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ABSTRACT

This thesis deseribes the design and development of an oscillow
graph for use in a high volbtage impulse testing system., The oscillow
graph differs from the conventional low voltage type in that no
amplification of the signal is requived, Wherever possible;, the pros
and cons of several designs are discussed and the seleched design is
presented in detail. The final overall design consists of bhree
five inch cathode-ray tubes., A separate time-base generator which
hag a sweep spesd from 1 to 250 microseconds is provided for each
tube. These thres channels are supplied by common power supplies,

The vertical and horisonbtal scale calibrations are obbained from o
separabe calibration power supply and a marker generator respectively.
A short introduction is included in which are discussed the fundamentals

of impulse testing.




PREFACE

The subject of this thesis is the design of an oscillograph
to be used in a high voliage impulse testing system. Chapter I,
the introduction, is included to provide a background on impulse
testing., Chapter II describes a proposed system to trigger the
oscillograph tine-base in synchronism with the tripping of the impulse
generator. In the third chapter, the design of the oscillograph is
discussed in detail., The marker generator and power supplies are
presented in the fourth and fiftﬁrghapters respectively. The power
supplies ar: generally much heavier than would be used in commercial
equipment; this was merely a matter of economy and convenience in
using existing.available components. Since the final installrtion will
not be portable, weight is of Little conseguence. In chapter VI warious
oselliograms are presented which simulate the waveforms generated by an
impulse generator, The manufacturer's dats on Sthe cabhode~ray tube used
ir the oscillograph is given in appendix &, Appendix B describes the
postdeflection acceleration principle and appendix G describes the use
of guartz crystals in oscillator circuits. The finsl appendix, D, gives
a partial snalysis o the sweep circuit and also includes oscillograms of
the sweep and unblanking pulze voltages.

The author wishes to acknowledge the assistance of Prcfessor
do Fo . MeMath in the design of this oscillegraph. Appreciation is
also extended to the University of Hanitoba for its financial assis-

tance in this project.
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CHAPTER I
INTRODUCTION
1,1 HISTORY

:This oscillograph was designed for use in conjunction with a
high voltage impulse generator in the Fetherstonhaugh High Voltage
laboratory at the University of Manitoba. Conmstruction of the impulse
generator commenced in 1959 and was still in progress at the time of
this writing., The designed generator consisted »f twenty-four stages
with sach stage being charged to 100 kv thus theoretically generating
an impulse'of 29&05 kv, The initial objective however, was the
completion of twelve stages. The impulse generated by these twelve
stages is estimated to be 1,000 kv allowing for the loss in amplitude
caused by the inherent wave shaping resistors.

Impulse voltags tests are very important in the investigation
of the electrical stremgth of electrical apparatus, especially power
equipment such as transformers. The tests are.designed ﬁo'siﬁulaée :
lipghtning surges which .mway arise on transmission lines or associatod

equipment.

1.2 JHPULSE VOLTAGE TESTIKG SYSTEH

Very briefly, the high voltage impulse testing system consists
of an impulse generator, a voltage divider, a high-speed oscillograph,
a test object and triggering circuits, The voltage divider is reguired

to produce a low voltage réplié& of the impulse waveform to be applied



to the vertical deflection system of the oscillograph, This voltage
divider must have a high frequency response so as to reproduce the
impulse waveform without an undue amount of distortion, The oscillo-
graph, a definite requiremgnt in any impglse testing system, méh@&»
possible the permanent accurate recording of the transient response
of the test object to the impulse waveform. The low volfage waveform
obtained from the Valt@be alvldcr (uaaally of the order of a few
ﬁu@dred or thousand %elﬁs) is delive?éd to thé oscillograph by means
éf a>length of co-uxial éablec Unless this cable is essentially
&osgl@ssbaﬁd’is'prépérlybﬁermiﬁéiedg errors will cceur in bthe réCO?ding
of the waveform due to‘the a@tenﬁaﬁi@n of tﬁe ﬁaveform and reflections

Trem the unmatched termination. Haaally a lenﬂth of ra dlouf%emuercu

cable is used and this Limibs thm errors 3utwoduced & very small
value ab Tre qumnaas he Low §u me vhzcﬁ is sufficient for all practical

purposes. The length @f the cable sh@ul@ be no lenger than necessary,

The tri gg&rlmg c;rcu;tu wﬁlch are &@QE&?@@ %0 b?lp tnw i puia@ generator

&
2]
s
&

tart the Limecbgse of the eacillo *ﬂph w11; bm dlscasqed in
chapter 11, 4 blmak diagram which ah@ws th@ g@nef&l layout of ths

system is shown inm figure 1.1,

i.3 bmAEDARJ JMPULSE WAYRFORMS

The stcrfaf& impulse waveform used for all testing in North
Mmerica is a 1.5z40 microsecond full wave, The geéneral shape of the
wave is shown in figure 1,2.° Tﬁevactual polarity of the waveform

generated by the impulse generator is usually ne gative, liowever, schne




authors present the oscillogram in such a manner as to have a positive
waveform, This may be acconplished by comnecting the signal-ecarrying-
lead to thé oscillograph vertical deflection plates so that a positive
signal deflects the beam downward and vice versa, The waveform rises
to peak valuve in 1.5 usec and decays to half-peak-value in 40 usec.

The other standard impulse waveform commonly used in North America is
the previous 1.5xL0 usec waveform which has been "chopped" to zero
value near the crest of the waveform, This second waveform is commonly

called a "chopped wave',

100%
90%

!
!
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|
|
|
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!
|
)
!

Lime

tl = 105(x2wxl} = 1.5 uszec
t2 = 40 usec

FIGUKE 1.2

STANDARD 15240 WAVEFORM
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1.4 TRANSFORHER IMPULSE TESTING

The procedure for the testing of power transformers is presented
briefly so as to indicate the general runge of sweep speeds required
in the désign of the oscillograph.

The following describes the basic impulse test for transiormers;
a series of impulses consisting of a reduced full wave, two "chopped"
waves, and a full wave are applied in succession to each accessible
terminal of each winding with the other terminal usually grounded,

The response of a transformer whose windings are known to be sound
is obbained with the reduced full wave. The "chopped" waves are
meant to stress the windings with & rapidly changing voltage and the
full wave i8 intended to detect any failures cansed by the previocus
"chopped! waves.

Oscillograms of the voltage across the transformer winding
form one method of fallure detection, This method,; however, falls
when only a small percentage of the winding is damaged by the iwmpulse,
Yhen a small percentage éf the transformer coil fails, a current
oscillogram, detects the failure much better than a voltage oscillogram,
There are maﬁy methods of cbtaining current oscilleograms; however,
only the neutral current methed will be described. sn explanation of
the neutral current method will serve to illustrate the requirements
of the sweep generator of the cvscillograph,

The arrangement for cbitaining current oscillograms by the
neutral current mebhed is showm in figure 1.3, VWhen an imnulse is

applied to ome terminal of a transformer, it travels through the coil




end the shape of the impulse is altered as it travels along the coll.
Small oscillatory circuits composed of a few burns of wire and their
stray capacitances are excited near the terminal where the impulse
wavefront is steepest. These oscillations, plus any "noise" on the
wavefront, travel through the series capacitance to appear at the
shunt resistor as é burst of "hash", a few microseconds in duration,
at, the beginning of the current oscillogram. The series capacitance
between windings is shown in the equivalent circuit of a single phase
translormer of figure 1.4, The burst of "hash” is followed by a
peried of low frequency disturbances lasting about 60 microseconds
which are caused by the mubual inductance betweenAﬁhe last few turns
and the resi of the winding. The slowest disturbancé.is caused by
the build-up and decsy of flux in the megnetic circult dnd it may
last several hundred microssconds, The last component of peutral
current is caussd by the rise in current occuring each time that the
voltame wave is reflected from the grounded end. The four components
of the peutral current are; high-frequency oscillation, low-frequency
disturbsnces, inductive current, and reflections. It is obvious

that diffsrent sweep speeds are pecessary for the neutral current
test; a fast sweep for the high-freguency indicaticn and a slower

aweep for the inductive=current indication.
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CHAPTER I1

