poorly received.  The addition of a ganged 
preamplifier would remedy this situation by im-
proving the S/N ratio at the mixer grid.  The ad-
visability of ganging four tuned circuits is a 
question for the set manufacturer, not for the 
ferrite producer. 

D.  Utilization of Normally 
Unwanted Properties ("Ferri-Cap")  

Caused by domain wall resonance, ferrites 
have very low permeabilities and sometimes ex-
tremely high losses in the UHF range.  Ferrites 
are, therefore, often considered useless in this 
frequency range.  Furthermore, some ferrites, in 
spite of magnetic excitation, become capacitive 
in the UHF range.  The Q's are often less than 
one.  In other words, a bead of ferrite on a con-
ductor represents essentially a zero impedance for 
d.c. and a predorinantly ohmic impedance (with an 
inductive or capacitive phase angle) at UHF.  With 

the proper selection of ferrites a small bead can 
represent 50 to 100 ohms impedance at UHF.  If, 
then, a low pass filter incorporating a discoidal 
feed-through capacitor (having, let's say, about 
.5 ohms in the UHF range7) is built with a ferrite 
bead, an insertion loss of at least 40 db can be 
expected.  such a combination of ferrites and 
dielectrics for UHF filters is shown in cross-
section in Figure 9, and is called a "Ferri-Cap". 
The ferrite bead and cap, together with the metal-
lic eyelet, surround and shield the dielectric 
disc and the center lead, thus preventing radia-
tion coupling that might otherwise induce energy 
in the feed-through capacitor and its leads. 

Figure 10 compares the physical appearance 
of the "Ferri-Cap" (constituting an integrated 
small size filter unit) with a "standard" UHF low 
pass filter taken from a UHF tuner.  This filter 
consists of a tubular capacitor (of the same capa-
citance value as the "Ferri-Cap") and a choke of 
.223 pHy.  The insertion loss vs. frequency ob-
tainable with these units is contrasted in Figure 
11.  It becomes apparent that the "Ferri-Gap" has 
at least 40 db insertion loss above 200 Mops, 
whereas the conventional filter (because of paral-
lel resonances in the tubular feed-through capaci-
tor) exhibits at certain frequencies up to 16 db 
less insertion loss than the "Ferri-Cap". 

Obviously, the "Ferri-Cap" is superior to 
"standard" filters, not only with respect to 
filtering performance, but also with respect to 
space requirements and ease of assembly.  The 
"Ferri-Cap" should prove advantageous not only in 
UHF tuners, but also in military equipment. 

D.C. currents up to 400 mA or external d.c. 
fields up to 500 Gauss will reduce insertion loss 
of the "Fern -cap" by not more than 1 db through 
the whole VHF and UHF range. 

* The measurements were made with sinusoidal flux. 
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WHAT PRICE - HORIZONTAL LINEARITY 

John Tossberg 8. Monte Burgett 
Philco Corporation, Philadelphia, Pa. 

If we look back upon the history of 
television horizontal sweep circuits, we 
find that considerable progress has been 
made in improved components, greater 
efficiency and lower cost, but in line-
arity we are now essentially where we 
started.  Yet, most of us will agree that 
better linearity is desirable - particu-
larly in our "top of the line" sets. 
These considerations pose several ques-
tions; namely, 

Nhat factors limit hori7ontal  linearity, 
What can be done to improve linearity and 
What is the price or complexity of these 
improvements? 

A complete answer to these questions 
is not possible in the time available for 
this talk.  We will attempt, however, to 
review some of the most significant fac-
tors relating to the problem. 

Classification of Non-Linearities  

As an aid to the discussion, let us 
classify several general types of sweep 
non-linearity in terms of performance and 
relate these to the parameters or effects 
which cause the difficulty. 

The first general type which may be 
defined is that which possesses a dif-
ferent sweep speed between the first and 
last halves of the sweep period.  This 
type of non-linearity is primarily due 
to improper adjustment of drive and bias 
on the damper tube which in turn are de-
pendent upon the voltage drops caused by 
diode resistance during the diode con-
duction period, improoer tapping of the 
diode on the transformer, excessive power 
losses or variations during retrace, 
appreciable variations in transformer or 
yoke inductance, changes in diode bias 
by drift or misadjustment of the line-
arity circuit, and changes in the output 
tube average current.  In general, it 
will be found that this type of non-
linearity can be minimized at the design 
center by properly adjusting the damper 
tan position on the output transformer. 
Variations of the above-mentioned Para-
metenswith line voltage, age, and drift, 
however, may result in significant con-
tributions by this type of non-linearity. 

The second type of non-linearity which 
may be classified is that which appears 
in the middle of the scanning period. 
This change is primarily related to the 
relative times at which the diode stops 
conducting and the outnut tube starts 
conducting.  Any circuit variations 
which cause the relative conductions of 
these tubes to vary tends to cause the 
sweep to slow down toward zero velocity 
for a short period of time or, to a 
lesser degree, to speed up in the mid-
scan region.  This is particularly 
critical where the starting time of 
conduction of the output tube is very 
nearly identical to the time where the 
damper tube goes out of conduction.  Any 
small change which causes the output 
tube conduction to occur later or the 
damper tube conduction to end earlier 
results in the greatly magnified dis-
tortion of sweep linearity.  As the 
conduction periods appreciably overlap, 
this type of non-linearity becomes far 
less critical because of the inherent 
feedback built into the system for this 
adjustment.  Of the parameters which 
affect this type of non-linearity, it 
has been found that the screen voltage 
and the bias voltage on the output tube 
are particularly significant.  Variation 
of either voltage tends to change 
directly the relative time of output 
tube conduction.  As shown later, these 
parameters may be stabill7ed, but even 
so, represent the most critical variables 
for this type of non-linearity.  Other 
parameters which may affect mid-scan 
linearity are variations in the grid 
drive waveform, variations of the output 
tube transconductance, variations in the 
damper bias, variations in the damper 
position on the transformer,and varia-
tions of power loss during retrace 
period.  Most of the latter tvne of 
parameter are fairly easily controlled 
and tend to remain relatively stable 
with time and voltage variations. 

A third class of sweep non-lineari-
ties are those which occur at the start 
of the line scan.  Two general forms of 
variation or the sweep occur during this 
period.  The first and most troublesome 
is ringing which is associated with the 
various circuit capacities and the leak-
age reactances of the horizontal output 
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transformer which are triagered by 
the flyback.  Generally sneaking, the 
major forms of ringing are those asso-
ciated with the leakage reactance be-
tween the yoke and output tube plate and 
the leakage reactance which exists in the 
high voltage overwind.  Another major 
source of ringing exists when the two 
halves of the yoke are capacitively or 
dissipatively unbalanced.  The latter 
may be controlled by properly center 
tanning the output transformer and 
connectina to the middle of the yoke to 
equalize capacities or by using proper 
capacity balancing across the hot side 
of the yoke.  Minimization of ringing 
orioinatina in the transformer may be 
effected by reducing leakage reactance 
to as low a value as possible and by using 
a hich nerveance damper tapped as near 
to the yoke as possible. 

The second form of non-linearity is 
aenerally a short exponential change in 
the sweep current.  The latter type of 
non-linearity is affected by incomplete 
cut-off of the output tube as well as 
stored energy and time delay in the 
transformer ferrite core, transformer 
core saturation, yoke Q, and by imper-
fections in the linearity circuit which 
cause the damper to delay conduction for 
a short Period after the negative current 
maximum. 

A further general type of non-
linearities are variations which occur 
near the end of the scan.  Four main 
effects contribute to this type of non-
linearity including variation in the grid 
drive waveform, output tube knee conduc-
tion, resumption of conduction of the 
damper tube at  the end of sweep and 
saturation of the transformer iron.  Of 
these variations, the iron saturation 
may be controlled by modification of 
the air gap or core size of the iron 
while the grid drive waveform may be 
generated from passive circuitry such 
that both types of variation may be 
minimized.  Damper conduction near the 
end of the sweep, however, represents a 
more serious problem.  This resumption 
of the damper conduction is caused by 
the resistance drop in the yoke and 
transformer during the latter part of 
the sweep causing the voltage waveform 
across the damper to have a downward 
sawtooth shape of sufficient magnitude 
such that the damper conduction does 
resume.  Correction of this condition 
requires change of the tap position of 
the damper on the horizontal output 
transformer, change of the damper bias, 
reduction of the sawtooth voltage drop 

across the yoke or more effective line-
arity circuitry.  In general, this re-
quires that the damper tap position on 
the transformer be made different from 
the yoke tap point, thus aggravating 
the sweep ringing problem.  An ultimate 
approach to this difficulty is to adjust 
the circuit so that the damper conducts 
throuahout the whole scan period.  In 
this case, sharp changes are minimized 
and the feedback mechanics of the damper 
tube conduction are obtained to minimize 
linearity variations.  This adjustment, 
however, represents very poor efficiency 
in circuit operation. 

