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MASSACHUSETTS INSTITUTE OF TECHNOLOGY

COMPUTATION BOOK

GENERAL INSTRUCTIONS

In all work in which accuracy and ease of reference are important, much depends upon carrying out the computation in a
systematic manner. The following instructions, taken from the Engineering Department Figuring Book of the Allis-Chalmers Co.,
serve as a guide in this matter.

“All computations, of whatever kind, are to be made in these books, except in cases where
special blanks may be provided for specific kinds of computation. Computations may be made
in ink or pencil, whichever may be more convenient. Pencil figuring should be done with a
soft pencil. All the work of computation should be done in these books, including all detail
figuring.”

“Each subject should begin on a new page, no matter how much space may be left on the
previous page. The subject, with the date of beginning it, should be plainly written at the top of
the first page of the subject.”

“Work should be done systematically, and as neatly as consistent with rapidity. The books are,
‘however, intended for convenience, and no unnecessary work should be done for sake of appearance
only. Errors should be crossed off instead of erased, except where the latter will facilitate the work.
Work should not be crowded. Paper costs less than the time which would be expended in attempting
to economize space in making erasures.”

“Where curves drawn on section paper (or sketches) are necessary parts of a computation, they
should be pasted in the book, except where specifically otherwise provided for.”

“Computations should be indexed, in the back of the book, by the person using the book.”
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STROBOSCOPE

This deseribes an idea for the utilizing of a=n
ionized mercurg vapor tube as a means of obtaining stro-
boscope action,

A current of sufficient magnitude bo give enough
light is sent through the mercurg tube a definate periods
of time. This is aceomplished by having a variable speed
motor drive a metalic disec. This disc has a small insulating
segment on its rim. A narrow brush gZ¢4 makes contacs
with the rim of the disc. When the insulated sector and
the brush are together the current that normally paszses
from brush to dise is shunted into the mercury tube.

—— Merarc Lisc.
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MERCURY STROBOSCOPE.

A stroboscope using a mercury vapor tube is
described herein. The light from such a deviee 1s much
more suseptable to photography than other types of
stroboscopes using neon lamps.

!
\
: The method of obtaining stroboscopie action
] is to discharge a condenser through the ionlzed mercury
J vapor at periodic times. A small variable speed motor o
driving an insulated disc with one small contac® and brush . |
|
|
|

furnish the interupting of the circuit at defindte intervals
of time. A resistance is put between the condenser and

! the source of constant potential that is used for a

supply. This limits the current taken by the condenser

during the time that it is being charged.
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aT The source of d-c. voltage must be 220 volts or
4 more in order to have the discharge fast and strong emough.
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Qcf 30 1180
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GO-882 1m 4-27-29 _'—‘-\.Til
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Aqreement |

.%?:..Date._.m . oS E. 19.,92/__

In consideration of my employment with the General Electric Company from... }tzrly 51927’

e S

_ I will communicate td the Company’s Patent Department all inventions made or conceived by me
during my employment by the Company or within a period of one (1) year from the end of such employment
which are along electrical lines or along lines of the Company’s work and investigations, or of those of com-
panies in which it may have a substantial interest, or resulting from or suggested by any work which I may
do for the Company, or at its request, and will assist the Company and its nominees in every proper way
(entirely at its or their expense) to obtain for its or their own benefit patents for these inventions in any

and all countries, the inventions to be and remain the property of the Company or its nominees whether
patented or not.

e = L s

e b

As a matter of record I have given below a complete list of all inventions, patented or unpatented,
including a brief description thereof, which I made or conceived prior to my employment, and I desire that
these inventions shall be excluded from this agreement.

)
!
1
ﬂ
WiTNESss: |
!
v | SR, (Signed) .7/ 1
I
!
State of .. New York 1 3
: ss. !
County of . Schenectady |
On this. 84 _day of .. ANDe _ _ _ 198before me personally cape..... H&xr0ld E, Edgerton
to me personally known, and known to me to be the same individual described in, and who executed the
foregoing agreement, who acknowledged to me that he executed the same, and for the purpose therein set
forth.

e R U N S U

RESERVED INVENTIONS AND BRIEF DESCRIPTIONS THEREOF

(Continue list on back of foymy

Original : :
Cng;,”:‘; b!: :L:;g:;i?gy:zzployu. acknowledged before a Notary Public, and forwarded lo the Patent Department at Schenectady.
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The grid voltage is aporroximately
180 degrees out of phase with the anode voltage.
A small change of frequency means a large phase
ghift which will either turn the thyratrons on
or off. The output of the tubes ls connected
so that it influences the field of the d.c.
motor in the proper direction., A small change
in the constants of the tuned circuit will move
the frequency that 1s being regulated.