PROPOSED TRIGGHRING SYSTFM

2.1 INTRODUCTION

This chapter describes the tripping of the impulse generator
in synchronism with the triggering of the time-base of the oscillograph.,
The triggering system was not designed in detail however, a description

of a posaitkle method is presented,

2.2 TRIGGERING METHODS

It is always advantageous to have the time-base of the oscillo-
graph start just previecus to the arrival of the impulse to the vertical
deflection plates. The two recognized methiods of achieving this
control are designated as "controlled" and "uncontrolled" generator
tripping. In the former method, the oscilligraph tinme-base is triggered
first and this causes a pulse to be applied to the first gep of the
generator, A short delay is introduced between the initiéiion of the
time-base and the application of the pulse to the generator gap. This
enables the initial changes in the impulse wave to be clearly recorded
gince the sweep has traversed a small part of the screen before the
arrival of the impulse, In the latter method, the impulse generatoer
igs tripped first and the oscilliograph time=base is initiated by means
of a pick-up zerial from the electrical disturbance so produced. In
he time-base sbart before the arrival of the impulse;

§ co-azial cable is inbroduced bebwesen the escillograph and




9
the test object. This cable acts to dslay the iupulse to the deflection
plates,

The simplest method of tripping the impulse generator consists
of setting the lowest spark-gap to flash over at a predetermined
charging voltage. The stages are then charged until this flash-over
occurs., The disadvantages of this scheme are that the accuracy of the
charging voltage is subject to the vagaries of the first spark gap,
and that the instant of the discharge is not accurately predictablelo

An electrical tripping system overcomes the disadvantages of
the preceding tripping method, This method employs a three-electrode
gap as the Tirst spark gap. The center electrode is grounded through
a large resistance and the charging voltage is applied between the
twe ouber electrodes which are adjusted to withstand this voltage by
a small Qéziggés. The discharge is effected by a pulse applied to the

central electrode.

2.3 PROPOSED TRIGGERING SYSTEM

The block diagram of the suggested system is shown in figore 2.1,
It is suggested that two variable delay circuits be used to provide
the required delay rather than either of the two preceding methods,

In this proposed system, the impulse gensrator is manually tripped by

“F. 5. Bdwards, A. S. Husbands, and F. R, Perry. "The Develop-
rent and Design of High-Voltage Impulse Generators”, The Proceedings
of the Institution of Blectrical Engineers, val, 98, part 1, May 1951,
P. 155,
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FIGURE 2,1

PROPOSED TRIGGERING SYSTEM




a push button. This push butben circuitry generates a positive pulse
which is fed into two variable delay circuits. The output of one

delay triggers the time-base directly while the output from the second
delay is used as a basis for generating a high voltage pulse to tripger
the impulse generator. Vith this method it would be possible to prodace
any desired delay between the start of the time<base and the impulse
waveforin, This is particulsarly advantageous when dealing with transients
of varicus durations., i stendard 1.5x40 usec full wave would require

2 delay of obout 1.usec between the start of the sweep and the wave-
Torm whereas a ”chépped" waveform would require a delay of approximately
0.2 vsec, In this pariicular application a fixed delay would prove a
definibe disadvantage, One method of obtaining a variable time delay

is with the use of a tayped delay line; VWith the tapped delay line it

£

¢ obtain a nwaber of different fiwed delays. -~ Gontinuously

ot

is possible
variable delay may be obtained with either a phantastron type of

cirewlt Oor o moncostable multivibrator. By using two variable delays

is possible o generabe a short as well as a long delay thus increasing

sysbem over the system with a fixed

A much improved versicn of the three-electrede gap method of

e

tripping the impulse generator is

(’)

alled the "Trigatron™ ., Figure 2,2
ililustrabes & "Trigatron® gep. The high velbtage electrode ig a sphere

apd the prounded hemisphere has & hole cub inm it inbo which projects a

o o sk, High Volbage Laborabéry Teehn imue
{london: Bubterworths Sclentific Publications, 1354) pp. 147 and 180,
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metal red. A glass tube is fithted over the rod electrode and is
surrounded by a metal foil which is connected to the grounded hemi-
sphere, A trigger pulse is applied to the rod electrode, causing the
main gap to break down at a voltage apprecisbly lower than thud required
to cause its break-down in the absence of the tripping pulse. The
function of the glass tube is to pramote cerona discharge round the rod
as this causes photoionization in the annular gap and the main gap

and consequently facilitates their rapid breaic-down., The "Trigatron®

gap is suggested as the best means of tripping the impulse generator.

grounded electrode

10 cm diam, = ,
N e TH

stasl rod

r~¥t;¥;“wﬁ//r~

i P e e—
~~-£ tripping
pulse

<— insulation

/ \_ mg(‘
/ S —

s

Sl gl voLbage
electrode

glass tube and grounded barnd
FIGURE 2.2

TRIGGERED GAP ASSEMBLY



A minimum trigger pulse of 5 kv is required by the "Trigatron"
to successfuily trip the lmpulse generator. A& suggested method of
generating this pulsé from the low voltuge output pulse of the delay
cireuit is shown in figure 2.3. The low voltage pulse from the delay
cireuit is fed inbe a pretriggering or coupling stage which generates
a positive 300 volt pulse, This stage is identical in operation to
the sweep triggering circuit shown in figure 3.5. The 300 volt pulse
is used Lo trigger the 5022 hydrogen thyratron. This thyratron
generates & positive 8 kv pulse across a 50 ohm resistor with o duration
of 5 usec and is fed to the trigger electrode of the "Trigatron', The
diode prevents the 8 kv pulse at the grid of the 5022 from being fed

back ints the conbrol circuitbs,

3
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GHAPTER IIX

GENERAL OSCILLOGRAPH CIRCUITRY

3.1 INTRODUCTION

This chapter describes the circuits which are directly
asgsoclated withthe oscillograph such as; the time-base, unblanking
pulse, positioning, and cathode-ray tube potential divider circuits,
The general operation of the oscillograph is shown with the aid of

the block diagram of figure 3.1,

3.2 'THE CATHODE-RAY TUBE

A Dulont type K-1068 cathcde-ray tube, which was designed for
high writing speeds, was chosen as the basis for this oscillograph.
The manufacturer's tube data is given in Appendisz A and the post--

deflection acceleration principle is described in detail in Appendix B,

3.3 CATHODE-RAY TUBE POTENTIAL DIVIDER

This potential divider supplies the accelerating potential to
the second ancde as well as pobentials for the focus and bias
electrodes. The civcult was designed to s&tisfy the tube manufacturer’s
requirenents (see Appendix A). The 3,000 volt acgele:ating potential
between the second anode and the cathode is larger than the recommended
desipgn value (2,000 volss) however, it is still below the maximum
allowable value (3,500 volts), The schematic circuit diagram of this

divider is shown in figure 3,2, The tube V?9 (6AL5) forms a clamping
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gireuit which limits the positive potential of the control grid

with respsct to the cathode to zero volts dec., Without this

protection, an unblanking pulse, whose magnitude is larger than the
bias level set with the intensity adjustment Pzﬁ would drive the grid
positive, Severe burning of the cathode-ray tube screen resulis

when the tube is operated with the control grid at a potential above

that of the cathode, The resistor Rh acts as a dropping resistor

wihich reduces the =4,000 volt potential to =3,150 veolts. It should
be nobed that the transformer T33 must be insulated toc operate at

1

4,000 volts de,

3.4 DEFIECTION PIATE CIRCUITEY

The general circuvitry aessceclated with the deflection plates
is shown in figures 3.3 and 3.4. This includes the vertical and
horizontal positioning potentials, a vertical signal abttenuator,
and swiﬁching arrangements,

Balsmeed horizontsl positioning pobentials are required in

order to keep the average petential betwsen the deflection plates
cslose to zero, These sgusl bub opposite horizontal positioning

potentials are applied to the horizontal deflection plates Irom the

wiper arms of the tandem potentliometer, Pl° Fer vertical deflsction,

cne plate is of necessity grounded because the Lransient to be dis-
plaved is gensrabed with respect to ground potential. The veritlcal
o

positioning petential is obtained from the potentiometer Pgo The

resistors R, im figure 3.3 are placed as close to the deflection plates
P



as possible in order to damp oub ény high frequency oscillations which
may cccur due to the tuned circuit formed by shunt capacitance and
lead inductance,

A beam position indicater is a valuable comporent in any
oscillograph., One possible method of obtaining such an indicator is
with the use of a simple high inpedance vacuum tube voltmeter circultb,
The potential at the wiper arm of the positioning potentiometer is
measured with this meter and the scale calibrated to read the beam
position rather than the pobential of ihe wiper arm., The one disad-

vantage of this scheme is that the meter scale calibration is true for
ge ¢
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only a fixed value of intensifier voltage since the deflection sensitivity

is dependent on the pest-deflection acceleration pobential to 2
certain degree, This indicabtor is left as a valuable suggestion which
should be included if, in practice, the tube is operated with one
fixed value of intensifier volitage.

