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The construction of diagrams from a series of measurements demands the closest attention

and takes a considerable time. Electronic engineering in recent vears has enabled the construction

of calewlating machines which can take over some of the work of the human mind, and it also

affers the ‘nussa’hffl'r.\‘ af constructing an apparatus which can very quickly take measurements

and record their vesults in the Sorm of a diagram.

Several articles have already appeared in this
journal describing apparatus by means of which
diagrams or graphs can be traced on the sereen
of a cathode-ray. tube 1)?).

The tracing of such diagrams is done by period-
ically varying the “independent variable™. mea-
sured by means of a proportional voltage. from the
minimum to the maximum value. The “dependent
variable™ (also measured t}[él.'l.l‘il'i-lll}'} then likewise
varies periodically through a certain range. After
amplification these two voltages are applied to the
horizontal and vertical deflection plates of a cathode-
ray tube, thereby producing a curve on the sereen,

In the apparatus deseribed here, a calibrated
lattice

is produced on the screen simultaneously  with

system ol coordinates in the form of a
the tracing of the diagrams. This allows of an
accurale numerical interpretation of the curves,
which with the apparatus hitherto employed was
more difficult and less accurate, owing to the lack
of calibrating points.

Although this diagram-tracing apparatus can
also be used for many other variables that can be
measured electrically, this article will only deal
with its application for recording the characteris-
the

to be measured are already voltages or currents,

tics of electronic valves, where quantities

Thiz apparatus has proved to be of great value
in the electronie-valve 11(~\-‘:3l='1|'uku-nt department,

where new types and modified forms of valves

are frequently being examined.

Compared with the usnal method of constructing
a diagram point by point from meter readings,
the use of the cathode-ray tube for this purpose

'Y H.wvan Suchtelen, \pplications of cathode ray tubes Iy
Philips Techn. Rev. 3, 339-342, 1934,
A, ). Heins van der Ven. Testing output valves, Philips

Fechn. Rev. 5, 61-68. 1940,

) Tj. Douma and P. Zijlstra, Recording the chara ters-
ties of transmitting valves. Philips Techn. Rev. 4, 56-60.
1939

has the advantage that a curve can be plotted

very quickly. This is highly important when, in

the case of static measurements, the valve is
likely to be overloaded and consequently damaged.

As was the case with the apparatus previously
deseribed. a family of I,- ¥, curves is simultaneously
vecorded for different values of the grid voltage
of the valve. For this purpose. with the apparatus
referred to in footnote 1), the grid voltage was
rapidly changed in steps with the aid of a rotating
Here method of

switching has been electronic

commutator. this mechanical

replaced by an
system, in view of the higher switching frequency
required for the simultaneous tracing of the coor-
dinate lattice. In place of the “impulse tube”
employed by Douma and Zijlstra®). normal

amplitying valves are used.

Principle

The main parts comprising the diagram-tracing
apparatus are indicated in the block diagram
of fig. 1. T under

receives from an alternating-voltage generator (G,

The anode of the wvalve Lest
and a direct-voltage source V,. a periodically
changing positive voltage. This voltage iz also
applied to the horizontal deflection plates of the
cathode-ray tube K via a deflection amplifier 4.
The voltage across the resistor R in the anode
cireait is applied to the vertical deflection plates
of K, also via an amplifier (4;). Thus the coor-
dinates of the spot -.lvm_-.ri]]ing a curve on the sereen
due to the changing anode voltage and anode
current are at any moment lu'r'lpt_n‘tinnal to the
instantaneous values of these two electrical (quan-
tities,

The circuit also contains Jii'm'l-\ufnlgf' SOUTCes
Vyo and V..

to the

tor applving the correct voltages

screen grid and the thicd grid of the

valve, and a step-voltage generator V, supplying

to the control grid a series of different direct




RHS PHLLIPS TECHNTCAT REVIEW VOILL 120 No 1o

voltages. so that a family of I,- V), curves for differ-
ent values of the parameter Fy are traced at short
intervals.

