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A NEW PRECISION CONDENSER
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ORM-DRIVE air condens-
ers have for many years
been widely used as con-

tinuously-adjustable stand-
ards of capacitance,

condenser assembly is shown in Figure
2 and the constructional details in Fig-

ure 1.
In designing the new condenser. the
chiefrequirement has

It has long been rec-

ognized that these

NEW PRICE FOR

been stability of
capacitance. Conse-

condensers are sub-
ject 1o small varia-
tiomg from their de-

TYPE 631-A STROBOTAC

Effective February 1, 1936, the
price of the Type 631-A Strobo-
tac will be $95.00, net, F.O.B.

quently both the ma-
terial used and the
mechanical arrange-

characteristics
ed by such fac-

sired Cambridge,

it

ment have heen se-
lected with this end

tors as temperature,

aging, worm eccentricity, backlash. and
strains in the frame and plates, but. as
a rule, the resultant errors have been
negligible in all but the most precise
measurements, In the Tyee 222 Pre-
cision Condenser these small variations
were known and allowanee could be
made for them when necessary.

The availability of new materials
and methods of construction, how-
ever. have made it possible to replace
this condenser with one of completely
new design, the Type 722 Precision
Condenser, in which these factors are

markedly reduced. The panel of the
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in view.
The whole
mounted in a cast frame which gives

condenser assembly is

the assembly a degree of rigidity not
otherwise possible. This frame. the
stator rods and spacers. and the rotor
shaft are made of an alloy of aluminum
and copper. which combines the me-
chanical strength of brass with the
weight and temperature coeflicient of
aluminum. Since the condenser plates
are of aluminum, all parts have the
same temperature coeflicient of linear
expansion, resulting in a low tempera-
ture coeflicient of capacitance (0.0027;
per degree Centigrade).
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Figure 1. View of
Type 722-H Precision
Condenser with cabi-
net removed showing
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constructional  details

Increased stability is also ohtained
by the use of plates Mg-inch thick,
which reduces materially the sagging
which might normally oceur with age,
and. since the rotor shaft is horizontal,
no constant stress exists which would
-ause the plates to bend in a direction
parallel to the shaft.

The ball bearings used on both ends
of the rotor shaft are conducive to both
stability and smoothness of rotation.

Connection to the rotor is made. not
through the bearing. but by means of a
phosphor bronze brush running on a
brass drum. which assures positive con-
tact.

Since it is difficult to mount a worm
gear on a shaft without some slight ec-
centricity, the worm in the Type 722
Precision Condenser is cut directly on
the shaft. The dial end of the worm
shaft runs in ball bearings: the other

end iz supported by an adjustable
spring mounting,

This arrangement of bearings and
drive mechanism results in a backlash
L4 worm division and a low
worm correction. Since the capacitance

of less than
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per worm division for the new con-
denser isless thanhalfthat for the Tyre
222, the backlash in terms of capaci-
tance has been considerably reduced.
It will be seen from Figure 1 that
the usual dial arrangement is reversed,
and that the drum dial is on the rotor
shaft and the disk dial on the worm
shaft. Because of this, both dials are
read from a single window in the panel,
and the condenser is driven from the

panel without the use of bevel gears and
their resultant backlash.

Ficure 2. Panel view of Tyee 722-H Pre-
cision Condenser
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The worm drives a 50-tooth gear, so
that 25 revolutions of the worm rotate
the main shaft through 180 degrees.
One-half revolution (100 divigions) of
the worm advances the main scale one
division. Sinee the main scale carries 50
divisions, the 180-degree rotation is
divided into 5000 worm divisions. each
half of the worm dial being engraved
0 to 100,

The capacitance per worm division
on the 1400-uuf model is approximately
0.28 ppf and on the 500-uuf model is
0.11 puf. Sinee the scale can be set to
about 1/5th of a worm division, the
_precision of setting for these two
‘models is 0.06 guf and 0.02 wpf respec-
tively.

The over-all characteristics of the
Typre 722 Precision Condenser are sim-
ilar to those of the older Type 222, The
figure of merit, RwC?, is 0.04 x 10712 (or
less) at 1 ke.