The vertical atbenuator was designed to match a 75 ohn co-axial
cable which transmits the signal from the voltage divider to the
oscillograph. In figure 3.4, 310 - 100% of %the inpub signal,in ten

is mede available by the atienuator which provides

percent sheps

the oscillograph with a 75 ohm input impedance thus matching the

‘cable to the oscillograph, This atbenuator should be placed as close

a8 possible to the deflection plates so as to minimize the shunt

capacitance between the wiring akd the ground point,
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3.5 SWEEP CIRCUIT

(A) REQUIREMENTS

When examining or recording single transients

; 1t is desirable

to have the time-base deflection occur only when a transient si ignal

appears at the vertical deflection system,

the tendency of a continuous base line to obscure the

A linear time-base

sipgnal can be recorded on

This single sweep reduces
desired display.
is no% essential provided that a calibration

2 subssquent trace, It must be azsumed

that the sweep speed remains constant from trace %o trace for this

method ol calibration to have any meaning,

n linearity over the &
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is a rising exponential, the magnitude should be about 3,000 volts
in order to satisfy the low deflection sensitivity requirements and
to keep the sweep as linear as possible,

A push-pull deflection system is prefersble in high quality
recording in order to keep the average potential between the horizontal
deflection plates as close to zero as possible, If this potential
is not gZero, severe astigmatism will result.,

The sweep Speeds required, range from approximately 1 usec
to 250 usec for a 5 inch sereen,

In the photography of transient phenomena, some form of beam
brightening or beam control is required so that the slectron beam is
on only for the duration of the transient or some other time which
can be predetermined, This beam control prevents the confusion pro-
duced by a visible return tracs of the beam and is essential to avoid
film fogging. To implement this beam conbrol, the sweep circuit should

provide a pulse that can be used to generate an unblanking pulse,

(B) SWEEP CIRCUIT

The schematic diagram of the sweep eircuitz is shown in figure 3.5,
When using a push-pull type of deflsction, each sweep waveform must be
in the order of 1,500 volts in order to keep the time-base as linear as

possible, This requirement, and the fact that at the highest pessible

T

‘2}{9 A, Prime and P, Ravenhill, op. cit.
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sweep speeds, peak currents of more than one ampere are required to
charge the stray capacitances associated with the deflecting plates to
1,500 volts in the requisite time, can be met more readily by a
thyratron circuit than by a vacuum-tube circuit, because of the higher
current rating of the gas-filled tube, other ratings being compurable.
& hydrogen thyratron (type 3CL5) was used as the time-base switching
tube because of its inherent advantages of low ionization time (8.6 usec),
the small effect of temperature variations, positive grid control
characteristi¢, and small Tiring delusy, This tube has a deionization
time of 25 usec, but this characteristic is of no consequence con-
gidering that the sweep circult is not operated Pepetitively; The peak
current rating of the 3C45 is 35 amps and the m&ximum plate volbage is

3,000 voits, A minimmm trigger pulse of 150 volts across an impedance
of 1,500 ohws is reqguired to fire the thyratron. The duration of this
pulse should not be less than 4 usec,

In the guiescent state, the capacitor Cl is charged through ng

Trom the +3 kv supply, VWhen a pesitive trigger pulse is applisd to
the grid of the thyratron, it is fired and capscitor G. discharged
through the hydrogen thyratron UQS into the two 1nﬁegrabing cércuaﬁsy
CgRj and Pgﬁ? connected across R5 and R regpectively, The push-pull
ime-base volbage weveform is taken acrosa the two capacitors C2 and
83 and is exponential. A partial amalysis of this sweep generator is
given in appendix D, Bscause of the high charging voltuge, that ia
aboub 3 kv, wnly a part of the complete exponential wave is reguired

i .

to gweep the tube, This keepz the departure from linearity below
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30 per cent, The resistors R5 and B, dischargs C2 and 03 during the

3

guiescent periocd. The ganged switching of the resistors as shown in
figure 3.5 snables the time-base speed to be varied, with the values
as indicated, over the range of 1 to 250 usec. A fraction of the
positive-going pulse generated across R5 is used to drive a cathode
followsr which provides an unblanking pelse to the control grid of
the gathode-ray tube, The megnitude of this pulse is adjusted by the
nobenhiometer Pyo

The heater of the 3CL5 is conmmected inherns 11y to the cathod@3

thus the trensformer must have an insulation rating of at least 1,500

volts. In order that the positive and negative sweep waveforn may be

Y

well belanced, bthis transformer must have a low shund capacibance to

10 .

ground, that ig, in the order of 20 pf, If a low shunt capacibance

transfor

sz 18 pob mvailable it would be possible to compensate for

this stray capacitance by adding a smell capacitor across RBO
The resistors R, and R, sre grid and plate stoppers and are

placed as close as possible to the grid and plate respectively,

3.6 SWEEP THIGGERING CIACUILT

»

The hydrogen thyﬁ&“%aﬂ nged in the sweep circuibt reguires a

windmem positive trigger volbage of 150 wolls which should have a

\

o 4 - 0 3
fast rate of rise (in the order of 3 kv/uses) in order to keep Lhe
firing deley mindmum and bo reduce jitter. The sweep triggaving
elreult shown in flgurs 3.6 generates the required positive brigper

< by S < B QN « P N I s gy o] 4 . N
irom & low voltage btriggering source and also ascts %o isolate the
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sweep circult from any pre-triggering circuitry. It provides a
low-inpedance trigger pulse Wﬁich has a rate of rise of approximatély‘
6 kv/usec, an amplitude of 300 volts and a duration of about 5 usec, A
low voltage positive irigger of about 10 volts is applied to the
eireuit through Cly triggering the shield grid thyratron, V27 (2p21),
The negative bias controls the amplitude of this positive triggéf‘fj
voltage. In the quiescent state, the capacitor 03 is chargsd_to
+300 volts through the resistor RL from the 300 Vo'ltisu;.)ply° Yhen the
tube is fired, 03 is discharged through the tube and fﬁé'?ésistor RBQ
A positive pulse with a magnitude of 300 volts and a time constant e
of approximately RBCB is taken across RB and applied to the piate of
Voqs This positive pulse is passed through Vog (6AUL) te the grid
ef the hydrogen thyratron V25 (3C45) in the sweep circuit. When V25
Tires, the grid attains a potential of nearly 1,500 volts;thus the
dioéeg Vggg should have a peak inverse volitage rating of approximately
this figure. s the cathode of VZS is comnected to one side of the
heater, the filament supply requires to be insulated adequately for
the peak-cathode voltege (1,500 volts). A certain portion of the
positive pulse at the grid of V25 will be fed back through Vgg due
to the cathode to plabe capacitance (8.5 pf)., The capacitor Gg COt=
nected across the plate of Vzg shunts this pogitive pulse %o ground.
The tube Vgg {6AUL) was chosen for its peak-linverse voltage rating
as weld as for its ability to handle large peak currents. The presence
af H§ is a practice reccamended by the tube memufacturer which limits
any Ltransient scrsen current to 2 safe value, The resistor Rg acts to

C iimit the grid current which is regquired to charge the grid to cathode
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3.7 UNBLANKING PULSE GIRCUIT

As stated previocusly in section 3.5A, it is desirable that the
current in the electron beam of the cathode-ray tube have a maximum
value only during the actual time of the sweep. This practice prevents
damage to the cathode-=ray tube screen as well as facilitating the
recording of high--speed single transients. This control of the electron
beam is achieved in practice by the application of a negative pulse
to the cathode or a positive pulse to the control grid, either of

whnich should have & duration egqual to that of the time sweeps, It is

sometimes convenient %o obtain such a pulse by differentiating the

time sweep voltage but such a procedure may resnlt in the early part of
the signal being lost at high sweep speeds (that is less than 1 usec)
because of the inherent time delay in the brightening pulse amplifierho
Alternately, the time sweep may be triggered from the brightening pulse
&mplifi@r5o This latter approach may have a serious disadvantage in
that an undue delay in the operation of the time-base may result in
background illumination with a corresponding reduction in overall con--
trast,

In the design of this sweep cireuit, the former method of

cbtaining & brightening or unblanking pulse was used primarily because

3Dc R, Hardy, B. Jackson, and R, Feinberg. "The Regording of High
Speed Single Stroke Electrical Transisnts", Electrenic Hngineering,
vol, 28, 1956, Jan. p.8 and Feb, p.75,

Z"Dt, R, Hardy, %A High Speed Transient Hecorder", Journal of
Scientific Instruments, vol. 29, no. 8, Aug. 1952, p. 241,

%4

o #o Prime and P, Ravephill, loc. cit,
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the fastest sweep speed of interest was 1 usec. A cathode follower,
rather than an amplifier, was us;d as the bfiéhtening pulse generalor,
The use of the cathode follower in place of the more conventional

pulse amplifier has the merit of saving approximately 60 ma since it
takes virtually no current in the quiescent condition whereas an amp-
lifier would be biased "on". The high input impedance (low input
capacitance) of the cathode follower has a negligible loading effect

on the sweep generator. The schematic circuit diagram of the unblanking
pulse generator is shown in figure 3.7.