The tracing of the set of curves is alternated by
the tracing of the lines of the coordinate lattice.
This is made possible by connecting at the point
b, in the leads to the deflection amplifiers 4
and A4, eleetronic switches (not shown in fig. 1).
which will he discus=ed later.

65184

Itig. 1. Block diagram ol the apparatus for measuring charac-
teristics, T valve under test: V), rectifier for supplying the
anode direct voltage: € alternating-voltage generator for
seanning  the [,-F-characteristics R resistor across which
a voltage is developed proportional to the anode current of
the valve Ty K cathode-ray tube: 4 ;- amplifier for the vertical
deflection of the beam: Ay amplifier for the horizontal deflee-
tiong F, step-voltage generator for supplying the control-grid
voltage of 1% F oV, rectitiers for the anxiliary grid voltages
of T. )

The tracing of the lines of the lattice 15 done in
a similar way to the tracing of the curves, with
this difference that one of the two deflection volt-
ages s kept constant while the other varies
periodically. in this case sinusoidally.

Twenty-five complete  pictures  (curves  with
lattice) are displayed per second. Each picture
period is divided into four parts of 1/100 second.
called quarters. In the first quarter the vertical
lines of the lattice are traced. in the third quarter
the horizontal lines. and in the second and fourth
quarters the curves that are to be measured,

The three pairs of signals. viz. for the horizontal
and vertical deflection (a) of the characteristics,

(b) of the vertical lines of the lattice, and (¢) of

the horizontal lines, are conducted by three pairs
of channels to the previously mentioned two
eleetronic switches. which pass the pairs of signals
in turn to the two deflection amplifiers of the
cathode-rayv tube.

The direct-voltage components of these three
signals take part in the amplification up to the
output of the electronic switch, thus making it
possible to compare the direct-voltage components
of the three pairs of signals: when there is any

illl'flllallil.\’ in the switched \l}ll{lll_:'l"?' then, upon

switching over. a voltage surge oceurs at the out-
put of the switch, and this causes a discontinuity
in the curve traced on the sereen: where there is
no such discontinuity thisindicates that the switched
voltages are equal.

This possibility is used for calibrating the lattice
of coordinates. by comparing the direct voltage
required for each line of the lattice with an accurate-
Iy known. constant, direct voltage. as will be
explained when deseribing the calibration.

Beyond the switches anly the alternating-voltage
components are amplified by the two deflection
amplifiers. so that the centre of the picture is
automatically brought into the centre of the sereen
of the cathode-ray tube.

As already observed, switching is done by means
of two identical electronic switches. H and .
periodically passing the necessary signals to the
horizontal and vertical deflection plates (see fig. 2).
These switches each have three channele with
picture-signal inputs by, by and by and three switch-
ing-signal inputs s,. s, and s;. The three channels
for the picture signals are periodically opened
and closed by square-wave pulses. supplied by
the switching-signal generator €. being applied
to the switching-signal inputs. The picture signals
for the lattice are supplied by a step-voltage
generator €, and an alternating-voltage generator
G, with a fairly high frequency (7020 c¢fs). The
form of the pulses produced by the three gencra-
torg is shown in fig. 2. The switching-signal generator
Gy supplies negative pulses for opening the picture
channels. In the first guarter the channels 1 are
opened. the plates for the horizontal deffection

receiving a step-voltage from (, and those for

5
Gy v b o H =
S Ay
by 5 l L*'_|.
1‘.!3---—-—_
ol [
E§ E : 3 B
L i ]
G, By 1 ]
2 g 7
Qsec by
5] Ay — ]
be € Vi 85187
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Fig. 2. Buosic principle of the diagram tracer. M electronic
switch for the hortzontal defection: F ditto for vertical deflec-
tion; G, ewitching-signal generator: G, step-valtage generator:
Gy TO20 efs gene

itor; Ay amplifier for the horizontal de-
flection: Ap amplifier for the vertical deflection: B intensity
control; K cathode-ray tube; T wvalve under test.

<
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the vertical deflection a sinusoidal voltage from (..

