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tion is not so available at this time with respect to generators 3,
4, 5, 20, and 21, partly for reasons of national security.
W e also take this opportunity to point out that this survey
may be made more complete and brought up to date through submitted discussions.
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Discussion
F. A. WOODS.5 The authors are to be congratulated for bringing together so much information on this diversified subject and
presenting it in such an interesting manner.
There is little that can be added to the information which has
been given on our sine-wave generator itself (generator No. 2 as
listed in the paper). However, the methods used by various
people in recording and extracting the pertinent data once the
sine-wave generator is running on a given test are also of considerable interest.
The measurement of the input and output sine waves produced with the use of this generator is accomplished by means of
a two-pen pneumatic strip chart recorder. T w o chart speeds are
available, 1 iph and 1 ipm, which essentially cover the range of
frequencies available. From the chart records obtained the
magnitude ratio and phase angle for each frequency tested are
extracted and then plotted in the normal manner. This task
represents the greatest single drawback to our system since it is
quite tedious, and the measurement of phase angle is inclined to
be inaccurate for certain frequencies. However, taking all these
things into consideration, the system described is simple to operate and relatively inexpensive. It has been found to be quite
adequate for laboratory and demonstration purposes.
The writer would b e interested in hearing how others have approached and solved these same problems.
E. L. COULTER.® Although this paper probably has a good deal
of general-interest value, it is especially interesting to those associated with the fields employing frequency-response techniques.
T o one who is engaged in the use of such equipment in measurements, it offers an unusual opportunity to compare with others
who have been faced with the same problems.
6 Instrument Engineer, Carbide & Carbon Chemicals Company,
S. Charleston, W. Va.
6 Engineer, Air Arm, Westinghouse Electric Corp., Baltimore, Md.
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Case Institute of Technology, Cleveland, Ohio,
D . P. Eckman.
Carbide and Carbon Chemicals Company, South
Charleston, W . Va., F. A. Woods.
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It is easily understandable that with three experts such as the
authors, the paper would naturally divide into three subdivisions,
one for the specialty of each. It is hoped, however, that the large
amount of overlap between the three fields is not obscured b y this
division. In fact, attempts at building universal sine-wave generators have been made and a fair degree of success has been
achieved in some cases. One particular model of this type was
developed b y the writer's company.
In order to demonstrate the degree of overlap of the three
divisions a brief description of this generator will b e given. The
speed range is from 0.005 to 54 cps. This range is obtained with a
closed-loop magnetic-amplifier speed control on a servomotor and
four gear ratios.
The output of the speed control is a continuously rotating shaft.
Driven b y this shaft are a Scotch yoke and two continuously
rotating synchros which may be adjusted differentially. The
Scotch yoke drives a rack and pinion which in turn oscillates a
shaft on which potentiometers and synchros are mounted.
This shaft is also available for rotational harmonic motion and the
rack is available for rectilinear harmonic motion. If the electrical
output is used to drive a transfer valve which actuates a bellows
the device can become pneumatic also.
It is hoped that this discussion demonstrates that one good
set of measuring apparatus may be adapted for use in most
applications. The amount of specialization should depend on the
amount of variation of jobs handled by the equipment user.
Rarely would one user require three different sets of equipment.
AUTHOHS'

CLOSURE

The authors thank each of the discussers for his interest in the
survey. Mr. Coulter is quite correct when he points out the
great amount of overlap between the fields. While we have no
specific figures it appears that the wave generators being used
the greatest number of hours per day on industrial applications
are those combining two and three fields of operation.
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The author is certainly correct when he says that companies
wishing to use pneumatic wave generators must develop their own.
It is felt that this statement can be extended for mechanical
and electrical sine-wave generators also to a large degree. Of
course the commercially available equipment does cover the more
common electrical and mechanical applications.
Table 1 of the paper is a useful reference both for determining
what is being done elsewhere and for comparison.
The two devices which S. L. Gillespie discusses under " m e chanical" are novel. They merit general publicity.
L. W. Erath demonstrates a novel application of electrolytics.
A paper of this type is necessarily limited because of the wide
usage of the equipment discussed. A broad field of activity
is to be found in the aircraft industry. The authors seem generally to have confined themselves to the industrial-control field
which also is a very interesting field.
This paper should serve to illustrate the value of papers devoted to surveys. It is felt that other survey papers on other
phases of measurement in the frequency-response field could be
written.
One method of generating sine waves which was not covered in
the paper, and which is believed to be of enough general interest
to merit mention, is the so-called underexcited synchro method.
This method is treated in the literature 7 but it is felt to be of
general enough use to be mentioned in conjunction with such a
paper. Briefly, it consists of a continuously rotating underexcited synchro being compared with a normally excited synchro.
The resultant signal is a suppressed carrier sine wave modulated
at a frequency equal to the speed of rotation of the underexcited
sj'nchro. A method of obtaining accurate phase information at
high servo frequencies is available b y using a third synchro and a
mechanical differential.

OF T H E

