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CHAPTER LXIII
WAVE FORM MEASUREMENT

The great importance of the wave form in alternating
current work is never denied, though it has sometimes been
overlooked. The application of large gas engines to the
driving of alternators operated in parallel requires an
accurate knowledge of the wave form, and a close confor-
mation to a sine wave if parallel operation is to be satis-
factory. It is also important that the fluctuations in mag-
netism of the field poles should be known, especially if solid
steel pole faces be used.

If an alternator armature winding be connected in delta, the presence
of a third harmonic becomes objectionable, as it gives rise to circulating
currents in the winding itself, which increase the heating and lowers
the efficiency of the machine.

That the importance of having a good wave form is being realized,
is proved by the increasing prevalence in alternator specifications of a
clause specifying the maximum divergence allowable from a true sine
wave. It is however perhaps not always realized that an alternator
which gives a good pressure wave on no load may give a very bad one
under certain loads, and the ability of the machine to maintain a good
wave form under severe conditions of load is a better criterion of its
good design than is the shape of its wave at no load.

The question of wave form is of special interest to the power station
engineer. Upon it depends the answer to the questions: whether he
may ground his neutral wires without getting large circulating currents;
whether he may safely run any combination of his alternators in parallel;
whether the constants of his distributing circuit are of an order liable to
cause dangerous voltage surges due to resonance with the harmonics
of his pressure wave; what stresses he is getting in his insulation due
to voltage surges when switching on or off, ete. It has been shown by
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Rossler and Welding that the luminous efficiency of the alternating cur-
rent arc may be 44 per cent. higher with a flat topped thHan with a
peaked pressure wave, while on the other hand it is well known that
transformers are more efficient on a peaked wave. Also the accuracy
of many alternating current instruments depends upon the wave shape.

In making insulation breakdown tests on cables, insulators, or
machinery, large errors may be introduced unless the wave form at the
time of the test be known. It is not sufficient even to know that the
testing alternator gives a close approximation to a sine wave at no load;
since 1if the capacity current of the apparatus under test be moderately
large compared with the full load current of the testing alternator, the

FI1G. 2,583.—General Electric simultaneous record of three waves with common zero.

charging current taken may be sufficient to distort the wave form
considerably, thus giving wrong results to the disadvantage of either the
manufacturer or purchaser.

The desirability of a complete knowledge of the manner in
which the pressure and current varies during -the cycle, has
resulted in various methods and apparatus being devised for
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obtaining this knowledge. The apparatus in use for such pur-
pose may be divided into two general classes,

1. Wave indicators;
2. Oscillographs.

F1G. 2,584.—General Electric simultaneous record of three waves with separate zeros.

and the methods employed with these two species of apparatus
may be described respectively as,

1. Step by step;
2. Constantly recording.

that is to say, in the first instance, a number of instantaneous
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values are obtained at various points of the cycle, which are
plotted and a curve traced through the several points thus
obtained. A constantly recording method is one in which an
infinite number of values are determined and recorded by the
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Fics. 2,585 and 2,586.—Oscillograms (from paper by Morris and Catterson-Smith, Proc.
L.E.E., Vol. XXXIII, page 1,023), showing how the current varies in one of the armature
coils of a direct current motor. Fig. 2,585 was obtained with the brushes in the neutral
position, and fig. 2,586 with the brushes shifted forward.
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machine, thus giving a complete record of the cycle, leaving no
portion of the wave to be filled in.

The various methods of determining the wave form may be
further classified as:

i
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Joubert’s method;
Iﬂ}’é’é ié)a({tf commutator method; hod
ed tour part commutator method;
1. Step by step Ballistic galvanometer method; '
Zero method;
By Hospitalier ondograph,

Ittt

Time mp— .

P1G. 2,587.—Oscillogram by Bailey and Cleghorne (Proc. I. E. E., Vol. XXXVIII), showing
the sparking pressure or pressure between the brush and the commutator segment ot the
moment of separation. The waves fall into groups of three owing to the fact that there
were three armature coils in each slot.

. cath H
by use of various types gi“ow°1?§h'?;y'

2. Constantly recording { of oscillograph, such { movingiron;
as Ror el
(o} .

SINE WAVE
DISTORTED WAVE
PEAKED WAVE

Fi1G. 2,588.—Various wave forms. The sine wave represents a current or pressure which varies
according to the sine law. A distorted wave is due to the properties of the circuit, for
instance, the effect of hysteresis in an iron core introduced into a coil is to distort the
current wave by adding harmonics so that the ascending and descending portions may
not be symmetrical. A peaked wave has a large maximum as compared with its virtual
value. A peaked wave is produced by a machine with concentrated winding.