Minimization of Variations  

As noted previously, the most 
critical parameters with respect to 
linearity are those which affect the 
conduction time of the output tube, 
particularly screen voltage and bias 
voltage variations.  It has been found 
that when screen voltage varies by a given 
amount, the change can be compensated to 
a large degree by varying the bias in 
proportion to the screen voltage varia-
tion so that the start of conduction is 
maintained at a constant time.  Ideally, 
the amount of bias change should be 
equal to the screen voltage change 
divided by the screen amplification 
factor.  In practice, compensation of 
this type may be incorporated in the 
circuit by use of a well by-passed 
cathode resistor with the output tube. 
Though wasteful of power, this circuit 
also minimizes the effect of trans-
conductance changes in the output tubes 
with life and appears desirable in a 
reasonably stable deflection system. 

Another method of minimizing varia-
tions in the sweep linearity is to permit 
both output tube and diode conduction to 
continue throughout the whole scan period. 
It may be shown that under this condition 
of adjustment that the damper circuit 
represents a feedback system which at-
tempts to maintain a constant voltage 
across the yoke.  Neglecting damper and 
yoke resistance, this would result in 
perfect linearity.  When resistors are 
included, however, it will be found that 
the scan has a sawtooth velocity com-
oonent because of the yoke losses.  When 
the output tube and damper do not conduct 
simultaneously, the feedback action does 
not exist and maintenance of linear 
sweeps requires absolute control of the 
current being supplied to the yoke as 
well as all of the parameters which af-
fect this current.  Output tube conduc-
tion during the first part of the sweep 
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serves also to help damp transformer ring-
ing.  Again it is found that this adjust-
ment greatly stabilizes the sweep linear-
ity but at a large cost in power. 

Another place where the performance 
could be appreciably improved is the de-
sign of improved yokes.  Several factors 
are possible in this line.  First, if 
the yoke can be made more efficient by 
shaping to fit over the bell of the CR 
tube such that less current is required 
for a given yoke inductance, then less 
total power must be handled by all the 
various components in the sweep circuit 
which tends to permit greater freedom in 
the handling of parts to minimize varia-
tions and also minimizes the change in 
the various parts due to heating and 
saturation.  For a given resistance, the 
smaller current also minimizes the prob-
lem of the damper coming back into conduc-
tion near the end of the scan period. 
Another change which might be made in 
the voke to improve performance is the 
reduction of the resistive component 
which causes the sawtooth voltage 
waveform across the damper.  The total 
inductance of the yoke might also be 
optimized in any given circuit by ad-
lusting its value so that the damper may 
be connected directly across the yoke in 
order to minimize the ringing problem. 

Another method of improving the 
stability of sweep linearity is by use 
of improved linearity circuits in order 
to compensate the resistance drop in the 
yoke.  Among possibilities along this 
line are the use of a saturable series 
reactor in the yoke circuit which can 
produce a compensating negative resist-
ance effect that can both minimize the 
normal sawtooth velocity variation in 
the sweep and also minimize the tendency 
of the damper to come back into conduc-
tion.  The sawtooth component may also 
be decreased by use of flux absorption 
techniques in which a small auxiliary 
yoke is inserted beneath the main yoke 
and its output connected to 3 Proper 
time constant load which will be 
charged by the flyback Pulse and pro-
duce current during scan time corres-
ponding to a bucking sawtooth, thereby 
giving a more linear flux. 

The drive circuitry must be 
reasonably accurate and stable in order 
to maintain the output linearity with 
present type sweeps.  Usually it has 
been found that the drive circuit is 
particularly critical with B+ voltage 
variations and that this results in 
appreciable changes in the sweep line-
arity and width.  It thus appears that 

some form of feedback is necessary from 
the output circuit back to the drive 
circuit if a reliable sweep is to be 
produced. 

Perhaps the most serious linearity 
problem is that of ringing.  A number of 
compensation techniques are well-known, 
such as balancing the yoke capacity and 
damping circuits.  Other possibilities 
include improving damper perveance or 
tapping the bottom of the yoke up some-
what on the horizontal output trans-
former in order to establish a ringing 
bridge circuit across the yoke.  Output 
transformer ringing may also be reduced 
by the addition of separate damper 
diodes together with appropriate bias-
ing arrangements to the plate of the 
output tube or to the top of the high 
voltage overwind. 

No linearizing techniques are par-
ticularly useful  if the compensation is 
subject to drift or change of the same 
order as the defect for which it is used. 
Nor is it useful if normally expected 
variations in other parts of the sweep 
over-shadow the compensation means. 
Therefore, we must be concerned not only 
with our sweep linnarity in the labora-
tory but also in the field where varia-
tions of output tube transconductance, 
varying line voltage or drifts in com-
ponents must be considered.  The effect 
of these considerations is that we must 
discount somewhat the degree of improve-
ment to be obtained from many of the 
linearizing technilues. 

Experimental Results  

Experimental studies show that most 
major causes of non-linearity may be re-
duced by the various mechanics discussed 
to a value of ±5%.  The major limitations 
which still stand out are variation of 
output tube gm and drive chances - both 
are quite critical and large changes 
are to be expected for each in practical 
receivers. 

To obtain this degree of perform-
ance, it is necessary to adjust the sys-
tem so that a considerable amount of 
Dower is required in comparison to the 
ideal minimum power condition.  In ef-
fect, the reductions in non-linearity 
variations are primarily attributable 
to the feedback mechanics of the output 
tube cathode resistor and of the damper 
conduction throughout the whole scan so 
that the added Dower is inherent if 
these particular forms of stabilisation 
are to be maintained. 
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As an example of the application of 
some of these corrections, consider the 
sweep shown on slide 1 which is typical 
of current practice for large tube sizes. 
Now let us compare to this sweep a re-
designed version shown in slide 2 in 
which the following improvements have 
been incorporated: 

1.  The yoke resistance is halved by 
use of larger wire size. 

2.  The damner perveance is increased 
by use of two tubes in parallel. 

3.  The damper tubes are adjusted 
for full scan conduction. 

4.  A linearity circuit is incor-
porated. 

5.  A by-passed cathode resistor is 
added to the output tube for 
bias stabilization. 

Slide 3 compares the performance of the 
two circuits.  Though the modified cir-
cuit reduces the amount of non-linearity 
from 27% to 6%, it is apparent that the 
imorovement has been gained at a consid-
erable increase in circuit complexity 
and power input. 

Conclusions  

It is concluded from this study that 
the sweeps can be appreciably improved in 
linearity provided they are adjusted to 
handle sufficient mower, i.e., that the 
damper be made to conduct throuphout the 
whole scan cycle and that other feedback 
mechanisms such as cathode bias in the 
drive tube be incornorated.  This par-
ticular adjustment results in imnroved 

BIAS 

stability because of the feedback pro-
vided with this adjustment.  Adjustment 
for minimum power innut will not give 
this feedback and the linearity becomes 
extremely critical with all components. 
Though the linearity may be improved by 
restricting the tolerances of some com-
ponents, other parameters such as tubes 
cannot be controlled in the practical 
case unless feedback is used.  Among 
the most critical of these parameters 
which are beyond control in the simple 
sweep are the various supply voltages 
and the transconductance of the output 
tube.  It was found that the improved 
sweeps still show wide linearity 
variation as the result of changes in 
the output tube transconductance and the 
grid drive voltage.  It is, therefore, 
concluded that the usual type sweeo is 
not satisfactory for more than approx-
imately ±5% linearity.  It is also to 
be noted that considerable cost has been 
added because of the high power input 
required for reasonable linearity.  In 
effect, this study shows that the pres-
ent industry practice has reached the 
ooint of diminishing return and that 
further improvement beyond ±10% line-
arity becomes increasingly expensive, 
though somewhat better linearity is 
definitely nossible. 

Fig. 1 
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Finally, it may be concluded that 
there still exists a definite need for 
invention in the field of better hori-
zontal sweep circuitry.  Since the most 
serious variables of Present circuits 
are those which cannot be controlled 
on an absolute basis, it appears as 
though some form of feedback mechanism 
is desirable in such new approaches to 
the problem. 
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A HIGH LEFINITION MONOCHROME TELEVISION SYSTEM 

Francis T. Thompson 
Pierre M. G. Toulon 

Westinghouse Research Laboratories 
East Pittsburgh, Pennsylvania 

SUMMARY 

A system for doubling the maximum number of 
horizontal and vertical picture elements of a 
televised scene is described. This system 
operates with conventional sweeps and is com-
patible with present day monochrome receivers. 

The additional picture definition is 
obtained by making more efficient use of the 
available bandwidth.  Redundancies between a 
given picture element in successive fields and 
between adjacent elements in a given field are 
measured at the transmitter, and this information 
is transmitted to the receiver in a compatible 
manner.  This information is used to determine 
whether the receiver will use large or small 
picture elements to display the picture infor-
mation. 

