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FIVE PROMOTIONS ANNOUNCED BY 
INSTRUMENT DIVISION

Promotion of five top members of the 
Instrument Division, Allen B. Du Mont 
Laboratories, Inc., to new key posts with
in the division was announced today by 
Rudolf Feldt, Manager of the Instrument 
Division.

The five appointees and their new 
posts are as follows:

Dr. P. S. Christaldi has been named 
Assistant Division Manager. He was for
merly Engineering Manager.

G. Robert Mezger, formerly Technical 
Sales Manager, has been named Engineer
ing Manager.

Emil G. Nichols has been appointed
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Technical Sales Manager. He was former
ly Assistant Technical Sales Manager.

Melvin B. Kline and William G. Fock- 
ler have been appointed Assistant Engi
neering Managers. Mr. Kline is the for
mer head of the Special Projects Section 
of the Instrument Engineering Depart
ment; and Mr. Fockler the former head 
of the Development Engineering Section 
of the same department.

"The new promotions,” Mr. Feldt said, 
"will allow greater integration of division
al activities to meet Du Mont’s rapidly 
expanding production of precision elec
tronic instruments both for commercial 
use and for the military services. The 
assignments will permit the division to 
make greater use of the capabilities of 
these top experts in the electronic instru
ments field.”

The appointments, Feldt pointed out, 
are in line with Du Mont’s policy of pro
motion from within its organization.

Dr. Christaldi, a nationally known ex
pert on cathode-ray tubes and oscillo
graphs, has been with the Du Mont or
ganization since 1938 when he joined the 
company as an engineer engaged in de
veloping commercial tubes and electronic 
instruments. From 1941 until 1947 he 
was Chief Engineer, and during the war 
years played a leading part in the design, 
development and production of military 
electronic equipment as well as cathode- 
ray tubes at Du Mont. In 1947, when in 
the course of the rapid expansion the 
company was organized on a divisional 
basis, Dr. Christaldi became Engineering 
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ON THE COVER
A typical example of the great utility 

of a dual-beam display in general de
velopment work is this oscillogram in 
which waveforms from two points in an 
experimental circuit are displayed simul
taneously on the screen. In this instance, 
the two signals are presented on a com
mon time base enabling a precision and 
convenience of correlation unobtainable 
with two individual oscillographs. The 
use of the illuminated calibrated scale 
greatly facilitates such studies.

This oscillogram was photographed 
from the screen of a Du Mont Type 322 
Dual-beam oscillograph, which was an
nounced recently by the Instrument Di
vision. Full technical details on the Type 
322 may be obtained by writing the 
Instrument Division at the above address.



Techniques of Measurement 
in Oscillography

Part 1 

By Dr. P. S. Christaldi

A M A JO R question in oscillography 
is: What is the best means of meas

urement for a particular application? Or, 
more simply, how do I get the answers I 
need? To help solve such questions, here 
is a summary of the more important fac
tors involved in devising and selecting 
techniques of oscillographic measurement.

A corollary intention of the article is 
to discourage the frequently encountered 
tendency of deciding that present equip
ment is incapable of providing the de
sired information if the first setup does 
not prove satisfactory. Often, with im 
proved techniques or minor modifica
tions, the equipment will give excellent 
results.

First, some definitions are in order. 
The term applications will refer to the 
use of cathode-ray equipment to permit 
measurement or observation of a special

ized kind. On the other hand, techniques, 
which are more general in nature, may 
be applied in a variety of applications.

S e l e c t i o n  o f  O s c i l l o g r a p h ic  
E q u i p m e n t

While not always considered in the 
sense of a technique, the selection of the 
equipment with which a measurement or 
scientific observation is to be carried out 
is truly an important phase in an investi
gation. Unfortunately, there are so many 
variables involved that a simple figure of 
merit is not feasible. However, some of 
the factors leading to the selection of 
equipment should be reviewed.

Types of Display
In the analysis of a new measuring 

problem or application, one of the first 
points to be determined is the type of
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Figure 1. Typical off-on indication 
which shows arrival and departure of 
shuttle at the shuttle box of textile 

loom

Figure 2. An example of the most 
frequently used oscillographic display 
in which amplitude is plotted as a 

function of time

display that will present the desired in
formation in the most convenient form. 
The simplest type of display that still 
provides the required information should 
always be sought, particularly in those 
cases where the equipment is to be oper
ated by relatively unskilled personnel. 
Since we are generally accustomed to 
equipment in which amplitude is plotted 
as a function of time, we might not al
ways consider the possibility of using 
other forms of display. Following are 
typical presentations:

On-off indications, which show the 
presence or absence of some phenomenon, 
may be made by deflecting the electron 
beam, or by modulating its intensity. In 
many cases it is unnecessary to measure 
the duration or the amplitude of the 
events producing such an indication. The 
detection of corona in high-voltage trans
formers is a typical example of such an 
application, although usually level is of 
some interest here. Another example of 
the off-on display is shown in Figure 1,

Figure 3. An indication of the voltage 
field surrounding a fluorescent lamp, 

displayed without expansion

where the arrival and departure of the 
shuttle at the shuttle box is indicated by 
the vertical deflections. Indications of this 
type sometimes can be obtained without 
recourse to the cathode-ray tube, but one 
must not neglect the advantage offered 
by the visual persistence of certain screen 
materials, or of using photocell pick-ups 
to operate other indicating or recording 
devices.

The most frequently encountered type 
of display in oscillography, well suited 
to the study of waveforms, is the linear 
orthogonal display in which voltage is 
plotted as a function of time. Its wide
spread use results not only from the fact 
that it presents the information required 
in the form in which it is usually desired, 
but also because the oscillogram presented 
in this manner is quite readily interpret
able. (See Figure 2 ) .  A similar display, 
often described as the "A-scan,” is used 
in radar range indicators to plot voltage 
as a function of range.

An expanded display may be desirable.