Joubert’s Method.—The apparatus required for determining
the wave form by this step by step method, consists of a gal-
vanometer, condenser, two, two way switches, resistance and
adjustable contact maker, as shown in fig. 2,589.
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The contact maker is attached to the alternator shaft so that it will
rotate synchronously with the latter, By means of the adjustable
contact, the instant of “‘making” that is, of “closing’ the testing circuit
may be varied, and the angular position of the armature, at which the
testing circuit is closed, determined from the scale, which is divided
into degrees.

A resistance is placed in series with one of the alternator leads, such
that the drop across it, gives sufficient pressure for testing,

Ques. Describe the method of making the test.
Ans. For current wave measurement switch No. 1 is placed
on contact F, and for pressure wave measurement, on cortact G,
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F1G. 2,5689.—Diagram illustrating J oubert?step by step method of wave form measurement, |

switch No. 2 is now turned to M and the drop across the resistance ;
(assuming switch No. 1 to be turned to contact F) measured by |
charging the condenser, and then discharging it through the:
galvanometer by turning the switch to S. This is repeated f
for a number of positions of the contact maker, noting each |
time the galvanometer reading and position of the contact maker. |
By plotting the positions of contact maker as abscissz, and the !

|
i
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ADJUSTABLE SLIDE

FOUR PART,
COMMUTATOR . CONDENSER

Prc. 2,590.—Four part commutator method of wave form measurement, The contact
device consists of two slip rings and a four part commutator. One slip ring is connected
to one terminal of, the source, the other to the voltmeter, and the commutator to the
condenser. By adjusting R when a known direct current pressure is impressed across
the terminals, the voltmeter can be rendered direct reading.
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Fic. 2,591.—Modified four part commutator method of wave form measurement
Duncan's modification). By this method one contact maker can be used for any number

of waves having the same frequency. Flectro-dynamometers are used and the con-
nections are made as here shown. The moving coils are connected in series to the contact
maker, and the fixed coils are connected to the various sources to be investigated, then

the deflection will be steady and by calibration with direct current can be made to read

y in volts.
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galvanometer readings as ordinates, the curve drawn through
them will represent the wave form.

The apparatus is calibrated by passing a known constant current
through the resistance.

Ballistic Galvanometer Method.—This method, which is

due to Kubber, employs a contact breaker instead of a contact
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F16. 2,592.—Diagram illustrating the ballistic galvanometer method of wave form measure-
ment. The test may, be made as described in the accompanying text, or in case the con-
tact breaker is belted instead of attached rigidly to the shaft, it could be arranged to run
slightly out of synchronism, then by taking readings at regula.r intervals, points will be
obtained along the curve without moving the contact breaker. If this method be used,
a non-adjustable contact breaker suffices. In arranging the belt drive so as torun
slightly out of synchronism, if the pulleys be of the same size, the desired result is obtained
by pasting a thin strip of paper around the face of one of the pulleys thus altermg the
velocity ratio of the drive slightly from unity.

maker. The distinction between these two devices should be -

noted: A contact maker keeps the circuit closed during each
revolution for a short interval only, whereas, a contact breaker
keeps the circuit open for a short interval only.

Fig. 2,592, shows the necessary apparatus and connections for applying
the ballistic galvanometer method. The contact breaker consists of a
commutator having an ebonite or insulating segment and two brushes.



WAVE FORM MEASUREMENT 1,847

In operation the contact breaker keeps the circuit closed during all
of each revolution, except the brief interval in which the brushes pass
over the ebonite segment.

The contact breaker is adjustable and has a scale enabling its various
positions of adjustment to be noted.

Ques. Describe the test.
Ans. The contact breaker is placed in successive positions

Pics. 2,593 énd 2,504.—Two curves representing pressure and current respectively of a rotary
converter. Pig. 2,593, pressure wave V, fig. 2,594 current wave C. These waves were
obtained from a converter which was being driven by an alternator by means of an inde-

R dent motor. The rotary converter was supplying idle current to sume unloaded trans-
ormers and the ripples clearly visible in the pressure wave V, correspond to the number
of teeth in the armature of the rotary converter.

and galvanometer readings taken, the switch being turned to F,

fig. 2,592, in measuring the current wave, and to G in measuring

the pressure wave. The results tius obtained are plotted

giving respéctively current and pressure waves.

Ques. How is the apparatus calibrated?

Ans. By sending a constant rurrent of known value through
the resistance R.
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Zero Method.—In electrical measurements, a zero method
is one in which the arrangement of the testing devices is such that
the value of the quantity being measured is shown when the gal-
vanometer needle points to Zero.

In the zero method either a contact maker or contact breaker
may be used in connection with a galvanometer and slide wire
bridge, as shown in figs. 2,595 and 2,596.
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F1c. 2,595 —Diagram illustrating zero method of wave measurement with confact maker.
The voltage of the battery must be at least as great as the maximum pressure to be
measured and must be kept constant,

Ques. What capacity of battery shouid be used?

Ans. Its voltage should be as great as the maximum pres- .

sure to be measured.

