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I— T H E  C A T H O D E  R A T  T U B E

1. I n t r o d u c tio n .

A H IG H L Y  sensitive portable and flexible instrum ent that 
imposes no load on the measured circuit, is unaffected 
by frequency variation over a very wide range, is 

usable equally on alternating or direct current equipment, 
and moreover gives a pictorial representation of the condition 
under investigation, naturally  m ust become an inherent part 
of any modern test equipment. In  consequence the Cathode 
Ray Oscilloscope has become a necessity for all who seek to 
explore cause and effect in an almost unending variety of 
fields. W herever a graphical representation of a law or in
formation of a m ultitude of types is required, the oscilloscope 
offers in m any cases the only, and almost always the best 
means of satisfying the requirements.

An oscilloscope gives graphically an electrical effect as 
a function of time, so tha t whether or not the original subject 
is of an electrical nature, providing it can be made to repro
duce an  electrical equivalent, i.e. changes of potential, its 
characteristics can be viewed on the tube. Thus the appli
cation of the Oscilloscope ranges from all branches of elec
trical and general engineering, such as frequency comparison, 
wave form study on alternators, and muzzle velocity re
search, to the medical field for cardiac investigation.

Its applications to radio engineering, in which this book 
is mainly interested, are almost unlim ited; study of wave
forms, phase shift, m odulation tests, alignm ent, response 
curves, hum  tracing, fault finding to mention a few, so that 
the indication of some of its uses given in the final chapter, 
cannot by any means be accepted as exhaustive.

2. T h e  Sc r e e n .

T he heart of the apparatus known as the oscilloscope is 
of course the cathode ray tube, all the associated circuits are 
attachm ents for the control of the operation of the tube. 
Thus a firm grasp of the construction and functions of the
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tube itself is essential for the understanding of the practical 
use of the equipment.

Basically the tube consists of a glass conical shaped bulb 
with an elongated neck containing the electrodes. The end 
face of the bulb is slightly domed and the inside of this dome 
is coated with a layer of m aterial tha t has the property of 
fluorescing, which forms the screen on which the “ pictures ” 
are drawn. This screen consists of fine crystals w ith a d ia
m eter of -1 mm. or less, spread over the glass and held in 
position by an adhesive. T he “ pencil ” tha t draws the 
pictures is a beam of electrons th a t impinges on the screen 
causing it to fluoresce a t the point of im pact, i.e. it produces 
a spot of light. This spot is m ade to traverse the screen, and 
in order to give the appearance of a continuous line, m aterial 
which continues to glow after the beam has moved on is 
used for th6 coating of the screen, the continuity of line 
effect being assisted by persistence of vision, the property 
whereby the retina of the eye retains a picture for a short 
period after the source has actually disappeared. For the 
best vision colours near green are generally most acceptable 
by the eye, and consequently it is common to use a deposit 
on the screen tha t gives a green fluorescence. About thirty  
different materials of various mixtures can be used for the 
coating, each having varying properties and colours. The 
colour of an unenergised screen has no relation to the colour 
of the spot, which depends on the fluorescing properties of the 
chemicals used in the m anufacture of the screen. According 
to the materials used, the luminescence varies in an expon
ential m anner, and the time constant actually used is de
pendant on the purpose for which the tube is to be em
ployed. T he property of continuing to fluoresce after the 
electron beam has been removed, is known as the “after-glow.” 
Willemite coating, which gives a green picture, has a medium  
period of afterglow and has been in almost universal use from 
the early stages of development. Zinc sulphide is eminently 
suitable for television tubes, colour and afterglow are con
trollable according to the mixtures used, and a very brilliant 
picture can be obtained. If too long an afterglow is used 
there will be a tendency to blur the picture in norm al cir
cumstances, bu t under certain conditions a long afterglow 
is required, and some compounds have produced up to 10 
seconds afterglow. An example of the need for a long 
afterglow is for photographing high speed transients. For
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photography a blue screen normally has the best effect on 
the film emulsion, cadm ium  or calcium tungstate are suitable 
deposits. A further example of the use of a long afterglow 
is when the spot traverses the screen very slowly, the long 
afterglow being necessary to give continuity of the picture. 
Such an occasion is in the use of an electrocardiograph for 
examining heart beats. T he rate of movement of the spot 
is about one inch per second and for the doctor to be able 
to observe the complete trace a considerable afterglow is 
essential. A zinc sulphide and copper combine gives a 
suitable deposit for such use. A t the other end of the 
scale zinc sulphide with a nickel “ killer ” has a negligible 
afterglow.

A word of w arning before finally leaving the screen; con
centration of a powerful beam  on one spot can burn  the 
screen. This is not necessarily indicated by actual discolour
ation, bu t the deposit over the area affected loses m uch of 
its power of fluorescence. T h a t is there will be less brilliance 
over the affected area in comparison with the rest of the 
screen. Even a brilliant trace that continually moves over 
the same path  can cause such damage. The remedy is 
simple; treat the screen carefully, do not use a trace at a 
higher brilliance than  is necessary, and when not actually 
reading from the screen keep the brilliance down low and 
the beam defocussed.

3. Bea m  P ro d u ctio n  and  C o n t r o l .

So m uch then for the screen on which to view the pic
ture; the next requirem ent is the production and control of 
a  suitable beam which can traverse the screen to produce 
the required trace.

Two separate methods are in use, the soft tube which is 
filled with an inert gas such as argon, and the hard  tube 
with a vacuum  of about 10'7 cms. of mercury, each having 
its individual advantages and disadvantages. For a general 
purpose oscilloscope such as this book is mainly concerned 
with, the hard tube is the answer, and in consequence the 
main concentration is on this type of tube. Some brief 
detail of the soft tube is however necessary for general 
consideration.

In both types the actual electron emitting agent is a 
hot cathode either directly or indirectly heated, and it is

T h e  O s c il l o s c o p e : D e s ig n  and C o n str u c t io n  11



in the actual control of the beam  that the two types differ. 
T he finer the beam, the finer and more accurate will be the 
image on the screen, and the first step towards this is to 
design the actual emitting surface of the cathode w ith as 
small an  area as possible. O ne type of construction uses a 
small tungsten loop w ith a p latinum  wire welded to the bend, 
the tip of which is coated with the em itting compound. 
Another method is to m ount the em itter in a cup shaped 
holder which is indirectly heated by a loop of tungsten. 
A m ixture of barium  and strontium  oxides is used as the 
em itting compound.

H eating may be either from AC or DC. W ith the former 
m ethod m agnetic interference causing disturbances of emis
sion may arise, and twisting the leads feeding the heater 
to give a non-inductive circuit will counteract this.

T he direction of flow of the electrons is controlled by an 
anode or accelerator (see fig. 1) a t a positive potential, placed
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.1 short distance from the cathode. A hole is drilled in the 
centre of the anode and some electrons pass through this 
hole to the screen. Those actually striking the anode plate 
produce heat, serve no useful purpose and consequently re
present a reduction in efficiency. Thus the aim  is to con
centrate all the electrons to a narrow beam  th a t will pass 
th rough the hole in  the anode and on to the screen. This 
is effected by interposing a grid between the cathode and 
.mode. This grid is known also as a  shield or W ehnelt 
cylinder, although this la tter nom enclature is fast dying out 
of use. The grid serves a double purpose : to concentrate 
the electrons into a beam th a t will pass through the anode, 
and to control the brilliance. I t  is a t a negative potential 
relative to the cathode so th a t it tends to repel the electrons, 
exercising a constrictive action on them  and controlling the 
number of electrons th a t leave the vicinty of the cathode. 
Thus the effect of the cylinder is to repel the electrons into 
a beam along its axis, whilst if it  is m ade sufficiently negative 
it can cut off the supply of electrons completely.

4. S o f t  T ub e  F o c u s s in g .

Thus far a beam  has been produced th a t is m ade to im 
pinge on a fluorescent screen, there is a control on the 
brilliance produced by the stream, and there is a coarse 
method of controlling the area of the beam. T he next step 
is to introduce a m ethod whereby the beam  can be focussed 
so as to bring the focal point a t the screen and thus obtain 
a sharply defined point of light. I t  is a t this juncture
I hat the esssential difference between the hard  and soft tube 
appears.

In the soft type the gas a t low pressure in the tube is 
easily ionised by bom bardm ent of the electrons from  the 
cathode, due to its dispersed state. T he path  of the beam 
therefore is accompanied by ions being formed as it p ro 
gresses. Being heavy com pared with the light, fast-moving 
electrons, the ions tend to stay in the path  of the stream 
and form a central core. As the production of ions increases 
an attractive force is formed which pulls the electrons into 
the axis of the core. Thus the electrons are subjected to 
concentration by the attraction  of the ionised core and 
the repelling force of the shield. T he focussing action is 
therefore dependant on the rate of ion production, th a t is
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the num ber of electrons and gas molecules tha t collide, which 
is a function of the gas pressure and the num ber of electrons 
or beam  current. If the accelerating voltage is low, then 
to compensate a stronger beam current would be required, 
and in consequence there is obviously a m inimum acceler
ating voltage, normally about 300 volts, which will give 
sufficient ionisation to produce a sharp focus. O n the other 
hand too high voltage reduces the ionisation efficiency and 
again the focussing falls off. Thus control of the focus may 
be effected by regulation of the filament current, that is 
regulation of the cathode electron emission, or variation of 
the accelerator potential, or the shield potential. Conse
quently as the grid potential increases and the brilliance 
decreases there is a falling off of definition, and in conse
quence a gas tube is not suitable where large fluctuations of 
brilliance are required, as for instance in television 
reproduction.

As will be seen later the beam  can be m ade to move over 
the screen either by electrostatic or m agnetic means, i.e. by 
deflector plates or m agnetic deflecting coils. W hen deflector 
plates are used, one plate is m ade positive to the other and 
the electrons of the beam  tend to move towards the positive 
plate while the ions have a tendency to move negative. 
The latter, however, having a m uch greater mass, move more 
slowly than the electrons and the area between the deflecting 
plates becomes filled with ions which have virtually been left 
behind. This produces a lagging effect which requires a 
definite potential to overcome it and gives the appearance 
of less sensitivity below this potential. This is known as 
“ origin distortion.” Fig. 2 gives an example of its effect.

In  place of the pure sine wave as shown dotted, the 
“ kinked ” trace will be seen, the kink appearing where the 
voltage applied to the deflecting plates falls below the “ thresh
old potential ” required to overcome the ionic space charge. 
The effect can be prevented by applying a biassing voltage 
to the plate, so that any working voltage applied will always 
be above the threshold potential.

Soft tubes also have the drawback of being unable to 
focus at high frequencies. T he formation of the ions must 
take an appreciable time, and if the work frequency applied 
to the deflector plates is too high then the beam  will move 
too quickly for the ion core to be completely formed,
i.e. there will be a loss of focus. In  addition the heavy



ionic core will not move fast enough and a t times will be 
behind the electron beam, tending to disperse th e . electrons 
ind again producing loss of focus. The actual lim iting fre- 

(|iiency depends on the focussing conditions as regards po
tentials, etc., but a general average is about 100 K c/s.

This ionisation of the gas causes a further defect in 
that the ions are attracted  by the source of the beam, which 
r; at a negative potential, so that they drift towards the 
c .ithode and bom bard it, dam aging the coating and reducing 
the life of the tube.

To briefly summarise, the soft tube suffers from defects 
o f :—

(a) Lim ited frequency response.
(b) Origin distortion.
(c) Limiting bias potentials.
(d) Short life— a few hundred hours.

O n the other hand  it offers the advantages of :—
(a) Low voltage operation— 300 to 500 volts.
(b) The initial cost is low.
(c) W ithin limits as regards frequency etc., good 

senstivity, a brilliant spot, and good focus.
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5. H ard T u be  F o c u s s in g .

W ith the hard tube, electrostatic focussing is usual. T h a t 
is the electron beam  is focussed in a m anner analogous to 
tha t used for focussing light rays. An indication of the 
similarity in method is given in fig. 3.

Anode 1 is the accelerating anode which has been dis
cussed in previous pages, and is m aintained at a constant 
positive potential. T he rem aining anodes are for focussing 
control, w ithout which, due to the m utual repelling force 
between the electrons, only a large blotch of light would be 
obtained on the screen. They are in effect electronic lenses 
having lines of field strength, which exert a controlling force 
on the electron stream, by reason of the fact tha t electrons 
tend to move a t right angles to the lines of force of any 
electrostatic field.

I t  will be noticed th a t the glass lenses are-equivalent to
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points of abrupt change from high to low potential. Anode
2, often termed the focussing anode, has a variable positive 
potential applied to it, and is followed by the third or final 
anode to which is applied the full H .T . voltage, giving 
further acceleration to the electrons forming the beam  and 
altering the lines of convergence. In  effect any alteration 
of the ratio between the potentials of anodes 2 and 3 
i equivalent to altering the distance between the focussing 
lenses for a light ray.

