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This invention relates to calculating‘devices,
and more particularly, to a caleulating device for
determining an unknown frequency value from
two harmonics thereof.

In ascertaining the frequency of a signal, and
particularly where the frequency has a high value
with low power, one practice is to employ a heter-
odyne frequency meter and to beat the signal of
unknown frequency with harmonics of the heter-
odyne frequency meter output to obtain at least
two zero beat frequency values. If the unknown
frequency is lower than the lowest frequency
of the heterodyne oscillator, harmonics of the
unknown signal are used to produce beats with
the fundamental frequency of the oscillator. If
the unknown is higher than- the highest fre-
quency of the heterodyne oscillator, then har-
monics of the oscillator are employed. In some
cases harmonics of the oscillator are beaten with
harmonics of the unknown signal to produce a
response on the meter. By adiusting the fre-
quency meter to obtain. at least two zero beat
frequency values, then, by interpolation, the fre-
quency of the signal being measured may be cal-
culated.

For example, when measuring exact frequen-
cles with the aid of a frequency standard and
multi-vibrator providing equally spaced har-
manic points, the signal from the frequency
standard is mixed with the signal of unknown
frequency and the points at which the unknown
frequency and the nearest Jower and higher har-
monics appear on the dial of the frequency meter
are noted. Knowing the exact frequency of the

harmonic points, the unknown frequency can :

then be determmed by interpolation, as follows:

fom =522 1 1)

wherein fx equals the unknown frequency, /1 the
first harmonic point, f the. second harmonic
point, S1 the dial setting for fi, S2 the dial set-
ting for f2 and Sx the dial setting for f«.

It will be readily apparent that the interpola-
tion method, while feasible, requires consider-
able calculation. Furthermore, the method is
subject to producing false results due to errors
in reading the frequency meter, spurious or ex-
traneous: responses ‘of the meter, and mistakes
in caleulation. Any values, correct or not, obvi-
ously may be inserted for the symbols and an
answer obtained by calculation. yet no indication
will be had that the answer is incorrect or im-
possible
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a simple and efficient calculating device, and
more particularly a calculating device for deter-
mining a frequency value from two ha.rmomcs
thereof.

In accordance with one embodiment of this
invention, a calculating device may be provided
comprising a disc having an annular scale marked
about its outer portion and corresponding to the
frequency range of the heterodyne frequency
meter with which this device is intended to be
employed. The scale is so calibrated that. $he
numbers progress with a logarithmic spacing.
Successively smaller annular scales are marked
on the disc and concentrically located with re-
spect to the center thereof, these scales being
integral multiples of the other scales and repre-
senting harmonics of the frequency meter oscil-
lator, the fundamental frequency of which is rep-
resented by the outside scale. ' A circular mask
is rotatably mounted over the disc and is pro-
vided with a plurality of angularly and radially
spaced windows, and an index member extends
radially from the center of ‘the deviee beyond
the periphery of the larger disc.

Other objects and advantages of the present
invention will be apparent from the following de-
tailed description thereof, taken in conjunction
with the drawing, wherein:

Fig. 1 is a plan view of g calculating device con-
structed in accordance with this invention, a por~
tion of the mask being broken away to facilitate
illustration; and

Fig. 2 is a sectional illustration of the device
disclosed in Fig. 1.

The calculating device of this invention is in-
tended to be employed in conjunction with a
heterodyne frequency meter so constructed that
it may be tuned over a limited range, usually
2-1 in frequency, and audible beat notes detected
between the harmonics of the oscillator frequency
and the unknown signal. Since the order of the
harmonics is not at once known, two readings
from the meter must be taken. If the first read-
ing has a value of ¢ the unknown frequency f
is equivalent to na wherein n is an integer. If
the second reading at a higher freguency has a
value b, then f equals (n—1)b. The purpose of
the calculating device of this invention is to find
the desired value of f by two simple set’cmgs of
the device to the values.¢ and b.