Introduction 

At the time that the monochrome television 
standards were formulated, it was suggested that 
about 75 lines per inch of picture height would 
yield an adequately fine line structure at normal 
viewing distances-1 These 525 line standards 
provide approximately 70 lines per inch of picture 
height on a 12 inch picture tube. The standards 
leave something to be desired when larger picture 
tubes are used.  As the size of picture tubes has 
increased, the viewer has been forced to view the 
picture from a greater distance in order to avoid 
resolving the objectionable line structure. 

A 1,000 line picture is aesirable for 24 or 
27 inch television receivers.  This resolution 
would allow the viewer to enjoy these larger 
receivers in his living room because he would be 
able to sit closer to the picture.  The extra 
detail afforded would be very pleasant. 

In order to double the vertical and hori-
zontal resolution of the present picture, an 18 
Mc television channel would be required if present 
methods of transmission were to be used.  This 
solution is not practical because of compatibility 
considerations and the difficulties associated 
with wide band circuits. 

it. is desirable to obtain the increase in 
resolution by modifying the present system so as 
to obtain a high definition system that is com-
patible with the present system.  In oraer for a 
system to be compatible, its transmitted signal 
must produce a satisfactory picture on an un-
modified conventional receiver.  The modified 
compatible receiver must also be able to receive 

a satisfactory picture which is transmitted by an 
unmodified conventional transmitter. 

The requirement of compatibility imposes 
restrictions on the modifieo high definition 
system.  It must use the same vertical and hori-
zontal sweep rates and have the same basic 
scanning pattern.  It must utilize the same fre-
quency channel in a nearly identical manner. 

The scanning rate and scanning pattern im-
pose a field repetition rate of 6U times per 
second.  This field rate is desirable because it 
allows high screen brightness to be used without 
producing large ar'ea flicker. 

The bandwidth available allows the trans-
mission of approximately 4.2 Mc of video infor-
mation.  This limits the maximum number of 
elements of information that can be transmitted 
in a given time.  More picture detail may be 
transmitted in a given bandwidth by increasing 
the time required to complete a picture.  The 
'vertical interlace used in the present system is 
a first step toward increasing the time required 
to complete a picture while retaining the field 
repetition rate of 6u times per second. 

The vertical resolution of the present 
system may be increased by increasing the vertical 
interlace ratio.  It is also possible to increase 
the horizontal resolution by breaking each line 
into a plurality of dots which are presented in 
one field and then filling in the area between 
these dots in another field by presenting an 
interlaced line of dots.  The spacing between 
these dots is important and the use of this dot 
interlace will be described with reference to 
elemental picture areas. 

It is well known that the present television 
system provides a picture containing approximately 
49U active scanning lines with a horizontal 
resolution of approximately 450 picture elements. 
The elemental picture areas may be obtained by 
dividing the picture into 490 horizontal strips 
and dividing each of these strips into 45U 
rectangular sections.  A portion of the picture 
divided into these areas which will be referred 
to as large picture elements is shown in Figure 1. 
The present television system when utilizing its 
maximum bandwidth is ideally able to display any 
desired brightness in each of these elemental 
areas during the two fields or one thirtieth of a 
second required to complete a picture. 
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Interlaced System  

These large conventional picture elements 
may be subdivided vertically and horizontally so 
that four small picture elements are obtained from 
each large picture element as shown in Figure k. 
In order to obtain higher resolution in a modified 
system, the electron spot diameter is made equal 
to one half the diameter required to fill the 
large picture elements arc the raster is slightly 
displaced vertically.  The electron beam is gated 
as it is scanned So that the electron spot fills 
only one small picture element in each large pic-
ture element during two fields.  During the next 
two fields, the raster is shifted and the electron 
beam is gated so that another set of small picture 
elements is filled in.  At the end of eight fields 
all the small picture elements are filled in and 
a single picture is completed.  The numbers in the 
small picture elements of Figure ;. indicate the 
field of the eight fielo cycle in which each 
element is scanned. The transmitter and receiver 
must be properly synchronized so that they scan 
these picture elements in the correct order. 
More detail has been obtained using this interlace 
scan than with the conventional scan. However, 
eight fields instead of two are required to com-
plete a picture. 

Flicker Considerations 

If an entire picture was presented by 
scanning the small picture areas, the local 
flicker obtained would be objectionable when the 
picture is closely viewed.  This local flicker 
results because the persistence of vision is 
shorter than the time required to complete a 
picture. 

The maximum amount of information that 
may be displayed in a single picture has 
been increased to four times that possible 
in the conventional system by using the 
smallpieture element display over the entire 
picture area.  When oisplaying an actual picture, 
the information content obtained by using the 
small picture elements will be only slightly 
greater than that obtained by using the conven-
tional system.  This results from the large 
redundancies present in most pictures. 

The proposed system will obtain increased 
resolution by taking a longer time to transmit a 
picture in the same bandwidth. hedundancies will 
be used to choose an intelligent method of 
presenting the picture information by considering 
the structure of the picture.  Let us first dis-
cuss the redundancies present in televised 
pictures and then attempt to take advantage of 
them to reduce the local area flicker. 

Redundancies in Television 

It has been found that the information 
transmitted in television contains redundancies 
in time and in position.  Each picture element 
consists of any one of many levels of brightness. 
The television system is capable of reproducing 

any combination of these brightnesses in each 
picture.  At present, each picture element is 
treated as a complete surprise.  Each element is 
not a complete surprise, however.  This is evident 
from viewing a motion picture film each frame of 
which corresponds to a television picture frame. 
Two consecutive pictures do not differ greatly 
and it is therefore possible to look at one or 
two consecutive pictures and predict quite 
accurately what the next picture will contain. 
The more picture elements you are able to predict 
the greater the redundancy.  In the case of 
transmitting a still picture, all the pictures 
transmitted after the first one are redundant 
because no new information is obtained. 

hedundancy also exists in a single frame. 
There is a lame correlation between adjacent 
picture elements.  The probability of adjacent 
picture elements having identical or nearly 
identical brightness levels is very high in most 
pictures. E. B. Kretrmer2 of the Bell Telephone 
Laboratories has measured this correlation by  a 
simple and ingenious process.  He placed two 
identical slide transparencies of a typical scene 
such as the model named "Slinky" shown in Figure 4 
in an accurate positioning assembly and measured 
the light transmitted through these two slides in 
cascade. The transmitted light varied from peak 
value when the slides were in exact register to 
a minimum asymtotic value when the slides were 
widely displaced in opposite directions.  The 
excess transmission component over the asymtotic 
value which corresponds to the desired auto-
correlation was normalized and plotted as a 
function of the distance and direction that the 
slides were shifted from their in-register posi-
tion.  The results for this picture are shown in 
Figure 4.  The separation between picture elements 
for the slide size used is approximately 7.5 mils 
horizontally and 5 mils vertically. 

A relation between autocorrelation and lower 
bound redundancy has been developed by-B. Flias3 
and states that the lower bound redundancy is 
roughly equal to the negative of one-half the log2 
of the drop in autocorrelation for one Nyquist 
interval shift.  This Nyquist interval corresponds 
to a shift of one picture element.  The hori-
zontal correlation for "Slinky" results in a lower 
bound redundancy of approximately three bits of 
information.  A picture element which contains any 
one of 64 levels of brightness contains log2 64 
or six bits of information.  If we were able to 
remove this redundancy of three bits of informa-
tion, it would be possible to obtain a three bit 
reduction in channel capacity.  Using an ideal 
coding scheme, a 50 per cent reduction in channel 
bandwidth could be theoretically obtained. 

The proposed high definition system will not 
use the redundancies to gain more efficient use 
of the frequency channel by coding.  Such a coded 
transmission could not be directly utilized by a 
present receiver and therefore woulu not be 
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compatible.  The redundancies will be used to 
secure compatibility and to reduce the local 
flicker. 

The local area redundancy can be utilized to 
reduce this flicker. The brightness of all four 
small picture elements which constitute a large 
picture element will be identical in many cases 
because of the large correlation between adjacent 
picture elements.  These areas of the picture may 
be reproduced using the low definition scan with-
out degrading the picture resolution.  Only those 
areas in which the brightness of the four small 
picture elements differs will be reproduced using 
the small picture elements, a large portion of 
the picture will be reproduced using the large 
picture elements and therefore will have the 
standard 30 cycle frame repetition rate thereby 
reducing the total flicker. 

The redundancy in time allows the use of the 
lower picture repetition rate and can also be used 
to reduce the local area flicker.  The eye cannot 
resolve very fine detail in moving objects because 
of a physiological limitation. The reduction of 
resolution in moving objects is approximately 50 
per cent).. Moving objects may be reproduced using 
the large picture elements without suffering much 
loss in usable picture detail.  The conventional 
repetition rate of 30 frames per second will pro-
vide good motion continuity for these moving 
objects. The flicker will be reduced by further 
reducing the area in which this flicker occurs. 