With small diam eter tubes it is quite common to omit 
anode 1 as shown, and construct the tube w ith two anodes 
only, thus the variable potential will then be applied to 
itnodc 1.

I.Iectro-magnetic focussing gives an alternative system. 
An energised m agnetic coil is m ounted round the neck of 
t h e  tube, and the field of the coil controls the path  of the 
electrons. Whilst this makes internal construction simpler, 
difficulty is experienced in obtaining correct alignm ent be
t w e e n  the axis of the coil and the beam, consequently for 
ic n rta l purpose test equipm ent the system is rarely used.

T he hard tube will rem ain in focus over a wide range 
of frequencies. I t  is however less sensitive than the gas 
tube as, due to the high accelerating voltages necessary, a 
higher potential m ust be applied to the deflector plates to 
swing the beam from its norm al path. • Thus for example 
with a six inch tube it m ight be necessary to apply about 
100 volts to the deflector plates in order to obtain a full
■ wing across the screen. In  a simple circuit one deflector 
plate is connected directly to the accelerator anode, and 
thus the other plate, to which the work signal is applied, 
fluctuates some hundreds of volts above or below the poten
tial of the anode. T h a t is there will be a fluctuating field 
through which the beam  m ust pass, and which will defocus 
it at the ends of the line. This defect may be remedied 
by symmetrically coupling the deflector plates with respect to 
the anode. A phase reversing circuit is necessary to effect 
this and it will be further discussed when considering time 
base circuits.

Inter-action between the electrodes produces a further 
ell eel, tha t of “ trapezium  distortion.” T he fact tha t there 
is present an electrode to which is applied a high potential 
with respect to the anode, affects the beam sensitivity ac-
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(a) L/n* Screen.

(A) S/ne Wave.
FIC.4. TRAPEZIUM DISTORTION.

*

cording to its position in the tube. T he effect is best indi
cated by a “ line screen ” as shown in Fig. 4, which also 
indicates its effect on a sine wave fed to the Y plates. This 
picture is obtained by applying a negative potential to an 
X  and a Y plate. T h a t applied to the X  plate will force the 
beam across the tube to draw the line, and the potential 
applied to the Y plate is so synchronised tha t a t the end of 
each X  plate sweep the spot returns and moves down the 
tube to draw  the next line. If there was no distorting 
effect a regular rectangular pattern  of lines would result, 
but due to the increased sensitivity as the beam nears the 
plates to which the potential is applied, it tends to travel 
further so tha t a trapezoidal pattern  is obtained. This effect 
can be minimised by applying the potentials symmetrically to
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the plates, as discussed previously. W ith gas tubes this effect 
though present is not so noticeable due to the lower potentials 
employed.

T o briefly summarise on the hard tube, its advantages 
a r c :—

(a) A long life—several thousand hours.
(b) A good focus up to very high frequencies.
(c) Control of the brilliance does not affect the focus.
(d) The tube length can normally be shortened in 

comparison with a gas tube.
Its disadvantages a r e :—

(a) The necessity for high voltages.
(b) The sensitivity is reduced by the higher voltages.
(c) Falling off of focus a t the edges of the screen.
(d) Trapezium  distortion.

(> D e f l e c t in g  M e t h o d s .

To finally complete the tube, methods employed for con
trolling the movement of the beam  over the tube m ust be 
considered. As has already been pointed out this can be done 
by deflecting plates, known as the X  and Y plates, to which 
.in applied the time base and work potentials, a negative 
potential repelling and a positive potential attracting the 
brain.

The X plates are m ounted vertically and draw  the beam 
across the tube, whilst the Y plates are m ounted horizon
tally and draw  the beam up and down the tube. T h a t is 
the plates m ounted vertically cause a horizontal deflection, 
and the horizontally m ounted plates cause a vertical deflec
tion. T h t work under test is normally applied to the Y 
plates and consequently these are sometimes referred to as 
the work plates, whilst the X  plates are termed the timing 
plates.

As will be appreciated these plates set a limit to the
■......   of possible deflection of the beam, determined by the
pacing of the electrodes and their distances from the screen. 

Should this limit be exceeded the beam will be broken up by 
contact with the plates, and the stream of electrons will pass 
both sides of the deflector, causing a shadow to be cast on 
to the screen. To extend the lim it of travel, the deflectors 
a ir  vec-cd out, instead of each pair being parallel, see fig. 5.

As an alternative the beam may be deflected by magnetic



means by placing coils around the tube, one pair of coils 
being used to replace each pair of deflector plates. This 
method enables the m axim um  angle of deflection to be con
siderably greater than w ith electrostatic deflection, there being 
no physical hindrance to the p a th  of the beam, and in 
consequence much shorter tubes can be used. T he bulkiness 
of the coils and cores m ounted around the tube are however 
somewhat a disadvantage.

M agnetic deflection has a further advantage in the 
absence of distortion produced by the presence of the de
flector plates, bu t failure to carefully m ount the coils will 
tend to produce an axial com ponent of the m agnetic field 
which would produce distortion and de-focussing.

7. D o u b le  Bea m  T u b e .

I t  is often desirable to com pare two separate work signals, 
and this can be effected by means of the double beam  tube. 
In  actual fact one beam only is em itted and this single beam 
is split into two components by the introduction of a third
Y plate, which is placed midway between the norm al Y 
plates. T he signals are then fed one between this centre 
plate and the upper Y plate, and one between this centre 
plate and the lower Y plate. T he deflection by the X  
plates is unaffected by this additional deflector on the Y 
axis, in consequence the time base potentials will control 
both parts of the split beam  in the same m anner, and draw  
in effect two traces across the tube. This allows the two 
images of the work signals to be viewed on the tube at
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the same time on a common time base frequency. I t  must 
be appreciated th a t one of the traces will be inverted relative 
to the other, as a positive potential applied to the upper Y 
plate will draw  the beam  upwards, whilst a positive potential 
applied to the lower Y plate will have an inverse effect. 
Consequently w hat may appear to be a lagging current, due 
to this 180° phase displacement, will be in actual fact a  
leading current. W ith the total energy of the beam  divided 
into two paths a less bright image will naturally  result, 
whilst symmetrical feeding of the signals being impossible, 
prevention of trapezium distortion cannot be applied. N ever
theless it will be appreciated tha t a double beam arrange
ment offers possibilities of accurate comparison tha t is no t 
otherwise possible.

T h e  O s c il l o s c o p e  : D e s ig n  and C o n st r u c t io n  21

I I — A U X IL IA R Y  E Q U IP M E N T

I. T h e  T im e  B a s e .

M any of the uses to which the oscilloscope is pu t require
I lie observations of electrical variations with respect to time.
II is therefore necessary to arrange tha t the electron beam
II .1verses the screen from one side to the other in a horizontal 
plane a t a uniform  and known rate. Further, a t the end 
ill c.ich sweep a rapid return  m ust be m ade to the initial 
position in order to repeat the sweep. A uniform  sweep 
"I this nature is known as a linear time base.

With such a time base potential applied to the X  plates a 
Inn izontal line will be seen on the screen. If now the work



potential is applied to the Y plates, the spot will trace out 
how this Y plate voltage varies in respect to time.

Let us consider the trace in fig. 6. After a certain 
period of time the potential applied to the X  plates will 
grow and tend to move the spot horizontally over the dis
tance o-a. At the same time the growing potential of the
Y plates will tend to move the spot vertically over the dis
tance o-b, so tha t the resulting travel of the spot will be 
approxim ately the diagonal of the rectangle o-c. Similarly 
during the following period the X  plate will cause the spot 
to travel over a-d and the Y plate will cause the travel b-e 
giving the resultant position f. At a later period after the 
time o-g, whilst the time base potential continues to grow, 
the Y plate potential has passed its maximum in the positive 
direction and the distance of travel due to the Y plate has 
begun to decrease, giving the position i as the resultant.

Thus in total the spot sweeps out the wave form shown 
until the position j is reached when the spot flies back to 
its initial point o. O n completion of the time base sweep 
if the potential aplied to the X  plates drops immediately 
to zero, the spot will return  a t once to the point of origin, 
and application of a further gradually increasing potential

22 T h e  O s c il l o s c o p e  : D e s ig n  and C o n st r u c t io n
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to the X  plates will once again draw  the spot across the 
tube.

In  consequence a potential is required for the X  plates 
that varies w ith time in a m anner as indicated by fig. 7, that 
is, a saw-tooth wave form.

Following the same lettering as used in fig. 6, during 
the period o-j, the potential applied to the X  plates has 
increased from zero to j-k, and then a t the instance j 
dropped again to zero, to repeat. T he periods o-a, o-d, 
and o-g, are the periods considered in fig. 6.

I t  might be interjected here that there are of course 
other types of time bases for particular uses, such as an 
cliptical time base, an exponential time base, a single sweep 
time base, a circular time base, etc., bu t for general purpose 
testing the repeating linear time base has the most uni-
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versal application, and in consequence is the one considered 
here.

If the time base is uncontrolled or free running, then 
unless the frequencies of the time base and tl\p work poten
tials are the same or in harm onic relation to each other, 
each sweep of the variable applied to the Y plates will not 
always begin a t the same instance, so th a t the beam will 
not trace the same path  each time it sweeps across the tube. 
W hen there is only a small difference between the fre
quencies, the wave form  shown on the tube will at each 
sweep commence at a point further along the cycle by a 
small am ount, and result gives the appearance tha t the traced 
wave form is slowly travelling across the tube.

Consequently a necessary requirem ent of the time base 
is tha t some arrangem ent must be incorporated that will 
lock the time base to the applied work frequency, tha t is the 
time base potential must be triggered off a t the required 
time. This is known as synchronisation.

If the time base has a frequency of 1,000 cycles per 
second, i.e., the spot scans the tube in 1/1000 seconds, and 
it  was required to examine a sine wave potential of the same 
frequency, then one complete wave form will be seen on the 
screen, as indicated in fig. 8a.

If the period of the time base was reduced to 500 c.p.s. 
then during one scan two cycles of the examined potential 
will be seen on the screen, as indicated in fig. 8b.

Similarly if the period is further reduced to 100 c.p.s. 
then ten wave forms will be traced.

Alternatively if the time base frequency is doubled then 
the screen will show a positive half waveform and a negative 
half superimposed as indicated in fig. 8c; the positive half 
wave being formed during the first scan and the negative 
half during the second and so on.

I t will therefore be appreciated tha t there must be some 
m ethod of varying the frequency of the time base to bring 
it near the examined frequency as otherwise it will be im 
possible to view a complete waveform on the screen (fig. 8c), 
or the num ber of complete waveforms will be so great tha t 
accurate examination will be impossible.

The diagrams of fig. 8 are theoretical as they do not 
allow for the flyback, i.e. the return of the spot to the 
initial starting point after completion of the scan.

This obviously occupies a finite time, and in actual fact
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fin. 9 gives a more accurate indication than fig. 8a.
A is the point a t which the flyback starts and the shorter 

the distance AB the better the design of the time base. H ere 
IIh'ii is a further requirem ent viz. a flyback time of very short 
duration.

Having given some, consideration to the various require
ments for the desired time base, details of how these require
ments may be realized can now be examined.

The fundam ental component of a linear time base cir- 
< nit is a condenser. If a condenser is charged through a 
I "r.l' resistance it gradually builds up its charge a t a rate 
determ ined by the capacity and the resistance, "in the man- 
Iifi indicated by fig. 10.

If this rising voltage is applied to the X  plates the spot

will 11 .1verse the tube and will return  again if the condenser 
i iIim liargcd. The charging rate of a condenser C through 
i n ,(stance R is given by the form ula E o = E ( l - ^ ~ ) ,  and 
in alteration of R or C alters the time of the charge. The 

i liiii^e rate is not constant bu t falls sharply towards maxi
mum, i.e., it builds up its charge in an exponential m anner 
m lli.it (>:i% of the applied voltage is obtained after a time 
' i after a time 2CR and 95% after a time 3CR.

Sm li a voltage rise would produce a time base giving a
I 'it tin e that was unevenly spaced, tha t is the waveforms 
wimill appear crushed together a t the ends of the trace. From 
lie 10 it will be seen th a t for the first part of its charge 
iln potential across the condenser plates increases virtually 
it .i ((instant rate. Consequently if only the first portion of 
11H i liaising period is used the resulting rise in potential will
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be linear. Obviously the desired maximum potential of 
the time base m ust be reached before the rate of charge of 
the condenser leaves the linear path. This can be effected 
by using a charging voltage source four or five times as 
great as the scan potential required. For example if 100 
volts is required to move the spot from one side of the 
tube to the other, the time base H .T . will be 500 volts, and 
the circuit is arranged so th a t the condenser discharges when 
the potential across it reaches 100 volts.