The tube Vzé (64G5) is a triocde-connected penﬁode which features
low input and outpul capacitances and a2 relatively high &, A feaction
of the differsnbiated positive-going sweep waveform that is generated
across Ry in figure 3.5 is fed into Vg via C, in figure 3.7, The grid
leak resistor Rl is connected to a tap on the cathode resistor, RszB;
the bias voltage appearing across R2o The outpul voltage is taken ’
from the cathode of V26 and applied to the control gfid bf the cathode-~
ray tube via the blocking capacitor Cgo

In the quiescent state, the cathode-ray tube electron beum is
cut off due to the negative bias applied to the control grid by the
intensity adjustment, AL the start of the sweep, the brightening
pulse drives the control grid to zero bias thus unblanking the eleciron
beam. The duration of the brightening pulse is equal to the duration of
the sweep waveform, One oscillogram is presented in appendix D which
illustrates the rslative shape of the brightening pulse to the sweep
waveform over the duration of interest and another which shows the

overall shape of both waveforms.
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CHAPTER IV
TIME-BASE CALIBRATION

4.1 INTRODUCTION

This chapter describes the various methods of calibrating
‘an oscillograph time-base and presents the design of the chosen

method of calibration.

4.2 METHODS OF CALIBRATION

(A) INTENSITY MODULATION

Intensity modulation or bright-dark wodulation is one mebhod
of calibrating a tire-base and was considered in the desipgn of this
oscillograph., Intensity medulation consists of a anplying a ignai of
known frequency, usually a series of narrow negative pulses, to the
control grid of the cathode-ray tube, The electron beam is cub off
for the duration of the negative pulse thus producing a dark spot
on the screen of the twube, For sweep speeds in the order of a
microsecond, intensity modulation requires a short negative pulse
in the order of a willimicrosecond: Thus intensity modulation was
considersd not practical. Further, & pulse repetition frequency, in
the order of a megacycle, would be required., . certain loss of detail
in the information displayed is inherent in intensity modulation
methods, Intensity modulation, as a means of ﬁi@awbaae calibrabion
for this escillegraph, was rejected because of foregoing disadvantages,

It is most satisfactory when used on & timé-base which is nearly

linedr and is of relatively slow speed,
o @




(B) TIMING SIGNAL

The second means of calibration considered consists of a time=
base marker voltage applied directly to the vertical deflection plates.
When this method is used in the calibration of a time-base the waveform
of interest is recorded on one trace and the timing wavelorm on a subse-
quent trace., This method was chosen because of its simplicity and also
because there were really no serious disadvantages associated with its
use, apart from the fact that the timing waveform does occupy a certain
portion of the available screen area. Theoretically, any sweep speed
may be calibrated by this method while the intensity modulation method
is only appliéable for slowser sweep speeds.,

The waveshape of the calibrabing signal is immaterial provided
that its frequency is known. In high=volbage impulse testing it is
common pracbice Lo use & sinusoid as a timing waveform for the oscillo-
graph, It was decided to use a sine wave because the extra circultyry
involved to obbtain shori pulses or Ypips" to reduce the screen area

used by the marker voltage was considered not to be justified,

4.3 MARKTR GRNERATOR

(A) RBEQUIREMENTS

The reguirements of the marker generator or btime-base calibrabion
voltage generator are as follows: The deflection semsitivity of the

cathede-ray tube is about 40 volts dc per inch per kilovelt of pre-
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deflection accelerating potential; thus the output from any marker
generator must have a peak-to-peak amplitude of at least 100 volis.

The frequency range necessary is from 25 ke to 10 mc and the freq-
uencies necessary to cover this range satisfactorily areg 25 ke, 50 ke,
100 ke, 200 ke, 500 ke, X me, 2 me, 5 me, and 10 mc., It is important
that the time-base calibration be as ac.urute as possible; thus the

frequency stubility of the generator must be high,
(B) METHODS

There are many possible means of obtaining a marker voltage.
However, only two methous were seriously considered in this design.
One method =pplies the simple ringing circuit which is commonly used
as a range measﬁring circuilt in radar sets. The baasic circuit is shown
in figure L.l. The triocde tube is normally conducting with a steady
current I@ flowing through the tube and inductance, at time t}?a
negative gate is applied to the cireuit which drives the tube into
cut off and causes the tank circunit te oscillate at a frequency of
1/27AIC eyeles per second., Thecrdétically, the initial amplitude
of oscillation is 2I_{ L/C volts peak-to-pesk. If a high Q coil is
used, an output whose amplitude is fairly censtant is obiained, provided

that the gate duration is not more than ten times the pericd of oscillation,

At time t23 the negalive-gate ceases, the tube conducts, and a new
ocscillation is started but since the equivalent resistance of the
conducting lLube shunts the tank circuit, this oscillation is quickly

danped
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makes the oscillations continue with. undiminished amplitude. Although
the basic circuit is fairly simple, this method of marker voltagg
generation was rejected because of the foregoing disadvantagés°

The second marker generator considered uses a standard oscillator
as the basic circuit. The standard osciliator has a constant cutput,
requires no gating generator, and, if it is crystal controlled, then
the frequency stability is greatly improved (see appendix C). This
circuit possesses none of the disadvantages of the ringing circuitq
Various harmonics of this oscillator frequency were obtained with
frequency multiplying circults and subharmonics with sinusoidal frequency
dividing circuits. Theoretiééllyy it is possible to generate any
harmonic or subharmonic of the standard oscillator frequency., The
standard oscillator was desipgned to operate at a frequency within

the desired frequency range.

hoty SINUSOIDAL FREQUEHCY MULTIPLIERS AND DIVIDERS

(A) SINUSOQIDal, FREQUENCY MULTIPLITR

Frequency multiplying circuits were used in the marker generator
in ordsr to cbtain frequencies higher thun the standard escillator
frequency.

The two essentials of frequency multiplying are; the gemeration
of a waveform which is synchronized with the input and comtains the
desired harmonic of the input frequency and, the selection of the
desired harmonic with « filter, Harmonic generation consists of applying

a sine wave to a dévice with a nonlinear transfer function so as to
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generate a nonsinusoidal output containing harmonics of the input,
Three common harmonic generating devices are dicdes, iron-core
inductances and nonlinear amplifiers., The class C amplifier is the
most flexible and practical of the three for the present purpose,

If a pentode amplifier tube is used with a large bias and a
large grid drive, the pulse of plate current is nearly rectangular,
If I is the peak value of the assumed square pulse of current starting
at -« and ending at +eo\ and if fo is the input frequency, then the

plate current i(t) can be shown by a Fourier Analysis to be

i(t) = 2I} = + sind cos 2WE L+ ... + 5in nd cos Amf b
2% o nw ,

From the previous formula, the current of the nth harmonic is

in(t) = 2Isin net cos 2ﬁf0t
nw

The value of in(t) is maximum when sin nes = 1, thus ifet is controlled

then the maximun value of any harmonic can be generated, However, the

th

amplitude of the n”" harmonic is 2I, This indicates the difficulty

af
involved in generating large outputs of a high harmonic,

The oubtput voltage of the filter of the nth harmonic is

vn(t) = ziz?n nd»cos(zﬁfot + Arg Z(nfo)) oﬂ Z(nfo)g
Where Z(nfo) is the transfer function of the filter., The most desirable

filter is one having a large impedance at the nth harmonic and zero

impedance at all other frequencies.



This requirement can be met by any type of bandpass filter
however, the simple LU tuned circuit is the most commonly used filter;
in frequency multipliers. This LG filter is used as a load impedance
for the class C amplifier as ghown in figure 4.3, the impedance being
maximum at the nth harmonic, Figure 4.2 illustrates an idealized
parallel resonant circuit. It is assumed that the shunt resistance
R represents all the losses in the circuit, It can be shown that the

impedance of the circuit in figure 4.2 has a maximum value at the

resonant frequency, that is when
nf = £, = 2 /il

At this frequency the parallel 1C combination offers an infinite

impedance to the input and the ?esulting impedance is just equal to R,

a [
(j < R represents all losses in
— f,:: the circuit
&55 L c ‘§ l,ig Ehg indic%anca of a

- < i col
b § &
L~ 3 s
C represents the capacitance
of the capacitor forming the
; tank circuit
H L] @ O

FIGURE 4.2

IDEALIZED PARALLEL RESONANT CIRCUIT
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The amplitude of the impedance at a Ifrequency f in the neigh-

borhood of resonance is given by

4= B

fl\jl+Q2(fm=£)2
rd

r

If the only requirement of the output waveform is that it be sinusocidal,
then the resonant circuit should have & high value of Q as shown in
the above equation.