Information analysis  

in the high definition system, the video 
information for the entire picture is obtained at 
the transmitter by scanning the small picture 
elements as previously described. 

The receiver will display this information on 
the large picture elements or on the small picture 
elements depending upon the motion and detail pre-
sent in each area.  The size of the picture 
element to be used in each area of the picture 
will be determined by an analysis of the video 
information.  This analysis may be performed 
either at the receiver or at the transmitter. It 
is desirable to perform this analysis at the 
trans mitter because it is not economically 
feasible to incorporate this eyuipment in each 
receiver.  A separate signal must therefore be 
transmitted to tell the receiver which picture 
element size to use. 

This analysis and the transmission of this 
signal will be explained later with respect to 
the proposed compatible system. 

Experimental Investigation 

Equipment was built to demonstrate the pre-
sentation of a picture using the principles out-
lined. In order to facilitate the comparison 
of the large and small picture element scans and 
to ease circuit complexity, the conventional 

field rate was retained but the number of 
scanning lines was reduced by a factor of 
approximately two.  The picture obtained can be 
thought of as representing one quarter of the 
normal picture.  The order of small picture 
element presentation shown in tigure 2 was chosen 
because its simplicity eased circuit requirements. 
A block diagram of this equipment is shown in 
Figure 5.  The broken line in the center of Figure 
5 separates the equipment  representing the trans-
mitter from that representing the receiver. 

Transmitter 

The electron beam of the flying spot scanner 
is scanned in a 245 line raster by 6u cycle 
vertical and 7550 cycle horizontal deflection 
amplifiers which are controlled by the sync 
generator. The light from the scanner is focused 
by a lens onto a slide transparency.  The light 
passing through the slide is converted into an 
electrical signal by the photomultiplier.  This 
signal is amplified by a video amplifier having 
a 2.5 Mc bandpass, passed through the detail 
analyzer and sampled by the first sampler switch 
at a 2.47 Mc rate.  This 2. 0 Mc signal is 
accurately synchronized to the horizontal sync 
pulse so that the first sampler switch samples the 
same portion of the raster each time it is scanned. 
The signal obtained from the sampler is equivalent 
to the signal that would be obtained from the 
video amplifier if a stationary fine mesh wire 
screen was placed on the face of the flying spot 
scanner.  The sampled video output of the sampler 
switch is passed through a low pass filter which 
.limits the transmitted bandwidth to  1.25 Mc and 
therefore provides a continuous vine° signal by 
reproducing the envelope of the sample pulses. 

h raster shifter which shifts the raster at 
the end of two fields is controlled by the sync 
generator so that the transition is made during 
vertical ret race time.  The raster is shifted by 
means of additional vertical and horizontal coils 
on the neck of the flying spot scanner.  The 
result is to shift the location of the video 
samples with respect to the televised image. 
This result is equivalent to that obtained by 
shifting the imaginary fine wire screen so that 
the open areas of the screen coincide with the 
number one areas of Figure 2 during field one, the 
number two areas during field two and so forth 
until the eight field cycle is completed. 

kigure 6 illustrates the necessity for video 
sampling.  The video information from a given line 
is sampled at the positions indicated by the dark 
pulses during one field and then sampled at inter-
mediate positions during a subsequent field.  A 
2.5 Mc sampling rate is used in each field and the 
information may be transmitted over a 1.25 Mc 
channel. The information obtained in these two 
fields can be reconstructed to obtain the equiva-
lent of 2.5 Mc horizontal resolution.  If 
sampling were not used, the same information 
would be transmitted in both fields resulting 
in 1.25 Mc resolution. 
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Receiver 

The continuous video signal from the low 
pass filter is sampled by the second sampler 
switch which is synchronized to sample in phase 
with the first sampler switch.  The output of 
this switch consists of dot impulse video which 
is passed through a video amplifier having a 12 
Mc bandwidth to the cathode of the kinescope. 

The kinescope raster is scanned and shifted 
in synchronism with the flying spot scanner 
raster.  A dot pattern is obtained on the screen 
of the picture tube when the high definition scan 
is used.  The position of the dot shifts from 
field to field as shown in Figure 2. 

The spot enlarger is energized by the detail 
analyzer if a large picture element scan is 
desired.  The spot enlarger defocuses the electron - 
beam by changing the potential of the focus 
electrode.  The dots blend together so as to 
cover the entire picture area in each two fields. 
The small picture element scan is used in those 
areas which contain high detail while the large 
picture element scan is.used in areas of low 
detail.  The amount of detail is obtained by 
making a comparison of the information from two 
consecutive small picture elements.  If they have 
the same video level, it is assumed that there is 
no high detail information in that area and the 
large picture elements are used.  If the viaeo 
levels are different the small picture elements 
are used. 

Photographs of pictures reproduced using 
this equipment illustrate the possibilitics of 
the system.  We have not as yet obtained photo-
graphs to show the use of the large and small 
picture elements in a single picture.  it should 
also be pointed out that the integration provided 
by the camera eliminates the flicker problem, so 
that the photograph is more pleasing than the 
actual picture. 

Figure 7 is a photograph of a typical scene 
reproduced in a conventional manner on a 245 line 
raster. Figure 8 shows the same picture which 
has been sampled in the horizontal direction to 
obtain a dot pattern having approximately Zuu 
dots per line.  This picture contains the infor-
mation transmitted during to fields over a 1.25 
Mc bandwidth and represents the detail obtainable 
with the large picture element scan although the 
spot sire has not been enlarged.  Figure 9 shows 
the same picture using the small picture element 
scan which was transmitted during eight fields 
over a 1.25 Mc channel. 

The relative resolution capabilities of 
these scans is clearly illustrated by figures lu, 
11 and 12 which are photographs of the center 
portion of a test pattern.  Figure lu shows the 
result obtained using the conventional line scan 
on a 245 line raster.  unfortunately, the video 
bandwidth was not limited to 1.25 Mc in this 
figure, resulting in increased horizontal 

resolution capabilities.  Figure 11 shows the 
result of breaking the 245 line raster into dots. 
This picture was transmitted during two fields 
over a 1.25 Mc channel.  lhe horizontal resolution 
is theoretically reduced to 7u per cent of the 
normal line scan value by breaking the line up 
into dots.  The reason for this is illustrated in 
Figure 11.  If the vertical stripe pattern to be 
reproduced is in register with the samples the 
full resolution is realized.  If the samples are 

displaced between the stripes, no lines are 
resolved.  This position uncertainty is similar 
to that obtained in vertical resolution con-
siderations and the effective resolution of 70 
per cent of the maximum value therefore applies 
to the horizontal dot resolution. 

Figure 12 shows the same picture reproduced 
using the small element scan which was trans-
mitted during eight fields over a 1.25 Mc band-
width.  The small element scan provides twice the 
vertical and 1.4 times the horizontal resolution 
obtainable with the conventional scan when 
operating with the same channel bandwidth. 

Improvements on Preliminary ,System  

The simple dot scanning presentation shown 
in Figure 2 has two outstanding disadvantages; it 
produces a serious flicker and results in a non-
compatible system. 

Consider the presentation of narrow white 
vertical and horizontal bars which are surrounded 
by a dark background.  These bars are shown super-
imposed on the present small picture element 
raster in Figure 14.  The horizontal bar is 
excited only during fields 2 and 6 producing a 15 
cycle per second flicker.  The vertical bar is 
excited only during consecutive fields 7, 8, 1 
and 2 producing a 7.5 cycle per second flicker. 
This flicker is particularly serious when the 
small picture elements are displayed on a short 
decay phosphor.  The rate of flicker of the hori-
zontal bar may be doubled using the dot presenta-
tion order shown in Figure 15.  A horizontal and 
vertical bar are shown superimposed on this 
raster.  The horizontal bar is ex ated during 
fields 2, 4, 6 and 8.  The vertical bar is 
excited during all eight fields.  By exciting 
interleaved parts of these bars at a higher rate, 
the flicker is confined to local areas rather 
than resulting in the bar appearing and 
disappearing. 

The simple dot scanning presentation shown 
in Figure 2 results in a non-compatible system. 
The samples are shifted together in a vertical or 
horizontal direction in order to reach the desired 
picture elements.  The picture on a conventional 
receiver would shift vertically and horizontally 
at 15 and 7.5 cycle  per second rates respectively. 
if this sampling pattern were used in the high 
definition transmitter.  This difficulty may be 
eliminated by using the sampling pattern shown in 
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. Figures 15 and 16.  By staggering the picture 
elements excited in a single field vertically and 
horizontally, the average position of the samples 
does not shift from field to field.  The picture 
on a conventional receiver will not shift but 
some local area flicker will be obtained in areas 
of high resolution. 