Ques. What necessary condition must be maintained
in the battery?

Ans. Its pressure must be kept constant.
Ques. How are instantaneous values measured?
Ans. The bridege contact A is adjusted till the galvanometer
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shows no deflection, then the length AS is a measure of the
pressure.
The drop between these points can be directly measured with a volt-
meter if desired.

Ques. How did Mershon modify the test?
Ans.

He used a telephone instead of the galvanometer to
determine the correct placement of the bridge contact A.
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F1c. 2,596.—Diagram illutrating zero method of wave measurement with confact breaker.
The voltage of the battery must be at least as great as the maximum pressure to be
measured and must be kept constant.

Ques. How can the instantaneous values be recorded?
Ans. By attaching to the contact A, a pencil controlled by
sn electromagnet arranged to strike a revolving paper card at
the instant of no deflection, the paper being carried on a drum.

Hospitalier Ondograph.—The device known by this name
is a development of the Joubert step by step method of wave
form measurement, that is to say, the principle on which its
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action is based, consists in automatically charging a condenser
from each 100th wave, and discharging it through a recording
galvanometer, each successive charge of the condenser being auto-
matically taken from a point a little farther along the wave.

F1G. 2,597.—Diagram of Hospitalier ondograph showing mechanism and connections. It repe
resents a development of Joubert's step by step method of wave form measurement.

As shown in the diagram, fig. 2,597, the ondograph consists of a syn-
chronous motor A, operated from the source of the wave form to be
measured, connected by gears B to a commutator D, in such a manner
that while the motor makes a certain number of revolutions, the com-
mutator makes a like number diminished by unity; that is to say, if
the speed of the motor be 900 revolutions per minute, the commutato:
will have a speed of 899.



WAVE FORM MEASUREMENT 1,851

The vomrantator has three contacts, arranged to automatically charge
the condenser oo’ from the line, and discharge it through the galvanom-
eter E, the deflection of w 3 e proportional to the pressure at
any particular instamt when oontact is made.

In fig. 2,597, GG’ are the motor terminals, HH’ are connected to the
eondenser o through a resistance (to prevent sparking at the com-
weastator) and 1, 17 are the connections to the service to be measured.

A permanent magnet type of recording galvanometer is employed,
Its moving ol E receives the discharges of the condenser in rapid 5UCe,
cession and turns slowly from one side 1o the other.

In operation, a long pivoted pointer carrying a
m a yevoiving dratn a wave form representing
7€,

The movable part operates a long needle (separately mounted) carry-

ing a pen ¥, which trasss the curve on the rotating cylinder C. This
cylinder is geared 1o 1 ; onons motor to run at such a speed as to

register three complete waves upan 1ts arcumfierence.

ivanometer for the permanent

By substituting an electron
r magnet ooils a rrent ooils

roagnet galvanometer, a s
and the moving coil & il T strument can e made to draw
watt curves. Fig. 2,598 shows the general anprearance of the ondograph,
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Cathode Ray Oscillograph.—This type of appar?,tus for
measuring wave form was devised by Braun, and consists of a
cathode ray tube having a fluorescent screen at one end, a small

F1cG. 2,599, —General Electric moving coil oscillograph complete with tracing table. The
tracing table is employed for observing the waves, and by using a piece of transparent
paper, the waves under observation appear as a continuous band ofp light which can be
traced, thus making a permanent record. This is not, however, to be regarded as a record-
ing attachment and can not be used where instantaneous phenomena are being investi-
gated. The synchronous motor for operating the synchronous mirror in connection with
tracing and viewing attachment.is wound for 100 to 115 volts, 25 to 125 cycles, and should,
of course, be run from the same machine which furnishes power to the circuit under observa-
tion. A rheostat for steadying and adjusting the current should be connected in series
with the motor. The beam from the vibrator mirrors striking this synchronous mirror
moves back and forth over the curved glass, and gives the length of the wave; the move-
ment _of the vibrator mirror gives the amplitude, and the combination gives the wave
complete. An arc lamp or projection lantern produces the image reflected by the mirrors
upon the film, tracing table or screen. For the rotation of the photographic film, a small
direct current shunt wound motor is ordinarily used.

diaphragm with a hole in it at its middle, and two coils of a
few turns each, placed outside it at right angles to one another.
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These coils carry currents proportional to the pressure and cur-
rent respectively of the circuit under observation.

The ray then moves so as to produce an energy diagram on
the fluorescent screen.