\ series of wertical lines are then traced on the

\ J‘l||.|| |H|‘|‘|

sereen ol the -'&li!lm]r'-r':i_\' tube. e i H H
In the second and fourth quarters the channels ar W/ H |l| ‘
I
are opened and the curves are traced. In the e N

third quarter the channels 3 are opened. the plates

tor the horizontal deflection receiving a sinusoidal

\nl[l;-t_g:'r and those for the vertical deflection a step fl |||| | |‘| ||| —~ - iy \ y
voltage, thereby tracing a series of horizontal “" l _/ \ . X v
lines on the sereen. ||| | |J |h U””[‘” (4 ]_IJ"I W/
The variation of the voltages on the two pairs B ! |
I— L

deflection plates is shown diagrammatically in 0 Ao

520
65185

iy B s ST . S Y Risitea 5a o ) i
Ng. 3. where it is assumed that '“l.\ QLS. SRV IS Fig. 3. Waveform of the deflection voltages when tracing

in'ill_'_f traced. ane curve with a lattice of coordinates. H ~voltage on the
As we have already seen, for fhe tracine of the horizontal deflsetion: plate; V" ditw for the vertical deflection.

lattice, step voltages are used. In the case where

[3 lines (12 intervals) are traced the frequency of course. limited in width, so that it is advisable

in the suceession of the steps is 13 0 50 050 ¢/s.  to keep the frequency of the steps as low as possible,

The amplifiers have to amplify a considerable  thus to choose the smallest possible number of

number of harmonies of this frequency with equal  pictures per second. The lower limit of the picture

gain: the frequency band of the amplifiers is,  frequency iz determined by the persistency of

| i_-. L, Measuri woandd control i"'""'l-‘ of I|;a' dim_rr;nu triacer. !|= [‘llr |ni1]ni|n- at the bottom
the metal case containing the cathode-ray tube, type DW 16-2. On the bench on the right
the valve under test. At the top on the middle panel the meters recording the filament
arrent and the sereen-grid voltage of the valve under test, On the right-hand panel at

meters for the sereen-grid enrrent. anode current and anode veoltage, and

e the vontrols for adjusting the steps of the SEep-y oltage generator for th

eft-hand panel at about the same ley mtrols for adjusting the

oltage generator supplving the grid voltage
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the screen and of the visual impression and also
by the linearity in amplitude and phase of the

amplifiers and electronic switches at low frequencies:

25 ¢/s has been found to be a good compromize.

In the block diagram (fig. 2) an “intensity
control” Bisindicated. This allows of the brightness
of the lattice being varied with respect to that of
the family of curves. If uo special measures were
taken, the curves when there are only a few in
the series — would be mueh brighter than the
lattice and as a consequence the photographic
recording of the picture on the sereen would be
over-exposed. To avoid this a square-wave control
signal is applied via an amplitier to the grid of
the cathode-ray tube, by means of which the inten-
sity of the beam is reduced during the second and
fourth gquarters. This control :-.-ignal has the same
form as the signal that is used for opening the
picture-signal channels,

The whole installation is contained in panels
mounted in racks on a testing bench. a photograph
of which is given in fig. 4. On the right of the bench
is the valve under test, and in the middle of the
bench, at the bottom. is the metal case containing
the cathode-ray tube. The observer sitting at the
bench views the screen of the tube through the
opening. in front of which a camera can be placed.

Fig. 5. Rear view of the measuring and control panels of
the diagram tracer. On the right at the top the step-voltage
renerator for the grid voltage of the valve under test. and
on the left at the top the step-voltage gencrator for the lattice

Fig. 5 is a back view of the panels. Underneath
the bench are the supply units and the 200 W
generator for scanning the characteristic of the
valve under test.

The component parts of the installation are
all made as easily replaceable units, the connec-
tions between which are made with the aid of
plugs and sockets. Since the whole of the apparatus
contains more than 200 electronic valves. with
an average life of 10.000 hours. an average of
one breakdown per 50 hours has to be taken into
account. Spare units are therefore provided for

quick replacement.

The electronic switches

lLach of the switches. as we have seen. contains
three channels, In one such channel there are two
valves, the switched valve T, and the switching
valve T, (see fig. 0).