Isolantite is used for the insulating
supports and, since a smaller amount of
this solid dielectric is used, the figure
of merit is lower than on the Type 222,
As in other condensers, this factor is a
funetion of temperature, humidity. and
frequency, but is constant with scale
reading over the nsable range of the
condenser.

The surface leakage is reduced to
about one-third of the old value.

At 1 Me the inductance is 0.06 uh
and the metallic resistance is 0.024 Q.
The effect of these residual impedances
at radio frequencies was discussed in a
recent issue of the Experimenter.®

Two mounted models are available
at present: Type 722-H. with a max-
imum capacitance of 1400 uuf, and
Type 722-F. with a maximum capac-
itance of 500 uuf. These are supplied
with a white wood shipping case.

Both sizes are also available un-
mounted. The casting is provided with
three tapped holes for mounting. Since
only a single panel window is neces-
sary in order to read both dials, the
ease of mounting is considerably im-
proved. A template is provided for
drilling the mounting holes.

Prices include a capacitance cali-
bration table giving the capacitance at
26 points to 1 puf or 0.1, whichever
is the larger. A worm correction cali-
bration can he supplied accurate to 0.1
puf or 0.197, whichever is the larger.

Type 722 Precision Condensers will
be supplied in the future on all orders

calling for Tyee 222 Precision Con-
densers.
*Residual  Tmpedances  in the  Precision  Condenser,

General Radio Experimenter, X, 5, October, 1935,

SPECIFICATIONS

Dimensions: (Mounted models)
Panel, 8 x 914 inches; depth, 81%

734 (length) x 6%% (width) x 7 (depth)
inches,

inches. (Unmounted models) Panel. Weight: 1115 pounds: 201 pounds
with shipping case.

Type Capacitance Code Word Price
722-HM Cabinet Model 1400 wuf CUBBY £90.00
722-HU* Unmounted . . ... 1400 puf CUBBYPANEL 70.00
722-FM Cabinet Model . .. 500 puf CUBIT 185,00
T22-FU* Unmounted . , . ... 500 uu CUBITPANEL 65.00

Worm Correction Calibration Data. ... ..... ... . it A hah WORMY 35.00

*No calibration is lied with d rmadel
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HIGH-SPEED MOTION PICTURES

There is a close analogy between
the study of steady state condi-
tions with the stroboscope in me-
chanical engineering and the oscil-
lograph (or, more exactly perhaps,
the oscilloseope ', in electrical en-
The equipment de-
seribed here extends this technique

gineering.

to include the analysis of mechan-
ical transients in the same way
that the camera-oscillograph com-
bination or the recording oscillo-
graph provides a record of tran-
sient phenomena in eleetrical eir-
cuils,

HE study of repetitive motion in

machinery at high speeds has been
greatly simplified by the development
of the stroboscope. There exists, how-
ever, a considerable demand for both
apparatus and technique for studying
mechanical transients and non-uni-
form motion.

For those applications where it is de-
sirable to study a whole sequence of op-
erations, the problem is best solved by
photographing the motion and repro-
jecting it. Such a cycle does not have
to he repeated and a single transient
can be observed. When investigating
eyclic motion, high-speed motion pie-
tures provide a permanent record of
the phenomenon, which may be exam-
ined later, whether or not the mechan-
ism is still available.

Slow-motion pictures are, of course,
no novelty and high-speed strobo-
scopic pictures are simply a further de-
velopment of this familiar device. The
value of all high-speed cinema work lies
in projection at slow speeds. Slow-
motion phenomena as seen in the mo-
tion-picture theater are obtained by
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photographing at speeds between 50
and 120 frames per second and pro-
jecting the film at the ordinary pro-
jection speed of approximately 16
frames per second. There is, however,
an upper limit of practicability to slow-
motion picture cameras using mechan-
ical shutters. At picture speeds of sev-
eral thousand per second. shutters
would be"'requitcd Lo operate at ex-
tremely high speeds, and the mechanics
of such systems are complicated, un-
reliable, and expensive. The possibil-
ities of speeding up a standard camera
are further limited because of the me-
chanical problem of starting and stop-
ping the film at high speeds.