This then has given the first p art of the saw-tooth, and 
the next requirem ent is a discharge mechanism for the 
flyback period, which we have seen must be as short as 
possible.

Fig. 11 shows a simple circuit utilising the property of a 
neon lamp. The condenser C charges from the H .T . supply 
through the resistor R  until the potential across it reaches 
the striking potential of the neon lamp. T he neon will then 
start conducting and allow the condenser to discharge through 
it, causing the flyback on the tube. T h e  characteristics of 
the neon are such th a t the gas in the lamp having been 
ionised, will continue to conduct even when the voltage 
across it falls below the striking potential. I t  will be noted 
th a t R  being m ade variable gives a control over the fre
quency of the time base by altering the C R  constant.

However, as a charging device it is not very satisfactory, 
the difference between the striking and cut off voltages is 
only about 40 volts, which for a tube of 1 mm. per volt 
sensitivity gives only 4 cms. travel of the beam. In  addition 
as the frequency of the time base is increased, tha t is the total
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time of the charge and discharge becomes less, a limiting 
point will be reached when there will be insufficient time 
for the neon to de-ionise, the lam p will in consequence 
conduct continuously and the time base will stop; this 
will normally occur with a time base frequency of about
10 K c/s. Although it is possible to extend the range of 
the time base by utilising a triode amplifier, the general 
limitations of the neon are such that it is rarely used, and 
it is normally replaced by a gas filled relay valve or a hard 
valve time base circuit.

2. So f t  V a l v e  T im e  B a s e .

The gas relay is a three electrode valve containing a small 
quantity  of inert gas such as neon, helium or m ercury vapour. 
Considering first a gas filled diode. At an anode potential 
of about 15 volts the electrons emitted from  the cathode 
have sufficient velocity to ionise the gas molecules by impact. 
The anode potential a t which this occurs is called therefore, 
the “ ionisation potential.” These heavy positive ions drift 
towards the cathode and produce a field sufficient to cancel 
the space charge so tha t the current through the valve can 
become the maximum emission current from the cathode, 
assisted by the secondary emission from the gas molecules. 
T h a t is, the valve becomes a virtual short circuit and will -  
pass a current limited mainly by the external circuit con
stants. A typical characteristic of such a valve is given in 
fig. 12a, the dotted line on the figure indicating the path
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of the normal diode characteristic.
Consider now a third electrode—a grid, introduced into 

the valve. W ith small valves the grid may be of a conven
tional wire mesh triode structure. W ith large tubes, how
ever, passing say 40 amps current, the grid structure will be 
in the form  of a m etal cylinder w ith holes and baffles to 
produce m axim um  shielding of the cathode. Fig. 12b gives 
an indication of the negative potential applied to the grid. 
The characteristic marked 1 is taken a t zero grid potential, 
whilst characteristic 2 is w ith negative bias applied to the 
grid. I t  can be seen tha t before ionisation can take place 
the anode potential must be increased by an am ount sufficient 
to overcome the bias. T he am ount by which the anode 
potential must be increased for each volt of bias applied 
to the grid, is known as the “control ratio.” Thus if the 
control ratio of a valve is 20 then with a bias of -5  volts 
the anode volts m ust be increased by a further 100 volts to 
start ionisation. Norm al valves have a control ratio of be
tween 20 and 100 to 1.

Once ionisation has occurred a reduction of the anode 
voltage will not produce an anode current characteristic 
tha t will follow backwards over the path  of the curve 2 
of figure 12b, because the valve curren t is now controlled 
by the positive ion clouds, but it will return over a path  
tha t will follow more closely to tha t indicated by curve 1 
of figure 12b. T h a t is the current will not tend to reduce 
until the anode voltage falls below the ionisation potential.

In  other words the valve is controllable so th a t sufficient 
negative grid potential will prevent the discharge taking 
place even though the anode potential exceeds the norm al 
ionisation potential, but if the anode potential is increased 
sufficiently anode current will flow, cum ulative ionisation 
take place and the positive ion concentration will take control. 
Further, as the anode potential falls to the ionisation potential 
cut-off will again occur. T he ionisation time does not 
normally exceed 10 to 20 micro seconds, and with gases of 
the lower molecule weight may take even less time. D e
ionisation time, tha t is the time during which the anode 
potential m ust be held below ionisation potential to allow 
the grid to again assume control, is generally of longer 
duration as it is a more random  operation, and it varies 
from a few micro-seconds to 1,000 micro-seconds. W hen 
dealing with the higher frequencies, of course these times

28 T h e  O s c il l o s c o p e  : D e s ig n  and  C o n str u c t io n



T h e  O s c il l o s c o p e  : D e s ig n  and  C o n st r u c t io n  29

will be of importance.
General precautions to be adopted with relay valves, 

especially of the larger variety, is to insert current limiting 
resistors (Ri of fig. 13) in the anode circuit, and the cathode 
should be hot before H .T . is applied.

Fig. 13 gives the basic details of a gas relay circuit.
When used for a time base circuit the grid bias is adjusted 

m> that current flows a t a predeterm ined potential. D uring 
I hr period when the valve is cut off, the condenser C charges
111 > slowly from  the source of H .T . through the resistor R,
I ml the spot will be draw n across the tube until the potential 

.u loss the condenser reaches the predeterm ined am ount, when
II if relay fires and the condenser discharges until the valve 
r again nonconducting, as the anode voltage falls below the 
ionisation potential, and the process repeats itself.

With a ratio of 20 : 1 and 10 volts grid bias, the condenser 
will charge to 200 volts before the relay discharges it, tha t 
i the voltage applied to the X  plates will vary from zero 
lo 200 volts, which, w ith a sensitivity of 1 mm. per volt, 
would give 200 mms. travel.

In considering the values of the circuit components, the 
Mii.iller the capacity of the charging condenser, w ith R  con- 
>>tnnt, the quicker it will charge up and in 'consequence the 
lifi|iiency of the time base will increase. W ith most circuits 
i coarse control of frequency is provided by switching in 

vm ious values of capacitance. T here are of course many 
■,dues of C and R which will give the required time constant.
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T he lower value of capacity is controlled by the fact that at 
high frequencies there is a tendency to oscillation, as the con
denser may start to recharge during the de-ionisation period, 
the potential reached may be sufficient to reach ionisation 
value and a spurious oscillation will occur over and above the 
main cycle- O n the other hand too hjgh a value of con
denser will mean a heavy current flowing through the valve 
and cause excessive bom bardm ent of the cathode. An ap 
proxim ate form ula for calculating the condenser size is given 
by f where f is the frequency, V is the firing volts, I is 
the charging current in micro-amps., and C is the capacity 
in microfarads. For general purposes the capacities will be 
of the order of -0005, -001, -01, -05 and -5 microfarads.

3. Sy n c h r o n isa t io n .

Earlier it was seen tha t an essential requirem ent was 
interlocking or synchronisation between the sweep and the 
work voltage, tha t is inception of the time base sweep must 
be under the control of the impulses fed to the Y plates. 
This can be effected by feeding part of the Y plate voltage 
to the grid of the relay valve and thus causing a discharge 
to occur a t the positive peak of the test voltage (that is a 
little before the condenser would reach its uncontrolled peak 
voltage), and cause the relay to fire.

Fig. 14 indicates the m ethod of operation. “A” is the 
graph of the charge and discharge of the condenser, i.e. the 
time base potential, the dotted line showing the path  it would
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follow were it uncontrolled. “B” is the graph of the syn
chronising voltage supplied from the work, which is super
imposed on the steady bias voltage.

As the peak of the work voltage is reached the bias is 
lifted sufficiently to cause the relay to fire and discharge 
the condenser, and in consequence the time base is m ade to 
start always a t the peak of this work voltage.

T o  ensure tha t the value of the synchronising voltage 
is not too high it is necessary to have some control, otherwise 
the condenser m ight a t times discharge before the work 
potential reaches its peak, and a jum ping effect will be seen 
on the screen.

4- C o n st a n t  C u r r e n t  C o n t r o l .

I t  has been shown th a t in order to keep to the straight 
portion of the charging characteristic of a condenser, it is 
necessary to employ a high value of charging potential. If 
however some method be introduced tha t would control 
the charging current so tha t it was kept a t a constant 
value, this necessity for high supply voltages can be avoided.

This could be arranged by inserting a saturated diode in 
place of the charging resistor. If the filament of the diode 
is run at a low tem perature, a small potential applied to the 
anode would be sufficient to a ttrac t all the electrons emitted 
from the cathode, and no increase in the anode potential 
could, therefore, cause an increase in the anode current. The 
valve is said to be saturated, and provides the constant 
current device required. T he charging current supplied by 
the diode to the condenser being at a constant rate, a linear 
time base will result, the speed of which will be depen
dant on the impedance of the diode. This impedance will 
in turn  be dependant on the tem perature of the diode fila
ment, and for constant results a pure tungsten filament 
should be used.

This control of filament tem perature as a means of con
trolling the charging impedance, is not a particularly suitable 
system, and use of a pentode valve provides a better method. 
When the grid and screen potentials of a pentode remain 
constant then the anode current is virtually unaffected by 
variations in the potential of the anode. This is illustrated 
by the Ia /V a  characteristic of fig. 15, from which it can be 
seen th a t the current quickly builds up to a steady value and
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varies very little over a large swing of anode volts.
T he charging rate of the condenser can therefore be 

controlled by varying the pentode grid potential, or alter
natively the grid can be held constant a t cathode potential 
and the charging rate controlled by the screen vpltage. In 
either case the fact th a t the anode voltage is changing as 
the condenser charges does not, as has been seen, affect 
the rate of charge.

Figure 16 gives a pentode controlled time base circuit, 
employing a screen control (Rj) to vary the frequency of 
the time base.

T he charging condensers are Ci, C 2, C 3 and C 4, a dif
ferent value being switched in according to the time base 
frequency required. V 2 is the discharge relay valve, con
trolled by a variable bias obtained from  a potentiom eter 
w ith a value of 5-10,000 ohms. This variable resistor R 2 
gives am plitude control of the time base by determ ining 
the potential a t which the relay fires. T he resistor is shunted 
by a condenser C 5 with a capacity of several microfarads.
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This condenser m aintains the bias on the relay, during the 
period tha t the time base condenser is charging, as w ithout 
some capacitance there would be insufficient current through 
R 2 to m aintain the bias. This m ethod of applying the relay 
bias is not suitable where large variations of time base fre
quency are required, as the variations in charging current 
have a definite effect on the bias.

An alternative m ethod of applying this bias is to con
nect the grid to a potentiom eter circuit across the H .T . sup
ply. This means tha t the grid is m aintained at a steady 
negative potential relative to the anode of the relay valve. 
W hen the time base condenser is fully discharged the cathode 
of the valve is virtually a t full H .T . potential, i.e. positive 
to the grid. As the time base condenser charges, the cathode 
will become less positive, th a t is the negative potential dif
ference between the grid and the cathode will fall un til 
it reaches the point at which the relay will fire. This method 
however, still leaves the relay bias affected by variations in  
the charging current.

This tendency to frequency variation, can sometimes 
be a disadvantage at high frequencies. A suitable method 
of overcoming this is to interpose an amplifier between the 
time base ou tpu t and the X  plates. By this means the 
striking potential and in consequence the bias of the relay 
can be kept as low as three or four volts, and distortion 
will occur only if the amplifier is overloaded.

In  fig. 16 it will be seen th a t a condenser is inserted 
in the synchronising feed. This condenser should be of -01 
or -02 m icrofarad capacity, and is supplied from  the potential 
fed to the Y plates via a 2 megohm potentiometer. If the 
capacity of this condenser is too high in value there is a 
possibility of distortion due to grid current flowing in the 
relay valve when it fires, feeding back across the Y deflector 
plates and causing a vertical kick to the image a t the point 
of firing, i.e. a t the end of the scan. In  fact with an in
ductive circuit connected to the Y plates for test, it is pos
sible for this grid current pulse to produce a series of dam ped 
oscillations which can be seen on the screen. An alternative 
m ethod of feeding the synchronising pulse to the relay valve 
is to use transform er coupling in place of the resistance 
capacity coupling previously discussed.
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5. P u s h -p u l l  T im e  b a s e .

W hen discussing de-focussing troubles in the tube, it was 
pointed out tha t the deflector plates had a tendency to 
cause loss of focus a t the extremities of the time base. This 
can be overcome by so connecting the plates th a t they are 
electrically balanced w ith respect to the anode. This means 
tha t when any time base potential is applied to one X  plate, 
an  equal and opposite potential must be applied to the other. 
In  other words a form  of push-pull circuit is required to 
feed the time base potential to the X  plates. Over and above 
the advantages of symmetrical deflection there is the additional 
advantage that with the amplification obtained from this 
push-pull circuit the relay striking voltage can be kept low. 
W ith a resistive load to give an  undistorted ou tpu t and 
using a triode circuit giving a straight characteristic over a 
large swing, up to 80%  of the full H .T . supply can be used 
for deflecting. W ith a two valve circuit resistance capacity 
coupled, the time base condenser is coupled to the grid of 
the first valve the anode of which is connected via a con
denser to one X  plate, whilst the anode of the second valve 
is coupled to the other. T he anodes of the two valves will 
be in phase opposition, and with a correctly balanced cir
cuit, potentials of equal value bu t in opposite phase will be 
fed to the X  plates.

