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The invention concerns an apparatus for re-
cording of rapidly varying processes. Many of the
rapidly varying processes which ghall be recorded
are of electrical nature. Others which are diffi-
cult to subject to direct recording can be con-
verted to electrical quantitles so as to be more
convenient]ly registered. In all these cases it Is
sufficient to consider a voltage dependent on the
measured quantity which will be dealt with in
the following.

The hitherto known appliances for recording
of voltage, provided with recording needle and
based on the revolving-drum principle, are by
reason of their slowness of adjustment suitable
only for measurement of slowly varying voltages.
The efforts to attain an acceleration of the ad-
justment have led to curtallment of the time of
adjustment for a complete amplitude down to
230 milliseconds.

Georg Neumann’s “Pegelschnellschreiber,”
which like the afore-said revolving-drum appli-
ances, writes a directly visible record on paper, at-
tains a shorter adjustment time of 150 millisec-
onds for a complete amplitude.

For the eathode-ray oscillograph the time of
adjustment is, it is true, reduced to nil, but to
render the record visible, it is necessary to de-
velop photographic sensltized paper or film. The
photographic processes demand much time and
are rather expensive,

The subject of the present invention is an ap-
pliance which records only disconnected momen-
tary voltage values in directly visible writing at
intervals corresponding to less than 10 millisec-
onds. The intervals between the registrations
are so short that the voltage curves obtained are
sufficiently near to the form of an unbroken line
for many scientific and teehnical purposes. The
ctharacteristic features of the apparatus accord-
ing to the invention consists therein that the
recording of the measured quantity takes place
in accordance with the time that elapses untll
8 varying voltage in co-operation with a voltage
dependent on the measured guantity has acquired
a particular value,

An illustrative example of the principle of
measurement according to the invention is given
in Fig. 1. A wheel R, provided with one or more
recording pins, rotates over a band B of litmus-
paper or similar material moving in the direction
of the axle of the wheel. 'The paper is given
a cylindrical shape, so that the recording pins
on the wheel touch upon the band of paper over
almost its entire breadth. The pressure of the
;ecording pins on the paper is met by a counter-

10

20

30

40

pressure from a likewise cylindrically shaped
metal plate M, so that an electrical current can
flow through the paper between the recording
pins and the metal plate.

This current is produced by a tenslon gen-
erated at the secondary terminals for a trans-
former Tr. The current through the primary
coil of the transformer Tr arises as a discharge
from the condensor Ci via a thyratron T. The
condenser Cl is loaded via a resistance W2 from
a source of energy El. The cathode % of the
thyratron is connected with the minus-pole for
the voltage Exr which is to be measured, while
the grid ¢ of the thyratron ls connected with
the plus-pole for the voltage Er which 15 to be
measured, vig the potentiometer P, where the
grid acquires & variable negative prelaminary
voltage through the slide-brush S. Curment Is
conveyed to the potentiometer P from the source
of energy E3.

It is now only necessary to bring about a syn-
chronism between the movement of the recording
pins of the wheel R and the slide-brush 8. This
is effected by a suitable gearing between the two
cogwheels Z| and Z2. Care must he taken that
at the moment when the recording pins of the
wheel R touches the paper B the potentiometer
shall supply Lhe grid with maximum prellminary
negative voltage.

The process of measurement is eflected as fol-
lows: According as the recording pin pursues its
course over the band of paper, the glide-brush
moves from one point of contact on the poten-
tiometer to the next and so on, whereby the nega-
tive voltage on the thyratron grid is steadlly di-
minished. Not until this negative voltage in the
grid becomes sufficiently small will the grid-
voltage, which ls composed of this preliminary
voltage and the momentary value of the voltage
that is to be measured, attain the value which
will bring thc thyrairon te ignitlon. At this
moment the condenser Cl will discharge tself
vig the transformer Tr, thus bringing about a
colouring of the paper at the point thereon which
corresponds to the helght of the preliminary volt-
age or to the height of the voltage which is to
be measured.