He. E. Edger’m
June 6, 1929,
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Sfroboscopic

Moving Pictures

By means of moving pictures taken
stroboscopically it is possible to see
the rotor of a synchronous machine
just as though one were actually re-
volving at synchronous speed with the
rotating field of the stator windings.
Newly developed thyratron tubes pro-
vide sufficient light for taking the
pictures.

By H. E. Edgerton

Associate A.I.E.E

‘Massachusetts Institute of Technology
Cambridge

. F THE SEVERAL different meth-
ods of determining the very impor-
tant, but rarely measured angular

displacement of a synchronous machine, stroboscopic
observation is the most direct and straightforward.
This method requires a minimum of apparatus;
namely, a disk rigidly attached to the shaft of the
synchronous machine, a suitable stationary scale for
recording the displacement, and an intermittent light
source operating in time phase with the terminal voltage
of the machine. The disadvantage of the stroboscopie
method in the past has been that the measurements
had to be recorded visually, and thus the accurate
measurement of transient variations of angle has been
practically impossible because of the inability of an
observer to record the phenomena during the short
duration of most transients.

With the stroboscopic device described in this
article, enough light is produced so that a motion-
picture record can be made of the angular displacement
of a synchronous machine. A mercury vapor arc is
used which produces the characteristic blue light well
known for its powerful actinic properties. The tube
used to produce the arc is a thryatron containing grids
that control the electrical transients which are the
source of the stroboscopic light.

Stroboscopic moving picture records will provide
important observations for those who are concerned
with the operation of synchronous machines. These
moving pictures will be especially valuable when
correlated with oscillograms taken simultaneously.
The “strobograms,” as these pictures may be called,
will furnish power engineers with information regarding
the angular displacements of their generators, con-
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densers, and lines during switching and short-circuit
disturbances. They will tell the users and designers of
synchronous motors exactly how far the rotors swing,
their period of motion, and the damping of their oscil-
lations for violent, sudden load changes such as are
common in the steel industry. Photographic records
will be valuable also in studying the steady-state time-
angle variations.

In addition this method of photographing stroboscop-
ically illuminated objects will provide research workers
with the means whereby many experimental investi-
gations may be made. It is especially adapted for
studying the motion of mechanical objects such as
springs, cams, valves, and other devices.

Among the important requirements for a stroboscope
suitable for photographic purposes, are:

1. Short duration of the light. If the illumination extends
cver an appreciable period of time the image will be blurred.
A rough ealeulation shows that the duration of the main flash
should not be longer than about 10 mieroseconds.

2 Rich actinic light. Photographic film is mueh more
sensitive to ultra-violet and blue light than to red. For this
reason a mercury discharge tube is used in place of the commonly
used neon tube. The light from a mercury arc is composed of
strong blue and ultra~violet colors. Some of the ultra~violet
radiations are, however, absorbed by the glass walls of the tube.

3. Reliability of light-flash control. A synehronously ro-
tating object viewed by a stroboscope will not be stationary if
there is any variation in the interval of time between discharges
in the stroboscope cireuit. This time interval ean be controlled
very aceurately by applying sufficient voltage to the thyratron

grid.
THYRATRON CIRCUIT

An arrangement of apparatus capable of producing
a powerful stroboscopic light is shown in Fig. 1. Cur-
rent waves for various branches of the circuit are in-
cluded also in this illustration. Light is obtained from
a condenser discharge through the thyratron tube; and
since the only impedance in the circuit besides the
thyratron is that of the leads connecting the tube to
the condenser this discharge is very rapid, lasting only
about 10 microseconds or even less. An intense mo-
mentary light flash is thus obtained.