LT
2 R3
===hs
R{_ C
i
1r _—J:'—"

-200V Vo -600V

ESTHR

Fig. 6. Principle of the clectronie switeh eireuit. T, switched
valve. T, switching valve. b signal input. s switching-signal
illlml. ¢ -:l,s_l(l'lul ontput connected to the deflection :irllll“ﬁf'r.

For electronic switching a pentode s usually
employed, and a positive pulse is applied to the
second grid durmg the period that the valve has
to transmit the switched signal. However. in the

event ol interferences arising in* the switching

pulses, this will affect the amplification factor of

the switched wvalve and, therefore. the signal
transmitted.

With the method employed for this apparatus
the valve T, is cut off during the interval that the
switched valve T, is conducting. The control
grid of T, then receives via the resistor R, and the
|ll,-re]1tiunlvtl3r R_] a lli-g:-l!iw' bias from a stabilized
-um:l_\-‘ unit of —600 V.

During the interval that the valve T, is open.
I'y s cut off. The grid of T, which iz connected to
the anode of T,. then has a voltage only slightly

higher than the cathode voltage of T, which is

o

e
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at a potential of —200 V with respeet to ecarth.
Fluctuations in the switching impulse at s, although
strongly influencing the negative control-grid volt-
age of T'\. are not transmitted, because T is cut off.

The correct w orking voltage for T can be adjusted
with the potentiometer R, The three parallel-
connected valves T,. one of which is alwavs open
and two cut off. have common cathode and anode
resistors R, and R,. so that the signals entering
three channels at b leave the switeh

the through

the common |_:uI|n_|T .

RECORDING OF

DIAGREAMS 4

of negative voltage pulses lasting 1100 second.
In order to avoid hum trouble these signals are
synchronized with the mains frequency (50 ¢/s): any
hum interference arising in some way or other
in the ampliier would lead to distortion of the
]‘i'.'hn':' on the screen of the I'.lthln_ll‘—t';ll\' tube.
The signals being synchronized. any interference
will onlv manifest itself in a slight curving of the
lattice lines. which is not tronblesome: if the signals
the would be

were not svnchronized interferences

manifest in a wave travelling right along the lines,

!
v
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7. Block diagram of the switching
S triangular-pulse generator. Wave forn
with limiting. The ontput terminals 1,
5o 8y and sy of the electronic switches.

The resistors R, and R, are of equal value, and so
the output terminals receive equally large alternating
voltages of opposite polarity with respect to earth.
These voltages are applied via blocking capacitors
to the input of the push-pull amplifier for the heam
deflection of the cathode-ray tube. from

\part

the fact that the two \'nltu;_fl'h 11 ell!fl-frh'rl.-'l- thus

obtatned are suitable for feeding the push-pull

amplifiers. the cathode resistance gives a heavy
negative feedback highly stabilizing the gain of
the valves T,. This is necessary because in this
part of the cireuit the signals that are to be com-
pared are transmitted by different valves and any
variations of the gain of this stage would upset the

accuracy ol the calibration.

Swilehing-signal generator

\s already mentioned when dealing with  the

1|r'i||i'||||r of the svstem. the switehing-signal

seneralor -||]‘|>|ir-~ three different signals consisting

5183

mal generator, L limiters. [ frequency divider,
in broken lines: without limiting: fully drawn :
2 and 3 are connected to the switching-signal inpuis

which would immediately  be noticed. and a

photograph would show thick lines unfavourably
the the measurements.

alfecting accuracy of

The switching signals are generated in different

stages. which will be explained with the aid of

Sig. 7.

\ sinusoidal alternating voltage of 50 ¢/s is
applied to a lmiter L. and to a frequency divider
. The latter passes every 1/25th of a second a
pulse to a circuit § generating a triangular voltage
with a frequency of 25 ¢/s. This triangular voltage
is applied, in anti-phase. to two limiters L, and L,
which elip pieces out of the triangular voltages
and thus produce square-wave pulses of the form
shown in fig. 7. To these pulses are added the signals

When

between the maximum and the mimimum mlr[.m

coming from the limiter L. the differences
\,ulrugw of Jr: and |r._, (or Jr.._:] are mlmll then f::
JI!IIJ ll

From

receive pualses of the form drawn in hg

these signals. which have |r-!~r-'|ilu~r:
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frequency of 25 ¢/, the limiters L, and Ly clip
out negative siquare-wave pulses with a duration
of 1/100 second.