Through this arrangement any desired form
of graduation scale can be selected. According
to the dimensioning of the resistances Lhere can
be produced a lnear, a logarithmic or an irregu-
lar form of scale.

Assuming that the apparatus, as already men-
tloned, peeords one point at intervals of 10 milli-
seconds, 1, . 100 points per second, a frequency
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of 10 periods can be recorded with suficlent ac-
curacy. By recording 1000 polnts per second,
about 100 periods can be registered.

For measurement of alternafing voltages one
can In known manner—as shown in the draw-
ing—employ s current rectifier, for example by
meansg of a dundiode with a combination of a
resistance W4 and condenser C3. In such case
the peak-volitage curve is measured. 1t 15 ad-
visable to make the time-constant for this com-
bination a little greater than the_ time interval
between two regiitrations.
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By such an apparatus thére can also ‘be meas-

ured almost shmultaneously voltages of different
origin, if—for Instance—there is placed on~the
axle of the wheel Rg¢ commutator which miter-
nately connects the terminals of Ez with different
sources of energy.

Such an Instrument can be used, for msta.nce,
for registering the degree of modulation in a wire-
less telephone-sender, where not only the ampli-
tude of the modulating voltage, but also the am-
plitude of the bearing wave Iz of importance for
preventing overcontrolling. Therefore the 1st,
3rd, 5th ping etc. are used to record the modu-
lating voltage, while the 2nd, 4th, 6th etc. racord
the voltage of the bearing wave.

. "The difference between these voltages can also
he .constantly attached to the terminal Ex. The
sender iz then correctly operated, if the short-
time peak-voltages of the modulation pever ex-

the voltage of the bearing-frequency. The
arente between these voliages mmust never ex-
ceed; the O-limit. In case this 0-lImit should
nevertheless:be exceeded by mistake in operation,
which 1s just what ig Intended to record, it is
expedient to displace the 0-point in the scale by
use of an:msdjustable, but during the measurement
constant preliminary grid-voltage. .

Insteed of being recorded chemlcally by use
of Mimus paper, the volkages may also be regis-
tered hy perforation of the paper by passage of
an electric spark. It will then be serviceable
to gilve the recording pins a preliminary voltage
through a condenger:
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Fig. 2 shows another possible form of execution
for the Invention. Here the wheel R, the paper
ribbon B, the metal plate M, the transformer T¥,
the condenser Cl and the source of energy EI
ale arranged as In the mode of execution shown
in Pg. 1. Likewise the cathode & of the thyra-
tron T is connected with the minus-pole of the
voltage Ex which Is to be measured. However,
the diminishing negative grid-voltage is not pro-
duced by meens of a potentiometer with rotating
slide-brushes, but in the following manner:

Thivugh the resistance W3 there flows a current
froim the source of energy E2 to charge the con-

denser C2, Thereby is created through the resist-
ance W3 with the negative side at the thyratron
grld a preliminary grid-voltage which during the
course of & charging of the condenser diminishes
in logarithmic form. The condenser C2 can he
discharged through the short-circult switch 8.

Synchronlsm between the movement of the re-
cording pins of the wheel R and the opening
of the switch 5 must be established. It must
be ensured that the switch 8 opens when a re-
cording pin touches the paper and that the switch
closes short.ly after the pin has left the paper.
Several parallelly altuated switches or other cou-
pling methods may also be employed.

The protess of measuring takes place.as. fol-
lows: When the recording pin comes in contact
with the paper, the switch S opens. The maxi-
mum preliminary voltage through the resistance
W3 is. diminished simultaneously with the move-
ment of the pin over the breadth of the paper.

Not until the preliminary negative grid voltage.

1s sufficlently smali will the grid voltage which
is composed of this preliminary voltage and the
momentary value of-the voltage that is to be
measured reach the valde which brings the thyra-
tron to ignition. The rest of the process takes
place as described in connection. with Fig. 1.

The form of the scale for the arrangement sc-,
cording to Flg. 2 iz logarithmic. A linear form.

of scale can, as 1s known, be attained by means
of a pentode. )
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