Proposed system  

It is not convenient to use a simple parallel 
scan to cover these interleaved picture elements. 
They may be easily covered however by adding a 
vertical sinusoidal undulation having a peak to 
peak amplitude of one small picture element to 
the standard scan as shown in Figure 16.  The 
phase of the sinusoidal undulation will deter-
mine which small picture elements are covered. 
The peaks of the sinusoidal displacement during 
field one will occur in the number one elements 
in the first row while the troughs of the 
sinusoidal displacements will occur in the number 
one elements in the second row.  The camera tube 
is scanned in this manner and its video output 
gated on at the peaks and the troughs of the dis-
placement sinusoid in order to obtain the infor-
mation from the number one elements.  The 
sampling fre,uency will therefore be twice the 
displacement frequency.  Figure 17 shows the 
block diagram of a compatible transmitter 

operated in this manner. 

The sync generator controls the horizontal 
and vertical deflection generators which scan the 
camera tube in a conventional 525 line raster. 
The sync generator will also provide the phase 
selecting switch with 4 Mc signals phased at U, 
90, 180 and 270 degrees.  The phase selecting 
switch selects one of these signals depending 

upon which of the eight sets of small picture 
elements is to be scanned.  This 4 Mc signal 
controls the high frequency deflection amplifier 
which provides the vertical undulation by ex-
citing an auxiliary vertical deflection coil 
consisting of approximately eight turns.  The 4 
Mc signal is also doubled and fed to the gate or 
sampler switch which samples the video at the 
peak and trough of the deflection sinusoid.  This 
sampled video is filtered by a 4 Mc low pass 
filter and impressed upon a delay device such as a 
video tape recorder5. The video must be delayed 
by exactly two fields between each of the 
following:  the recording head, pickup head A, 
pickup head B, pickup head C and pickup head D. 
There will be therefore an eight field or one 
picture delay between the recording head and 
pickup head L.  The information from these heads 
corresponds to the identical picture element of 
two consecutive pictures.  If the video levels 
are identical, there is a redundancy in time and 
an indication that no movement of the subject in 
that area has taken place during 2/15 of a second. 
This analysis will be made by the movement compara-
tor which may consist of a differential amplifier. 
An output will be obtained if the video levels 
are different. 

The video from pickup heads A, B, C and D 
corresponds to the brightness of the four 
adjacent small picture elements which constitute 
a large picture element.  An output will be 
obtained if all four elements do not have the 
same brightness thereby indicating the presence 
of high definition information.  If there is no 
movement and high detail information is present, 
an output will be obtained from the coincidence 
circuit indicating that the small picture 
elements should be used at the receiver. 

This additional signal, which we shall call 
the redundancy signal, may be transmitted in a 
compatible manner by a single sideband suppressed 
subcarrier similar to the NTSC color subcarrier. 
A reference phase may be transmitted as a burst 
during horizontal retrace time.  A subcarrier 
in phase with the reference would cause the 
receiver to use the small picture element display. 
A subcarrier out of phase with the reference 
would cause the receiver to use the large picture 
element display. 

The subcarrier frequency may be chosen so as 
to place the subcarrier at the uppermost pert of 
the video band with its signal sideband components 
being lower in frequency.  unly one sideband is 
necessary because only two opposite phases are of 
interest. The vector representing the phase need 
only rotate in one direction to reach these two 
positions with eaual facility. 

The video signal from pickup head D which 
has a 4 Mc bandwidth and the conventional sync 
signals will also be transmitted. 

The receiver shown in Figure 18 contains the 
conventional RF and IF amplifiers and a video 
detector.  The sync signals are separated in a 
conventional manner.  The 4 Mc burst will be used 
to synchronize a 4 Mc reference generator.  This 
reference generator provides a 4 Mc vertical 
deflection for the small picture element scan 
which is identical to that used at the trans-
mitter.  This signal is freauency doubled and 
used to sample the video at the peeks and 
troughs of the 4 Mc vertical deflection as pre-
viously described with reference to the trans-
mitter.  The 4 Mc reference signal will also be 
used to demodulate the redundancy subcarrier.  In 
the case of the two gun cathode ray tube shown, 
this redundancy signal may be used to control a 
paraphase amplifier which chooses whether a small 
spot gun will be used to excite the small picture 
elements or whether a large spot pun will be used 
to excite the large picture elements. 

Flicker Reduction 

Flicker is not only a function of the 
repetition rate and the size of the area which is 
excited.  It is also a function of the percentage 
of time that light is emitted from an area.  6 
Figure 19 taken from a paper by F. V. angstrom 
shows the effect of tha degrees opening of a 
sector disk on the frequency at which flicker 
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became just noticeable.  These curves indicate 
that flicker may be further reduced by the use of 
long decay phosphors similar to those used in 
radar tubes.  The reduction in flicker is 
obtained by increasing the percentage of time 
that light is radiated from each picture element. 
The drawback of using long decay phosphors is the 
smearing of moving objects due to the tail of 
light left behind them. 

The advantages of both the long and the short 
decay phosphors may be obtained at the expense of 
picture tube complexity.  A tube similar to those 
used in color television may be constructed with 
interleaved short and long decay phosphors and a 
means for separately exciting them.  Figure 20 
shows a shadow mask tube having interleaved long 
and short decay phosphor dots. Two electron guns 
are provided in the neck.  The large size spot 
gun excites the short decay phosphor in the large 
picture elements while the small size spot gun 
excites the long decay phosphor in the small 
picture elements.  The small spot gun is provided 
with a pair of electrostatic deflection plates to 
add the small vertical deflection to enable the 
beam to reach the desired picture elements. 
Figure 21 shows a portion of the faceplate of this 
tube.  The phosphors are deposited in interleaved 
dots. Each small picture element is subdivided 
into an area of long decay phosphor and an area 
of short decay phosphor. 

The left portion of Figure 21 illustrates 
the high definition scan using the small spot 
beam on long decay phosphor, while the low 
definition scan using the large spot beam on 
short decay phosphor is illustrated in the right 
portion.  During field one, the number one long 
decay elements are excited in the high definition 
portion while the number 1, '6, 5, and 7 short 
decay elements are excited in the low definition 
area.  During field two, the corresponding inter-
laced areas are excited. During field three, the 
number three long decay elements are excited in 
the high definition portion while the odd number 
elements of the low definition portion that were 
excited during field one are re-excited. 

Compatibility 

This receiver may be used to receive a 
signal transmitted from a conventional transmitter. 
The receiver circuitry may be arranged so that 
the reference generator will be inoperative if a 
4 Mc burst is not transmitted. The video will 
not be sampled and a conventional line scan will 
be obtained.  The receiver may be designed to use 
the large spot beam in this case.  The receiver 
will therefore function as a conventional 
receiver when receiving a conventional trans-
mission. 

A conventional receiver may receive a signal 
transmitted by the high definition transmitter 
shown by Figure 17.  The redundancy subcarrier 
will tend to produce a very fine dot pattern on 
the screen.  This pattern should only cause a 
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slight picture degradation because it will be 
largely attenuated by the conventional receiver. 
Some picture degradation will result from super-
imposing the video information obtained from the 
small transmitted picture elements on the large 
picture elements of the conventional receiver. 
A local area flicker will result in areas of high 
detail.  This flicker will only be obtained in a 
small portion of the picture, however, because of 
the high correlation of the brightness value of 
adjacent picture elements which was previously 
discussed. 

Although it is desirable to be able to 
select the size of each picture element, it will 
only be possible to select the size of each 
group of three or four consecutive elements using 
the redundancy subcarrier.  This results from the 
limitation of the subcarrier bandwidth which will 
be determined primarily by cross talk considera-
tions. 

Conclusion 

A picture having twice the vertical re o-
lution and 1.4 times the horizontal resolution 
of a conventional picture has been obtained using 
the dot interlaced technique described.  ubservers 
agreed on the desirability of this increased 
resolution when viewing a picture which was re-
produced using the small picture element scan 
over the entire picture area.  They found the 
local area flicker objectionable, however. 

Future experimental work will be directed 
toward confining the flicker to those areas 
having high definition information. The 
possible advantages of using long and short decay 
phosphors will be investigated.  Methods of 
improving the compatibility of the system are 
also being studied. 
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DETERMINATION OF THE OPTIMUM DEMODULATION ANGLES IN COLOR RECEIVERS 

Stephen K. Altes 
General Electric Company 

Syracuse, New York 

Now that the basic soundness of the com-

patible color television system has been demon-

strated successfully, factors of economy in de-

sign have taken on a new importance.  Color re-

ceivers in which the color difference signals and 

the monochrome signal are added on the picture 

tube offer substantial cost advantages.  The use 

of the newly developed beam deflection demodu-

lator tube leads to a further saving since this 

tube makes both a positive and a aegative output 

signal availablel. 

It will be shown that this tube type is not 

used to its best advantage in the conventional 

circuit.  A substantial increase in the available 

picture tube drive can be obtained without in-

creasing the circuit complexity materially, if 

the principles described in this paper are used. 