The limiter L," finally reverses the suare-wave
pulses supplied by L. so that in the second and
fourth quarters negative pulses are obtained
for opening the electronic switches transmitting
the signals from the valve under test.

Step-voltage generator

When square-wave pulses of equal frequency
but mutually shifted in phase are applied to the
control grids of a number of amplifying valves
with common anode resistor. then at that resistor
an alternating step voltage is obtained. In Jig. 8

) 00fssc

65150

Fig. 8. The building up of a step voltage from six eeual,
square-wave signals. mutually shifted in phase,

this is illustrated schematically for the case where
there are six steps. The fundamental frequency
of the square-wave pulse, synchronized with the
mains, is 50 cfs, whilst each step lasts 1/100 sec.
Only the ascending step voltage is used. the
descending voltage being suppressed by the elee-
tronic switch.

The phase shifts between the suceessive sguare-
wave pulses have been made equal. so that the
steps of the voltages are equal in width. Thus the
lines on the screen are all traced during equal inter-
vals of time and have equal brightness.

The mutually shifted square-wave pulses are
obtained, again with the aid of limiters, from
sinusoidal voltages shifted in phase and generated
in circuits as represented in fig. ). Twelve of these
circuits, with a common transformer. supply
twelve sinusoidal alternating voltages Ef, mutually
shifted in phase. These voltages are applied to the
grids of twelve valves T. (See fig. 10, where the
circuits of two of these valves are drawn.) The
alternating voltages Ef are much greater than the
grid base of these valves (pentodes EF 40). During
the greater part of the negative half of the grid

) The working is described, ia., in Philips Techn, Rev, 12,
Yl. 1950 (No. 3).

voltage T is cut-off; when the grid voltage
is positive the valve is saturated and as a
result the anode current assumes the form of a
square wave. The square-wave pulses at the anode
resistors R, are transmitted via the capacitors

e |

| HimE
;

tr R Er

B5191

Fig. 9. Network for obtaining alternating voltages £ of con-
stant amplitude, and shifted in phase, with the corresponding
vector diagram. Between the centre tap of the secondary
of a mains-fed transformer and the common point of the
capacitor C and the resistor R. an alternating voltage Ey
is developed which, with respect to the transformer voltage
K. is shifted over a phase angle determined by the choice
of R and €. Since the vector E¢ is in quadrature with Eg the
extremity of the vector Ey¢ lies on a semicirele with radius
Eq. so that for all the twelve phase-shifting networks the
amplitude of Ejis always equal to that of Ep. (The impedance
of the transformer winding i assumed to be low.)

Gy to the grids of twelve valves T, (also EF 40
pentodes) with common anode resistor R,. amph-
fied and then added together in R,. The screen
grid voltages of the valves T, can be individually
adjusted between + 100 and — 10 V with respect
to the cathode, for cach valve separately by means
of the potentiometers Ry. In this way it is possible
to change the anode currents and thereby the heights
of the steps, and thus the distances between the
lines of the lattice. For the anode currents to he

4
LéR.e ;'Jn-'k
B
Ry
-0V
]
Rs
1
: : =10V
12x G518

Fig. 10. Circuit of the step-voltage generator. NV Network for
obtaining sinusoidal voltages mutually shifted in phase:
T, amplifying valves converting these sinusoidal signals
into square-wave pulsess T, valves connected in parallel.
with common anode resistor Ry, adding up the square-wave
pulses shifted in phase. thus forming a step voltage,
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reduced to zero 1t was found necessary Lo ;_:i\'i- the
screen grid a negative potential with respect to

the cathode.