Figure 4. Portion of Figure 3 enclosed 
by box is expanded here for the study 

of details on the trace
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Figure 5. Amplitude range of input 
signal is expanded, with only peaks 
of input signal displayed, revealing 

cyclic variation

Perhaps the simplest method for obtain
ing an expanded display is to increase the 
gain of a high-gain horizontal amplifier, 
and then position on-screen the desired 
portion of the wave form (See Figures 
3 and 4 ) .

Another sort of expanded display oc
curs in the "R ” presentation of the Du 
Mont Type 256-D Cathode-ray Oscillo
graph. In this case a portion of the time 
scale is expanded by delaying a relatively 
high-speed sweep to delineate a portion 
of a wave-form pattern which occurs in 
a time short in relation to the total period. 
Another expanded display is produced 
when the amplitude range of a signal is 
expanded to allow detailed study of small 
amplitude variations in signals of rela
tively large amplitude. An example is the 
study of variations in power-line voltage 
that were found to occur at a rate of ap
proximately four cycles per second with 
an amplitude of a fraction of a volt. A

Figure 6. Raster display of focal-plane 
shutter action. Variation in width of 
diagonal bars indicates non-uniform 

shutter speed

biased diode clipper suppressed all but 
the peaks of the power-line voltage, per
mitting expansion of the variation of 
these peaks, as shown in Figure 5.

Occasionally, it is found desirable to 
study phenomena which are relatively 
long but which must be measured to 
fairly high accuracies in time. One suc
cessful method is to provide a series of 
short time bases in the form of a raster, 
just as is done in the synthesis of a tele
vision picture on a cathode-ray tube, but 
using vertical deflection from each of 
these segments of the time base or in
tensity modulation to present the signal 
information. (See Figure 6 ) .  This might 
be considered as the combination of a 
series of delayed expanded sweeps on a 
single cathode-ray tube. In another ap
plication of this technique each of the 
sweeps of the raster accounts for one of 
a set of cyclic events which occur within 
a longer cycle. For example, in the study
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Figure 9. Typical spiral display. Spi
ral presentations provide a time base 
longer even than the polar-coordinate

of ignition timing, each of the spark plug 
discharges could be presented on a sweep 
which makes up a raster when combined 
with those corresponding to the other 
discharges occurring during one revolu
tion of the engine, as shown in Figure 7.

Circular or polar displays have found 
frequent use in problems involving tim 
ing, where the circular time base can be 
accurately controlled (as from a quartz 
crystal source), with the event under 
study being presented as deflection or in
tensity modulation. (See Figure 8 ) . Con
siderably longer time bases can be ob
tained for a given screen size than is 
generally possible with linear orthogonal 
sweeps, and the discontinuity of time 
corresponding to the retrace interval is

Figure 10. High-speed transient, a 
damped oscillation, displayed with in

sufficient accelerating potential

avoided. Although interpretation of wave
forms on a circular time base is not al
ways as simple as in the case of orthogon
al displays, it is not particularly difficult. 
The circular display is also found useful 
where the pattern is to be related to me
chanical rotation; for example, in the 
study of mechanisms, or in determining 
the polar characteristics of antennas and 
light sources.

Where longer time bases are desired 
than can be achieved with the circular 
display, spiral displays may be used. With 
such displays it is possible to extend the 
baseline by a factor of 10 to 20 times and 
even more, depending upon the ability to 
resolve individual lines of the spiral, as 
shown in Figure 9. Their use imposes a 
difficulty common with that of the circu
lar or polar displays in that maintenance 
of truly circular form in the simpler case 
is not always easy, whereas in the case of 
the spiral display we have the additional 
problem of a linear radial modulation of 
a circular baseline. The spiral display has 
been used in timing phenomena to fairly 
high accuracies, and it is applicable to 
single as well as repetitive transient pres
entation.

Frequency Ranges and Writing Rates
Once a suitable type of display has 

been decided upon, the next considera
tions are those which will determine the 
general class of equipment required. Im
portant here are the frequency ranges - 
which will be encountered in the phe-

Figure 11. Same damped oscillation. 
Use of far higher acceleration renders 

the entire pattern visible
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nomena under study, and the writing 
rates of which the equipment must be 
capable.

Possibly the first point to be considered 
is whether the phenomena which are to 
be studied are recurrent or transient. If 
transients which are non-repetitive or 
which recur with a low duty cycle are to 
be studied, it is probable that the cathode- 
ray tube must be operated at relatively 
high accelerating potentials, depending, 
of course, upon the frequency compo
nents involved (See Figures 10 and 11). 
When the phenomena are recurrent, even 
though their durations may be short, rela
tively low accelerating potentials may be 
entirely adequate. For example, a one- 
microsecond pulse repeated at a rate of
500,000 times per second can hardly be 
d i f fe r e n t ia te d  from a one-millisecond 
pulse repeated at a rate of 500 cycles per 
second. The difference here would be not 
so much in the accelerating potentials but 
in the amplifier and sweep circuits.

Along with the rate at which the sig
nals recur, the frequency range of signal 
components, or the rate of change of 
voltage, is of considerable importance in 
determining the characteristics of the 
equipment required. (See Figures 12 and 
13.) We frequently learn, much to our 
chagrin, that events normally considered 
to be low-frequency or long-time in na
ture have important components of very 
short duration. An example is the make 
and break of contacts, such as in auto
mobile ignition systems or in relays. If 
we are truly interested in the character
istics of the contact make or break, we

Figure 12. Rounding of this 100-kc 
squarewave was caused by poor high- 

frequency response of amplifier

may be concerned with events occurring 
in fractions of a microsecond, although 
the duration of the phenomenon may be 
a matter of many milliseconds. In some 
cases we are concerned with both low-and 
high-frequency components of signals, in 
which case good low-frequency response, 
or even d-c response, is indicated.

The range of sweep speeds required 
follows readily from the analysis of sig
nal frequency components which the am
plifier must handle. Along with this go 
the considerations of the nature and levels 
of the signals required to trigger or syn
chronize the sweeps and the sweep start
ing times, and this introduces the con
sideration of signal delay in the signal 
channel.