The 6AR8 beam deflection tube operates as 

an electronic double throw switch driven by the 

reference carrier.  The beam current is modu-

lated by the chrominance signal.  The currents 

from the two output plates consist of the chromi-

nance signal multiplied by opposite phases of the 

reference carrier.  In this way, positive and 

negative color difference signals are obtained 

in the same tube.  In the conventional equiband 

circuit, shown in block diagram in Figure 3, the 

two demodulator tubes are made to detect positive 

and negative R-Y and B-Y components.  The two 

negative components are added to form the G-Y 

signal. 

Maximum demand considerations show that a 

much larger output of B-Y signal is required than 

for the other two signals.  This requirement on 

the B-Y presents an even greater problem due to 

the fact that the detector efficiency is low for 

B-Y signals.  Consequently, overloading of the 

B-Y demodulator limits the output capabilities 

of the system.  A very substantial increase in 
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the available output signal can be obtained by 

distributing the load more evenly.  The princi-

ples involved will first be explained with some 

simplified reasoning and subsequently put on a 

more general basis. 

The output requirements for the B-Y demodu-

lator can be reduced by inserting some B-Y signal 

at low level into the input of the Y amplifier. 

This is accomplished by interconnecting the 

demodulator plate and the Y input with a large 

resistor.  This resistor does not load the B-Y 

output appreciably. 

rephased in order to 

ponent to cancel the 

channel.  The G-Y matrix should also be modi-

fied for the same reason. 

The It -Y demodulator is 

obtain a minus B-Y corn-

positive one in the Y 

The B-Y component in the Y channel is 

subject to the delay of the amplifier, but since 

it is a wide band amplifier, it has a negligible 

delay with respect to the rise time of a narrow 

band color difference component.  A further im-

provement can be achieved by also feeding some 

R-Y back to the Y amplifier.  This is shown in 

block diagram in Figure 4. 

At this point, a more general analysis of 

the type of signals obtainable from a properly 

phased demodulator is in order.  The general 

expression for a signal detected at a certain 

reference carrier angle 01 and with a certain 

demodulator gain K is given by equation (1) and 

simplified in equation (2).  The constants eR, 

8G, OB, ro, go and bo have values specified by 

the color television standards2. 

E = K [ro H cos (0 - ea) 4 go G cos 

bo B cos 

(I61 - eG) 

E = ri R  g1 G  bi B  (2) 



It can be shown that the constants r  g1 and bl 

can be freely chosen by selecting the angle and 

the gain within the limitations set by the ex-

pression 

r1  g1  b1 = 0 (3) 

The restriction of equation (3) means that the 

demodulated signal must be zero on neutral shades 

or if R = G = B.  Signals which agree with the 

restriction in equation (3) will be designated 

as color difference signals.  The values of the 

constants rl, gl and 131 can be determined 

graphically by drawing the curves for 

r = ro cos 

g = go cos 

b = bo cos 

(4) 

as is shown in Figure 2. The inverse operation 

of finding the angle and gain if the output 

signal is known can be accomplished with the aid 

of the curves 

— = --
b  bo 

cos 

0 

and 

r  r 
_ o 

COB 

b  bo 

(eR - ea) - sin (eR -  tn 06 - 

(5) 

(eR - eR) 4sin (OR - el) tn (0 - %)] 

(6) 
Any color difference signal can also be obtained 

as the weighted sum of another pair of color 

difference signals. 

Any combination pf R, G, and B can be 

formed by adding the output of two demodulators 

to Y.  Complete freedom exists, therefore, in 

the selection of the new common channel signal L. 

L = r2 R  g2 G  b2 B 

The following normalization will be used: 

r2 g2 b2 = 1 

R-L, G-L, B-L, and L-Y will be color difference 

signals because of this normalization.  The 

signals U-L, G-L, and B-L are obtained from the 

demodulator tubes.  Two of these signals are 

detected directly and the third is formed by the 

addition as in the case of G-Y in the convention-

al system. 

We will next investigate which pair of 

signals should be detected independently.  The 

signals, A, B, and C, which a synchronous demodu-

lator detects at three different angles are indi-

cated in Figure 1.  Since only two independent 

components can be derived from a quadrature modu-

lated signal, a relationship must exist between 

A, B, and C. This relationship is given by 

A sin a 4. B sin 0  C sin Y = 0  (7) 

A =  211 1 c sin Y 
sin a  sin a (8) 

The A derived from the negative plates of the 

beam deflection demodulator tube is larger than 

the A detected directly if 

or 

for 

aia-a <1  and L1221.  
sin a sin a 

18e - 5 <a, <13  iscP_ Y <a < Y  (9) 

90° and  Y2> 90° 

Equation (9) means that the pair of color differ-

ence signals with the smallest angle between them 

should be demodulated for the largest output from 

the negative plates.  In the conventional system, 

the smallest angle occurs between the B-Y and R-Y 

vectors. 

The modified system can be explained with 

an example.  If a picture tube requiring equal 

drive is used, the following output voltages are 

needed in the R-Y, B-Y system (Figure 3).  Ev is 

the peak video drive. 

B-Y = 1.78 Ev 

R-Y = 1.40 Ev 

G-Y = 0.82 Ev 

(10) 

By using M = 1/3 R 1/3 G  1/3 B as a common 
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' channel signal, the output voltages are equalized 

(Figure 4). 

B-M = 1.33 Ev R-M = 1.33 Ev G-M = 1.33 Ev (11) 

The angles at which these signals are demodulated 

are shown in Figure 5. They can be found with the 

aid of the curves in Figure 2.  For example, b =g 

for the R-M signal which is seen to occur at 
239.5° clockwise.  It is seen that in this case 

the angle between the R-M and G41 vectors is the 
smallest and this pair should therefore be de-

tected. The required amount of color difference 

signals fed back to the input side of the wide 

band amplifier is determined by the following 

equations: 

11-1, = -0.48 (G-M) -0.19 (1-M)  (12) 

M-Y = 0.48 (B-M)  0.29 (R-M)  (13) 

Which of the two equations (12 or 13) is used 

depends on the polarity of the Y signal at the 

point of addition, which depends in turn on the 

number of stages in the amplifier.  For an even 

number equation (12) is used; for an odd number 

equation (13). 

The described system has several advantages. 

1) The maximum output requirements in the color 

difference channels have been reduced from 1.78 E 

to 1.33 Ev or by 25 percent.  A lower supply 

voltage can therefore be used. 

2) The demodulator tube current swing is reduced 

even more to 45 percent.  This means that the 

same picture tube drive can be obtained with a 

demodulator tube having 45 percent of the current 

capability required for the conventional system. 

3) The R-M signal is almost the same as I.  An I 

Q receiver can be designed by feeding the R-M 
demodulator a wide band chrominance signal and 

the G-M demodulator a narrow band signal. 

Some picture tubes require different drives 

on the guns due to inequalities in the colon -

metric phosphor efficiencies.  The described 

system of feedback matrixing can be adapted to 

these requirements.  A value for the signal L is 

chosen according to the specifications of e-

quations (3) and (4). 

At the reference carrier angle, OR, a 
signal equal to r3 (R-L) is detected and at OG, 
a g3 (G-L) signal.  The factors r3 and g3 indi-

cate the resultant relative picture tube drive 

voltage in the two channels.  The L signal is 
applied in the proper ratios with a voltage 

divider (see Figure 6). 

r3 (R-L) = r3 (g2 4. b2) R - r3 g2 G - r3 b2 B 

(14) 

g3 ( G-L) = g3 (r2 b2) G - g3 r2 R - g3 b2 B 

(15) 

A given angle OR does not completely specify the 
L signal.  The ratio 

r3 g2_  = g2 

r3 b2 b2 

is, however, determined by Opt. In the same way, 

r2/b2 is determined by OG. The two angles to-
gether determine all the parameters.  The angles 

OR and OG are restricted to a certain range by 
the fact that the color components in the L 
signal must be positive.  The peak value of L 
would be larger than necessary if one or more of 

these components were negative.  The R-L signal 

can range between R-G and R-B and the G-L signal 
between G-R and G-B. 

77.6° <  OR <,/, 150.7° 

193.5° <, OG‹ 257.6° 

Within these ranges, g2/b2 increases with de-

creasing OR and r2/b2 increases with increasing 

For a given OR, an increase in r2/b2 will Ou 

cause g2 b2 = 1 - r2 to decrease.  Since 

r3 (g2 b2) is fixed by OR, the value of r 3 
increases with increasing OG. Analogously, g3 
increases with decreasing Ø.  The effect of Opt 

on r3 and of 0G on g3 is smaller.  Increasing 

OR and decreasing OG in the proper ratio leaves 
the ratio of r3 and g3 constant while increasing 

b3. By a method of successive approximations 
using the graphs in Figure 2, a rapid calcu-

lation can be made of the optimum angles for 

matching a given drive ratio. 
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The transient response of the system can be 

evaluated.  The response is the same as for a re-

ceiver without a feedback matrix in which a 

spurious signal is introduced in the Y channel 

consisting of a negative L-Y component followed 

by a positive L-Y component of equal amplitude 

after a time delay equal to that of the ampli-

fier.  The resulting spurious component consists 

of the differentiated minus b-Y signal or a 

minus L-Y signal passed through a network with a 

linearly rising frequency characteristic. 