Fig. 11. Donble step-voltage generator for tracing the lattice
lines. Immediately behind the panel are the two sets of 12
valves of the two second stages. On the right. in two rows of
six, the valves of the common first stame,

Fig. 11 is a photograph of the step-voltage genera-
tor for tracing the lattice. The circuits are duplicated
s0 as to allow the intervals between the horizontal
and the vertical lines to he adjusted |I|-|r'|n'r|||r-u|]_\
of each other. The valves of the first stage (T in

fig. 10) are common to both svstems. but those

of the second stage are separated. For adjusting

the intervals there are two sets of 12 controls.

seen i hg. 4 on the right-hand panel at the top,
The two controls underneath these are for adjusting
the amplitudes of the two step-voltage generators,
this being done without altermg the proportions
of the steps.

The construction of the step-voltage generalor
under

supplying the grid valve

v 1!][.‘I;-_“I" for thi

test ':_J o in fig. 1) 1is similar to that of the generator

..:j-i=]=.'£r1;-_' the signals for tracing the lattice lines
;JI"' controls for this generator are seen an he |
n tl ledy

RECORDING O]

DIAGRAMS Al

Deflection amplifiers

These are designed as normal A.C. push-pull

'.H'!_||1“ljf't':~ Lhat |11i\'l' to r'n']ir'nr[!h‘!’ |1'r'1{'L!l'J|1i1‘~.
undistorted in amplitude and phase. in a rang
trom 25 ¢/s (the picture frequency) up to about
H0.000 ¢/s (the {Il't'(illr'li"‘\' of the |Li;__rln-1' harmonics
of the step-voltage generators). The valve capaci-
tances, and stray

capacitances in the outpul

circuit, form the limiting factors. but these are
compensated by means of capacitors. The usual
method of reducing the influence of stray capacitan-
ces, by employing small anode resistances. could
not be used here for the following reason. The
output voltages required for the deflection plates
of the cathode-ray tube have to be high (about
300 wvolts), so that if small anode resistors were
used the output valves would have to deliver high
powers which would be needlessly  dissipated in
the resistors.

By means of a compensating circuit such as
used by Carpentier 4) it has been possible to
use anode resistors of a high value (100,000 ohms)
and amplifying valves (type CF 50) which are
capable of supplving high alternating voltages
with only a small amount of distortion. The gain

15.000 e/s

Y0

-+ 2% (between 10 and 60,000 ¢/s it is constant

15 consgtant between 10 and within

within -+ 20%); the phase shift is less than - 2

between 10 and 15.000 ¢/s.

With a push-pull amplifier the compensation can
easily be obtained by coupling the grids of the
amplifying valves in one of the stages. via a small
capacitance (0, to the anodes of the corresponding
valves of the other phase. as is done in neutrali-
zation. The only difference is that in the case of
normal neutralization only the anode-to-grid capa-
harmless. whereas here an

citance is rendered

additional voltage 90° in advance of the signal is
applied to the grid via the capacitor (.. Thus th
anode current is increased l;l\' the charging current
of the anode l'{lllili'il;lrlr"l‘.

Ior a flat I":'=w|1|n-rn-) characteristic the capacitance
. of the r'lrnl[n'nn;l{jng capacitor has to bear a
certain l'i'|;1l|:ril-|1i]n to the grid capacitance plus
capacitanee that the

H.ﬂ-u"" 15 =atisfied: here H_._. repre-

the stray (sum (). =uch

condition €. /(

() “C

sents  the equivalent resistance of the anode

resistance of the valve in the preceding amplifving
stage and the grid-leak resistance of the valve in
the last stage connected in parallel, whilst S is the
valve

mutual conductance of the latter
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In our case K, = 25.000 ohms, S >mA/ . of RS times the capacitance in the grid eireuit,
G, = 300 |rl". so that C; has to be given a value  where R is the value of a resistor connected

of about 3 1:17'_

.Hlf' l'tllnin'n\;liilllg 1';|[|;:|'|'LI|I||'.-~ have bLeen ilir-

tained with the aid of trimmers in series with
a hixed capacitor of 3.3 ]af‘.
With this system it has to be borne in mind

that both the valve capacitances and stray capaci-
tances, as well as the compensating capacitances
additionally load the rlllI]HlT stage, which at lli;_']|
frequencies involves an increase of the A.C. output
current. It is therefore advisable to keep the stray

capacitances as small as possible by careful assembly.