An alternative circuit using one valve only is shown in 
fig. 17.

T he condensers C t and C 2 are fed from the time base 
condenser, which also feeds via C 3 direct to one X  plate. 
T he valve acts as a phase inverter and feeds via its anode 
an  equal voltage of opposite phase to the other X  plate.

6. S h if t  C o n t r o l .

Two final controls for consideration at this point are the 
shift controls, one for each pair of deflector plates. I t  will 
be obvious tha t in a perfectly balanced tube the spot will 
normally appear, when there are no deflecting voltages ap 
plied, in the centre of the screen, and consequently one m ight 
assume tha t as the spot starts its scan from the centre point, 
tha t w ith the flyback it will return  to the centre point, so 
tha t the time base line covers only half the screen. In  
practice, however, the condensers through which the deflecting



potentials are supplied, isolate the plates from  any DC poten
tial. T h a t is, in the fluctuating potentials supplied to the 
plates the DC com ponent is lost, and a position is reached 
in which the applied potentials are symmetrical wfth respect 
to the tube and the scan covers the screen across its total 
w idth, provided, of course, tha t the potentials applied are 
sufficient to draw  the spot over this length. A part from this, 
however, some m ethod of m anual control of the positioning 
of the trace both horizontally and vertically is required. This 
can be obtained by applying a D.C. potential direct to the 
plates from a potentiom eter across the H .T . supply. If 
m agnetic deflection is used, adjustm ent can be m ade by mov
ing the position of the coils or passing a current through 
the coils via a choke to isolate the work potential.

7. H ard  V a l v e  T im e  B a s e .

I t  has been seen th a t for high frequency working there 
are drawbacks to the use of a gas relay valve. To overcome 
this the use of time bases utilising a  hard  valve as the dis
charge control has been developed, thus obviating the ques
tions of ionising times, tem perature changes, bias fluctuations 
etc. T he usual method of operating a hard  valve w ith its 
gradual variation in anode current, is not of course ap 
plicable to tim e base working, and quite obviously just to 
replace the relay by a hard  valve will not m eet the case. 
I t  is possible, however, to utilise a valve oscillator circuit to  
gvie a rapid charge and a slow discharge of a condenser, 
and thus obtain the required form  of action for a time base 
circuit. This is the reverse of the previous m ethod, when 
a slow charge and a rapid  discharge of a condenser gave 
the time base and flyback potentials.

A norm al inductively coupled oscillator circuit as shown 
in fig. 18, provides one method. Through the resistor R 
a positive bias is applied to the grid of the valve, which is 
also returned to earth  through the time base condenser C. 
R  is variable from 2 to 10 megohms and provides a fine 
frequency control. As a result of the oscillatory action of 
the circuit, the time base condenser C is rapidly charged 
until its potential is sufficient to cut off the valve, so tha t the 
oscillations cease. T he condenser charge then leaks away 
slowly via R  and this gradually decreasing potential is fed, 
via a -1 mfd. condenser and a 500K variable resistor, to the
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X  plates. M ore usually it is fed to the X  plates via an 
amplifier circuit, in order to obtain a sufficient potential 
to provide a complete time base sweep. W hen the charge 
on C has fallen sufficiently the valve again conducts, os
cillations again begin, C rapidly charges to give the flyback, 
and  the operation repeats.

An alternative m ethod which forms the basis of the Puckle 
time base, is to utilise the principle of the m ulti-vibrator, 
the basic theory of which can be ascertained from fig. 19.
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T he circuit is inherently unstable and generates con
tinuous oscillations. Its m ethod of operation is as follows. 
D ue to instability in the circuit the grid of one valve, say 
V i, will become more negative by a small am ount and the 
anode potential of the valve will rise, due to the decrease in 
anode current. The anode voltage rise will be transm itted to 
the grid of V 2 via the coupling condenser, causing the grid of 
V 2 to become more positive and therefore lead to an increase 
in its anode current, causing a negative pulse a t its anode
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which will in tu rn  be fed to W  grid, giving a cumulative 
effect to the operation. T he process is very rapid so that 
almost immediately V 2 becomes heavily conducting* w ith its 
grid a t m oderate positive potential, whilst the grid of V i is 
driven so far negative tha t the valve cuts off. T he system 
will then relax at a rate mainly determ ined by the time 
constant of the circuit. As the grid of V! approaches zero po
tential the valve begins to conduct and the feed-back starts 
in the opposite direction, V i becoming heavily conducting 
and V 2 cut off, and so on, generating a square top waveform.

A m ethod of applying this to produce a time base potential 
is shown in fig. 20. In  this case the action of the m ulti
vibrator circuit composed of V 2 and V 3 is controlled by Vi, 
the usual constant current valve, and the main time base 
condenser Cj. V 2 being cu t off by the action of the circuit, 
the condenser C t charges in the normal m anner via V x until 
V 2 again begins to conduct and by the cumulative action of 
the circuit rapidly discharges the condenser, and the cycle
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repeats. Frequency control will be as usual via am plitude 
control by the anode resistor V 3, and the synchronisation 
pulse can be fed to the grid of V 3.

8. F ly back  Su p p r e s s io n .

The flyback occurs during the steep portion of the saw
tooth waveform and in consequence travels at a much greater 
speed than the forward scan, and so is far less visible. Black 
out of this flyback is however a definite improvement, and 
can be carried out by applying a biasing potential to the grid 
of the tube at the appropriate time. During the discharge 
of the time base condenser, due to the heavy current flowing 
through the discharge valve, a negative pulse will be pro
duced in the anode of this valve- If this pulse is fed via a 
condenser to the grid of the cathode ray tube a bias will be 
applied to cut off the beam  at the time of the condenser 
discharge, i.e. when the flyback occurs.

9. D e f l e c t io n  A m p l if ie r s .

W ith certain types of time bases it has been seen tha t in 
order to procure the required length of scan an amplifier 
circuit has been necessary. In  general however the use of 
an amplifier is more often necessary in connection with the 
work potential, and no cathode ray oscilloscope would be 
complete w ithout the incorporation of a t least one am pli
fying stage for use when required with work potentials of 
a  low level.

Obviously the essential of such an amplifying circuit will 
be non-distortion, as should the screen show a waveform 
distorted by the oscilloscope itself, accurate testing etc., will 
be impossible. Consequently a level response over a wide fre
quency range is necessary, simple resistance capacity coupled 
circuits are used, with a gain control from a potentiom eter 
in the input. A great advantage of the C.R.O . is the fact that 
it imposes very little load on the circuit under test; in order 
that this advantage may be retained, obviously another re
quirem ent as regards the amplifier is tha t it also must im
pose very little drain on the work. Consequently the first 
stage of the amplifier m ust be of the high impedance type, 
and the capacity of the input terminals must be at a m ini
mum. W hen used as a time base amplifier, it m ust be



remembered tha t the amplifier must also handle the flyback 
pulse, so tha t in actual fact the amplifier must be capable of 
distortionless handling of the more stringent requirements of 
this higher speed pulse.

Fig. 21 gives an indication of the type of circuit used 
as a deflection amplifier. For the purposes of showing the 
m ethod of switching, it has been draw n as a time base 
amplifier. I t  will be noticed that no decoupling condenser 
has been included in the cathode circuit. This is to provide 
negative feedback in order to assist in straightening the 
response characteristic. Too much feedback m ust not be 
employed, as otherwise at high frequencies distortion from 
oscillation m ight occur.

T he choke included in the anode load is a measure for 
improvement of the high frequency response, which with 
a  pure resistance capacity circuit would fall off, due to the 
apparen t decrease of the effective im pedance of the resistor
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a t high frequencies arising from the shunting effects of the 
stray capacities. At the higher frequencies the im pedance of 
the choke increases and assists in balancing out this apparent 
decrease of the resistance. In  general so far as the con
struction of these amplifiers is concerned, they follow the 
rules norm ally applicable to audio frequency amplifiers, i.e. 
adequate screening particularly from  other circuits and power 
supplies, whilst all grid circuit leads and volume controls 
should be adequately screened and earthed. This screening 
should also be extended to the choke in the anode circuits 
which should be enclosed in an  earthed can w ith a diam eter 
greater than  twice the choke diam eter.

10 . P o w e r  S u p p l i e s .

Normally two separate power units are used in the C.R.O. 
O ne for supplying the necessary potentials to the electrodes 
of the tube itself, and one for the auxiliary circuits such as 
the time base and amplifiers. I t  is however possible to use 
the one power un it for both supplies especially where no 
amplifiers are incorporated, bu t for insulation purposes p ar
ticularly, separate units are definitely desirable. For the 
tube alone only a few microamps are used, and one milliamp 
through the resistance chain of the power supply should be 
ample. W here, however, a combined power un it is used the 
time base relay will consume ten or more milliamps and with 
the restricted output from  high votage rectifiers it will be 
advisable to incorporate a voltage doubling circuit.

Fig. 22 gives a circuit suitable for power supplies to the 
tube. Note particularly th a t the H .T . positive line is at 
chassis potential, in reverse to the norm al procedure in radio 
circuits. This serves a double purpose in th a t the chassis 
will be a t a safe potential w ith respect to the deflector plates, 
which are normally directly connected to the final anode 
which is a t the most positive potential, whilst in addition it 
has been found tha t disturbance from  external sources is 
reduced. I t  m ust therefore be appreciated tha t the cathode 
of the tube will be a t m axim um  potential w ith respect to 
the chassis. T he safest rule when dealing with the tube, is 
to touch nothing except of course for the controls, w hilst 
the supply is switched on. Perfect insulation is essential 
with the high voltages used, and it is preferable to use a 
separate transform er for the heater supplies. W here earth
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connections are indicated in connection with C .R .O ’s this, 
normally refers only to connections to the chassis, a true 
physical earth  connection is not generally necessary, and such 
a connection with one side of the mains earthed tends to  
impose an additional strain on the transformer.

A low current high voltage half wave rectifier is suffi
cient to provide the small current drain when required, and 
for the same reason resistance smoothing is completely 
adequate.

T he resistors used in the potentiom eter chain can be of 
low wattage as little power is dissipated, but for the variables 
in the chain, as they m ust be available externally for ad 
justments, they m ust have insulated arms, and if not m ounted 
on an insulated panel be m ounted through insulating bushes.

R t is the brightness control, variation of which will alter 
the bias on the grid which is at negative potential in the 
chain w ith respect to the cathode. W ith a soft cathode 
ray tube this becomes the focussing control.

R 2 is the focussing control, by altering the relative poten
tials of the anodes.

/S //y.

FIC.23. TIME BA S E  & AM PL IF I ER  POWER PACK.



R 6 ii the horizontal shift control, and R 7 is the vertical 
shift control. To avoid accidental alteration of these con
trols and thus causing incorrect readings, these are sometimes 
preset by screwdriver control instead of knobs.

The reservoir and smoothing condensers Cj* and C 2 are
1 mfd. capacity and it will be realised tha t they are subjected 
to the peak voltage of the AC and in consequence should 
be rated a t twice the DC voltage a t least. C 3 and C 4 de
coupling condensers are -5 mfd. capacity 500v.wg.

In  testing the ou tput of these power packs, an  electro
static voltm eter gives the greatest accuracy, or a high grade 
moving coil meter, the drain from  a low resistance meter 
in such a circuit would cause the reading to be completely 
inaccurate.

For the time base and amplifier power supplies, a stand
ard  type of power pack is used utilising a full wave rectifier 
and choke capacity smoothing, such as is shown in fig. 23. 
In  this case of course the heater and H .T . winding can be 
conveniently incorporated in the one transformer, and the 
drain  on the pack naturally  depends on the types of time 
base and amplifier circuits used.

4 4  T h e  O s c i l l o s c o p e  : D e s i g n  a n d  C o n s t r u c t io n



I l l — BUILDING A N  OSCILLOSCOPE

1. T h e  C h a s s i s .

W ith a view to keeping costs down, not every possible 
refinement contained in the previous chapters has been 
included, and naturally the constructor in some cases may 
wish to incorporate alterations to the following circuits, ac
cording to his particu lar requirements, for instance a hard  
valve time base; bu t the oscilloscope constructed in accor
dance w ith the following notes and circuits gives very satis
factory results for general purpose usage.