The stroboscope presents an ideal
solution for this problem. All of the
complicated camera mechanism is elim-
inated and a simple, continuous-filn

Fieuwe 1. Type 621-11 Stroboscope and Type
651-A Camera set up to photograph a ma-
chine for stitching leather
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Ficure 2. Control unit of the Tyee 621-H

the

mereury lamps. The complete stroboscope

of this unit 10-kw  motor
generator

showing

Ldgerton Power Stroboscope

consists and @

camera is used. The exposure is ob-
tained by illuminating the ohject in-
termittently with light flashes of such
brief duration compared even to the
highest film speeds that no provision for
synchronization of the image is neces-
sary — that is, the image can be im-
pressed directly on the rapidly moving
film without blurring.

The ability of high-speed pictures to
“stop” motion is derived from a very
brief flash of light. In the Edgerton
equipment this lasts from five to ten
one-millionths of a second. A corollary
requirement is a high intensity of il-
lumination in order that the film may
be properly exposed during this brief
period.
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A high-speed photographic system
falls into two portions, the light source
and the camera. As developed by Pro-
fessor Edgerton and manufactured by
the General Radio Company, the light
source has been an outgrowth of the
smaller visual types of stroboscopes.

As in the latter instruments, a con-
denser bank is discharged through a
mercury tube. In order to assure
regular discharges which can he ac-
curately controlled, a reliable control
system had to be worked out. This
makes use of a thyratron tube and a
mechanical contactor. The contactor,
which is connected into the grid circuit
of the thyratron, controlling the flash-
ing cyecle of the condenser bank. is

driven on the camera shaft and assures
accurate framing of the pictures for
reprojection.

Power for charging the condensers
can be provided from any suitable
source of high-voltage direct current
which is capable of withstanding in-
stantaneous short circuits. A high-
rnlmg_rc motor-generator set has been

of Type 651-A
Camera showing the commutator and drive
maotlors

Ficune 3. External view
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Freure 4. [nterior view of Tyee 651-A Cam-
era showing the film reels and sprocket

adopted as the mostsuitableequipment
available for this purpose.

The power requirements are directly
proportional to the flashing frequency.
One thousand flashes per second re-
quire one thousand times as much
energy as one flash per second and con-
sequently a power supply of one thou-
sand times as great a capacity.

The camera is reduced to a means for
carrying the film past an aperture of
proper dimensions at the desired speed.
The structure of the camera 15 shown
in Figure 4. The moving parts consist
of the sprocket and two spools which
are shown, the drive motors, and the
commutator which controls the strobo-
scopic flash rate and serves to space
the frames on the film properly for pro-
jection.

The principal problem in the design
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of the drive sprocket and reels was the
elimination of inertia and the reduction
of friction. since there is some fire haz-
ard imvolved in passing film through
the camera at very high speeds. The
maltter of inertia is of great importance
because of the necessity of bringing the
camera quickly to speed.

The film is held against the sprocket
by an aluminum roller and a metal
plow is provided under the sprocket to
prevent the film being carried around
by the sprocket teeth and breaking.
The plow does not touch the film in
normal operation, but will immediately
correct any tendency to stick. The plow
also prevents the film winding around
the sprocket in case of breakage.

No mechanical connection is pro-
vided between the driving sprocket and
the take-up reel. The take-up reel is
driven by a series motor of sufficient ~
torque to keep the film taut, but not 1o
break it. The difference in speed re-
quired by the changing diameter of the
reel as the film is taken up is thus auto-
matically eared for by the slowing down
of the motor. Extremely high acceler-
ation rates can be provided for since it
is possible 1o operate the motors at
over-voltage. The time required 1o run
100 feet of film through the camera is
only a second or two, and no damage re-
sults to the motors from such mo-
mentary overloading. The acceleration
under these conditions is remarkably
rapid. Full and constant speed is
reached within less than 10 feet of the
film length.

Standard lens equipment is uzed. Fo-
cusing is facilitated by a pair of open-
ings spaced diametrically in the sprock-
et and an eyepiece in the back of the
camera.