These differentiated components form a 

pulse.  The amplitude of this pulse is small in 

comparison to the L-Y step from which it is 

derived, if the time delay in the 4ide band 

amplifier is smaller than the riL:e time of the 

L-Y chrominance signal. The amplitude of the 

pulse is approximately 0.2 times the step, if 

the amplifier delay is 0.2 microseconds and the 

chroma bandwidth is 600 kc. The maximum M-Y 

step occurs for a green to purple transient.  The 

step can be 0.5 E.  The amplitude of the pulse 

can therefore be 0.1 E.  The spurious pulse 

darkens the green to purple transients and it 

increases the brightness of the reverse 

transients.  The effect is however smaller than 

the darkening of the transients between compli-

mentary colors due to the gamma correction. 

Conclusion  

It has been shown that a much more ef-

ficient use can be made of the demodulator tubes 

by adapting the circuit to the demand require-

ments of the color standards.  The application 

of the described principles is not restricted to 

receivers using beam deflection tubes. 
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A COLOR PROJECTION RECEIVER 

By 

F. Bailey and R. P. Burr 
Hazeltine Corporation 
Little Neok, N. Y. 

SU MMARY 

This report presents so me results of a pro-

gra m of work directed to the use of projection dis-

play asse mblies for color television  receivers, 

discusses the applicability of these asse mblies, and 

explores briefly the important technical proble ms 

which were encountered in the studies. 

The proble m of providing adequate and as-

sured accuracy of registration of the several images 

in a color projection asse mbly previously widely 
regarded as not subject to acceptable solution, ap-

pears to have been brought under control.  Other 

considerations affecting the suitability of projection 

asse mblies for use in color television receivers 

such as cost, convenience, pictorial perfor mance, 

and reliability may now deserve renewed  study; 
some discussion of these considerations is pre-

sented. 

INTRODUCTION 

In the real m of aural broadcasting, we  have 

today a universally accepted set of trans mission 

standards for AM broadcasting (and, to meet more 
stringent require ments, generally accepted stand-

ards for FM broadcasting); to comple ment these 

trans mission standards, we have in the moving 

coil loud-speaker a device whose universal ac-

ceptance is effectively established by the fact that 

about 1,000,000,000 of these have been put into 

service. A reader with a long me mory may recall 
how trivial a part the moving coil  loud-speaker 

played in the early days of radio com munication 

and even of radio broadcasting; a period of many 

years was required before it became clear that the 

moving coil loud-speaker was better suited to the 
needs of broadcast receivers than were any of the 

competing devices. 

For black-and-white television, we have had 

for so me years a fairly co mplete understanding of 
the nature of good signal trans mission practices, 

and the standards adopted for this purpose by our 

Federal Com munications Com mission reflect this 

understanding well. The practice of displaying the 

received signals upon a directly viewed cathode ray 

tube, employing magnetic deflection and magnetic 

focus, is now virtually universal.  Yet here again. 

the device which appears at present to be fir mly 

established in the field was very slow in being rec-

ognized; mechanically scanned arrange ments (in-

cluding so me miracles of ingenuity) received first 

attention; projection arrangements and directly 

viewed arrange ments, electrostatic focus and mag-

netic focus, electrostatic deflection and magnetic 

deflection all received long and serious considera-

tion before the general acceptance of the presently 

used method developed. 

Color television is today, in a sense, at the 

point in its cycle corresponding to the position of 

black-and-white television about 1940, or of sound 

broadcasting in the middle 1920' s. Color television 

has been provided with a set of standards for the 

broadcasting of its signals (and studies of the nature 
of human vision support fully the view that these 

standards are adequate). But, to pursue the parallel 
with sound broadcasting, no agree ment exists in our 

industry with respect to a suitable equivalent to the 

loud-speaker.  Not only is there no agree ment a-

mong the skilled managers,  merchandisers, and 

engineers of our industry with respect to this mat-

ter, but the measure of uncertainty is so serious 

that there have not yet been numerous enough and 

effective enough offerings to the public of different 

kinds of devices to establish any record of public 
preference which might assist us in selecting the 

color display unit most likely to co m mand continued 

public support. 

The Hazeltine organization, like many others 

interested in the television field, has given much 

study to the color television display arrange ments 

of various kinds that appear to have some prospect 

of early application to household receivers.  The 
presentation of so me aspects of this study with re-

spect to projection asse mblies is the purpose of this 

report. 

IMAGE REGISTRY 

The generation of an acceptable image in full 

color from a set of three independent, si multane-

ously produced pri mary color images,  requires 

that the pri mary color images be made to appear to 

coincide.  Display arrange ments employing multi-
gun color tubes and display arrange ments employ-

ing separate projection tubes appear to face this 

difficulty squarely in one for m or another.  In the 

multi-gun picture tube, the coincidence proble m 

takes the for m of a require ment that the several 

electron bea ms converge to a single point on the 

phosphor screen, with the further require ment that 

the convergence be unifor mly acceptable over the 
entire screen area.  Stability of convergence be-

havior with the passage of time, variation in supply 

voltage, variation in signal level, and the hazards 

of transportation represents a further highly de-

sirable characteristic.  In the case of the projection 

asse mbly employing three separate tubes, the coin -
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cidence proble m is perhaps more clearly expressed 

as one of image registry.  In the center of the pic-

ture, registration accuracy without regard to sta-

bility is easily obtained simply by differential cen-

tering adjustments on the several pri mary color 

images, and its stability with variations in time, 
line voltage etc. affords a direct and reliable indi-

cation of the prospects of a projection device for 

giving stable perfor mance. Unifor mity of registry 

over the entire picture area, once the central 

registry has been stabilized, appears to require 

the adherence to suitable tolerances in both the 
optical and the electronic ele ments of the three -

tube projection asse mbly. 

To illustrate somewhat better the nature of 

the several require ments imposed by registry con-

siderations, and the portions of the over-all re-

ceiver design upon which those several require-

ments impinge, a color projection receiver may 

conveniently be thought of as subdivided into three 

portions: 

In the first portion, there is the chassis 

(subdivided if desired) containing the circuits 

which handle the signal, the power supply circuits, 

the circuits for generating scanning currents and 

the circuits for furnishing the high voltage to the 

picture tubes.  In addition to these, the chassis 

provides a source of focussing and centering cur-

rent to the picture tubes. 

Second, the receiver includes a color pro-

jection asse mbly with its three picture tubes. 

For each of these, there is provided within the 

asse mbly a deflection yoke, a focussing arrange-

ment with provision for adjustable centering nf 

the image, and the portion of the optical syste m 

which is individual to each picture tube.  Further. 

the projection asse mbly provides the rigid and 

per manent mechanical support for these several 

pieces, the optical arrange ments for superposing 
the three pictures in coincidence, and the means 

of adjustment for optical focus, central registry, 
and area registry.  It appears that, if due regard 
is paid to mechanical integrity, ther mal behavior, 

and protection against excessive external mag-
netic fields, these adjust ments can be made upon 

the color projection asse mbly as a receiver co m-

ponent, and their adequacy relied upon thereafter 
for a period limited only by the need for replace-
ment of a picture tube or other co mponent of the 

color projection asse mbly. 

The third division of the receiver co mprises 

the cabinet with its provision for mounting the 
chassis and the color projection assembly; the 

cabinet also carries the projection screen and any 
mirror or mirrors which may be used to fold the 

light path and thus bring about very attractive 

cabinet depth di mensions. It appears to be de-
sirable that the cabinet provide, by construction 

or by adjust ment, for reasonably accurate opti-

cal path length.  It see ms likely that reasonable 
precautions in the cabinet structure will provide 

a stable path length and that the correct initial 

value for the path length can be obtained either 

by the provision of an inexpensive adjust ment 

in the projection asse mbly mounting or by the 

maintenance of tolerances not appreciably closer 

than those co m mon in good cabinet construction. 

Returning to the chassis for a moment, one 

further point should be noted.  It is probably advan-

tageous to center the several pri mary color images 

by means of magnetic deflection, which may for 

exa mple, be derived fro m small distortions of a 

focussing magnetic field.  The use of a magnetic 

field, fro m whatever source, for centering and es-

tablishing of registry for the  three component 

images requires that the strength of this magnetic 

field and the strength of the electric field which ac-

celerates the electrons in the cathode ray tubes 

shall continue to bear  the correct relationship 

without disturbance from changes in values of co m-

ponents. supply voltage, ther mal conditions, etc. 