T he general layout and dimensions given in the various 
drawings assume th a t the tube will be adequately screened 
by a m um etal shield m ounted close around it. The use of 
a shield is strongly recommended in all cases for use w ith a 
cathode ray tube, which is exceptionally sensitive to stray 
fields w hich can cause extremely misleading and very dis
appointing results. I t  should be possible to obtain such a 
shield a t a very reasonable cost from the various surplus 
stores.

If it is not intended to use such a shield, then although 
the chassis gives some fair am ount of shielding between the 
tube and the various circuits, it will be found tha t it is not 
sufficient and the power supplies must be constructed as a 
separate unit, w ith the connecting leads about a yard long, 
so th a t this power un it can be placed well away from  the 
main chassis containing the tube. T he smoothing units, 
however, should be retained in the main unit so as to be as 
close as possible to the circuits w ith which they are to be 
used. This question of the construction of the oscilloscope 
on a un it basis has much to recommend it and many con
structors may decide to follow it and extend it to other 
parts of the general circuit.

T he chassis is m ade of £ inch sheet iron measuring 15 | 
inches by 15 J  inches, bent to a U  shape so as to give a depth 
of 4 inches and a length of 15J  inches. Blocks f  inch

4 5



square, and drilled and tapped 2 BA, are sweated into the 
four corners of each end to provide attachm ent points to 
which can be bolted the front and rear panels, see fig. 24a.

T he top of the chassis is drilled w ith seven holes to take 
the valve holders and a condenser. Six of these holes are 
1^ inches diam eter, and the other is 1^ inches diameter. 
Ttte larger one is for the EF55 amplifier valve, and is situated 
,at the third position from the front.

T he front and rear panels are again of |  inch sheet iron, 
and are screwed to the chassis by means of the blocks 
sweated to the corners of it. T he actual centres of the 
four holes tha t must be drilled to take the fixing screws 
cannot be given as it will be necessary to line these up with 
the blocks. See figs. 24 and 24a.

In  addition to these fixing holes the front panel must 
have in it a hole of 6§ inch diam eter to give adequate 
clearance for the screen, and eight holes for the spindles 
of the controls. These holes are shown as § inch, diam eter, 
but for the brightness and focus controls at least it is 
preferable for insulated bushes to be fitted to the panel, 
in which case, of course, the actual hole required will de
pend on the bush used. W here these bushes are used, 
the knob grub screws m ust be recessed and insulated, 
otherwise should the potentiom eter breakdown the screw 
being live may cause a bad shock.

Finally there are two holes required for the calibra
tor and input sockets. These again depend on the actual 
type used. In  the constructed model plug and socket 
types were used, bu t as a m atter of taste the constructor 
m ight consider a screw type term inal to be more convenient. 
No external earthing connection has been provided for as a 
crocodile clip attached to the chassis has been found suffi
cient, bu t as in m any cases it is necessary to connect the chassis 
of the oscilloscope and the apparatus under test, it m ight be 
considered preferable to include an earth  terminal for use on 
such an occasion. Small diam eter knobs w ith a good grip 
are used on the controls to give a good spacing between each 
for ease of manipulation.

T he rear panel is drilled w ith two holes, 15/32 inches 
diam eter, to provide for the on /o ff switch and the mains 
leads entry, two holes drilled 4BA clearance for the tube 
mounting, and a further four sets of holes to take the 
sockets for the link plugs. T he sizes of these latter will de-
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R e a r .

6  -  H o le s  APART -  '/2 '  fC U M  
R1»R -  P o t t  LC A O I EX IT .

Co n d e n s e r

C I4 ,  C IS ,  C 2 0 .1  CONNECTED TO 

R26, R29, R37./ T u a t  8 * * E-

F\C l*. CHASSIS CONSTRUCTION AND MOUNTING
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pend on exactly w hat type of linkage is adopted. These links 
should be clearly m arked X I, X2, Y l, and SYNCH. If 
desired single plug sockets can be used and the link formed 
with two plugs connected by an insulated lead. If this 
system is used it m ust be remembered th a t one side of 
the link will have a direct connection w ith the anodes of the 
valves,- and if the plugs are left hanging there will be a 
danger of shorting the H .T . to chassis. Consequently a 
two pin plug and socket is recommended, with a shorting 
link connecting the two pins of the plug, as making a neat, 
convenient and less dangerous job.

T he exact fixing centres for the various mountings of the 
components on the chassis are not indicated as these will be 
controlled by the actual com ponent used, bu t an indication 
of the layout of the larger components is given in figure 24D. 
O f particular im portance is the fixing of the mains trans
formers and the two chokes. T he transformers should be 
m ounted w ith their fields running along the chassis, whilst 
the chokes m ust then be m ounted so tha t their fields are a t 
90 degrees to those of the transformers; otherwise interfer
ence will result.

M ains interference is indicated by a distortion of the spot 
to a short line or oval, possibly two traces will be seen on the 
screen, or the beam will be m odulated by 50 c.p.s.

W iring etc., in general follows the usual construction 
rules, bu t in particular when connecting the Y plate to the 
anode of the amplifier valve keep the lead as isolated as 
possible, to reduce capacity which, a t high frequencies 
especially will cause loss of gain. All heater leads should 
be twisted. T he three -1 mfd. condensers, and the three
2.2 meg. resistors, which are connected to the X  plates and the 
Y l plate, are actually connected a t the tube base, the third 
anode being used as a convenient earthing point. Remember 
tha t so far as the cathode ray tube is concerned the chassis 
is at the point of high potential relative to the cathode i.e., 
reverse to normal. T he dimensions as shown do not allow 
for any tube socket the leads having been soldered direct to 
the C .R .T. base. From  the point of view of insulation and 
ease of replacem ent it m ight be desired to fit a holder for the 
tube, in which case the length of the chassis must be increased.



This is a norm al type half wave pack supplying two 
kilovolts to the final anode, and two 4 volt supplies* for the 
heaters of the C .R .T . and the rectifier. W here it is desired 
to wind the transform er the details are as follows.

T he transform er is wound on a 1 i inch pile of Sankey 
num ber 4 laminations.

T he prim ary for 230 volts supply is 1580 turns of 32 
gauge enamelled copper wire.

T he H .T . winding supplying 1,600 volts at 1 milliamp 
is 11.200 turns of 42 gauge enamelled copper wire.

T he first heater winding for the C .R .T. supplies 4 volts 
a t 1 amp., and comprises 28 turns of 22 gauge enamelled 
copper wire.

T he second heater winding for the rectifier, supplies 4 
volts a t .65 amps and is 28 turns of 24 enamelled copper 
wire.

Paper interleaving should be used throughout, except for 
the heaters which should be insulated w ith oiled silk.

T he two condensers should be capable of w ithstanding 
3,000 volts peak working.
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2 . T h e  C a t h o d e  R a y  T u b e  P o w e r  S u p p l i e s . ( f ig . 2 5 .)

3. T h e  T i m e  B a s e  &  A m p l i f i e r  P o w e r  S u p p l i e s , (fig. 26.)

This employs a full wave rectifier and supplies 400 volts
H .T .

For those desiring to wind their own transform er the 
details are as follows.

T he transform er is wound on a  1J inch pile of Sankey 
num ber 4 laminations, and is based on seven turns per volt, 
less 7% for the prim ary to account for copper and iron 
losses.

T he prim ary for 230 volts supply is 1580 turns of 30 
gauge enamelled copper wire.

The H .T . winding supplies 325-0-325 volts a t 50 milli- 
amps, and is wound 2,280 plus 2,280 turns of 38 gauge 
enamelled copper wire.

H eater 1 (Rectifier) supplies 4 volts at 2.5 amps, and is 
wound 28 turns of 19 gauge enamelled copper wire.

H eater 2 (Relay) supplies 4 volts a t 1.5 amps, and is 
wound 28 turns of 21 gauge enamelled copper wire.
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H eater 3 (Amplifiers) supplies 6.3 volts at 2.2 amps, and 
is wound 44 turns of 20 gauge enamelled copper wire.

Paper interleaving throughout is used, and very tight 
winding is essential in order th a t all the windings may go 
on to the core. If necessary provided adequate insulation 
is used, the final heater winding may be wound oft to the 
E.H .T. transformer, where there will easily be sufficient room.

T he -1 mfd. condenser included in the smoothing circuit 
of the amplifier is added because a t high frequencies the 32 
mfd. condenser may not be effective.
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4. C a l ib r a t o r , (fig. 27)

This circuit is included to provide A.C. calibrating volt
ages 10 volts, 5 volts, and 1 volt (peak to peak). They are 
obtained by a potentiom eter arrangem ent of resistors, con
nected across the 6.3 volts winding supplying the deflection 
and time base amplifiers.

T he peak to peak voltage supplied from  this winding is 
18 volts (6.3X 2 V  2) and if therefore a total resistance of 180 
ohms is used for the potentiom eter, each 10 ohm step will 
represent 1 volt peak to peak.

R/O (•)
___ 'CAL'

SOCKET
ON FRONT PANEL

f IC.E7. CALIBRATOR.
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5 . T u b e  C o n n e c t i o n s , (fig . 28)

This follows norm al practice with the exception perhaps 
of the shift controls which, returned to earth  via a 2-2 
megohm resistor, are supplied from  the deflection amplifier 
power pack.

A six inch three anode tube is used, with anodes one ana 
three linked. T he Y p late sensitivity of the tube is approxi
mately double that of the X  plates, complete vertical deflec
tion requiring about 200 volts potential, and complete 
horizontal deflection requiring about 400 volts potential. T he 
cathode is indirectly heated by a 4 volt heater.

The positive end of the resistor network is earthed in 
accordance with standard practice.

6 . T h e  T i m e  B a s e . ( f ig . 2 9 )

A gas relay circuit is employed feeding into a double triode 
push-pull amplifier circuit, giving symmetrical deflection.

A 270 ohm resistor and a 10K resistor in the anode and 
grid circuits respectively, provide current lim iting protection 
for the relay. The synchronising pulse, controllable by a 
500K potentiom eter, is fed to the grid of the relay, the bias 
which is controlled by a 50K potentiometer, in a resistor 
string across the H .T ., this provides the am plitude control.

C onstant current control is provided by the pentode 
EF37, grid 2 of which has a variable potential applied via a 
25K potentiom eter, which gives a fine speed control.

T he coarse speed control is provided by a six way single 
pole switch, only five positions of which are used in the 
circuit shown, giving a choice of four time base condensers, 
and an “ off ” position for use when the spot only is required.

W hen it is desired to feed to the X  plates direct, cutting 
out the time base, the circuit between the triode amplifiers 
and the C .R .T. can be broken by links on the rear panel 
(fig. 24a. C) one X  plate being earthed if desired by twisting 
over one link, whilst the signal can be fed to the other X  
plate by a single plug inserted in the appropriate link socket. 
T o  avoid confusion in use it is desirable when wiring to  
follow a definite plan of connections for these links. T hus 
all C .R .T . connections should be taken to the right hand  
link socket (when viewed from the rear of the oscilloscope)
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so th a t w ithout difficulty the user will know th a t incoming 
signals should be fed to these right hand sockets.

I t  will be seen that the -1 mfd. blocking condensers rem ain 
in circuit between the link sockets and the C.R.T. plates, 
and if it is desired to feed D.C. to the plates it will be neces
sary to bye pass these condensers. In  normal mse w ithout 
these condensers the steady D.C. potential from the anodes of 
the ECC34 would cause serious de-focussing.

7 . T h e  D e f l e c t i o n  A m p l i f i e r , (fig . 29 ).

This is a normal resistance capacity type pentode am pli
fier giving a reasonably flat response up to 4Mcs. As at the 
higher frequencies the 50 mfd. condenser would tend to lose 
its capacitive qualities, a -1 mfd. condenser is also included 
in the cathode decoupling circuit.

To improve the all round response, gain control is p ro
vided by a variable resistor in the cathode circuit, by means 
of which controllable feedback is obtained.

W hen it is desired to cut out the amplifier, a link similar 
to tha t previously discussed for the X  plates, is provided in 
the rear panel, which will give direct access to the Y plate, 
via a .1 mfd. condenser.

T he synchronising potential is taken off above the anode 
load of the amplifier valve, so as to avoid added capacity in 
the output circuit, and consequent loss of response, whilst 
only a small potential is required in any case. W hen the 
links are being used and the amplifier bye-passed, in order 
to provide a synchronising pulse the input must also be 
tapped into the right hand synch, socket.

8 . C o m p o n e n t s .

(1) C .R .T. Power Pack.
Transform er T l .  H .T . 1,600 volts a t 1 m /A . Two 4 

volt heater windings adequately insulated for 2,000 volts.
Valve V I H V R2 by M ullard.
Resistors. R l. 270K £ w att by Erie.
Condensers. C l. -1 mfd. 3,000 volts peak by T.C.C.
C2. .5 mfd. 3,000 volts peak by T.C.C.
Tube. EC R  60 by M ullard, or V C R  97.