The sequence of events through a cycle ot operation
will be described in detail. When the grid is negative
o current is flowing from the main anode because the
grid has the property of extinguishing the arc. Such
grid action is contrary to the usually explained rules of
thyratron operation but occurs here because of the low
density of the anode current and the large condenser
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in parallel with the arc. During this half eycle, current
flows from the 500-volt d-c. source through the resis-
tance into the condenser in the well-known exponential
relationship. The resistance and capacity are adjusted
so that the potential across the condenser becomes
practically 500 volts during the half cycle that the grid
is negative. Replacing the resistance R with inductance
L, or using both in series with the condenser, will give a
still higher voltage across the condenser, if R, L, and C
have proper values.

At the end of the charging half cycle, the grid becomes
sufficiently positive to allow current to flow from the
anode. The charge that has been accumulated in the
condenser will then be discharged through the tube.
If short, heavy-stranded leads are used to connect the
condenser to the tube the holding arec may be extin-
guished at this time by the condenser discharge, but
this difficulty may be overcome by introducing a choke
coil into the holding circuit and a small resistance in
series with the condenser. Fromarecentstudy by Krug,
(of the arc striking speed of a mereury arc rectifier),
(Arch. f. Techn. Physik 11, 1930, 6 p. 227, and E. u. M.
48, June 8, 1930, p. 567), it is known that only 0.01 to
0.1 microsecond is required to start the arc. Thus the
thyratron acts virtually as a short circuit across the
condenser.

For the remainder of the half cycle following the
condenser discharge the grid is positive and the main
anode carries a current which is limited in value by the
resistance E. The light from this current is not intense
and is negligible in comparison with the condenser
flash. With the pool-type of thyratron this current is
oscillatory under some conditions, giving faint ghosts
trailing behind the main discharge. A negative bias
and a peaked a-c. voltage on the grid eliminates these
oscillations.

GRID VOLTAGE
+ 440 VOLTS

\ TINE 1.6 AMPS.
CURRENT

ANODE
CURRENT
1000

AMPSE MM

Fig. 1. Schematic diagram of thyratron circuit;
voltage and current relations in various parts of
the circuit are shown below

328

At the completion of the operating cycle the grid
again becomes negative thereby extinguishing the anode
current. The condenser then begins to accumulate 3
charge for the next flash.

STROBOGRAMS TAKEN

With the thyratron and other apparatus just de-
scribed, a 160-hp. synchronous motor was photographed
stroboscopically as it pulled into step. The tube was
hung on a framework so that its light would fall directly
upon the field structure. White cardboard collars were
tied around the poles and alternately marked ““N’’ and
“S.”” The amortisseur rings were painted white and
the protruding bars black. A general view of the
arrangement in operation is shown in Fig. 2.

Strobograms taken during the transfer from operation
on half voltage, which was used for starting the motor,
to full voltage, are shown in Fig. 8. These consist of 3
sequence of enlarged, 16-mm. moving picture frames and
were taken on panchromatic film at 16 frames per seec.
with a lens opening of f-1.9.

The particular thyratron used for these tests had
two anodes, each was connected to .a circuit such as
shown in Fig. 1 but the grids were supplied from a
common transformer. No apparent difference in the

Fig. 2.
oscopic movies of a 160-hp. synchronous motor

Thyratron arranged for taking strob-

time of discharge was experienced, except when the
tube was cold.

A special camera which would record the rotor dis-
placement angle for each cycle could easily be made.
This camera would require no shutter and no mechanical
framing movement. The film could be run through

Electrical Engineering
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the camera at a constant speed and just fast enough 1 O 9
so that the exposures would be spaced correctly. {
A simultaneous reading of time could also be taken
with the angle on the strobograms by photographing a i
clock hand driven by a telechron clock motor running

ﬂ!? g
Doy §
I
||'"‘

=3

o7/

-

Cg

i

Fig. 3. “‘Strobograms” of a synchronous motor
as it was switched from half to full voltage.
Increased angular displacement may be noted as i
the supply switch was momentarily open during
changeover (4-7)

at one revolution per second. This would be quite
necessary for accurate testing since there is no definite
relation between the frequency of the camera shutter
and that of the intermittent light.
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