The brightness, persistence, and resolu
tion of the cathode-ray tube also must be 
considered. Bearing these in mind, re
quirements for cathode-ray tube perform
ance can be resolved with the aid of 
published information on the perform
ance of cathode-ray tubes under varying 
conditions of operation and utilization.

The levels of signals available will in
dicate whether or not an amplifier is 
necessary and the requirements for at
tenuators. The levels at which the signals 
exist with respect to ground must also be 
considered, since coupling networks, trans
formers, balanced input circuits, etc., may 
be required.

Vistial and Photographic Recording 
Visual and photographic recording must

Figure 13. Same waveform as Figure 
12, passed through amplifier having 

far better high-frequency response
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be considered in the selection of oscillo
graphic equipment. The response of the 
screen to excitation, including both build
up and decay of visual effect, must be 
viewed in relation to the other factors 
described above. The repetitive nature of 
the phenomena might influence the se
lection of screen materials, since certain 
types of screens, notably the P7, exhibit 
build-up characteristics. This factor also 
affects the selection of accelerating po
tentials and of photographic equipment. 
Spurious screen excitation from ambient 
light or other sources is important here; 
and its effects can be minimized in both 
the design and the use of the equipment.

Ratings of the Oscillograph
Having analyzed the requirements es

tablished by the nature of the work to be 
done, the next step is to survey the speci
fications of available equipment. The first 
factor to be considered is the matter of 
specifications and ratings on the cathode- 
ray tube, amplifiers, attenuators, sweep 
generators, markers, calibrating means, 
etc. The desired characteristics having 
been determined, they should be com
pared to the specifications d e sc r ib in g  
equipment under consideration for a par
ticular application.

The consistency of the design is an im 
portant factor to be analyzed —  to deter
mine, for example, whether the range of 
sweep speeds is adequate for the job and 
will permit full exploitation of the capa
bilities of the signal channel. The same 
kind of thinking should be applied to 
time- and amplitude-calibrating facilities, 
cathode-ray-tube accelerating potentials, 
etc.

Any equipment design has certain limi
tations. These should be determined from 
a study of the specifications before equip
ment is selected. Every effort should be 
made to insure that failure to obtain the 
desired results is not due to limitations 
of the equipment, which should have been 
recognized in advance.

Frequently, the specification material 
covering such factors as stability and free
dom from spurious response is sketchy 
or non-existent. This is partly the result

of inadequate definitions and methods of 
measurement. Where this information is 
unavailable in the specifications, one fre
quently must draw upon experience in 
this regard.

Use of Auxiliary Equipment
Auxiliary equipment is frequently nec

essary. This may take the form of trans
ducers to convert phenomena from one 
form to another, as in the case of me
chanical applications, or of accessories 
which enhance the usefulness or simplify 
the interpretation of results which the 
oscillograph will provide. These accessories 
may range from the more commonly con
sidered test probes and cameras to signal 
generators, single sweep triggering cir
cuits or other devices.

S e t t i n g  u p  f o r  M e a s u r e m e n t

Having established the general nature 
of the measurements to be made and se
lected suitable equipment, it is timely 
to review those considerations often de
scribed as the techniques of measurement. 
This broad term includes not only the 
basic considerations but also some of the 
things that might be termed "tricks of 
the trade.” Although most of the factors 
involved seem obvious after they have 
been mentioned, unfortunately they are 
all too frequently overlooked even by 
those with long experience in laboratory 
methods.

Relationship of the Oscillograph to 
the Object to be Measured

The relationship of the oscillograph to 
the object of the study in space, time, 
and potential determines the method in 
which the equipment will be employed. 
Frequently, nothing can be done about 
the space factor, but in many cases, the 
location of the equipment for ease and 
convenience of operation is neglected. If 
careful measurement is to be made, the 
observer must be comfortable and relaxed; 
and he must have no distracting or dis
turbing influences, including high am
bient light levels. Safety is frequently a 
consideration in determining the loca
tions of the oscillograph and the other
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parts of the setup, and this factor should 
not be underestimated. The time, as well 
as space, relationship involves not only 
lengths and kinds of leads, including co
axial cables or delay lines, but also the 
manner of obtaining synchronizing or 
triggering information, the question as 
to whether external or internal triggers 
are to be used, and the selection of ap
propriate sources of signal. The potential 
factor includes such things as the signal 
level which must be connected to the os
cillograph, raising the question of insu
lation of leads and sometimes of the os
cillograph cabinet, the use of isolating 
coupling transformers, etc. Frequently, it 
may be found necessary to make differ
ence measurements between the potentials 
of two points not at ground potential. 
These and the foregoing factors should 
be considered before preparing the meas
uring setup.

General Considerations

A m o n g  the first considerations to 
which attention should be given in set
ting up oscillographic equipment is that 
the power source voltage and frequency 
be those for which the equipment is rated. 
Following are several other troublesome 
points.

Grounding the instrument cabinet is 
usually considered desirable for safety 
reasons. However, from time to time 
measurements are made on circuits which 
operate off ground, and in such cases we 
may be tempted to insulate the case and 
proceed with our measurements. This is 
o b v io u s ly  not good general practice. 
Whenever it is resorted to, extreme cau
tion should be exercised, and the connec
tions broken as soon as the measurements 
have been completed. Grounding is im 
portant for other reasons, but these will 
be dealt with later.