Supply units

For the proper "‘I]Ill‘lillTlillg of the diagram tracer.
direct-current sources of highlv constant voltages
are essential. Not only must the voltage be inde-
pendent of the mains voltage and frequency. bu
it also has to be free of ripple and hum. Further-
more, the sources have to be variable within a
wide range and have a small internal impedance.

The supply units used are in principle similar to
those described in this journal in 1941 3). There
the mains-independent voltage was obtained by
balancing the output voltage against the reference
voltage from a dry-cell

batterv: the potential

difference  between the two voltages influences
the resistance of a regulating valve incorporated
in the current eircuit in such a way that the output
voltage remains practically constant. In the appa-
ratus used here the dry-cell batteries are replaced
by separate voltage sources kept constant with
neon voltage-reference tubes. For the functioning
of the regulating valve a pentode is used instead
of a triode. Since a ili;_-‘h degree ol stabilization
requires a high amplification factor in the regulating
valve. with a pentode a better regulation is obtained.
whilst at the same time the hum ripple is suppressed
Lo less than 1 mYV, (For details see the artiele =[:Jnlr'1i
in footnote 7).) With this construction of the sapply
units a variation of 3%, in the mains voltage causes
a variation of only 0.01%, in the output voltage

For the deflection

supply of the ampliliers.

lhowever. the hum level 1= still too high. To reduce
this further. a wvery large smoothing capacitance
would be required. With the aid of a so-called

reactance valve ") this can be achieved with a

comparatively small capacitor. With suitably chosen

"|1'IIi|'II|- |||I‘ \.'!l\r 15 0 “i\‘i_lf'llt Lo a capacitancs
| I

H. J. Lindenhovius and H. Rinia CeL-tUrren
supply apparatus witl ihilised voltave, | I FCechin
Rev. 6, 54-61, 1941

See, P, -‘"'.ili|--- Fechnn. Re ] 4 1946

in series with this capacitance in the grid cireuit
and S s the eflective mutual conductance ol the

reactance  valve, H_\ using i ||1'J|Tlll|r. a tactor
RS 1800 was reached.

F'or the anode supply of the valve under test.
in addition to a direct-voltage source V, (fig. 1)
an .Llin-l'n:ltm_x_'-\nII.l_«_Jv generator (; is also required
for the ]'l'l'iluiirul variation of the anode \'Iih';ll'_'l'.
['he generator consists of an R-( generator followed
by a push-pull power amplifier with an output of
200 W. this being necessary for measuring output
valves. The frequency can be varied between 700
and 1800 ¢/s. and is asvochronous with the mains
frequency. so that the transitions [rom one curve
to the next (at the change of the grid voltage taking
place synchronously with the mains frequency) are
distributed over the screen of the cathode-ray
tube. leaving no wvisible connecting lines hetween
them.

The R-(.
lier fed back by a network of resistances and capa-

The

frequency at which the input voltage of the network

cenerator consists ol a Lwo-stage um}ili-

y
e

citances, cirenit  starts to oscillate at the
is in phase with the output voltage 7).

The sine-wave voltage generated in this way
is applied to an amplifier the output stage of
which is a push-pull amplifier with
type Bl 34.
At an output of 200 W the maximum amplitude
The
tainable in the anode voltage is therefore 2-220y 2
620 V.

|Illl'iflt'll l)\

2w 2 valves. connected in parallel.

i= about 220 wvolis. maximum variation ol-

As indicated in the block diagram of fig. 1.

Flectronte crosshair oo the (-1, characteristi
isi ntode P1T
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so that any

\--|Ir|u_v- can be

anode-voltage
Calibration of the lattice

For calibrating the lattice the valve under test

(4 m hg. 1) 1=

disconnected. and the

i fig. 1. shunted across
{lij_’, 2),

fitted

the input b, of the elec-

tronic switch | 15 connected to a variable

current
The input
b, of the eleetronic switch H (fig. 2), is connected

source with a milliammeter.