F1G. 2.600.—General Electric maving coil oscillograph. The moving elements consist oy
single loops of flat wire carrying a small mirror and held in lension by small spiral springs.
The current passing down one side and up the other, forces one side forward and the other
backward, thus causing the mirror to vibrate on a vertical axis. The vibrator elements
fit into chambers between the poles of electro-magnets, and are adjustable, so as to move
the beam from the mirror, both vertically and horizontally. A sensitized photographic
film is wrapped around a drum and held by spring clamps. The drum, with film, is placed
in a case and a cap then placed over the end, making the case light, when the index
is either up or down. Thec loading is done in a dark room. A driving dog is screwed into
the drum shaft, and which, when the drum and case are in place, revolves the film past a slot.
When an exposure is to be made, the index is moved from the closed position, thus
opening the slot in the case and exposing the film to the beam of light from the vibrating
mirrors when the electrically operated shutter is open. The slot is then closed by moving
the index to ‘‘Exposed.” A slide with ground glass can be inserted in place of the film
case or roll holder to arrange the optical system when making adjustments. The shutter
operating mechanism is arranged so as to hold the shutter open during exactly one revolu-
tion of the film drum. There are two devices connected to the shutter operating mechanism;
one opens the shutter at the instant the end of the film passes the slot; the other opeas
immediately, at any part of the film, and both give exposure during one revolution. The
rirst is useful when making investigations in which the events are either recurring, or their
beginnings known or under control, and the second when the time of the event is not
under control, such as the blowing of fuses or opening of circuit breakers.

The instrument is much used in wireless telegraphy, as it is
capable of showing the characteristics of currents of very high
frequencv.
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FIG. 2,601.—General Electric moving coil oscillograph with case removed, showing interior
construction and arrangement of parts. The oscillograph is furnished complete with a three

element electromagnet calvanometer, optical system, shutter and shutter operating mech-
anism, film driving mo*or and cone pull>ys, photographic and tracing attachments, 6 film
holders, and the following r ‘pair parts, for vibra-ors: 6 ex‘ra suspension strips; 6 vibrator
mirrors: 1 box gold leaf fuses; 1 bottle mirror ¢ ment; 1 bo**1> damping liquid. .

F1G. 2,602.—Oscillogram showing the direct current pressure of a 23 cycle rotary converter
(below), and (above) the pressure wave taken between one collector ring and one com-
mutator brush. The 12 ripples per cycle in the direct current voltage are due to a 13th

harmonic in the alternating current supply.
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Glow Light Oscillograph.—This device consists of two
aluminum rods in a partially evacuated tube, their ends being
about two millimeters apart. When an alternating current of
any frequency passes between them a sheath of violet light forms
on one of the electrodes, passing over to the other when the
current reverses during each cycle. The phenomenon may -be
observed or photographed by means of a revolving mirror.

_—, ) 2 . - - =
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FiG. 2,608.—Curves by Morris, illustrating the dangerous rush of current which may occur
when switching on a transformer. The circuit was broken at F and made again at G.
The current was so great as to carry the spot of light right off the photographic plate due
to the fact that a residual field was left in the core after switching off, and on closing the
switch again the direction of the current was such as to tend to build up the full fiux in
the same direction as this residual flux. The dotted lines have been drawn in o show how
the actual waves were distorted from the normal.

" Moving Iron Oscillograph.—This type is due to Blondel,
to whom belongs the credit of working out and describing in
considerable detail the principles underlying the construction

of oscillographs.

The moving iron type of oscillograph consists of a very thin vane of
iron suspended in a powerful magnetic field, thus forming a polarized
magnet. Near this strip are placed two small coils which carry the
current whose wave form is to be measured.

The moving iron vane has a very short period of vibration and can
therefore follow every variation in the current.
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Attached to the vane is a small mirror which reflects a beam of light
upon some type of receiving device.

The Siemens-Blondel oscillograph shown in fig. 2,604, is of the moving
coil type, being a development of the moving iron principle.

Moving Coil Oscillograph.—The operation of this form
of oscillograph is based on the behavior of a movable coil in a
magnetic field.

P1Gs. 2,605 and 2,606.—Oscillograms reproduced from a paper by M. B. Field on “A Study
of the Phenomena of Resonance by the Aid of Oscillograms’ (Journal of E. L., Vols
XXXI11). The effect of resonance on the wave forms of alternators has been the
subject of much investigation and discussion; it is a matter of vital importance to the
engineer in charge of a large alternating current power distribution system. Fig. 2,605
shows the pressure curve of an alternator running on a length of unloaded cable, the .
11th harmonic being very prominent. Fig. 2,606 shows the striking alteration produced
llg reducing the length of cable in the circuit and thus causing resonance with the 13th

rmonic.

It consists essentially of a modified moving coil galvanometer combined
with a rotating or vibrating mirror, a moving photographic film, or a
falling photographic plate. The galvanometer portion of the outfit is
usually referred to as the oscillograph as illustrated in figs. 2,608 to
2,612, representing diagrammatically the moving system.