(2 ) Tube Potentiometer String.
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Resistors.
R3. 150K ^ w att by Erie.
R5. 1.5 meg. 1 w att by Erie.
R6. 2.2 meg. £ w att by Erie.
R9. 270K -J w att by Erie.
R7 & R8. 500K 2 w att variable by M organ.
R2. 100K 2 w att variable by M organ.
R4. 200K 2 w att variable by M organ.
R38. 2.2 meg. by Erie.

(3) Tim e Base and Amplifier Power Pack. 
Transform er T2. H .T . 325-0-325 volts at 50 m /A . 
4 volt heater a t 2.5 amps.
4 volt heater a t 1.5 amps.
6.3 volt heater at 2.5 amps.
Valve V2. IW 4/350 by M illiard.
Chokes. Two 10 henry 50 m /A .

Condensers.
C3. 4 mfd. 500 volt peak electrolytic by T.C.C. 
C4. 16 mfd. 500 volt peak electrolytic by T.C.C. 
C5. 32 mfd. 500 volt peak electrolytic by T.C.C. 
C6. .1 mfd. 500 volt peak paper by T.C.C.

(4) Calibrator.
Resistors.

R10. 10 ohm \  w att by Erie.
R l l .  40 ohm J  w att by Erie.
R12. 50 ohm ^ w att by Erie.
R13. 80 ohm J  w att by Erie.
Switch. 3 way single pole.

(5) Tim e Base.
Valves.

T41 by M azda V3 (Thyratron).
EF37 by M ullard V4.
ECC34 by M ullard V5.

Resistors.
R14 & R15. 22K £ w att by Erie.
R17. 10K ^ w att by Erie.
R18. 270 ohm J  w att by Erie.
R20 & R25. 1 meg. J  w att by Erie.
R21 & R26. 47 ohm ^ w att by Erie.
R22. 3.3K £ w att by Erie.
R23 & R27. 68K £ w att by Erie.
R24. IK  £ w att by Erie.
R28 & R29. 2.2 meg. \  w att by Erie.
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R16. 25K variable 1 w att by M organ (Fine speed control). 
R19. 5OK variable 2 w att by M organ (Amplitude control). 
R30. 500K variable 2 w att by M organ (Synch, control).

| y~» /-j n*-» npvc
C7. .01 mfd 350 volt working by T.C.C.
C8, C12, & C13. 2 mfd. 350 volt working by T.C.C.
C9. .02 mfd 350 volt working by T.C.C.
CIO. .0015 mfd. 350 volt working by Dublier (M type). 
C l l .  .00015 mfd. 350 volt working by Dublier (M type). 
C14 & C15. .1 mfd. 350 volt working by T.C.C.

Switch. 6 way single pole. (Coarse speed control.)

(6) Amplifier.
Valve. EF 55 by M ullard V6.
Resistors.

R31. 2K variable by Reliance (T .W ./l.)
R32. 33K 1 w att by Erie.
R33. 470 ohms 1 w att by Erie.
R34. 5K  6 w att by Erie.
R35. 150 ohm \  w att by Erie.
R36. 1 meg. £ w att by Erie.
R37. 2.2 meg. J  w att by Erie.

Condensers.
C16. .2mfd. 350 volt working by T.C.C.
C17, C18, C20 & C21. .1 mfd. 350 volt working by T.C .C . 
C19. 50mfd. 12 volt working by T.C.C.

(7) Sundries.
Knobs. 10 Eddystone Cat. No. 593.
Valve Holders.

2 B4.
2 I.O.
1 M .O.
1 B9G.

Sockets.
Two— input and calibrator.
Four sets of plugs and sockets for links (rear panel).

Valve caps.
O ne standard small m etal grid cap.
O ne insulated anode cap (red) Bulgin P92 type.

M um etal screen for C.R.T.



IV — THE OSCILLOSCOPE I N  USE.

1 . P r e l i m i n a r y .

H aving built the oscilloscope before actually putting it 
into use it is a wise precaution to provide a perm anent kit 
of connecting leads for use w ith the instrum ent. This will, 
prevent the usual hasty provision of makeshifts which will 
normally otherwise be resorted to. In  the long run  the pro
vision of a proper kit will save considerable time and prevent 
the tendency to neglect or imperfectly perform  some of the 
tests. N othing of a complicated nature is necessary; screened 
leads w ith crocodile clips, prods, and plugs connected form 
the basis, and useful additions such as valve top cap adapters, 
a shorting clip w ith crocodile clips each end, etc., will suggest 
themselves according to the tests undertaken.

W ith the wide variety of uses possible, naturally  only 
only a small num ber of applications can be described in this 
book, bu t they should be sufficient to indicate the general 
methods tha t should be followed. I t  is possible to roughly 
group the various applications under classifications such as 
the following.

(a) Utilising one pair of deflecting plates only, w ithout 
any time base, for example use as a voltmeter.

(b) Comparison of a known and an unknown quantity, by 
using both pairs of deflecting plates, again w ithout the time 
base, for example frequency comparison.

(c) A continuous graphical illustration of a function 
against time, tha t is using a repeating time base, for example 
waveform study.

(d) Illustration of a function against a base other than time, 
for example valve characteristics.

(e) O ther uses not generally applicable to radio, for ex
am ple cardiographs.

5 9



Used in this m anner the Cathode Ray Oscilloscope be
comes a voltm eter or ammeter, w ith th a t most desirable 
quality tha t it imposes no load on the circuit un^er test. 
W hen only one pair of plates are used the other pair must 
be connected together and earthed, to prevent the collection 
of stray charges. A part from  the fact th a t there is no loading 
effect on the measured equipm ent, among other advantages 
of using the C .R .O . (as against a norm al type of moving coil 
meter), are tha t it is not affected by changes of frequency or 
tem perature; it is almost impossible to overload it as any 
excessive voltage merely deflects the spot off the screen; and 
D.C. and A.C. voltages are both easily handled, although a 
special amplifier m ust be used for low values of D.C.

Calibration of the tube is the first step. For this purpose 
a transparent scale is m ounted as close as possible to the 
screen. This should be removable so th a t for other tests 
there can be uninterrupted viewing. This scale can be made 
of a sheet of celluloid or perspex, and is accurately ruled 
into squares. As an alternative and simpler method, which 
meets w ith the m ajority of norm al requirements, a strip of 
gummed transparent tape marked off in millimetres is stuck 
to the face of the tube in a vertical position, so th a t the deflec
tion can be seen through the tape and read off on the scale. 
This scale can generally be left in position as it has little 
tendency to interfere w ith the reading of the images.

To set the scale, earth all the plates, focus the beam  to the 
finest obtainable point, keep the brilliance low and then 
firmly fix the scale so th a t the zero point lies exactly over the 
spot. T he scale should of course be m arked off in both 
directions from  a centre zero point.

After dismantling the previously applied earthing link, a 
known D.C. voltage from batteries, preferably checked from  
a reliable meter, is applied via the tube base connection (so 
as to by-pass the condenser otherwise in circuit) to the Y 
plates. This will move the spot to a new position on the 
screen, the distance moved over the scale corresponding to 
the applied voltage. T he movement of the spot per volt 
applied is uniform  over the screen, and the scale can there
fore be easily calibrated. Thus, if on application of a hundred 
volts the spot moves a distance of 5cms, then each millimetre
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on the scale represents 2 volts.
If an A.C. calibrating voltage is used, e.g., from the cali

brator in the equipm ent, then in place of the movement of 
the spot, a straight line will be drawn. I t  will be realised 
th a t when the positive half cycle is applied the spot will be 
draw n in one direction as the applied voltage grows to its 
positive peak, and as the voltage dies to zero and grows again 
to a peak in the negative direction, the spot will follow by 
returning to the zero point on the scale, and then moving 
to a peak position in the opposite direction, and so on, thus 
drawing a vertical trace on the screen for as long as the voltage 
is applied. T h a t is w ith alternating potentials the line indi
cates peak to peak voltage, and not R.M .S. value, as read 
by the usual meter. In  general it will be found preferable 
to calibrate the scale in R.M .S. values, alternatively the D.C. 
calibrated scale can be used showing peak to peak readings, 
so tha t only one calibration is necessary, and these peak to 
peak readings can then be converted to R.M .S. values by 
m ultiplying the value obtained from  the scale by .353. Thus 
if an applied A.C. voltage causes a line on the screen indica
ting a peak to peak voltage of 100 R.M .S. value is 35.3 volts. 
Rem em ber that the values quoted for the calibrating voltages 
supplied from the equipm ent are peak to peak.

These conversions are of course true only for a sine wave.
To differentiate between positive and negative half cycle 

a D.C. voltage of known potential can be superimposed and 
the movement of the trace noted. If the work under test has 
a D.C. component the picture will be displaced off centre and 
the use of a blocking condenser in the input lead will prevent 
this.

Such calibrations will of course apply only where the 
signals are  fed direct to the deflector plates, and not through 
any amplifier stage. For accurate readings below say 5 volts, 
amplification will be necessary. For A.C. voltages the built 
in amplifier can be used, the gain being set a t a convenient 
fixed value, and then a suitable A.C. calibrating voltage being 
applied to the plates. T he scale m ust of course be re-calibrated 
for every setting of the gain control. Any distortion caused 
by a non-linear response of the amplifier will of course cause 
an incorrect reading, and the gain should be kept a t a m ini
m um  to guard against this possibility. W hen an amplifier 
is used each stage will cause a reversal of phase, so tha t with 
a  signal tha t has positive and negative peaks w ith different
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amplitudes, this point must be borne in mind when determ in
ing the potentials.

For D.C. voltages a special amplifier will be necessary as 
the coupling condenser normally incorporated will present 
an infinite impedence to the D.C. and for generaUpurposes 
norm al moving coil voltmeters are preferable.

For higher voltages some form  of attenuation is necessary. 
This can be simply constructed by m ounting ten one meg. 
J  w att resistors in series on a strip of bakelite. T he input 
signal is then fed across the potentiom eter and each m ounting 
tag, to which the resistors are connected, will then form  a 
step from  which a suitable signal can be tapped off to feed 
to the Y plates, each step will represent one tenth of the total 
applied voltage.

For current measurements, the C .R .O . is actually used 
to measure the voltage across a known value of non-inductive 
resistance connected in series with the circuit under investiga
tion. This voltage drop m ust be kept small to prevent any 
distortion due to interposing an excessive impedence.

Testing tone control circuits is one example of the use 
to which this voltage measurement property of the C.R.O. 
can be put. V arying frequencies over the range to be covered 
are fed into the circuit under test, a t a constant voltage value. 
T he output voltages are then measured on the oscilloscope, 
thus giving a comparison of the attenuation a t the various 
frequencies.

3. C o m p a r i s o n  T e s t s .

In  this case two A.C. potentials are fed to the oscilloscope, 
one to the X  plates and one to the Y plates. Although 
there is a difference in the sensitivity of each pair of plates, 
due to the fact tha t one pair is m ounted nearer to the final 
anode, for all other functions the X  and Y plates may be 
taken as equal, and in consequence the C.R.O. can be used 
as a com parative measure, th a t is it can be used for ascer
taining by how m uch and in w hat m anner one quantity  
differs from another. Obviously any amplification necessary 
must be applied to both pair of plates to prevent the intro
duction of distortion from the test gear, and in general a 
potentiom eter to ensure equal deflection is advisable.

(a) P h a s e  A n g l e .

If  potentials of equal am plitude and frequency are applied
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to the X  and Y plates, and if these potentials are also in 
phase they will each grow to a m axim um  a t the same rate, 
and throughout the cycle they will each be exerting an 
equal force on the beam, one in a vertical direction and one 
in a horizontal direction. So th a t the resultant force will be 
the diagonal of the square formed by the horizontal and 
vertical amplitudes, and the spot will be m ade to move up 
and down along a straight line a t 45 degrees to the horizontal. 
T he applied signals need not be pure sine wave form ation 
to produce this form.

If the signals are 180 degrees out of phase then once 
again they will pass through their maxima and minim a 
together and produce again a straight line, bu t inclined in the 
opposite direction, as the maxima will in this case be of 
opposite potential, see fig. 31.

o  o # /
o’ JO" 60" p o ’ 120’ /so' /ao*

OR J6 0 ’  O R JJO ' OR 100’ OR 270' OR 240’  OR 2/0’
FIC.JI. IMACES fOR VARIOUS PHASE ANCLES.
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Voltage Ex is applied to the X  plates and voltage Ey is 
applied to the Y plates, Ey lagging Ex in phase. At the period 
of time indicated by num ber 1 on the diagram, the potential 
applied to the X  plates is zero, and in consequence* he move
m ent of the spot in the horizontal direction is nil, whilst the
Y plates move the spot vertically to the position 1 shown in 
fig. 3 0 b , due to the potential a-a^

A t the period of time indicated by num ber 2, the Y plate 
potential is now nil and in consequence there is no vertical 
movement, the X  plate potential however has now grown to 
the value b-bj causing a horizontal movement as shown in 
position 2 of fig. 30b.