Frequently, it is important to shield 
both equipment and leads. This is par
ticularly true when measuring signals 
having high source impedances using 
equipment having high input impedance; 
the signals picked up on the input leads 
(See Figure 14) may be substantial,

whether they be stray power-line voltages 
or pick-up from local AM  or television 
broadcast stations. Since the oscillograph 
is frequently used with other equipment 
close by, we may be concerned with ra
diation, and shielding and grounding as
sume even greater importance. Often, it 
is found helpful to operate all the equip
ment on a bench which has a ground 
plane, a large conductive sheet insulated 
from the bench top itself to which a sin
gle ground connection may be made. If 
this ground plane is not insulated, it is 
possible to set up circulating ground cur
rents through the equipment cases which 
cause still further difficulties. In one re
cent case enough radio-frequency energy 
was being picked up in a signal lead that 
detection occurred in the input stage, 
setting up a d-c component that caused 
apparent drift in the d-c level of the trace. 
This type of interference can be elimi
nated in many ways, shielding being the 
simplest where applicable. A suitable low- 
pass filter, such as a radio-frequency choke 
or parallel-resonant circuit in series with 
the signal lead at the oscillograph input 
terminal, or inside the shielding case be
tween the terminal and the input attenu
ator, may be found helpful. In the meas
urement of corona in transformers and 
other devices a corresponding technique 
is frequently used in which a high-pass 
filter is connected between the test point 
and the input terminal of the oscillo
graph. This high-pass filter permits the 
corona impulses to be presented but ef-

Figure 14. A-C pickup on lower trace 
nearly obscures low-level pulses and 
prevents a c c u r a t e  measurement. On 
upper trace, with pick-up minimized, 

significant measurement is possible

9



JAN.-MARCH, 1952 DU MONT OSCILLOGRAPHER

fectively short-circuits the component of 
signal at power-line frequency. This tech
nique will be found described in the 
RTM A  and the JA N  specifications on 
corona testing of transformers.

Magnetic shielding frequently is neces
sary, especially when equipment is oper
ated near busses carrying heavy current, 
welders, alternators, etc.

An extreme case was reported not long 
ago where a piece of rotating machinery 
in the basement of a building affected an 
electron beam on the fourth floor.

While most oscillograph cabinets pro
vide reasonably good shielding from ex
ternal fields in the presence of strong 
radio frequency fields, particularly at VHF 
and higher frequencies, additional bond
ing of the panel to the case may be neces
sary. It may also be necessary to add 
screening to any openings which may 
exist in the case, and to use shielded and 
filtered power-line cables.

F re q u e n tly , grounds are not true 
grounds in the sense that we normally 
consider them. Spot-welding equipment, 
surge test equipment, and similar devices 
can introduce transients into the power 
line which are conducted throughout a 
building or over a large area; these are 
not always eliminated by the electro
static shields commonly employed around 
the primary windings of the power trans
formers in oscillographs. Occasionally, it 
may be necessary to add a low-pass filter 
at the point where the power cable enters 
the instrument case, and internal shield
ing of the power leads may be necessary. 
An external shielded isolation transfor
mer, together with shielded cables from 
the transformer to the instrument, may 
sometimes be necessary. Suitable regu
lating devices for the power line are also 
of assistance under some conditions.

It is hardly necessary to comment at 
length on the importance of minimizing 
ambient illumination of the cathode-ray 
tube screen. Suitable placement of the 
equipment, the use of light shields and 
filters, and dark adaptation of the ob
server’s eyes may be essential in a par
ticular installation.

Input Connections
The arrangement of the oscillograph 

input connections should always be given 
careful attention —  not only with re
spect to the selection of conductor types 
and their routing, but also in considera
tion of the characteristics of the oscillo
graph itself. Some of the points to ob
serve follow.

Ordinarily, oscillographic e q u ip m e n t 
presents an input impedance equivalent 
to a resistance shunted by a capacitance. 
Seldom are inductive input impedances 
encountered. The magnitude of the re
sistive impedance is particularly impor
tant when high impedance circuits are 
being measured to avoid loading of the 
circuit under test. Where higher input 
impedances than the customary one or 
two megohms are required, one solution 
is the use of a high-resistance attenuating 
probe, usually capacitively compensated 
to preserve signal waveform. Another 
possibility is the use of an adapting de
vice consisting of a cathode-follower tube 
in a probe, in which case care must be 
exercised to avoid overloading the tube. 
E le c tro m e te r  tubes may also be used 
where extremely high resistances are re
quired, although such tubes usually have 
serious limitations with respect to signal- 
handling ability, gain, and bandwidth.

The capacitive component of input 
impedance also is important when the 
source impedance is high, since it can 
result in a reduction of high-frequency 
performance. It can be reduced by means 
of probes of the type described, where 
they are applicable. If probes cannot be 
used, the loading of the input capacitance 
must be considered in interpreting re
sults.

More and more frequently, applications 
involving pulse studies are encountered. 
It is customary in these applications to 
operate with low-impedance coaxial cables 
used as signal conductors. Here impedance 
matching becomes extremely important 
and the length and types of leads must 
be given careful consideration.

Not long ago, Du Mont’s aid was so
licited by a manufacturer of pulse-form

10
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ing networks who reported that his cus
tomer had rejected the networks as not 
meeting specifications on duration meas
ured at the 10 per cent, 50 per cent, and 
90 per cent amplitude points. Du Mont 
agreed to set up a sample network in the 
test circuit employed by him to,scrutinize 
the results of his customer. It soon be
came evident that the pulse-forming net
works were satisfactory, but that the meas
uring techniques of the customer were 
not. The network was designed to deliver 
pulses having a duration of approximately 
0.5 microsecond at an amplitude of sever
al hundred volts in the test circuit used. 
The rise time was of the order of 0.03 
microsecond. The customer’s oscillograms 
indicated such severe oscillation and over
shoot that it was next to impossible to 
obtain a sensible measurement of pulse 
duration at the specified amplitude points. 
Figure 15 shows the oscillogram obtained. 
In the setup devised by Du Mont, the 50- 
ohm output impedance of the pulse-form- 
ing network was matched carefully to a 
50-ohm cable terminated directly at the 
deflection plates of the oscillograph, and 
no difficulty was encountered. The pulse 
waveform obtained is shown in Figure 
16. The measurements made by the cus
tomer were reconstructed by using open 
wire leads to the deflection plates, simu
lating the lead lengths inherent in the 
equipment employed. The importance of 
impedance matching, and of keeping 
short and direct any open-wire leads from 
the end of the properly-terminated cable

Figure 15. 0.5-Msec pulse displaying 
oscillatory transient resulting from ex

cessive deflection-plate lead lengths

to the deflection plates, was again demon
strated.