The basic multiplier circuit is shown in figure 4.3, A high
& pentode is the most sulbable tube for a frequency multiplier cirecuit,
Triocdes could be used but their higher cutoff voltage and lower plate
resistence make them less efficient as a mulbiplier tube. Since the
tube plate resistance shunts the tank circuit when the tube is conducting,
& low plate resistance; such as in a i:,riodei has an adverse effect on
the effective Q of the circuit. The tricde tube, because of its larger
cut off voitage, requires a muech larger grid drive than the pentode
tube for successful operation. The circuit in figure 4.3 requires an
inpub which is much larger than the cubt off voltage of the tube. The
bypassed cathcode resistor is included as a reans of protecting the tube
in case the grid drive fails., The screen pobential may be used as a
means of conbrolling the output amplitude especially if attenuation is
desired. The grid-leak bias is self regulating and consequently, the
bias autematically tends te adjust itself to the peak value of the grid
drive, thereby eliminating the need for a critical adjustment of the

excitabion voltage., This methed of obtaining grid bias is often used



in oscillators and r-f amplifiers,
signal inivially raises the grid to a potential which is positive with
respect to the cathode;, causing grid current to flow which charges the
coupling capacitor Cco The discharge of Cc through Rg is made very
nearly constant by making the time constant CCRg leng compared to the
perlod between the positive peaks of the input waveform, wmen,Rg is
made large, sufficlent bias will be developed so that grid currenttﬁill

flow only during the most pesitive peak of the incoming signal,

bube,

Boo
)

T,
bl
[}
Vi
I

The positive portion of the incoming

The LC ¢tank circuit is tuned to the desired harmonic of the

input signal and the output is taken from the plate of the wmulbiplier

o
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FIGURE 4.3

BASIC MULTIPLIER CIRCUIT
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(B) SINUSOIDAL FREQUENCY DIVIDIRS

Freguency dividing circuits were used in the marker generator

to generate frequencies below the standard oscillator frequency. The
freguency divider is apalogous to a multiplier in that a synchronized

waveform must be generated which is rich in the desired subharmonic,

The desired frequency must be selected from the waveform with a filter,

There are many methods of generating subharmonics of a control

frequency. However, the more practical methods consist of synchron-
ization of oscillators; the cscillator frequency being the desired
frequency and the synchronizing freguency being the centrol frequency.
There are two bypes of oscillators usedssregenerative and relaxation
oscillators. The regenerative osclllaltor has good frequency stability
but synchronization sometimes presents problems. The relaxation
ogcillator is relatively unstable in frequency but is much easier to
synchronize, A third type of divider operates regeneratively and also

inciudes medulation and frequency muelbiplying circuits,

Two types of fraguency dividers were considered in the design of

the marker generators= a synchronized relaxation oscillator and a
divider using regeneration and modulation. The bleck diagram of the

latter method is shown in figure L.l and a possible circuilt is presented

in figurs 4.5,



inpub

| modulator |2L=f/n filter f/n
£/n
4 £(n-1)
n
' 7
frequency
multiplier 7

FIGURE 4.4

BLOCK DIAGRAM OF A FREQUENCY DIVIDER

output
amplifier

In figure 4.5, the control frequency £ is fed inbto the first

{.
grid of the modulator tuwbe whose plate is connected 4o the Llcl tuned

cireuit which is tuned to £/n.

It is assumed that a frequency £/n

exists at the output of L1C1° This signal is applied to the oubput

amplifier and also to the grid of the freguency mulbiplying generator.

his harmonic generator mulbiplies the input frequency f/n by n-1 thus

producing en cutput £-f/n. This frequency, seleated by the LbCZ tuned

circeuit, is impressed on the third grid of the modulator tube through

030 In the modulator tube,. intermodulation between this component and

the eriginal input frequency
that is 2f-f/n and £/n. The

which was azsumed to exisi.

sustaining,

This circuit, cnce sbarted, is self-

Pilter Llcl selects the latter frequency,

| output

f/n

preduces the sun and difference frequencies,
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FIGURE 4.5

FREQUENGY DIVIDING CIRCUIT
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The second typé 6f frequency divider considered .consists of a
synchronizéd relaxation oscillutor, The type of relaxation oscillator
considered was an astable multivibrator as shown in figure L.6, The
synchronizing signal is applied to the grid of the first tube and the
output taken from the plute of the second tube., The output from an
astable multivibrator is basically 4 square wave which contains very
small amounts of even harmonic:e;° It is‘é:ite a simple matter to select
the fundamental frequency of the‘multivibrator output with a filter,
The filter considered was a class C amplifier; The multivibrator output
is used as the grid drive and the tank circuit tuned to select the
fundamental of the grid excitation.

There are certain disadvantages to the use of relaxation oscil-
lators as a method of frequency division, Relaxation oscillators are
limited to aboﬁt 1 me at_which frequency they are difficuit to syn-
chronlze, They continue to give an oubtput in the absence of all 8yn=
chronization, If téo large a division is attempted in one step, then
the oscillator may get out of synchronism due to tube ageing and
changes in supply ¥oltages and parameter valué$° The only disadvantage
of the first type of divider described is its ?eiative complexity. One
very good characteristic of the first type is,that in the absence of
a synchroenizing signal, the output ceases, |

The relaxation @acil%atOP type of:divider was chosen chiefly
becaunse of its simplicity, The division was kept to a factor of two;
thus there was no danger of the oscillator gettinghout of synchronism,
The frequencies féquired from the dividers ware bélo% 100 k¢, Thus no

difficulty was encountered in the multivibrator design., The only remaining



L5
disadvantage was the fact that there might be an output even in the
absence of the synohronizing signal. However, in this application,

this fact is really not a disadvantage because if the synchronizing

signal is not available to the divider then the oscillatbr frequency

is also wmavailable as a marker waveform,
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FIGURE 4.6

RELAXATION OSCILLATOR FREQUENCY DIVIDER

Lo DESCRIPTICON OF THE DESIGNED MARKER GENERATOR

The block diagram of the marler generator is shown in figure 4,7,

The 100 ke erystal contvolled oscillator drives a frequency doubler

and a frequency quinbupler, thus generating the required freguencies

100 ke, 200 ke, and 500 ke, The 100 ke escillater also
produces the syachronizing signal for the 50 ke astable multivibrator,

oy
-

his mulbivibrator drives an amplifier which is tuned to 50 k¢ in order



PIGURE 4.7

BLOCK DIAGRaM OF MARKER GENERATOR
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to obtain the sinusol

1 50 ke oubput. This output is used as a

syachronizing signal for the 25 ke generator which is similar in

operation %o the 50 ke generabor,

The 1 mc, 2 mc, and 5 mc generztors

are similar in form to the 100 ke, 200 ke, and 500 k¢ generators res-

poctively. The 10 mc generator is ancther crystal comtrolled oscillator.

The cireuit diagram of the 100 ke oscillator is shown in figure

L.8. Baglcally, the circuit is an electron-coupled oscillator which

coambines an oscillator

and power amplifier in one tube enveleope, This

allows power to be coupled from the power amplifier tank cireuit withe

out affecting the fragquency stabllity of the oscillator,

was recommended by the crystal may

1 . . . '
200 ke”, The type of crystal used was an HCH/U meaning hermetically

This circuit

a

ufacturer for frequenciss from FO to

-"

erystal is elither gold or silver plated, the

plating acting sz the electredes., The crystal is sprine mounbed and
£ (&1 & p (=

sealed uvnder vacuum o

the container is

illed with nitrogen or helium,

grystals should be cnly used in

sirenlts designed for them as the maximum current rating limits the

erystal Lo 10 milliwatts powsr dissipation, The capuae

srystal conbrollsd osciliator eircuil is importand

itance of &z

since the freguency

of a crystal will be lovered when capacitance is added to the cireuit.