Referring now to the drawings, it will be seen
that the device comprises a large disc or circular
dial plate 5 having a pivot pin § mounted in its
center, the pivot pin 6 rotatably supporting a cir-
cular mask T on the upper surface of the disc 5.
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For convenience in operation the device may he
rotatably supported on a base 8 by the pivot pin 6.
The disc 5§ is provided with a plurality of annu-
lar calibrated scales 9, 18, {1 and 12, concentri-
cally marked on the surface thereof. The scales
are so calibrated that the numbers progress with
a logarithmie spacing; that is to say the arrange-
ment around the disc would be the same as be-
tween 1 and 2 on an ordinary slide rule “C” scale.
The outer scale 9 may be calibrated to correspond
to the range of frequency of the heterodyne fre-.
quency meter with which the device is primarily
intended to be employed while the inner rings
are marked in integral multiples of the outer
rings. Thus, as shown in the drawings, the outer
scale has a range of from 100 to 200 while the
adjacent scale 10 has a range of from 200 to 400,
the scale {1 from 300 to 600, and the scale {2 from
400 to 800.

The essential solution desired of this calcula-
tion device is of the two equations: f=na and
f=(n—1)b. Since n (the order of the harmonic)
is a small integer in practice,

n b 2345 6

n—1 a 123475

etc. The markings on the outer scale of the rule
are thus spaced according to the logarithms of
the b or a found on it, so that a fixed distance
along the periphery is equivalent to log b—log a,
which in turn equals

log %
Since
b

a
can only have certain values, that is,

23
1’2
etc., only certain values of

log %

can properly exist and only certain spacings along
the perimeter of the disc are possible for correct
responses. This is important in that by reason
of this fixed relation, spurious responses are auto-
matically indicated and the calculating device
allows only integral multiples of the frequency
meter reading to appear as answers. . Thus the
operation of this device is superior to interpola-
tion. :

The mask T which is rotatably mounted over
the disc has marked at one point on its edge an
arrows 15 and a plurality of angularly and radially
spaced windows 16, {7, and 8, are formed through
the mask, the mask being of such a diameter that
the outer scale 8 is exposed. An index member
20 such as a hairline indicator, is mounted on the
pin 6 above the mask T and extends from the
center of the device to a point slightly beyond the
edge of the disec 5. It is preferably semi-per-
manently fixed, hut it will be apparent that if the
disc 5 is made stationary instead of rotatably
then it would be necessary that the index mem-
ber 20 be pivotable. The position of any window
as measured from the position of the arrow on
the mask is determined from the possible values
of

b
a

and is equal to
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log %

For instance, if a sub-harmonic relation of
3

2

is assumed, a spacing from the arrow to the
window 16 of

3
log b

is desired. This is found most conveniently by
setting the arrow at 150 on the outer scale and
cutting a window beside the 100 mark. This can
be done because

150 _3

100" 2
and the outer numbered scale is already logarith-
mically spaced. Since two times the desired re-
sult is equal to the upper frequency or three
times the lower frequency, the window {7 is lo-
cated over the scale 1{ beside the 100 mark and
immediately above the number 300. The same
procedure is followed to locate the windows for
the other possible values of

b

a

It is of course possible to reverse the position
of the arrow and the windows, in which case
the arrow would point to 100 in the above example
and the window placed over the second scale be-
side the marking 150 In order to indicate 300.
Thus, in practice, the windows are spaced from
the arrow around the mask according to the

formula
b

b
a

where

has the values:

—g—, % and -i—
etc. They are measured on the same scale as
that used for the numerical calibration. Ra-
dially the windows are placed to indicate the
order of the harmonie, the choice of a scale, of
course, depending on the value of

b

a

for that window and whether the arrow points
to a higher or lower frequency than that beside
the window. While but three windows and har-
monic scales have been shown, thus making it pos-
sible to utilize fourth harmonics, it will be un-
derstood that any convenient number of windows
and scales may be employed.

In order to illustrate the operation of this
calculating device, it will be described in con-
junction with the use of a conventional hetero-
dyne frequency meter having an oscillator range
of from 100 to 200 megacycles: it will be under-
stood, of course, that the calculating device may
be calibrated to be employed with any oscillator
range. Assuming that the first response on the
meter occurs at 165 megacycles. The arrow 18 on
the mask 7 is then set at 165. Then let it be as-
sumed that the second response occurs at 110
megacycles. Then the mask and disc are ro-
tated together until the marking 110 falls under
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the hairline indicator. The ‘window {7 then falls
-under the hairline and exposes the number 330
megacycles on the third scale, which is the fre-
quency of the unknown signal. ‘The answer ob-
tained by the -calculating device may be readily
checked by adjusting the meter to find still an-
other response and then adjusting the calculat-
ing device accordingly.