In another case, results were obtained 
in the measurement of the amplitude- 
versus-frequency-response characteristic of 
an oscillograph amplifier which did not 
appear to be reasonable. Investigation 
showed that the output cable supplied 
with the signal generator used in testing 
was not properly terminated. The voltage 
that appeared at the oscillograph input 
terminals did not correspond with that 
indicated on the output meter of the sig
nal generator for all frequencies within 
the signal generator range. In this case, 
metering at the input terminals to the os
cillograph, which corresponds to the end 
of the signal generator cable, avoided the 
difficulties. An alternative would have 
been proper termination of the signal 
generator cable.

Frequently, it is convenient to use ex
ternal synchronizing or triggering signals, 
rather than to operate the equipment from 
signals derived from the phenomena be
ing studied. When this is done, attention 
must be paid, as in the case of signal 
leads, to the use of proper types of cables 
and their termination. Grounding of such 
cables is also important to avoid spuri
ous effects. The common impedance of 
ground leads for input terminals at dif
ferent points on the panel sometimes 
can give trouble; signal cables should be 
grounded adjacent to their corresponding 
oscillograph input points. This has been 
found to be a frequent source of diffi-

Figure 16. Same pulse as that of Fig
ure 15, with length of deflection-plate 

leads greatly reduced
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culty in the use of the oscillograph for 
observation of square-wave or pulse-type 
signals, where generating equipment pro
vides a triggering pulse as well as a sig
nal pulse. Sometimes, through carelessness 
or thoughtlessness, open wire leads are 
used for the triggering signal, relying 
upon the signal ground lead for the re
turn path. Faulty operation usually can 
be corrected in such cases by providing 
a shielded cable with its own ground re
turn for the triggering signal. This also 
applies to other external signals that may 
be connected to the oscillograph, includ
ing high-frequency timing signals used 
for intensity modulation.

It often becomes convenient to add 
signals and to apply the composite signal 
through the Y  channel. This is common 
practice in setups for the measurement 
of frequency response using the sweep- 
frequency generator technique. Marker 
signals may be added through a resistive 
adding pad, utilizing a separate source of 
marker-frequency signal. When this ar

rangement is used, care must be exercised 
to maintain proper impedance relation
ships, and to avoid unwanted coupling.

Occasionally, balanced signal sources 
are encountered, and it is then convenient 
and sometimes helpful to apply these sig
nals to a balanced input circuit of the 
oscillograph. While such circuits are not 
usually provided, often they may be im
provised by making internal connections 
to the amplifiers. This has frequently 
been done in oscillograph amplifiers hav
ing a final amplifier stage of the self- 
balancing type by ungrounding the nor
mally grounded control grid of the second 
tube of the stage and applying signal to 
it. In the case of multi-stage amplifiers 
which are balanced, it sometimes can be 
accomplished by applying a signal be
tween the normally available grid and 
and grid of the corresponding stage which 
is normally grounded. When this is done, 
care must be exercised to avoid overload
ing, since an input attenuator is not pro
vided for the normally grounded grid. It 
is also necessary to avoid overload of in- 
phase components of signals which may 
exist.

Although specifications and instruction 
book data usually specify the maximum 
ratings of input signal voltage which may 
be applied to each input terminal of an 
oscillograph, frequently this information 
is overlooked. As a result there are occa
sional difficulties with overload or stray 
coupling from one input circuit to an
other. Usually, the input attenuators of 
the signal channels are adequate to handle 
the voltages which may be applied safely

Figure 17. Left, wave form obtained by connecting signal to the deflection-plates 
through the circuit shown at right. Again, excessive lead length and improper grounding

introduces spurious signals



DU MONT OSCILLOGRAPHER JAN.-MARCH, 1952

to the input terminals, although this is 
not always the case. However, sometimes 
it is necessary to limit the signal levels 
applied to other terminals, such as sync 
and trigger input, although the insulation 
value may exceed the permissible signal 
level considerably. Failure to o p e ra te  
within these ranges sometimes causes dif
ficulties when extremely large synchroniz
ing or triggering signals are applied to 
the external synchronizing terminals of 
the oscillograph. External attenuators may 
be used to reduce the signal level to a 
suitable value to eliminate the unwanted 
coupling, or a simple device is to apply 
the triggering signal through a low-ca- 
pacitance coupling achieved merely by 
wrapping an insulated conductor carrying 
the signal around the input terminal post. 
This sometimes provides the additional 
advantage of discriminating against low- 
frequency components of the triggering 
signal. When difficulty with triggering 
results from too high a signal level, this 
device should be attempted.

Such external networks as attenuators, 
amplitude limiters, and frequency or am
plitude selectors, frequently are found 
helpful. Such devices have been described 
from time to time in the past, and it is 
well to review applications in which they 
might prove advantageous.

Proper grounding of signal leads has 
been referred to before, but its impor
tance cannot be overemphasized. Recently, 
it was desired to measure the plate-current 
pulse of a high-power, pulsed magnetron 
operating in the microwave region. The 
plate-current pulse was derived from a

t o  c u r r e n t  s h u n t  d j ,  , d ,  t  < o o «

low-resistance shunt connected directly to 
the deflection plates. The circuit employed 
is shown in Figure 17, which indicates 
the effective lead length from terminal 
board connections, through coupling ca
pacitors, to the deflection plates. From 
the accompanying oscillogram it will be 
seen that a considerable amount of spuri
ous signal was present. Much of this cor
responded to frequencies in the micro
wave region, but other components were 
indicated as well. Initial attempts at cor
rection called for shielding between the 
vertical deflection signal circuits and the 
remainder of the circuits in the vicinity 
of the cathode-ray tube deflection-plate 
region and gave some improvement.