This ervestal has besn calibrated at 100 ke when operated in a circuil

3
with & eapacibance of 32

any MRS P
Bhie Q.0 rer cent toler
minoy change made in thi

i“Texaw rysbalg’

pf. A recommended circult was used Lo prezerve

*‘n

ance shated by the manmufacturer, The only

circuit was the addition of 2 ftumed elrsuil

cataleog no. 8860,
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. k . . . . X
lﬁb5 in place of a 5.6 resistor in the plate cirecuit. This change was

made Lo incrsase the amplitude of the cutput and to generate a better

sine wave, The tank circuit is tuned to 100 ke and the output is taken
e, !»J"-‘ fif ]

from the plate o 1 6

The circuit diagram of the 50 kc generator is shown in figure

through G

4o9. The waveform generator consists of un astable multivibrator,
designed to operate ab epproximately 50 ke, The resistor Ré provides-

Tor a fine frequency adjustment. A fraction of the output from the
OQQ\ ore 4.9

plate of Vzkzﬂ fed to the grid of V2 via Rl and RBO

sinusoid acts as a synchronizing signal which locks the multivibrator

This 100 ke

50 50 ke, Thé sguare wave oubput of the mulvtivibrator is taken from
the plate of VQB and is fed to the grid of the class C amplifier via
Gﬁu This clags € ampli ier acts as & filter which selects the
fundamental component from the 50 ke square=-wave multivibrator ocutput,
The cubput of the 350 ke sinusoidul generator is obtained from the

plate of VB vialc?a The tank circuit of ithe class G anmplifier is
tuned to the fundsmental of the sguare wave.

The eircult diagram of the 25 ke generator is shown in figure

4,10, The opsraticn is identical to that of the 50 ko generator. Ths
synchreniving sig@al is obtained from the plate of V3 and ig applied Lo

;

¥, ., through R, and R,. The mulbtivibrator is designed to operate at
3 L ’ ’

approxinately 25 ke with R, echbing as & fine freguency adjustwment. The
arplifier tuned clireulb L?GQ is tuned to 25 ko and the sinusoidal 25 ke

oubpub is balken from V, via ©
The 200 ke generstor is shows in figure 4,11, This generabor

consiste of a Ire 3;cy doubling cireuit and a cathode follower which




50
separates the 100 ke osclllator from the frequency doubler., The cathade
follower isolotes the crystal oscillator from load changes in the ocutpub
circuit thereby insuring optimum operating conditions for the oscillator,
The pot@nﬁiometer P2 contrels the level of the input signal into the

cathode follower and P

3
mgimﬁain the grid of VéA above ground. The output from the cathode

provides a varisble biasing arrangement %o

follower is fed into the multiplier tube via C The multxplver circuit
‘consisting of V7 is similar to the cireuit deseribed pwaw10u«17 in
section ho3o The tube iz a SACT which has a high value Qf<&no The
vypagsed cathode resistor R acks to limit the tube curreﬁt in case of
2

ailure of the grid drive, The C.p, combinabion gs@v1d@s the gereen
pobentlial and P1 is adjusted to give aun output of &up”@klﬂﬂt@“d 100 vai@s
pREk- %wune ¢ The tank circui@ 1161 is tuned to the regquired oubpul
{requency, thab s 200 1}

The 500 ke generator is showa in figure 4,12 wd is identical in

operation bo the 200 ke generator. The lme crystal combrolled oscillabor

fron 0.8 to 20 me, The 10 mo oscillator is shown in figure 4,15 and

.

with the exception of the plate

&
&
&3
)
@
£y
=
]
a
&5
P
b
;_,.5
B
o
[«]
2
€2
i.dn
fend
o
I
pf'
¥
Q
&

s

pobential, In ordes

“J
[

o geb an cubpub in the vicinity of 100 volis
peak-to~peak  the plate supply velbage was inereased to 300 veolis

The tank circuil of each cscillator circuit is tuned to the desirzed
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found that isolating amplifiers were nct required between the 1 mc

osciliator and the 2 me and 5 mc generators,
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L6 OSCILLOGRAMS OF THE MARKER GTLERATOR VOLTAGLS

338,

The oubput wvoltage from each generator was adjusted by varying
the screen potential of the class C amplifier tubes or by detuning the
1L plate circult slightly. Fach wavelorm is approximately 100 volts

peak-to=peal, The vertical scale on all the oseillograms is 100 volts

per ¢m and the time-base is as indicated on the oscillograms,

25 ke ' /\/\/\ | /\/\ B 50 usec/em
VYV .

50 ke 20 usec/em

100 ke | \ /\ N /\ NNNNNT 10 uses/en
VIRV

TSI TISTY 4

PIGURT 4.16A
T8 A TITEND ;';'m-m H 17 1 i aYals seen
MARNER GUNERATOR (OSCILIOGRANS

VERTICAL CALIBRATION: 100 VOLTS/CM
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CHAPTER V
POWRER SUPPLIES

5.1 JINTENSIFIER POWER SUPPLY

The cathods-ray hube used in the oscillogragh regquires an
intensifier oy post-deflectiocn acc@“@ration p@tential in the order
of'+209936 volbs de, The current drain frow this supply is low and th
load is consbant; thus sre is no need of a rpgal&tod supply. A

3

separate ¢o sabe ab volbage supply will eliminate line variations, 4
peak~to-pealt ripple of 0.5 per cent is a reasonable design figure

- . . . 1

for powsr supplies used in electrostabic-btube applications™,

A de potential of 20 kv may be obbained through the use of =z

stendard power-line freguency or a r-f powsr supply. When space and

-welight are 8% a premiun, the r-f supply has s distinet a.v"mEQgé over
3 £ " L] 3 gy @ s o 3 d e e 2 -
the 00 cycle supply due %o the smaller componends used in the input-
woitage filtering However. the r-f supnivy 19 v, snscial F3lteri
- wodtage filbering. However, the r-f supply reguires special filberin
and shielding of the input and outped leads, Bocause of ibs relative

v of parts, and because space and weight

gy v £y (. S, e oy o R— A A0y ~='.'_‘ o oy
wele not at a premiwn, the stendsrd 00 cycle supply was cho"ﬁ

ltage doubnler, the

1s shown in £ igure 5:1. The trans-

varied from O to 23,000 volis de,

T. 8oller, M, 4, Starr, and G, B, Valley, Jxo? {edibors).
Rav Tube Displays (Vol, 22 0? the Hadlation ILsboratory Seriss

Holraw 53131 Book Co. 3949) p. 166,
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Using the component values of Tigure 5.1 and assuming p 5 1, E;l = (0,3
per cent.

The post deflection accelerating potential is applied to the
cathode-ray tube terminals ABA” 959 and ABC from the potential divider
Rl° These terminals are shown in figure 3.2, This tobal potential
at, terminal ?P is measured with the meter to about 3 per cent
accuracy as shown in figure 5.1, The meter has two ranges; Q=15 kv

and 0-30 kv,

i
o

2 3,000 AND 4 000 VOLY POWAR SUPPLIES

e =4,000 volt de power supply is used to supply the voltage

rovides mm accelerating, bias, and focus’electrode

>

The +3,000 volt de power supply is used as the piate supply

circult requirements are met by the two-sestion RC-Cilter, The
'ﬁmﬂ{cg'aw 7 =y ‘t a5 a 3T E T it ine fs) %rvt @ v h 3% Sb3ia)
SSABROr fy acts as a current limiting resistor during the initial
charging of the condenser, The Ffilament trensformer used for V?é
mugb be well insulated since th hode; hence the heaber, is operabing

at about 4,000 volbe with respect to the ground potentisl. The pot-

\,
b}
pa
3
F_l'
va,

L divider R, enables +3,000 volts to be obtained from the +4,000

=
£
‘.-;\'
o
.—:4
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foud
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b
3
&
=
e
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5.3 D.C. CALIBRATION SUPPLY

The de calibration supply provides a continucusly variable
positive or negative de potential to the vertical deflection plates
of the cathode-ray tube so that the verbical axis of the scraen may
be calibrated, The schematic circult diagram of this hali-weve
rectifier is shown in figure §.3. By means of the auboiransformer
T7 the voltage available from this powsr supply may be varied from
+ $-1,000 volts de. The dpdb awiteh is used to change from a positive
paténtiél to a negablve potential. The meter msasures this calibration
voltage o within 1 per cent accwacy, There ars four voltage rangesg

0-30, 0-100, 0=300, and G=100C wolts do,

5.4 H AND V POSTTTIONING POWER SUPPLIES

=3

These two powsy supplies, 400 and 400 wolts de

.

supply b hor&zor%zl and vertical positioning potentials, 4s in

.

most of the power supplies used in this oscillograph. the simvle
half-wave rectifier sabisfies the low current drain requirements from
these supplies, The schematic clrewlt diagram is shown in figure 5.4,
The negative power supply is also used to supply 2 small negative bias

to the sweep triggering cireuwit. The potentiometer P, provides a

mately <50 volts da.