In the narrow gap between the poles S, S of a powerful magnet are
stretched two parallel conductors formed by bending a thin strip of
phosphor bronze back on itself over an ivory pulley P. A spiral spring
attached to this pulley serves to keep a uniform tension on the strips,
and a guide piece L limits the length of the vibrating portion to the part
actually in the magnetic field.
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A small mirror M bridges across the two strips as shown. The effect
of passing a current through such a ‘“‘vibrator” is to cause one of the
strips to advance while the other recedes, and the mirror is thus turned
about a vertical axis.

Each strip of the loop passes through a separate gap (not shown in
the figure). The whole of the “vibrator,” as this part of the instrument
is called, is immersed in an oil bath, the object of the oil being to damp

F1s. 2,607.—General view of electro-magnet form of Duddell moving csil oscillograph, showing
oil bath and electro-magnet. This instrument is specially designed to have a very high |

natural period of vibration (about ﬁbﬁ of a second) so as to be suitable for accurate |

research work. It is quite accurate for frequencies up to 300 per second. In the figure,
A is the brass oil bath in which two vibrators are fixed; B, core of electro-magnet which is
excited by two coils, one of which, C, is seen. The ends of these two coils are brought .
out to four terminals at D, so that the coils may be connected in series for 200 volt, or in
parallel for 100 volt circuits. The bolts, E,E, hold the oil bath in position between the
poles of the magnet. F,F,F (one not seen), are levelling screws; G,G, terminals of one
wibrator; H, fuse; K, thermometer with bulb in center of oil bath.
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F16s. 2,605 to 2,612.—Vibrator of Duddell moving enil necillogra; ;)h and section through oil

bath of electromagnet oscillograph. The vibrator consists of o brass frame W, which sup-
ports two goft iron pole pieces P, }' Between these, o long narrow groove is divided in 0 Lo
parts by a thin soft iron partition, which Tuns up the center. The current, being Jed in by
the brass wire U, passes from an insulated bragz plate to the strip, which i led over an
ivory guide olorv/, down one of the narrow grooves and over another guide block, the
loops round the ivory pulley O, which puts tension on the strip by the 1 l,rm,/ N, back
to the 4 ide blork again, up the other narrow groove, and out by way of the insulated
brass plate and lead U.  Halfway up the grooves the center iron partition K i partially
cut 2way to permit of a small mirror M, bridging acroms from one strip 4o the other, heing
stuck to the strips by a dot of ghellac at each corner. The figure illustrates one type of
vibrator in which P is rexnovable from W for easc in repairing. In type 1, thewe pole pisces
P,P are not removable. The vibrators are placed side by gide in the: yap between the 10oles
83 of the electromagnet, s fig. 2,610. Each vibrator is pivoted abiout vertical centers,
the bottom center fitting in the base of the oil bath, and the one at the top being formed
by a screw in the cock piece Y. It can thug be eazily turned in azirouth, ity pn,em/m heinig
fized oy the adjusting screw L, a spiral spring serving to keep the vibrator always in con-
tact with this screw.  Since each cock piece can be independently raoved forward or back-
ward, each vibrator can be tipped slightly in either of thew directions eo that complete
control over the mirrors is obtained and reflected spots of light may be made to coincide
with that reflected from the fixed zero mirror, which latter 1s fized to o brasg tongue in
between the two vibrators. A plano-convex lens of 50 cm. focad lenyth ig fized on the
oil bath in front of the vibrator mirrors to converge the reflected beams ol light. It
Wlll be noticed that this lens is slightly inclined 80 that nn trouble will be given
reflections from its own surface. The normal distance from the vibrator mirrors te
thje seale of photographic plate is 50 e, and at this distance, a convenient working defler-
tion on each side of the zero line is 3 1o ‘4era. This i3 or)‘mmul with a R.MLS. currew
through the strips of from .05 to 1 of an ampere according o wave f{;rm, ete. The
mazximum deflection on cach side of the zern line ghould not exceed Sem. while the
maximum R.M.S. current through the strips should 1o nc case exceed .1 ampere.
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the movement of the strips, and make the instrument dead beat. It
also has the additional advantage of increasing by refraction the move-
ment of the spot of light reflected from the v.brating mirrors.

The beam of light reflected from the mirror M is received on a screen
or photographic plate, the instantaneous value of the current being pro-
portional to the linear displacement of the spot of light so formed.

With alternating currents, the spot of light oscillates to and fro as the
current varies and wou'd thus trace a straight line.

To obtain an image of the wave form, it is necessary to traverse the
photographic plate or film in a direction at right angles to the direction
of the movement of the spot of light..