Study of the circuit showed that there 
was a rather long path between deflection 
plate D 4 and the ground return. This was

2 NO. A N O D E

Figure 18. Right, signal similar to Figure 17, applied to deflection plates through 
circuit shown at left. With leads made shorter, and all ground leads connected to common 

point, much of the spurious signal was eliminated

13
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found to be about six inches long, includ
ing a coupling capacitor. When the leads 
were made much shorter and more direct, 
with all ground leads connected to a com
mon point and returned to a single chassis 
ground, as shown in Figure 18, the dis
turbance was reduced further, even with
out the added shielding. The correspond
ing oscillogram shows the final result, 
considered to be satisfactory.

Other, less obvious, problems with re
spect to the grounding of signal circuits 
arise. A typical example involves a ground 
lead in which components other than the 
wanted signal flow. Such a situation arose 
not long ago in attempts to operate os
cillographic equipment for an automobile 
battery using a vibrator-type supply. It 
was found that despite the massive con
struction of an automobile engine, the 
internal resistance of a signal source using 
the engine block as a ground return was 
not necessarily negligible. Using such a 
ground return, the signal circuit was sus
ceptible to interference from the alter
nating-current component introduced by 
the vibrator. Although it was possible in 
a particular installation to eliminate such 
interference almost entirely by suitable 
selection of ground points, the final solu
tion lay in the use of a differential input 
circuit. Thus, the effective signal applied 
to the oscillograph input corresponded to 
the difference between the desired signal 
plus the vibrator component and the latter 
component alone. Although in this case a 
differential input arrangement was used 
in the amplifier, in many cases it is pos
sible to eliminate the unwanted signal by 
suitable choice of ground points.

Adjustment of Controls
Correct adjustment of the controls of 

the oscillograph frequently is more im 
portant than realized in obtaining proper 
operation. Some knowledge of the prin
ciples of operation of the equipment 
usually is necessary if intelligent use is 
to be made of it. For example, the input 
attenuator should be adjusted to avoid 
overload of the input stage if such over
load is possible through some unfortunate 
combination of control settings. In gener
al, this means that the input attenuator

should be set to provide maximum at
tenuation ahead of the first input tube, 
while any fine amplitude controls are set 
near their maximum settings. A similar 
consideration applies to synchronizing 
and trigger signals, in which case it may 
sometimes be necessary to reduce the am
plitude of such signals before they are 
connected to the input terminals. It might 
be said generally that the input signals 
should be kept to a minimum wherever 
their amplitude can be controlled exter
nally and satisfactory operation of the os
cillograph obtained.

The use of the amplitude control of 
synchronization and trigger signals fre
quently is helpful in selecting portions 
of the signal on which synchronizing or 
triggering is desired, particularly in com
plex signals such as television blanking 
and synchronizing signals. If limiting of 
synchronizing signals alone were relied 
upon, it is probable that synchronization 
would occur on the blanking pedestal, 
while by the reduction of the setting of 
the sync amplitude control, it is usually 
possible to operate from the synchroniz
ing pulse of this signal.

The intensity and focus control settings 
should also be given some consideration. 
Detail may be lost if the intensity is set 
at such a level that fine focus cannot be 
obtained. Sometimes in extreme cases it 
is possible to introduce intentional de- 
focusing of the indicating spot on one 
axis to bring out detail which might 
otherwise be lost along the other axis. 
Operating cathode-ray tubes at the lowest 
practicable intensity level also minimizes 
the likelihood of spurious excitation of 
the screen from stray electrons. This is 
particularly important where high-voltage 
tubes are used, since it is practically im 
possible to eliminate secondary emission 
from some of the elements of the tube 
which might intercept primary electrons. 
This situation frequently can be improved 
by adjustment of spot position or ampli
tude to avoid reflections from deflection 
plates or walls of the tube.

End o f Part 1
Part 2 of Dr. Christaldi’s article will appear

in the next issue of the Oscillographer.
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UHF Measurements with the
Cathode-ray Oscillograph

Among the difficulties that arise in 
ultra-high-frequency work (475 to 890 
megacycles) is that of measuring rela
tively small differences in frequency. Ac
curately calibrated signal generators in 
the U H F band are costly and have physi
cal limitations, such as backlash, which 
hinder measurement.

With the use of the Du Mont Type 
304-H Cathode-ray Oscillograph, how
ever, a handy and more accurate method 
of measuring these small frequency dif
ferences has been devised, without the 
use of a finely calibrated, expensive sig
nal generator. Measurements of band- 
widths and the relative location of peaks 
and notches may be made easily and ac
curately with this method.

Using the arrangement shown in Fig
ure 1, the U H F bandwidth of a passive 
single-tuned circuit can be accurately 
measured with the following instruments: 
a Du Mont Type 304-H Cathode-ray Os
cillograph, a wobbulator, a detector, and a 
video signal generator. Impedance-match
ing, 10-db, 50-ohm isolating pads are 
incorporated at the input and the output 
of the test circuit.

The principal marker frequency and a 
video frequency of half the bandwidth of 
the circuit are injected into the detector,

an 1N21A, where they are mixed, the 
video frequency modulating the principal 
frequency. The sum and difference fre
quencies of the modulation result in two 
sideband markers appearing on the cath- 
ode-ray screen. (Linearity is assured by 
operating the detector crystal at a high 
point on its response curve, which may 
be checked by comparing the output with 
known attenuation.) Adjust the signal 
generator until the principal marker ap
pears at the apex of the frequency re
sponse curve; then, by means of the video 
signal generator, position the two side
band markers at the half power points on 
the response curve. The two sideband 
markers will move simultaneously up and 
down the curve as the latter adjustment 
is made, thus facilitating positioning. ( See 
Figure 2.)