Tim e 3  shows the horizontal movement at its maximum 
given by c-c2, whilst the vertical movement, still growing, has 
reached the value given by cv-c2. Tim e 4 shows the vertical 
movement a t its maximum, whilst the horizontal movement 
having passed through its maxim um  is now decreasing, and 
so on throughout the sweep of the waveforms the relative 
values varying in a constant m anner in their relationship to 
each other. T he movement of the spot, therefore, will follow 
the same p a th  during each sweep the resultant being an 
ellipse as shown in fig. 3 0 b , which is obtained by plotting 
the relative values obtained from fig. 3 0 a .

As the phase difference increases, the width of the ellipse 
will increase as can be readily seen from plotting other curves, 
until when the phase angle between the voltages is 90 degrees 
the image obtained on the screen of the C.R.O. is a circle. 
As the phase difference increases, the w idth of the ellipse 
will again decrease, and the angle of inclination of the ellipse 
will now lie in the opposite direction to tha t previously ob
tained.. T he images th a t will be seen on the screen for the  
various phase differences are shown in fig. 31.

Altering the am plitude of one signal only, has the effect 
of altering both the size and the shape of the image, as if 
the am plitude of the potential applied to  the Y plate is 
increased the swing in the vertical direction will be greater, 
and a circle will not result a t a 90 degrees phase difference.

If the phases were reversed, tha t is the signal fed to the 
X  plates lagged tha t fed to the Y plates, the results seen 
on the screen will rem ain as obtained before, so tha t no indica
tion of which signal is the lagging one will be given. By 
feeding one of the signals through a small inductance to 
produce an additional lag an indication can be- obtained.
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Thus if the  ellipse becomes th inner then the signal fed through 
the inductance will be the leading one, and vice versa.

From  fig. 30 it can be seen th a t w ith equal am plitudes 
the axes of the ellipse lie always on the diagonals of the square 
PQRS. Taking any image, if the length of the greater 
axis is called 2 a  and the length of the smaller 2 b , then the 
phase angle can be found as follows.

The instantaneous values ex and ey of the voltages applied 
to  the  deflector plates are given by

(1) ex = E x sin 0 
and (2) ey = E y sin (0+ a).

W here E x and Ey are the m axim um  voltages and  a is 
the phase angle between them.

Elim inating sin 0 from equations 1 and 2 gives

(3) E x2ey2 +  E y2ex2—2ExE yexey cos a = E x2E y2 sin2a.

The m axim um  am plitudes of the signals actually applied 
are equal i.e., E x = E y, and a t the points T  and U of fig. 30 
the am plitude of each signal is equal (although of opposite 
potential a t point T).

A Bi.e., for T  we have ex = e y = _and for U, ex = e y__
^ 2  _ ^ 2

Substituting in equation (3) above gives
----  a

A = E  y  2 cos ~2

B = E  W~2~ sin J L  
v 2

B a Bi.e. —j— = ta n  -  or a = 2  ta n —1 —r—A 2 A

T hat is to  find the phase angle between the two signals 
fed to  the deflector or plates, measure the two axes find the 
angle the tangent of which is equal to their ratio, and double 
this angle is the required phase angle.

One aspect of this phase difference testing is the  measure
m ent of phase shift in ampliers. Signals of varying frequen
cies are fed direct to  one pair of plates of the  C.R.O. whilst a 
portion of the same signal is fed to  the other pair of deflector 
plates via the amplifier under test. The am plitude of the



inputs are controlled by a potentiom eter and care m ust be 
taken to ensure that this does not itself introduce a phase 
shift. If a straight line is seen on the screen thfcn there is 
no phase shift in the amplifier, a loop on the other hand will 
indicate a phase shift the extent of which can be calculated 
if required, as described previously. A variation in volume 
a t any frequency, i.e., am plitude distortion, will be indicated 
by the straight line becoming deformed in some m anner.

Another application is power factor calculation. The 
power factor of a supply voltage when applied to a certain 
load, can be ascertained by comparing voltage and current 
phase. A resistance across the load will provide a voltage 
for one pair of plates proportional to the applied voltage, 
whilst a non-inductive resistance in series w ith the supply 
current will provide a voltage for the other pair of deflector 
plates proportional to the current. This latter resistance must 
be small in value, so tha t the load conditions are not affected, 
and in consequence the amplifier of the C.R.O . will normally 
be used. From  the ellipse obtained on the screen when these 
voltages are applied to the plates, the phase angle can be 
obtained and the power factor will be given by the cos. of 
this angle.

Coils and individual windings can also be tested for faulty 
operation by comparison with a standard identical unit which 
is known to be correct. In  this case a diagonal line will indi
cate that the un it under test is sound, whilst an ellipse will 
indicate a fault.

Resonance is another case in which these properties can 
be used. W hen a circuit is supplied w ith a voltage a t its 
natural frequency it resonates, and the current and voltage 
are in phase, if therefore it can be found at w hat frequency 
this in phase relationship applies, th a t frequency will be the 
resonant frequency of the circuit.

T he circuit is fed with a voltage supplied from a signal 
generator, and the tube is connected with its X  plates across 
the circuit, whilst the Y plates are connected across a non- 
inductive resistance through which flows the current supplied 
to the circuit. T he frequency of the voltage supplied from 
the signal generator is varied, so th a t the resultant of the two 
potentials applied to the C.R.O . will be a series of ellipses 
and circles until the resonant frequency is reached, when the 
current and voltage will be in phase and a straight line image 
will be obtained.
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( b )  F r e q u e n c y  C o m p a r i s o n — L i s s a j o u s ’ F i g u r e s .

This is a continuation of the previous section which was 
concerned w ith the application of a particular Lissajous figure, 
obtained from signals a t one frequency with a phase shift 
between them. W hen the signals applied to the oscilloscope 
are a t a different frequency, then the phase shift between them  
is constantly varying, and the actual image seen on the screen 
is dependant on the ratio of the frequencies. If there is not 
a simple ratio between the frequencies, a m uddled mixture 
of lines will be seen on the screen forming a useless picture. 
W hen, however, one frequency is a m ultiple of the other, 
a stationery pattern  can be obtained from which it is possible 
to calculate the ratio between the two frequencies. These 
various patterns that can be so obtained are known as 
Lissajous’ figures.

If, therefore, one of the frequencies used is of a known 
value e.g., the mains supply or from  a signal generator, the 
value of an unknown frequency can be obtained from the 
particular figure on the screen. T he actual method of calcu
lation can be obtained from fig. 32, which gives examples of 
typical Lissajous’ figures. Figures a, b, and c, are of the same 
ratio of frequencies, and serve to indicate the different images
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tha t can be obtained according to the actual phase angle 
between the signals.

There are two methods of calculating the ratio between 
the frequencies.

1. T he ratio is the num ber of complete loops along the 
top of the image, to the num ber of loops along one side of 
the image.

2 . T he ratio of the num ber of loops along the edge, to the 
num ber of line intersections a t the top of the pattern  plus 
one. Thus in fig. 3 2 f  there are five loops along the edge 
and three intersections, and adding one to the la tter figure 
gives a ratio  of 5-4.

Beyond ratios of about ten to one the patterns tend to 
become unreadable, although use of an elliptical time base, 
obtained by interposing a phase splitting circuit of a condenser 
and  resistor between the X  and Y plates, will extend the 
range by spreading out the pattern  into an elliptical form.

4 .  U s i n g  a  R e p e a t i n g  T i m e  B a s e .

This section covers the tests for which, in general, the 
C .R .O . will mainly be used, and applies wherever it is desired 
to trace an image indicating variations of a potential with 
time, i.e., the actual wave shape of the signal, and some details 
of the more common uses are given in the following pages.

( a )  A l i g n m e n t  A d j u s t m e n t s .

The object is to so align, w ith the use of a frequency' 
m odulated signal generator and the oscilloscope, the various 
tunable circuits of a receiver, such as the I.F. transformers, 
so that they will pass the required band of frequencies w ith
out distortion.

I t  is necessary for the frequency of the signal applied to 
the circuit, to be periodically changing about a mean in 
order to cover the required band, and this frequency variation 
must be synchronised with the time base sweep, so that 
the image seen on the screen, although actually a graph of 
voltage against time, can also be read directly as a graph 
of voltage against frequency. T he usual method is to feed 
part of the time base potential to the signal generator m odu
lating valve, and thus causing a variation in the frequency 
of the main oscillator circuit at the same rate as the growth



of the time base.
T he type of curve to be obtained is a flat topped one 

such as is shown in fig. 33. A peaked response curve will 
indicate cu t off of side band frequencies and consequent poor 
quality of reproduction. T he ideal to be aimed at is a 
rectangle on a base of 20K.c/s., that is lOKc/s. either side 
of the m ean frequency to which the circuit is tuned. W ith 
experience it is possible to ascertain causes of error by the 
shape of the trace obtained. For instance one-sided humps 
are generally due to incorrect coupling, or regeneration, due 
to an open circuited decoupling condenser or lack of screening.
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(i) T u n in g  t h e  I.F. S e c t i o n .

T he actual prelim inary operations will of course depend 
on the exact nature of the circuit to be adjusted, but the 
following will give sufficient general indication to enable the 
m ain principles to be adapted to particular requirements.

Disconnect all A.V.C. lines from  the A.V.C. portion of 
the double diode triode in the set. If necessary disconnect 
the diode load resistor from earth and transfer it to the 
cathode so tha t the A.V.C. delay voltage will be inoperative. 
Any A.V.C. filter circuit should be left connected in as its 
removal m ay upset the loading of the I.F. transformer. E arth  
the disconnected A.V.C. lines.

T he next step is to stop the oscillator section of the set. 
This can be done by removing the valve where a separate 
oscillator valve is used. In  other cases the oscillator section 
of the tuning condenser should be short circuited, a lead 
w ith crocodile clips fitted to each end is convenient for this. 
A straightforward short circuit is suitable for cases where the



7 0  T h e  O s c i l l o s c o p e  : D e s i g n  a n d  C o n s t r u c t i o n

grid circuit is tuned, but when the anode circuit of the 
oscillator is tuned, in case there is H .T . on the condenser 
a .5mfd. condenser is used to short across the* tuning 
condenser.

In  order to provide the necessary locking between the 
time base and the variations of frequency, the X I plate of 
the C.R.O ., (via the rear link) should be connected to the 
appropriate point of the signal generator. This connecting 
lead should be screened with the screening earthed to both 
the signal generator and C.R.O. chassis. T he output of 
the signal generator should now be fed to the grid of the 
frequency changer by a screened lead through a .01 mfd. 
condenser. T he input of the C.R.O . should be connected to 
the diode load of the receiver under test. A 1-2 megohm 
resistor is used in series with the ’scope lead in order to 
prevent the lead itself having any effect on the perform ance 
of the receiver. N aturally the resistor is inserted at the 
receiver end of the lead. Adjust the controls of the C.R.O . 
to give a suitable response on the screen.

Next reset the trimmers of the I.F. stages to obtain a trace 
of maximum am plitude commensurate with symmetry similar 
to  tha t of fig. 33.

(ii) T u n in g  t h e  R.F. S e c t i o n .

Remove the shorting clips that were connected for I.F. 
tuning, from the oscillator section of the set, but leave the 
A.V.C. disconnected. Switch the set to the required wave 
band range, and feed the signal generator output to the 
aerial input term inal of the set. A dum m y aerial will be 
needed for insertion between the radio and the signal gener
ator, and normally this will be included as part of the 
standard equipm ent of the signal generator.

If the tuning frequencies stated by the makers of the set 
are known these of course should be used, otherwise assum
ing the dial calibrations of the set are accurate set the dial 
to 300 K /c s  for long wave or 1,200 K /c s  for the medium  
waves. If the calibration cannot be trusted then set the 
condenser w ith its vanes about ten degrees above m inimum 
capacity. The signal generator should be set to a corres
ponding frequency, i.e. as stated by the makers, or 300 K /cs  
or 1,200 K /cs., whichever is being used.

Now adjust the oscillator trim m er (parallel condenser) of



the set for maximum undistorted am plitude of the image, 
and then similarly set the trimmers of all the R.F. circuits.

Now set the tuning condenser to the padding frequency, 
if the m aker’s figures are unknown use 160 K /cs. for long 
wave or 600 K /cs. for m edium  wave, or adjust the condenser 
vanes so tha t they are about ten degrees short of full mesh, 
whichever system was followed in the first adjustm ent. Tune 
the signal generator to the appropriate frequency and adjust 
the output.

Then adjust the oscillator padder (series condenser) again 
for m axim um  undistorted image am plitude. If it is found 
difficult to find a definite setting slightly swing the tuning 
condenser either side.