Fic 2,613.—Duddell moving coil oscillograph with projection and tracing desk outfit. The
outfit is designed for teaching and lecture purposes. In operation, after the beam of light
from the arc lamp has been reflected from the oscillograph mirrors, it falls on a vibrating mirror
which gives it a deflection proportional to time in m direction at right angles to the deflection
it qlready has and which is proportional to the current passing through the oscillograph.
It is therefore only necessary to place a screen in the path of the reflected beam of light to
obtain a trace of the wave form. Since the vibrating mirror is vibrated by means of a cam
on the shaft of a synchronous motor, which motor is driven from, or synchronously with,
the source of supply whose wave form is being investigated, the wave form is repeateti
time after time in the same place on the screen, and owing to the “persistence’ of vision,
the whole wave appears stationary on the screen. The synchronous motor with its vibrati.né
mirror, mentioned above, is located underneath the “tracing desk.” When used in this !
position a wave a few centimeters in amplitude is seen through a sheet of tracing paper
which is bent round a curved sheet of glass. A permanent record of the wave form can
thus easily be traced on the paper. A dark box which is designed to hold a sheet of sen-
sitized paper in place of the tracing paper, can be fitted in place of the tracing desk. Thus
an actual photographic record of the wave form is ohtained. If the synchronous motor
be transferred from its position underneath the tracing desk to the space reserved for it
close to the oscillograph, the beam of light is then received on a large mirror which is placed
at an angle of about 45 degrees to the horizontal and so projects the wave form onto a
large vertical screen which should be fixed about two and a half meters distant. Under
these conditions a wave form of amplitude 50 cm. each side the zero line may be obtained
which is therefore visible to a large audience.

Ques. How are the oscillograms obtained in the
Duddell moving coil oscillograph?

Ans. In all cases the oscillograms are obtained by a spot of
light tracing out the curve connecting current or voltage with
time. The source of light is an arc lamp, the light from which
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passes first through a lens, and then, excepting when projecting
on a screen, through a rectangular slit about 10 mm. long by
1 mm. wide. The position of the lamp from the lens is adjusted
till an image of the arc is obtained covering the three (two
moving, one fixed) small oscillograph mirrors. The light is
reflected back from these mirrors and, being condensed by a
lens which is immediately in front of them, it converges till an
image of the slit is formed on the surface where the record is
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iGs. 2 614 and 2,615.—Sectional view of permanent magnet form of Duddell moving coil
oscillograph. This instrument has m lower natural period of vibration (3 000 second)

than the type shown in fig. 2,612, and therefore is not capable of accurately followmg wave
forms of such high frequency, but it is sufficiently quick acting to follow wave forms of
all ordinary frequencies with perfect accuracy. It is easier to repair, and more portable,
owing to the fact that the magnetic field is produced by a permanent magnet instead of
an electro-magnet. This also renders the instrument suitable for use on high tension
circuits without earth connection, as, owing to the fact that no direct current excitation
is required, the instrument is more easily insulated than other types.

desired. All that is necessary now to obtain a bright spot of
light instead of this line image is to introduce in the path of the
beam of light a cylindrical lens of short focal length,

Ques. What is the function of the mirrors on the
vibrating vane?
Ans. They simply control the direction of a beam of light
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F1G. 2,616.—Diagram of connections of Duddell oscillograph to high pressure circuit. The
.¢ modification necessary for high pressure circuit only applies to the vibrator which gives
the pressure wave and consists in adding two more resistances, Rg and Rs. Referring to
fig. 2,617, it will be seen that in. case fuse fa blow, or the vibrator be accidentally broken,
the full suppiy voltageisimmediately thrown on theinstrumentitself. Thisisnot permissible
in high voltage work and therefore the resistance Rjis introduced as a permanent shunt
to the oscillograph vibrator. The resistance Rais an exact duplicate of Re, being a 21 ohm
plug resistance box for adjusting the sensitivity of the vibrator to an even figure. Im
practice Rjis usually a part of Ry, and in most of the high voltage resistances, two tapsare
brought out near one end to serve as Rs. One of these taps is usually 50 ohms distant
from the end terminal and the other only 5 ohms from the end. The use of these tapsis as
follows: The large resistance consisting of Ri+Rs is so chosen with respect to the voltage
of the circuit under investigation that the current through Ry is about .1 ampere. It
should never be more than this con!inuously. Then Ry is connected to the 50 ohm tap, and
since the resistance of the oscillograph vibrator circuit is variable from about § to 26 ohms
by means of Ry, the current can be controlled through the oscillograph from about .066 to
{091 of an ampere, enabling an open wave form to a convenient scale to be obtained. Ifit
now be desired to record large rises of pressure, such as may occur in cases of reso-
nance, the height of the wave must be reduced in order to keep these rises on the plate. This is
accomplished by disconnecting R4 from the 50 olim tap and connecting it to the 5 ohm
tap, when the current through the vibrator will be from .03 to .016 of an ampere according
to whether the resistance R4 is in or out of circuit. When, instead of using the falling plate,
the cinemaiograph camera is being used, it becomes necessary always to work on the 5 chm
tap since the width of the film is much less than that of the plate, and the current must
therefore be less. In experiments where sudden rises of voltage are expected itis
often advisable lo keep R as great as possible. Thatend of the resistance Ryreferred toasRs
in the diagram should be securely connected to the supnly main and no switch or fuse used.
A switch may, if desired, be used in series with Ry, provided it beinserted at the point where
R joins the supply main remote from Rs. It will be seen that fuses f1 and fs are shown.
Provided that the connections are alwavs made in accordance with the diagram, and the
vibrators are always shunted by Rs or Rs respectively, there is not much objeccion to the
use of these fuses, but on general principlés it is wise to avoid fuses in high tension work
angi accordingly with each permanent magnet oscillograph, dummy fuses are supplied,
which can be inserted in place of the ordinary fuses when desired. The remark previously
made about keeping botn vibralors and the frame of the instrument at approximately the same
Pressure applies with additional emphasis in high pressure work.
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in a horizontal plane in such a manner that its deflection from a
zero position depends on the current passing through the in-
strument, and it is therefore evident that the oscillograph is
* not complete without means of producing a time scale.