After the necessary adjustments have 
been made, the figure for half the band
width may be read directly from the video 
signal generator. If desired, the operating 
Q may also be determined from the re
lation:

^  BWjjdb
where, fo is the center frequency, as shown 
by the principal marker, and BW,3db is the 
half power bandwidth, shown by either of 
the sideband markers.

Figure 1. Block dia
gram showing simple 
method of measuring 
small UHF differences 
with the D u M o n t  
Type 304-H Cathode- 

ray Oscillograph
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(a ) (b )
Figure 2. (a )  Oscillogram showing pattern with markers to measure bandwidth of a
passive single-tuned circuit, (b ) Oscillogram showing bandwidth measurement of

double-tuned circuit.

The advantage of the described method 
is shown clearly in the formula. If the 
signal generator calibration alone were 
relied upon for readings, the formula 
could be expressed:

fo ±  %  error 
fi ±  % error — f2 ±  % error

whereas, in the described method the per
centage of error is lessened, as shown in 
the following equation:

^ __ fo ±  %  error
^  “  BW  ±  % error

Thus far, only a single-tuned circuit 
has been discussed; however, double-tuned 
circuits may be calibrated with identical 
accuracy and ease. This is shown in F ig
ure 3 with the sideband markers set at 
the two peaks of the frequency response 
curve to measure peak-to-peak bandwidth.

Ideally, the output of the wobbulator 
used for test should be constant over the 
band of measurement. Actually, tilts as 
great as 10 percent from center frequency 
to half bandwidth will produce less than 
three percent error if care is taken to set 
the sideband markers symmetrically on 
the distorted response.

One application of this method of 
bandwidth measurement is in television 
transmitter testing, where one sideband 
is limited strictly by the Federal Com
munications Commission, yet cannot be 
filtered out less than 1.25 megacycles from 
the carrier frequency without "smear” ap
pearing on the picture. This critical ad
justment can be made speedily and ac
curately with the described method. The 
method also is advantageous in circuit 
development work, and will probably as
sume greater importance as electronic de
velopment in the U H F band progresses.

—  A. E. H ylas, Engineer —  
Research D ivision,

A llen B. D u  M ont Laboratories, Inc.

Oscillographer Binders
For the benefit of those who desire 

a permanent file for back issues of the 
Oscillographer, the Instrument Division 
makes available a sturdy three-ring binder. 
Finished in durable, green leatherette and 
stamped in gold, this binder provides an 
attractive and convenient file for this 
publication. The binder may be obtained 
from the Instrument Division at the ad
dress given on page 2. Price, $0.75.
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Dr. P. S. Christaldi

PROMOTIONS
('Continued from Page 2)

Manager of the Instrument D iv is io n , 
which position he has held until his re
cent promotion.

Dr. Christaldi was g ra d u a te d  from 
Rensselaer Polytechnic Institute in 1935 
with the degree of Electrical Engineer 
and returned as a graduate fellow in 
physics, specializing in wave-guide com
munications. He received the degree of 
Dr. of Philosophy from Rensselaer in 
1938. He is a member of Sigma Xi, and 
a Fellow of the Radio Club of America 
and of the Institute of Radio Engineers.

Mr. Mezger joined Du Mont as a de
velopment engineer in 1936 after graduat
ing that year from Rensselaer Polytechnic 
Institute as an Electrical Engineer. From 
1936 to 1939, he was actively engaged 
in the development of cathode-ray instru
ments. He was Technical Sales Manager 
from 1939 until 1941 when he went on 
active duty with the Navy. From 1941 
until 1944, Mr. Mezger was assigned to 
in s tru m e n t  development work at the 
David Taylor Model Basin, Washington, 
D. C., and from 1944 until 1945 was ac
tive in the design of naval radar equip
ment. In 1945, Mr. Mezger left the Naval

G. Robert Mezger

Research Laboratory as Commander to 
return to Du Mont. He is a member of 
the IRE and the American Institute of 
Electrical Engineers.

Since 1947, Mr. Mezger has been Sales 
Manager for the Instrument Division. His 
thorough technical background, and pro
found knowledge of the market for elec
tronic instruments make him ideally suited 
for this new position.

Mr. Nichols has been with the Du 
Mont Instrument Division since 1946 as 
a Technical Sales Engineer, and later as 
Assistant Technical Sales Manager. From 
1942 to 1945 he served in the Navy, con
centrating on radar work at Harvard Uni
versity and at Pearl Harbor, and now holds 
the rank of Lieutenant in the Naval Re
serve. He holds his electrical engineering 
degree from the Newark College of En
gineering in New Jersey. Prior to his 
naval service, he was employed by the 
Meter Division of the Consolidated Edi
son Company, New York, and the Test 
Department of the General Electric Com
pany, Bloomfield, New Jersey.

William G. Fockler has been employed 
at the Allen B. Du Mont Laboratories, 
Inc., since receiving his BSEE degree from 
the University of W est Virginia in 1945.
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Starting as a Junior Engineer, Mr. Fock- 
ler rose to the position of Senior Engineer 
in the Development Section of the Instru
ment Division, where he was responsible 
for the design of general purpose cathode- 
ray oscillographs and cathode-ray indi
cators employing high voltages. During 
the past eighteen months Mr. Fockler, as 
head of the Development Section, has 
been responsible for the design of the 
commercial line of instruments and ac
cessories. He is an associate member of 
the IRE and the AIEE.

Melvin B. Kline joined the engineering 
staff of the Allen B. Du Mont Labora
tories, Inc., early in 1941 and has been 
associated primarily with the development 
and design of cathode-ray oscillographs 
and related equipment. During World 
W ar II he worked on loran and radar 
indicators. After working hours during 
this period, he also served at Du Mont’s 
New York Television Station, W ABD, 
as Video Control and Master Control En
gineer. For the past several years, Mr. 
Kline has been head of the Special Pro
jects Section of the Instrument Engineer
ing Department responsible for the engi
neering of government projects as well as 
special instruments for commercial use.