£.5 4300 YOLT REGULATED POWER SUPPLY

This

5 a veltage regulated power supply which supplies the

(‘3

foto

supply

ancde veltage for the merker gemsrator, A regulated supply was used

to provide a low cubpub impedance, stability against input veoltage




66
variations and output load changes, and ripple reduction, The schematic
circult diagram ié shown in figure §°530 This regulated supply provides
a de veltage of +300 volts, with 1 per cent regulation and a maximunm
load curvent of about 200 meup. The unregulated power source consisbs

of a conventional full-wave rectifier circuit filtered by a single

section choke and capacitor filter,
P

es "Handbook of Preferrsd Cireulbs of Navy sercnauticsl Plech-

a
epared by the Hational Bureau of Standards, The
i85 preferred cireull no., 2AY,

£z
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CHAPTER VI
RESULI'S AND CONCLUSIONS

The osclllograph was tested with the use of an impulse generator
simnlator, This generator produces simulated impulse generator wave-
forms. In novmal applicstions, it is operated recurrently but for
this case it was operated so as to produce a single waveform, The

block diagram of this simulator is shown in Figure 6,1. The #itive
g

trigger pulse from the simulabor was used to trigger the time-base

The sbemdard 1.5x40C full wave is presented in figure 6.2. The
vertical axis was calibrated by means of the calibration power supply
¥ PLY o

Three base lines were used to calibrate this axis; 0, 250, and 500 volss

The horizental axis was calibrabed with a 100 ke signal from the mavker

A chopped full wave is thown in figure 6.3, The vertical
calibration is idsnbical to thalt of figure 6523however9 a i me

sed 0 calibrate the time-hase,

&3
f-do
be
=
e
o
o
Fead
[
A
3
177
o

From the resulls obtained in ssction 6,1 (figures 6.2 and 6.3),
it is expected thait the circultry developed will perform satisfactorily

1

when the high voltage generator becomes available for use.




The finalr@scillogragﬁ will contain three cathode-ray tubes so
that three oscillograms of éﬁe impulse test may be made simultancously,
One cathode-ray tube may record a voltage oscillogram and the other
two tubes may be used to cobtain tﬁé;current oscillograms: One current
oscillogram would be taken at a fast sweep speed and the second at a
slower sweep, comparable to the sweep speed used for the voltaje
oscillogram,

A large vertical steel cabinet will be constructed to house
all power supplies in the bottom racks, with the marker generabor
above these supplies, Thrse sweep generaters on separately removahlis
plug-in chassis are on the next rack and the thres corresponding

cathede-ray tubes are mounted zbove these generators. This flexibility

Lds

w11l permit easy interchange of swesp generalors to provide faster,

P

slower, or possibly linear sweeps which may beome necessary at some

future date. A possible front pamel layout is shown in figure 6.4,
The sbove assembly work, is, of course nob pary of this thesis,

and will be dmn@-by the Technichdn Staf? of the Electrical Engineering

Department, probably during the summer of 1961,
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FIGULR 6,2
L. 5240 FULL WAVE

VERTICAL CALIBRATION: 0, 250, 500 VOLTS
HORIZONTAL CALIBRATION: 200 ke

FIGURE 6.3

RCHOPPRD 15240 FULL WAVE

VERTICAL CALIBRATION: ©, 250, 500 VOLIS
HORIZONTAL CALIBRATION: 1 me



® 8w 5 | ® ®
l/ Vi
— ’ e ]
o " ® | ® s e " ®
® & & & ® &
VA ¥s VA vs VA vS
SC 5C SC
® ® ® ® & ®
UPM S8 UPM &8 UPM 59
G MG ™M
® &
RS | RS
& ® W & G ®
8 S8 MA GS B MA
PS
O O
L PL
[ ©
3 PO 7O
FP

3se next page for key of symbols,

FIGURE 6.4

PROPOSED FRONT PANEL LAYOUT

75



CRT

=

v
Vi
Vs

5C

uPM -

&

o

e

d

@

e

=

VL OF SYMBOLS USVD IN FIGURD 6.4

cathode-ray tube

intensity adjust

herizontal position

vertical position

vertical abtenvator switch
vertical selector switch

sweep circuilb

unblanking pulse magnitude adjust

sweep speed selector

- calibration voltage meber

marker generator

- intensifier voltage meber
&

plug-minus switch
range selector

B

selector

[

chamme
magnitude adjust

marker volbage selector
power supplies
power on
filaments on

pilot lamp

- fuse panel
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APPENDIX A

DUAONT K1068 CATHODE-RAY TURE

The type K1068 cathode-ray tubes are high voltage tubes which
ingorporate an inbensifler subdivided into several steps. This feature
permits the use of much higher overall accelerating voltages with
deflectien sensiﬁivities only slightly lese than heretofore obtainabls
in low voltage cabbode-ray tubes, Opsration with intensifisr to second

ancide voltage ratios as high as ten %o oue are made possible by the

muitiband feabure. This tube has a flat fece, cylindrical body, and

the deflection plate and ancde comnecitions are mads through the neck

GENERaL CEARACTERISTICS

BIECTRICAL DATA

heater volbage 6.3 volts
neater cuwrrent : 0.6 + 108 amos

2lectrostatic

phosphor no, <
Fivorescence green

shogphorsscense sresn




Y

persistence

MISCHANICAL DATA

overall lengbh

greatest diameter of bulb

)

minimum useful screen dilamster

bulb conbacts (recessed

neck contacts {small bal

bass {medivm shell dihept
basing
base alignment:

IDZ2 trace aligns wit

pesitive voltage on

small ball caps)

al 12-pin)

1 pin ne. 5 tube axis

e

n approximately

vowards pln numbsy 5

Eg
i
LS

J1=22 contacts align wibth

4122 contachts on the same side as

HAZTMUM RATINGS (desip

5,500 volts dc max,

snode no. 3 voltage (acseleral

1

connected Ltogethe

“Anode no, 2 and grid no.
the tube, are referred to here




anode no. 1 voliage 1,550 wvolts de max
grid no. 1 voltage
negative bias value - ‘125 wolts de max
positive bias value 0 voits de max
positive peak value : 2 volts max

2
peak heater cathode voltage™ }

]
(%4

pe

heater negative with respect to cathode volbs de max

3

heater positive with re

o
0
o
‘@
{3
o
cr
<
Q
<]
o
ge
2
&
@
]
B
A %4

voltsde max
peak voltage Debween ancde mo. 2 and any

LR

Bafle S OTT @ aarer -, )
deflection elacirede 1,200 volts max

TYPICAL OPERATTHG CONDITICNS

sl
£ T o o % o m TS ey o P s . N )
for anode no., 3 voltage of , 40,000 20,000 volts

5

R g o~ Ly R B e y - . -
Yor anode no, 2 voltage of 2,000 2,000 vold

2

. 3 Ty e 3 % FUPY NP BN - 2 1 .
Cathode should be reburned to one side or to Lhe mid-tap of ths
P P S SN s : C
heater trensformer winding.

= 0y, 2 g e T 1 T TS, B DA B 3 : 3 3 LK
. inis voi}d.f bgcalu 0e equally divided over the hthres intensifier
elecirodes, The following is & suggested method of connecbicn., The
o R S ” eyde . I - g
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ancde no,

l_voltage for focus
grid no, 1 volsags™
deflection Ffacktors:

Dl and D2

N3 and D4
ancde no, 1 voltage for fosus

grid no, 1 voltage&

anode no. L current for any operating condition

adeflection factors:

no thivd ancde or EbQ

D1 and D2

D3 and D&

‘nr B = }"‘:_‘ﬁ,.) 2]

for ng twice th

DL and D2

53 and D4

1 T £, 5

apot position (wndefleched)
MAXTMIM CIRCUTT VALUES

.

circult resistancs

1~u

grid vo, L o

.
&
e
oy
i

Lo

i
e
()
e
o
<
9
Uﬁr

362 to 69%

=30 to =90

102 to 154
97 to 145

84
362 to 695 volts

=30 %o =90 volts

340 to 210 volt de/fin
131 to 197 volts dec/in
18.1% to 34.8% of E o
1.5% to 4.5% of E -
=50 to +10 vamps

30 to 45 volvs definflev of B,

= 20007

20 wo 45 volts

36 to 54 volks

36 to 54 volts d

2 . . "
definfke of Fys
definfkv of E, .,

/ h2

Jinfiev of T,

/i b2
within 20 mm squave

A

. LB
electrode circuidb

sehetd Tocused soob,

and Eb1 aedjusted £

or foszus,

t the deflecting electrode c¢ircuit resistances
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APPENDIX B