It will be observed that distortion in
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the image will result in consequence of
the curvature of the sprocket. This dis-
tortion can be minimized by the nse of
a sufficiently large sprocket diameter.
In the camera described. the sprocket
diameter is 1% inches, carrying twenty
standard 35-millimeter frames on its
periphery. The center of the picture is
approximately 0.03-inch closer to the
lens plane than the extreme upper and

lower edges of the frame. This difference
does not cause serious distortion or lack
of focus with the subjects and lens sys-
tems normally used. When using 16-
millimeter film the distortion is, of
course, proportionately reduoced.

Since the film moves through the
camera continuously without shutters,
the distribution of exposures on the
film is determined by the rate of flash
of the stroboscope light in relation to
the film speed. If the film is to be pro-
jected, the images must be spaced
properly along the film. In order 1o ac-
complish this a commutator is mounted
on the sprocket shaft to provide elec-
trical impulses setting off the strobo-
scopic flash at intervals of one frame on
the film. A film thus exposed can be
projected in standard projection equip-
ment. The commutator presentsa rath-
er serious mechanical problem be-
cause the segments must be located
with extreme precision. The film speed
is 20 great that a minute irregularity in
the spacing of the commutator seg-
ments will result in serious flicker.

The equipment illustrated in Figure
I. which has been found suitable to sev-
eral typical industrial problems, is
capable of taking pictures up to about
fifteen hundred per second and will il-
luminate an area about one foot square
to a sufficiently high intensity to take
satisfactory photographs on high-speed
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film with an /1.5 lens. The maximum
speed is in the vicinity of two thousand
per second. Pictures have heen taken
experimentally with similar apparatuos
with speeds as high as five thousand
per second. but development of such
equipment has not as yet reached a
stage where it can be made commer-
cially available.

Figures 5 and 6 illustrate an excel-
lent example of the use of this equip-
ment in the mechanical field. In re-
designing an automatic tapping ma-
chine, it was desirable to know the
speed-time characteristic  throughout
the eycle of operation.

The machine was litted with a drum
and cross hairs as shown in Figure 5.
and high-speed pictures were taken of a

Ficure 5. Photograph of the automatic tap-
ping machine from which the data of Figure 6
was obtained. The dram, numbered in sec-
tions, and the cross hairs were attached in
order that the pictures might be aceurately
analyzed. This arrangement makes it possible
to measure the angular displacement accu-
rately for each frame of the motion picture film
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Figure 6. Plot showing angalar displacement and instantaneous velocity of the automatic
tapping machine over a period of one complete operation. From this data it was possible 1o
redesign the machine to eliminate the irregularitics shown in the plot
single cycle of operation at rated speed.  of operation and the exact time at

In this case. it was not necessary to
project the film. Examination of it
vielded data for the plot of Figure 6,

which it oceurs in the cyele of opera-
tion. Compensation by means of cams
could then be provided to give smooth-

which shows clearly each uwregularity er operation. — CrHARLES T. BURKE
The Tyre 621-H Edgerton Power Stroboscope is composed of the following units:
Control Unit. . £1950.00
10-kW Motor Generator Set, mounted on truck and including switeh | 600.00
2 Single-Tube Reflecting Lamp Units .. .. ... ... g B T 100.00
Total R R e e e B S i+ S g S TS S s e £2950.00
This qulipmcnl is rated at 10 KW and gives a maximum (lashing speed of 2000 per second.
The motor is wound for 230-volt, 60-cycle, 3-phase service.
The complete 35-millimeter camera recommended for use with the Tyee 621-1T Edgerton
Power Stroboscope consists of:
g b B B [ S e o F300.00
Ty g R T VT e o S s R O e R e Rl ) 70.00
Commutator and Brush. . . ., I o7 o M S 5 65.00
Huogo Meyer £/1.5 2-inch Lens. . . ., oot oiaiiiycian 115400
Total: oo el e e S TR SR R A L 8610.00
The tripod shown in Figure 1is not ineluded.
If a lo-millimeter outhit is desired, the price is $635.00. The price with interchangeable
parts for both 35-millimeter and 16-millimeter use is $775.00. =2
=

The above equipment is not carried in stock but can be built to order. Delivery at the
present time can be made in about ten weeks from date of order,

GENERAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts
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