Emil G. Nichols

Mr. Kline received his B. S. degree in 
physics from the College of the City of 
New York and has done graduate work 
at Columbia University, the Polytechnic 
Institute of Brooklyn, and the Stevens 
Institute of Technology. He is a senior 
member of the IRE.

William G. Fockler
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The New Du Mont Type 304-HR 
Cathode-ray Oscillograph

The new Du Mont Type 304-HR Cathode-ray Oscillograph, rack-mountable version of
the Type 304-H

In response to many requests, the In
strument Division of the Allen B. Du 
Mont Laboratories, Inc., has adapted the 
widely used general-purpose oscillograph, 
the Du Mont Type 304-H, for mounting 
in a standard 19-inch relay-rack. The re
packaged instrument, designated the Du 
Mont Type 304-HR Cathode-ray Oscillo
graph, is identical electrically to its noted 
counterpart, having high-gain d-c and a-c 
amplification, a wide range of driven and 
recurrent sweeps, as well as all the other 
features that have made the Type 304-H 
the most popular oscillograph ever de
signed. As far as is practical, the panel- 
control layout of the Type 304-HR is 
similar to the Type 304-H.

The new instrument m e a su re s  834 
inches high and 19V^ inches deep, and 
comes complete with dust cover.

High-gain, directly coupled signal am
plifiers extend the range of application 
to include low frequency phenomena. If 
a-c coupling is desired, signals may be 
applied through an internal coupling ca
pacitor. The Y-axis frequency response 
is down no more than 10% from 0 to
100.000 cps, and no more than 50% at
300.000 cps. Driven and recurrent sweeps, 
variable continuously from 2 to 30,000 
cps, are expandable up to 6 times full
screen diameter with complete position
ing. Sensitivity is 0.028 volt peak-to-peak 
per inch through the Y-axis amplifier.

For further details, see the catalog, "Du 
Mont Cathode-ray Equipment,’’ or the 
article on the Type 304-H by M. Maron 
in TH E OSCILLOGRAPHER, Vol. 11, 
No. 4, Oct.-Dec., 1949).

Cat. N o .  
1567-E

1570-E
1571-E
1572-E

1575-E
1576-E

T y p e  N o .  
3 04-H R

3 04-H R
3 04-H R
3 04-H R

3 04-H R
304-H R

C athode-ray O scillograp h  fo r  115 vo lts, 50-60 cycles, w ith 5C P1-A  
C athode-ray T u be.

Sam e as above, w ith 5C P 7-A  C ath ode-ray  T u be.
Sam e as above, w ith 5C P 11-A  C ath ode-ray T u be.
C athode-ray O scillograph for 2 3 0  v o lts, 50-60  cycles, with S C P 1 -A  

C athode-ray T u b e .
Sam e as above, w ith 5C P 7-A  C ath ode-ray Tube.
Sam e as above, w ith 5C P 11-A  C ath ode-ray T u be.

19



THE DU MONT TYPE 303-A
A New Quantitative 10-Megacycle Oscillograph

Figure 1. The new Du Mont Type 
303-A Cathode-ray Oscillograph

The new Du Mont Type 303-A is a 
wide-band, high-gain oscillograph specifi
cally designed for the study of pulses and 
other high-speed phenomena. In addition 
to the conventional qualitative analysis, 
the new Type 303-A is equipped with 
circuits for the precise quantitative meas
urement of both time and amplitude.

Nominal bandwidth of the new Type 
303-A is 10 megacycles, with a transient 
response of 0.033 ^second. Owing to the 
gradual fall-off of the Y-axis frequency 
response characteristic, signals as high in 
frequency as 20 megacycles or more may 
be usefully displayed.

Linear sweeps of the Type 303-A have 
been carefully selected to complement the 
capabilities of the wideband vertical am
plifier. Sweep durations are variable from 
0.1 second to 2 /^seconds. All sweeps 
may be expanded up to 6 time full-screen 
diameter, with full positioning available 
over the entire range. With expansion 
maximum sweep speed is 10 inches per 
/^second (25.4 cm /^sec). Sweep speeds 
considerably in excess of this speed may 
be obtained at some sacrifice in position
ing and linearity; however time measure
ments may still be accurately made since 
calibration is accomplished by signal sub
stitution.

Internal circuits provide square-wave 
voltage standards of 0.1, 1.0, 10, and 100 
volts with an accuracy of better than

± 5 % ,  for amplitude calibration, and 
sinusoidal timing markers of 0.1, 1, 10, 
and 100 ^seconds, at an accuracy of bet
ter than ± 3 % .

A truly useful display of low-level 
pulses is assured, since the deflection fac
tor of the vertical amplifier is 0.1 peak- 
to-peak volt per inch with 1.5 inch of 
undistorted vertical deflection for unidi
rectional signals is available and 3 inches 
for symmetrical signals.

An illuminated calibrated scale is pro
vided as standard equipment with the 
Type 303-A, together with a filter of a 
color appropriate for the screen type sup
plied with the individual instrument. Il
lumination of the scale is variable by 
means of a convenient front-panel con
trol. Also supplied as standard equipment 
is a Du Mont Type 2592-52 shielded 
coaxial adaptor with 52-ohm termination 
for connection of the input signal to the 
oscillograph by means of a coaxial cable.

Additional information on the new 
Type 303-A may be obtained by writing 
to the Instrument Division at the address 
on page 2.

Figure 2. Multiple exposure photo
graphed from screen of Type 303-A 
shows 0.8 /xsec. pulse with rise 
time of 0.02 /usee, displayed on 2 
in.//usec. sweep. Note absence of 
overshoot. Sinusoidal wave train 
below pulse is 0.1 us timing signal. 
Sensitivity of instrument has been 
adjusted to 5 volts per inch, as in
dicated by internally supplied 10- 
volt amplitude calibration signal. 
Note the 1.5 inch of undistorted 
vertical deflection, and the clarity 
with which the illuminated cali
brated scale is recorded