T he dial setting of the tuning condenser may be found 
to be slightly out after making final adjustments, and as
suming this error is not due to any mechanical defects, this 
can  normally be accomodated by dividing the inaccuracy 
over the scale. This will entail resetting the trimmers w ith 
the condenser calibration set to take up a little of this error, 
and then the padder is again reset, the condenser being 
swung a little as is found necessary, and finally any necessary 
small adjustm ents are m ade to the oscillator trimmer.

( b) T r a c i n g  C a u s e s  o f  H u m .

W hilst the am ount of hum  th a t can be tolerated is a 
m atter for judgem ent by the ear, tracing the cause and in
dicating the nature of the cure can only be effectively carried 
out by using a C.R.O.

It is preferable in practice to run through the simpler 
tests first as these will often be found sufficient to give the 
necessary indications, and then follow up with the more 
complicated tests, ra ther than thoroughly explore each stage 
step by step through the set.

If the calibrator output is fed to the synchronising link 
a t the rear panel then the time base can be synchronised 
to the mains frequency. Connect the earth of the set to the 
chassis of the C.R.O . and connect a suitable test prod on a 
lead to the input socket of the C .R .O . The time base should 
be run a t its slowest speed.

T he actual num ber of waveforms tha t will be seen on the 
C.R.O . when testing will depend on the system of rectifi
cation used in the set under test. Full wave rectification
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giving twice the num ber of wave forms to tha t obtained 
when half wave rectification is used. The general practice 
with AC receivers is to use the full wave rr^thod, and the 
receiver hum  will cause double the num ber of waveforms to 
that obtained from the mains, so that mains pickup and hum  
can be distinguished due to this difference of frequency. 
The first essential step, therefore, is to make sure tha t the 
difference between hum  and norm al mains pickup is known. 
If the input lead is held in the hand there will be sufficient 
induced voltage to cause a waveform of mains pickup to be 
seen on the screen, and the time base can be adjusted to 
produce a steady one or two waveforms a t this frequency, 
hum  voltages will then be represented by twice this num ber 
of waveforms.

Tests of the following nature can then be carried out. 
Connect a screened test prod to the set side of the smoothing 
circuit, e.g. the positive term inal of the smoothing condenser, 
and a sinusoidal waveform will be obtained indicating an 
AC ripple on the H .T . supply voltage. A certain am ount of 
ripple will normally be always present, and if it is not ex
cessive it need cause no worry. Should the waveforms so 
obtained be of alternative unequal amplitudes, indicating an 
unbalanced output from the rectifier or incorrectly positioned 
centre tap in the secondary of the transformer, then there 
is a possible source of hum.

Now apply the test prod to the anode of each valve as a 
continuation of this series of tests. A similar waveform 
to that previously obtained should be seen on the screen 
w ithout any increase of am plitude, although it is feasible 
th a t there will be a tendency to decrease w ith the addition 
of the decoupling condensers in the circuit of the set. Simi
larly test the screen grids of each valve, and again the same 
waveform should be obtained w ith a tendency to decrease 
in am plitude due to the decoupling. There is a greater possi
bility of hum  production at these points as the screen has 
normally a greater effect on the valve than the anode.

W ith a superhet check the oscillator section of the fre
quency changer. W hen the prod is placed on the grid the 
image obtained on the screen should be that of the oscillator 
frequency, which appears similar to the usual RF waveform 
w ith any hum  present showing as a m odulating frequency 
of the pattern. This point of the set is very critical and 
only a very small am ount of such hum  m odulation can be

7 2  T h e  O s c i l l o s c o p e  : D e s i g n  a n d  C o n s t r u c t i o n



T h e  O s c i l l o s c o p e  : D e s i g n  a n d  C o n s t r u c t io n  73  

tolerated.
Finally the grid of each valve in the circuit should be 

checked for hum, particular attention being paid to the grid 
of the AF amplifier valves. A.V.C. leads are a possible 
source of trouble at these points, and it may be found that 
additional screening will be necessary. T he AF transformers 
must also be checked, and a further possible cause of hum  
trouble are unbalanced centre taps of heater windings.

Now connect the input lead of the oscilloscope to the out
pu t valve anode, and work back through each stage of the 
set in turn, check the effects of shorting the grid of the valves 
to earth  (this will cu t out the previous stage), and by this 
method the effect on the am plitude of hum  due to each 
stage of the set can be traced.

A part from hum, in general, fault finding tackled with 
the oscilloscope in conjunction w ith a signal generator, can 
be comparatively simple. T he general principle is to connect 
the input of the C.R.O . to the ou tput stage of the set, and 
feed a signal of the appropriate frequency to each stage of 
the set, working back from the output valve. The stage in 
which the fault occurs can then be quickly detected.

I t  is well to draw attention to the extremely simple 
method of finding w hether or not the oscillator of a super- 
het is working satisfactorily mentioned in the hum  tracing 
tests. T h a t is connect the C.R.O . to the grid of the oscil
lator section of the frequency changer valve, when the RF 
waveform should be visible on the screen.

T he rule for harmonics when these are being examined in 
an AC waveform, is tha t odd harmonics produce a sym
metrical image, i.e. the waveform is similar both for the 
negative and positive portion of the trace, whereas even 
harmonics produce one portion of the trace in reverse to the 
other, tha t is as though one portion was being seen through 
a mirror.

5 . U s i n g  a  b a s e  o t h e r  t h a n  t i m e .

In  tests of this nature the X  plates are not fed from  the 
time base circuit of the C.R .O ., bu t have potentials supplied 
from an outside source, which is being used as a base upon 
which the waveform it is desired to study can be drawn.
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(a) F r e q u e n c y  r e s p o n s e  c u r v e s .

In  this case the oscilloscope is used to show the m anner 
in which a radio or amplifier responds over a band of fre
quencies, i.e. power output is plotted against a* base of fre
quency. Once again a w obbulating signal generator is re
quired, and it is connected as discussed previously for receiver 
alignment, tha t is so tha t the time base and frequency vari
ations are tied. T he signal generator is set so that the de
sired band of frequencies is covered, and is fed into the 
input of the set or the particular stage under investigation. 
T he output of the apparatus is then fed to the input of the 
C .R .O ., which will then show on the screen how the output 
varies as the various frequencies are fed to the amplifier 
or whatever is under test; tha t is the Y axis shows the 
extent of the output, and the X  axis shows the frequencies 
a t which this output occurs.

(b) M o d u l a t i o n  m e a s u r e m e n t .

T he cathode ray  oscilloscope can be used in three ways to 
measure the depth of m odulation of the carrier wave. O ne 
entails using the time base of the oscilloscope, the second 
falls more accurately under the heading of this section, i.e. 
a base other than time is used, whilst the third utilises more 
the principles of section 3. These are the methods which 
can be used for ascertaining m odulation depths of transm itters 
and signal generators, etc.

W ith the first method the time base of the C.R.O . is 
used and the m odulated signal to be measured is fed to 
the inpu t of the oscilloscope. A m odulated carrier wave will 
be seen on the screen, and the controls should be adjusted so 
th a t it is convenient to measure the maximum am plitude 
a t the peaks and the m inim um  am plitude of the troughs. 
T he actual un it of m easurem ent used is im m aterial as it is 
a ratio tha t is required. The com pact area of the image 
seen on the screen will be the R F carrier and the outline of 
this area will be the m odulating waveform. T he percentage 
m odulation can then be calculated from the following. 

E m a x - E m i n  ,  mod
E max +  E min

For the second method the m odulating frequency only



is fed to the X  plates. This can be obtained if necessary 
from  the m odulated carrier by means of a detector stage. 
T he m odulated carrier is fed to the Y plates as before. A 
trapezoidal image as per fig. 34a will be obtained on the 
screen and the percentage m odulation can be calculated as 
before that i s :

l + bh X  100=o/° m od-

W ith this method over m odulation will be indicated by 
the image being pinched out at the end, as shown in fig. 34b.

For the third m ethod a phase splitting circuit is necessary, 
a variable resistor and condenser will provide this. The 
signal is then fed to both the Y plates and the X  plates, 
the supply to the X  plates being via the phase splitter so 
tha t the horizontal and vertical deflections are 90 degrees 
out of phase. An unm odulated carrier will then give a 
circle as the image on the screen. M odulation will cause 
the circle to broaden out into a  thick ring. T he m odulation 
percentage in this case is then given by the w idth of the 
pattern  to the diam eter of the inner circle, m ultiplied by 
100 .
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(c) V a l v e  C h a r a c t e r i s t i c s .

The characteristics of a valve are the graphs of two 
varying functions which affect the behaviour of the valve. 
Thus one characteristic may be the graph of how the anode 
current varies w ith changes of grid potential, the Ia /E g  
curve, whilst another is the graph of variations of anode 
current w ith anode voltage, the I a /E a  characteristic.

This can, of course, be plotted point by point with the 
aid of meters, but for speed and accuracy such methods 
do not compare with the use of the C.R.O. which gives a 
drawing of the curve on its screen, of a dynamic character
istic, i.e. one depicting the behaviour under actual working 
conditions. Another great advantage of using the C.R.O . 
for valve investigation, apart from  speed and general con
venience, is tha t the valve has extremes of voltages applied 
to it for only transient periods which do not last sufficiently 
long to normally cause trouble, whereas under other cir
cumstances such extremes can cause dam age to the valve.
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T he valve is supplied with its usual H .T ., L .T. and bias 
voltages either from a mains supply un it or batteries, the 
la tter being preferable.

W hat is required is tha t the X  plate sweep varies at the 
same rate as the bias varies on the valve for an I a / E g  
curve, and in consequence the source of supply for the fluc
tuating grid voltage is also connected across the X  plates 
so that the desired synchronisation is autom atically obtained. 
AC from a mains transform er is suitable for this fluctuating 
supply. As an alternative the time base potential of the 
C .R .O . can be used to provide the varying grid potential 
by inserting the potentiom eter R, of fig. 35 in the link circuit 
on the rear panel, but the form er system is the more simple.

The actual range of the grid variations is, of course, much 
smaller than the potential required for an adequate base 
sweep; and in consequence the potentiom eter is included in 
the circuit to provide the necessary adjustment. T he Y plates 
are connected across the resistor R2 in the anode of the valve 
so tha t as the current through the valve varies, the potential 
drop across this resistor varies, and it is this fluctuating 
potential tha t is fed to the Y plates to cause the vertical dis
placem ent of the beam. T he deflector plates will not, of 
course operate from a current fed to them, bu t require a 
potential to deflect the beam  and hence this necessity for 
this anode resistor, bu t as the P.D. over the resistor is directly 
proportional to the current flowing through it, the curve on 
the screen can be read as a current curve. In  addition the 
presence of a load in the anode circuit creates conditions 
approaching the more norm al operation of the valve.

There is, of course, no conventional flyback operating on 
the X  plates, the action being along the following lines. As 
the voltage applied to the grid grows in a positive m anner, 
this voltage is applied to the X  plates in amplified form, and 
tends to move the spot in a horizontal direction. At the 
same time, due to the decreasing bias, the current through 
the valve increases and the potential applied to the Y plates 
grows in a similar m anner, so tha t the Y plates tend to move 
the spot in a vertical direction, and the resulting image on 
the screen follows the line of the conventional characteristic. 
As the AC cycle applied to the grid reaches its peak, and 
begins to decrease, the Y plate potentials will decrease at 
exactly the same rate as they previously increased, so that 
the  spot travels back over the same path, creating only one
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image on the screen.
For another common family of valve characteristics, the 

grid bias is held steady and variations of anode current with 
anode voltage variations are plotted. T he circuit for obtain
ing curves of this nature is shown in fig. 36.

Again in this case the X  sweep is provided by the external 
alternating voltage, and the potential across the anode re
sistor R 2 is fed to the Y plates. T he AC voltage across the 
potentiom eter R, has the effect of alternatively aiding and 
opposing the steady anode voltage so th a t the actual poten
tial applied to the valve anode is swept between two limits, 
causing a variation in the anode current which produces a  
curve on the screen against a base of varying anode voltage.

6 . G e n e r a l  U s e s .

T he scope of the C.R.O . as applied to radio is of course 
far more extensive than the various indications given in this 
chapter, bu t they serve to show the methods of application 
so tha t the use of the oscilloscope can be adapted for the 
particular need in hand. In  addition, of course, there are 
numerous applications outside the field of radio proper, and 
this field of use is being continually extended. Such exam
ples are its application in R adar for the measurement of dis
tances by echo reception. Pressure is another example; with 
carbon pile resistors the actual voltage variations due to 
different pressures can be shown on the screen of the C.R.O. 
after amplification. B.H. curves for iron can also be drawn 
on the C.R.O . screen, the X  axis being the magnetising 
force, the potential being obtained from a resistor in series 
w ith the applied current to a prim ary winding round the 
iron, whilst the Y axis is the m agnetic flux, obtained from the 
voltage arising from a secondary winding.
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