T
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F1G. 2,617.—Diagram of connections of Duddell oscillograph to low pressure circuit, Ri
is a high non-inductive resistance connected across the mains in series with one of the
vibrators. Sgzisa switch, and fs, the fuse (on the oscillograph in this circuit). The resistance
of Ry in ohms should be rather more than ten times the voltage of the circuit, so that a
current of a little less than .1 of an ampere will pass through it. The vibrator will then
give the curve of the circuit on an open scale. (For the projection oscillograph, the
resistance Ri should be only twice the supply voltage, since .5 of an ampere is requiréd
togive full scaledeflection on alarge screen.) Toobtain the current waveform, the shunt
Ra is connected in_series with the circuit under investigation and the second wvibralor is
‘connected across this shunt Here also f1 is a fyse, S a switch, and Rz an adjustable resist-
ance box. The switch Si1 is however unnecessary if the plug resistance box supplied for
R2 be used, since an infinity plug is included in this box. The shuat Rashould haveadrop
of about 1 volt across it in order to give a suitable working current through the vibrator.
The resistance Rz is not absolutely essentlal but it is a great convenience in adjusting
the current through the vibrator. It isa plug resistance box, the smallest coil being .04 of
an ohm and the total 21 ohms. Being designed to carry .5 ampere coutinuously it can be
used with any other type of Duddell oscillograph, and by its use the sensitiveness of the
vibrator can be adjusted so that a round number of amperes in_the shunt gives 1 mm.
deflection. This adjustment is best made with direct current. 1t should be noted in
connecting the oscillograph in circuit, that the two vibrators should be so conmected to the
circuil that it is tmpossible that a higher pressure difference than 50 volts should exist between
one vibrator and the olher, or belween ezther vibrator and the frame. To ensure attention
to this important point, a brass strap is provided which connects the two vibrators
together and to the frame of the instrument. This does not mean that this point must
necessarily be carthed since the frame of the instrument is insulated from the earth., It
is advisable, however, to earth it when possible,



1,864 : HAWKINS ELECTRICITY

ch

while
ped

to the inductance,

When taking curve A the resistance in the circuit was very small compared to the i
before taking curve B an additional non-inductive resistance was inserted in the circuit so that the oscillations were dam

out much more rapidly although the periodic time remained approximately constant.

PGS. 2,618 and 2,619.—Two curves obtained with the falling plate camera und illustrating the discharge of a condenser throu
an inductive circust.

|

Ques. How is
the time scale
produced? |

Ans. Either the
surface on which
the beam of light
falls may be caused
to movein a verti-
cal plane with a
certain velocity, so
that the intersec-
tion of the beam
and the plane sur-
face traces out a
curve connecting
current with time
(a curve which be-
comes a permanent
record if a sensi-
tized surface be
used); or, the sur-
face may remain
stationary and in
the path of the
horizontally vi-
brating beam may
be introduced a
mirror which ro-
tates or vibrates
about a horizontal
axis, thussuperpos-
ing a vertical mo-
tion proportional
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to time on the horizontal vibration which is proportional to
current, and causing the beam of light to trace out a curve con-
necting current and time on the stationary surface.

Ques. What kind of recording apparatus is used with
the Duddell oscillograph?

Ans. A falling plate camera, or a cinematograph film camera.

F16. 2,620.—Synchronous motor with vibrating mirror as used with Duddell moving coil oscil.1
lograph. Since the motor must run synchronously with the wave form it is required
to investigate, it should be supplied with current from the same source. The motor can
be used over a wide range of frequencies (from 20 to 120). When working at frequencies
below 40, it is advisable to increase the moment of inertia of the armature, and for this
purpose a suitable brass disc is used. The armature carries a sector, which cuts off the
Light from the arc lamp during a fraciion of each revolution, and a cam which rocks the vibrat-
$ng mirror. It makes one revolution during two complete periods, and the cam
and sector are so arranged that during 114 periods, the mirror is turning with uniform
engular velocity, while during the remaining half period, the mirror is brought back
Quickly to its angular position, the light being cut off by the sector during this half period,.
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Ques. Explain the operation of the falling plate

camera.