POSTDEFLECTION ACCELERATION CATHODE-RAY TUBES

The deflegtiqn sengitivity of the cathode-ray beam for a given
deflecting potential varies inversely with the accelerating potential,
Consequently, a small accelerating voltage produces better seunsitivity
than a large accelerating voltuge., This would seem to indicate that
low values of accelerating potential would be more advantageous than
high values because of the increase in deflection semsitivity. Howsver,
the light euﬁpuﬁ of a phosphor or the luminosity of the spot on the
screen increases vcugL;} as the squers of the voltage through which
the elee+W0ﬂs have been accelerabted. The energy of the electron beam
is dire cﬁiy dependent on the aceelerating potential, As a resuli,
cenpraiise must be reached between luminosibty and deflsction semsitivity,

In grder to obtain a useful intensity of trace when very fast
writing speeds are Lo be

obbainsd, the energy of iLhe cathode-ray beam must be considerably

&

T,

This imcrease in beam energy

higher than in the customary tube types. Ty
could be obtained by increasing the beam current; however, this usually

rgsults in making the spob size too large. A& betber method of increasing

[+

the bean emergy is by raiging the accelerating voltage., This pro-
cedurs would result in 2 decrease in deflection sensitivity in customary
tube Lypes., Howewar, by the use of the postdeflection-aceceleration

principle, a high Ilwmincsily and a reasonable deflection sensitivity

g

cap bg obtained, This principle consists of iacluding an additional
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electféde near the scresn of the cathode=ray tube, This additional
electrode is called the inten neifier;, postaccelerating electrode, or
third anode. The accelerabing potential is applied to the first

ancde and the second anocde ig kept at the same potential so that the

deflection occuring between the deflection plates is controlled solely

by the deflecting pobential,

In po stdeflec‘ienwaccal@ atlen cathode~ray tubes, the acceler abing
potential is chosen to give adequate sensitivity and the postaccel-
bial gives the increased intensity of the spot on the

screen, fach particular application of the cathode~ray tube has

>

its own sensitivity and intensity requiremsnts, In postdeflection-

\ .

acceleration cathode-ray tubes, it may be necessary to change the

shepe of the conventional cathode-ray tube and algo, d

'}

ear the scraen,

s

posvaccelerating potential among ssveral bands locabed

»

This is particularly common in tubes that have a vatic of intensifier

to accelersting pobential greater than two, The change in tube shape

reduces the distortions that are introduced by the nonaxial camponents
of electric field caused by the intensifier. The insulation problems

voltage below ground potential and the rest above ground potential.




APPENDIX ©
QUARTZ CRYSTALS

Yhen a high degree of frequency stability over long pericds
of time is desired, the usual resonant cireuit of an oscillator is
replaced by a mechanically vibrating piezcelectric quartz crystal,
An alternmating voltage applied across the quartz crystal causes the
crystal to vibrate and, if this frequency approximétes the mechanical
resonant frequency of the crystal, the vibrations will be intense.

The eleetrical eqﬁivalent circult of a vibrating quartz crystal

o e

is shown in figure C,1. The series LAC combination repregents the

(6]

crystal while the capaeitance Ch represents the electrostatic cap-

33

sibance bebtween the orystal electrodes when the crystal is not

{

<

vibrating, Typical values of these parameters are shown in figure

C.1, The Q of such a resonant circuit is very high, Values in excess
of 20,000 are very common and in spscial cases values over 1,000,000
have been observed, The smell value of C/(Zh causes the coupling
between the crystal resomator and the external circuit to be inherently
small, The quartz crystal resonator also has a remarkably high ratio
of inductance te capacitance.

The impedance characteristic of the equivalent circuit is

shown in figure C.2, At the frequency £, which makeg 20 L = l/2ﬁ‘189

impedance ab the external terminals, At a slightly higher frequency £,

the inductive reactance of the series branch is equal to the capacibive



89
reactance of Ch5 thus the crystal is in parallel resonance, At this
parallel resonant ffequency, the crystal offers a high impedance st
the external terminals. The difference between these two frequencies
is usually less than one percent.,

Producticn techniques have decreased the crystal temperature
coefficient to a negligible value over a given temperature range,
The effects of crystal ageing are decreased by mownting the crystal in
a vacuum or in an inevt gas, HResonant freguencies ranging from a
FYew hundred cycles to about 30 me can be obbained from erystals
dives uly and frecuencies up %o 100 mc may be obtained by overtone
operation of the crystal, \

crystal conbrolled oscillator uses & crystal to control the

o

frequency by so locating the crystal in the cirsuit that the crystal
equivalent electrical network becomss part of the resonant cireuit

which would normalls
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APPENDIX D

THE SWERP CIRCUIT

The basic circuit disgram of the sweep sircult is shown in

figure D.1, A waveform, positive with respsct o ground povential,

L 1

A\)
is obtained from point A and its negative is obtained from point B,
The equivalent cireult of figure D.1 is shown in figure D.2, This
circult neglects the tube drop and any tendency for the capacitor

"

C to recharge through RQ from E during the discharge of C through

v

the 313361 circuit, .
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If §>1 the first term in equation D.2 has a negligible effect
on the rise time of E@(t)o Also, if EsﬁpRl and CS C, then the maximum

value of Eo(t} is E/2 as shown by

=
e
beesi

oz - )
X <1 C,Ry -~ Cy =2

5 5
3

afie

n/2

The validity of souation D.2 and its underiying assumptions
I
were checked by cowpsring an oscillogram of Eait) from point A in
F

figure B.1 and a piobt of egquation D.2. The oscillogram was taken

with the sweep clreuil cperating on a "single shot” basis and is

resented in figure Uo.4. Wnen the sweep was operated on a recurrent
basis, the megnitude of the sweep waveform decreased drasticslly. 4s
an exampleg when the sweep circull was operated cortinuously aht 60

cycles per second, the mawimunm megnitude of the swee) wavelorm was

Pons-shot® cscillogram was obtained with the use of a rhotographic
eT.  Douatlon D2 was evalusibed with the same values of B, ng
Ropy O, and G, and was plotted %o the same scale as the enlarged
oscillegram. The results are illustrated in Pigure D.3. Frem this

diagram, the overall error is scen to be approxinately 5 per cent.
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A "Tekbronix Type 533" oscilloscope was used to obbtain the escillogram

and the accuracy of both the vertical calibrator and the horizontal

»

deflection system was listed by the manufacturer as t 3 per cent, It

would appear that stray capacitance and inductance have & minor eifect

on the rise time of the sweep waveform.,

FIGURE D4

POSITIVE SWERP WAVEFORM
VERTICAYL SCAIE: 200 /tm

RORIZONTAL 8CAL

m:

The following oscillograns werebaken when the pweep oirculd
recurrently at 60 cycles per sscond, The "Tektronis Type

533" oscilloscope was used to cbbain these oscillograns, Figure D5
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presents an oscillogram which shows the relstive shape of the brightening
pulse and the positive sweep waveform. The horizontal scale is 2 usec/om
and the vertical scale is 20 volits/em and 200 volts/em for the bright--
ening pulse and the sweep waveform respectively, The values of the

I

sweep circult components were set as follows; = 5 s = 507,

3
C; = 0,001 uf, and C = 0,01 uf (see figure Dol)o From figure D.5,

is seen that the amplitude of the brightening pulse is relatively
constant over the duration of the sweep waveform. Figure D,6 ghows

the overall shape of the brightening pulse and the sweep veltage
waveform. This oscillogram illustrates the history of the discharge

of capacitor ¢ in the sweep circuit, The horizontal sca le is 0.5 mzec/em
and the vertical scale is 200 vo lts/em and 20 volis/cu for the sWeep
waveforn and brightening pulse respectively. It is ssen that both
wavelforms have the same overall shape, In figure D.7, the two sweep
waveforms are illustrated., FProw an exeminabion of these oscillograms

it can be seen that the sweep waveforns are well belanced. The swaep
circuit component valuss were seb as Follows; Rl = 5 33 LA

Gy = 0.,00L uf, and C = 0,01 uf {se ure D.1)



FIGURE D.5
HIGHTENING PULSE AND SWELP WAVEFORY
HORIZONTAL 5CALE: 2 usec/em

VERTICAL SCALE: 20 voits/em - BRICHTENING PULSE
<00 voltsfem - SYWEEP WAVEFORM

FIGUBE D.6

BRIGHTRENING PULSE aND SWEEP WAVEFORM

HORIZONTAL SCALE: 0,5 msec/om
VERTICAL SCALE: 20 volts/om - BRIGHTENING PULSE
200 volts/em - SUEEP WAVEFORM
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POSITIVE SWEEP VOLTAGE WAVEFORM

volts/em
useg/cm