\'II“.'.I;-_"" divider, connected to the

o an :uijlhl;iir]r direct-voltage source with a
voltmeter. Instead of a set of curves being traced
a flllni'rH'vnl

spot s sereen of the

cathode-rav tube. With this spot, the coordinates

seen. on the
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ELECTRICAL RECORDING O]
with this generatoris a direct v |||l.-1l1_,[=- SOUree.

idjusted individually,

range carn he examined.

resistor R

Fig. 14,
|||'.ll|||||1-

DIAGRAMS W

of which are exactly known. the lattice i

calibra
ted in the Following way
First the current and voltage sources are switched

frli. ”'t ~!m| I[‘l'n il_l_l;{ll'.”l_‘ (i 1||r =T EeI I|]1- in---|

Lion of lhl_ '1{'r.':_i|| of the syvstem of coordinates. The

origin of the lattice has to coincide with this point,

any adjustments needed being made with th

potentiometers R, (fig. 6) of the electronic switches.
lhe current and voltage of the calibrating point
are then adjusted to the values corresponding to

the first

horizontal and vertical lattice lines to

be traced. The point where these lines intersect
has to coineide with the calibrating point. adjust-

with the potentiometers R,
(fig. 10). In this way all the lattice lines are adjusted

mernts

being made

in succession,
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Usnally the lattice will be so adjusted that the distanee
between two suecessive lines corresponds to equal potential
differences at the terminal hs.

As @ rule it will be found that the voltage steps at the outpit
of the step-voltage generator are not exactly equal. owing to
the curvatore of the characteristic of the operative valve of
the electronic switch, Neither will the lattice lines on the
sereen of the cathode-ray tube then he equi-distant. because
the deflection of the cathode-ray tube will not he exurtly
linear with the voltage on the deflection plates. However.,
owing to the method of calibrating described. no érrors

arise from these two diserepancies.

Electronic erosshair

To determine the coordinates of an mteresting
point, as for instance a bend or maximum in a
characteristic. without interpolation between two
lattice lines, the apparatus is provided with an
“eleetronie crosshair’™ which can be moved across
the sereen. For this purpose the step-voltage gen-
erator can be replaced by variable direct-voltage
sources the voltages of which can bhe measured
with two moving-coil meters, Instead of the lattice
there then appear on the sereen of the cathode-ray
tube two coordinate lines the values of which
are known from the readings of the moving-coil
meters. These meters are mounted on the panel
immediately above the cathode-ray tube (fig. 4).

This method of determining the coordinates
with the aid of the crosshair is less exaet than fhe
lattice method. because errors may arise from the
inequality of the operative valves of the clectronic

switches, The crosshair method is nevertheless
uselul when it is desired to determine the coordin-
ates of a point visually. for the errors due to the
cause mentioned are less than those resulting
from interpolation by eve between two lattice
limes, Moreover, when greater accuracy is desired.
there is a possibility of calibrating the coordinates
of the intersecting lines. after adjustment. with
the method applied for the lattice.

Fig. 12 is a photographic recording of the screen
picture with electronic crosshair. Figures 13, 14.
15 and 16 are photographs of the lattices and
characteristic curves of television receiving valves,
reproduced here to give an idea of the fuality
of the diagrams.

Summary, An apparatus is described with which a series of
curves. e, the [,-F7, characteristics of an electronic valve,
and a ecalibrated luttice of coordinates can be traced simul-
taneously on the screen of a cathode-ray tube. In cveles of
[125th of a sec the spot traces in succession the vertical
lines of the lattice. the family of curves being examined, the
horizontal lines of the lattice and onee more the family of
enrves. The pairs of signals for tracing these three pictures
are applied to the cathode-ray tube by means of two electronic
switches. The lattice is calibrated by replacing the electrical
quantities 1o be measured by two known direct voltages
which are adjusted so that the spot coincides with a chosen
point on the lattice. In this way the influence of non-linearities
in the apparatus is eliminated. The diagrams produced can
be measured with an accuracy of [y on photographic re-
cordings. The coordinates of any point can be exactly deter-
mined with the aid of an “electronic crosshaie™, which can
he moved across the screen of the cathode-ray tube by the
adjustment of two direct voltages.