Ans. In this arrangement a photographic plate is allowed

to fall freely by the force of gravity down a dark slide.

At a

certain point in its fall it passes a horizontal slit through which
the beams of light from the oscillograph pass, tracing out the

curves on the plate as it falls.

The mean speed of the plate at the moment of exposure is about 13
feet per second. This speed is very suitable for use with frequencies of

=
<

FiGs. 2,621 to 2,623.—Interior of cinematograph camera as
- used on Duddell moving coil oscillograph for obtaining
long records.
and one of the reels which ‘carry the film lying in front.
The spool of film which is placed on the loose reel A,
passes over the guide pulley B, thea vertically down-

The loose side of case 1s shown removed

ward between the brass gate D (shown open in
the figure), and the brassplate C. The exposure

.aperture is in the plate C and can be opened or

closed by a shutter controlled by the lever M.

! ° The groove in the plate C, and the springs which

press the gate D flat on the plate C, prevent the
film having any but a vertical motion as it passes
the exposure slit. E is the sprocket driving pulley
which engages with the perforations on the film
and unwinds it from the reel A to reel H. Out-
side the case on the far side of it is secured to the
axle G a three speed cone pulley. This is driven
by a motor of about %— horse power, which also
drives, through the gears shown, the sprocket
pulley E. Close to the grooved cone pulley is a
lever carrying a jockey pulley L, and a brake,
which latter is normally held onto the cone pulley
by a spring and so causes the loose belt to slip. By
pressing a lever which is attached to the falling
late camera case, the brake can be suddenly re-
eased and at the same time the jockey pulley
caused to tighten the belt onto the grooved cone
pulley, so that the starting and stopping of the
film is controlled independently of the driving
motor, and being quickly accomplished avoids
waste of film. Both reels are alike and each is
made in two pieces. The upper
reel is loose on its axle and its
motion is retarded slightly bya
friction brake. The lower reel
isalso loose on its axle, butitis
driven by means of a friction
clutch, the clutch always rotat-
ing faster than the reel so that
the used film delivered by the
sprocket pulley E is wound up
as fast as delivered. X is the
front face of one reel, the boss
on it pushes into the tube on
the other half H, which serves
not only to unite the two halves,
but also to secure the end of the
" film which is doubled through J.
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from 40 to 60 periods per second. A cloth bag is used to introduce the
plate to the slide.

A catch holds the plate until it is desired to let it fall. Inside the case,
is a small motor, 100 or 200 volts direct current, driving four mirrors
which are fixed about a common axis with their planes parallel to it.

F1Gs. 2,624.—Portion of oscillograph record taken with cinematograph film camera, showing
the rush of current and sudden rise of voltage at the moment of switching on a high
pressure feeder,

By looking through a small slot in the end of the camera into these
rotating mirrors, the observer sees the wave form which the oscillograph
is tracing out and is thus able to make sure that he is obtaining the
particular wave form or other curve desired before exposing the plate.

Current

Fic. 2.625.—Portion of oscillogratxiph record taken with a cinematograph film camera showing
the effect of switching off a high pressure feeder and illustrating the violent fluctu-
ations produced by sparking at the switch contacts.

The plate falls into a second red cloth bag which is placed on the
bottom of the slide. The p'ates used are ‘‘stereoscopic size,” 634" X
314" (17.1 X 8.3 cm.).

Ques. For what use is the cinematograph camera
adapted?
Ans. For long records.
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For instance, in investigations, such as observation on the paralleling |
of alternators, the running up to speed of motors, and the surges which
may occur in switching on and off cable, etc. The cinematograph camera
fits on to the falling plate case and by means of which a roll of cinemato- |
graph film can be driven at a uniform speed past the exposure aperture,
enabling records up to 50 metres in length to be obtained. An interior
view of the cinematograph camera is shown in fig. 2,621,

A 4 -
0.0 002 Q.03 004
TIME IN FRACTIONS OF A SECOND

F16. 2,626.—Curves reproduced from an article by J. T. Morris in the Electrician. **On record-
ing transitory phenomena by the oscillograph.™

op

Fic. 2,627.—First rush of current from an slternator when short circuited, showing unsym-
metrical initial wave of current, becoming symmetrical after a few cycles. 23 cycles.

FIG..2.§28._—Pre_ssu_re wave obtained from narrow exploring coil on alternator armature,
indjcating distribution of field flux. The terminal voitage of the alternator is very nearly
a sign wave, 60 cycles; about 17 volts.
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current wave showing low power factor of the arc without apparent phase
.—Rupturing 850 volt circuit.

60 cycles.

P1G6. 2,629.—The waves of volta
P1G. 2,630.
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