Provision for this requires circuits in the chassis 

to regulate the high voltage as a function of the mag-

netic field strength, or vice versa.  The arrange-

ments for doing this must recognize that a five per-

cent change in magnetic field requires a ten percent 

change in high voltage to produce the sa me trajec-

tory; account must also be taken of any magnetic 
saturation which may be present in the relation be-
tween magnetizing current and effective magnetic 

field. 

'Observation of successful perfor mance in a 
small group of developmental projection asse m-

blies, over a limited period of time, and analysis 

of the causes of inadequate perfor mance of many 

earlier for ms, gives reasonable assurance that the 

require ments are now fully comprehended and have 
been effectively met. 

USE OF PROJECTION DISPLAY ASSE MBLIES 

IN COLOR TELEVISION RECEIVERS 

With adequate and per manent accuracy of 

registry reasonably assured,  attention m y be 
properly directed to the co m mercial and technical 

uitability of projection asse mblies in color tele-

sion receivers. In co mparison with other display 
arrangements available now, or likely to be avail-

able in the near future, the differences in com mer-

cial and technical suitability are for the most part 

included in the following list. Each of the ite ms 
listed is the subject of brief discussion in a subse-
quent paragraph: 

a.  Cabinet depth. 

b.  Replacement cost in event of picture tube 
failure. 

172 



c.  Image coincidence: whose proble m? 

d.  Nature and extent of color purity proble m. 

e. Prospective co mmercial availability in large 

quantities. 

1.  Maintenance of contrast under conditions of 

high ambient lighting. 

g. Ease of control of color characteristics. 

h. Light output and directivity considerations. 

i. Need for special circuitry. 

Inherent contrast range. 

k.  Dust collection. 

The relative backgrounds of experience with 

several devices. 

In the light of the studies in the Hazeltine 

laboratories. the first seven considerations in the 

foregoing list appear likely to show up differences 

which favor the projection type of display.  The re-
maining considerations appear to be of either un-

certain significance or of significance representing 

net advantage to other display for ms. The relative 
weights of the several considerations, as they will 
affect a retail purchaser, are not at all clear at the 

present time. The discussions on each of the ite ms 

which are presented in the succeeding paragraphs, 

supple mented by observation and study of the re-

ceivers employing projection display assemblies 

and of receivers employing other for ms of displays 

may help to establish a useful com mercial per-

spective. 

a. Cabinet depth: Color television receivers 

using projection methods may be housed in rela-

tively shallow cabinets. The ease with which the 

light path may be folded has made it readily pos-

sible to construct sa mple receivers producing a 
picture of approxi mately 240 square inches with a 
total cabinet overall depth of only 24-1/4 inches. 

By slight redesign the picture area can be increased 
to 290 square inches without an increase in cabinet 

depth. In comparison, receivers employing 19-inch 

or 21-inch shadow—mask tricolor tubes appear to 

require overall depths of the order of 31 inches 
which exceeds the standard doorway opening. 

b.  Replace ment cost in event of picture tube 
failure:  1 ricolor picture tubes of the presently 

available types represent a large initial invest ment, 

and correspondingly a large  replace ment cost. 

Further, the life of a tube of this sort is ter minated 
when failure occurs in any one of its three electron 

guns.  In contrast, the projection tubes have indi 

vidual initial costs (and presu mably replace ment 

costs also) of the order of 1/15th of those of the 

tricolor tube; further, even eiough three of the pro-

jection tubes are employed, the failure of any one 

requires the replacing of only that one.  The de-

velopment of substantial custo mer responsiveness 

to this difference appears to be a real com mercial 

possibility. 

c.  Image coincidence:  whose proble m?  It 

appears entirely possible to produce a color pro-

jector display asse mbly in which all adjust ments 

affecting registry are made upon the asse mbly 

before any atte mpt is made to install it in a receiv-

er.  It appears further that a design may be  pro-

duced in which the per manence of these adjust ments 

may be relied upon.  If such a projector asse mbly 

is supplied to a receiver manufacturer, the  set 

manufacturer hi mself does not encounter any regis-

try proble m.  In the case of the tricolor tubes 

presently available, the corresponding proble m of 

convergence has not thus far received comparable 

treatment. 

d.  The eolor purity proble m:  The conver-

gence proble m which is experienced with the three-

gun tricolor tube is in so me respects analogous to 

the registration proble m with the projection ar-

range ment. There is no si milar co mparison how-

ever with respect to the proble m of color purity. 

In the case of the three-gun tricolor tube, adjust-

ment of the tube operating conditions must be such 

that the "red" electron gun excites only red phos-

phor, etc.;  this adjust ment is a specific require-

ment in the setting up for proper operation of a re-

ceiver using one of these tubes.  In the case of the 

projection apparatus, the "red" electron gun is in 

a tube which can produce only red light on the pro-

jected image and the color purity proble m si mply 

does not exist. 

e. Prospective com mercial availability: The 

important consideration here is that which will a-

rise in the event that public de mand for color tele-

vision receivers shows a sudden and major growth. 

If this situation should develop, the expansion of 

production facilities for color display devices may 

become a real limitation to progress of the tele-

vision industry.  Since the cathode ray tubes of the 

projection asse mbly are  small,  si mple, mono-

chrome projection tubes with no unusual internal 

construction features,  rapid expansion of manu-

facturing capacity for these appears possible; as 

for the optical and mechanical ele ments of the pro-

jection asse mbly, production capacity in very large 
quantity appears to be either already in existence 

or capable of establish ment within rather reason-

able periods of time.  It is not clear that a co m-
parable state ment can be made for the for ms of 

tricolor tube which have so far beco me available. 

f.  Maintenance of contrast under high am-

bient lighting: The projection screen must receive 
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light fro m a relatively small angular region repre-
sented by the projector; it must distribute this light 

over a so mewhat larger angular region to the view-

ers.  Light which strikes the screen fro m so me 

other direction may be largely directed against 

black surfaces within the cabinet and therefore pre-
vented fro m "washing out" the shadows of the pic-

ture.  No comparable technique is available to di-
rectly viewed picture , tubes, although the use of a 

dark face plate does of course give so me measure 

of comparable effect. 

g•  Ease of control of color characteristics: 

With a three-tube projection asse mbly, the pri mary 

colors need not be those of the un modified phos-

phors.  Filters can be placed where they will af-

fect the light from only one of the tubes, thus making 

it possible to modify the effect of the phosphor.  In 

practice, this offers the advantage of per mitting a 

wider choice of phosphors, and may well lead to 
either greater efficiency of operation or, alterna-

tively, the ability to use effective pri mary colors of 

more nearly ideal characteristics than appear prac - 

tical with directly-viewed tricolor tubes. 

h.  Light output and directivity considera-
tions:  The total available light output from the cur-

rently available shadow-mask tubes appears to be 

so mewhat greater than that available fro m the pro-

jection asse mblies of the sort with which we have 
worked.  In a television receiver of the projection 

type, it is desirable to use a projection screen which 
is at least moderately directive in its distribution 

of the available light. The advantages gained by so 

doing are a substantial increase in image brightness 

in the favored portion of the viewing area and  a 

likewise substantial increase in the ability of the 

apparatus to maintain good image contrast under 

conditions of high ambient lighting.  Image bright-

nesse s in the directions representing the preferred 

viewing positions can be made to equal or exceed 

those available from the other devices.  The cor-

responding disadvantage, of course, is the readily 
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perceptible loss of brightness when an observer 

moves away fro m the nor mal viewing area. 

i.  Need for special circuitry: In a receiver 

employing a projection color asse mbly, it appears 

desirable to provide regulation of the picture tube 

high voltage relative to the centering  magnetic 

fields, or vice versa.  The accuracy of regulation 

required appears to be somewhat greater than that 

which has been found necessary for use with spheri-
cal-face shadow- mask tubes. As a partial or per-

haps even co mplete offset to this, no convergence 

components nor ci rc uitr y are required with the pro-
jection asse mbly. 

j.  Inherent contrast range; With respect to 

contrast range shown by a color display device when 

measured in a dark roo m, the projection asse mblies 
with which Hazeltine has worked thus far exhibit 

a lesser overall range than do the currently avail-

able spherical-face shadow- mask tubes. It appears 

likely that improve ments in optical design which can 
readily be incorporated in production models will 

substantially increase this inherent contrast range. 

k.  Dust collection:  Projection asse mblies 
employ more surfaces upon which the collection of 

dust can impair the optical perfor mance than is 

the case for directly-viewed arrange ments.  It is 

important therefore that care be given in a practical 
design to some reasonable measure of protection 

against dust entry.  It appears probable that such 
protection can be obtained without significant ad-
ditional cost. 

I.  Extent of general experience with the sev-

eral for ms of display devices:  The total amount of 
experience among members of the industry with the 

use of tricolor picture tubes of the shadow-mask 

type as obviously many times greater than the cor-

responding measure of experience with color pro-

jection display arrange ments.  Of itself, this is a 

disadvantage for the projection asse mblies, since 

only the background of substantial experience builds 
up confidence in the suitability of a device. 