‘In-order to illustrate how this calculating de-
vice automatically indicates a spurious response
or error, the following example is given: let it be
assumed: that the first response on the meter is
160 megacycles. The same procedure is followed
and the mask arrow 15 is set at 160. Let it be as-
sumed that the next response occurs at 130 mega-
cyeles. The mask and disc are then rotated to-
gether until 130 is under the hairline. However,
it will be found that no window falls on the hair-
line; this is a trouble signal. Investigation may
disclose that the 130 megacycle response comes
from a source other than the oscillator under
test. Accordingly, a further adjustment of the
heterodyne frequency meter is made and let it be
assumed that the next response occurs at 120
megacycles. The mask and disc are then ro-
tated until the marking 120 occurs under the
hairline. At this point the window on the inner
scale exposes the number 480, which is the fre-
quency of the unknown signal. Here if calcula-
tion, that is, interpolation, has been employed
instead of the calculating device of this invention
a false result would have been obtained. This is
shown by the following formula:

1 1.1
130160

f==694 megacycles. It will be apparent that the
falise result 694 is an integral multiple of neither
130 nor 160. The calculating device of this in-
vention, thus, automatically rejects a result which
is not an integral multiple of both responses.

It will be understood that while but one em-
bodiment of this invention has been shown and
described, many changes and modifications may
be made therein without departing from the spirit
or scope of the present invention.

The invention shown and described herein may
be manufactured and used by or for the govern-
ment of the United States of America for gov-
ernmental purposes without the payment of any
royalties thereon or therefor.

What is claimed is:

1. Tn a calculating device, a disk upon which
is graduated an annular, logarithmic scale, said
disk having a plurality of annular logarithmic
scales concentrically located within said first seale
and graduated on said disk with reference in-
dicia. in radial alignment, said scales being
sequentially calibrated and so located that if the
calibration on the outer scale be assigned a
value of one, the next adjacent inner scale will
have a value of two, and succeeding scales corre-
spondingly higher values and a mask rotatably
mounted on said disk and having a plurality of
angularly and radially spaced windows former
therethrough in predetermined relation with said
scales. ]

2. A calculating device comprising a circular
disk having a scale adjacent its periphery, a cir-
cular mask rotatably mounted on the axis of
said disk and of a size such that when mounted
on said disk the scale adjacent its periphery is
exposed, said disk having a plurality of inner
scales located within said first scale, the divisions
of said scales being arranged logarithmically and
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the variation between successive adjacent nu-
merals on the several scales bearing a fixed
integral relation, an index member extending
radially from the axis of rotation over said mask
and beyond the periphery of said disk, said disk
and said index member mounted for rotation
relative fo each other, said mask haying a plu-
rality of spaced windows formed therethrough,
the angular spacing of said windows from a point
marked on the periphery of said mask being ac-
cording to the log of -

3
2
for the first window, =
' ‘ 4
g
for the second window,
5
4

for the third window and correspondingly for
successive windows, the radial spacing of the
windows being such that one window is located
over each inner scale.

3. A calculating device comprising a rotatable
disk having an annular scale adjacent its periph-
ery, a circular mask rotatably mounted on the
axis of said disk and of a size such that when
mounted on said disk the scale adjacent its
periphery is exposed, said disk having a plurality
of additional scales located concentrically within
said first scale, the division of said scales being
arranged logarithmically and the variation be-
tween successive adjacent numerals on the sev-
eral scales bearing & fixed successive integral
relation, said mask having a plurality of spaced
windows formed therethrough and an index point
marked on its periphery, the angular spacing of
said windows from said point being according
to the log of

3
2
for the first window,

9] v

for the second window,
5

4

for the third window, and correspondingly for
successive windows, the radial spacing of the sev-
eral windows being such that one window is lo-
cated over each scale except the outer scale.

4, A calculating device comprising a rotatable
disc having an annular scale adjacent its periph-
ery, a circular mask rotatably mounted on the
axis of said disk and of a size such that when
mounted on said disk the scale adjacent its
periphery is exposed, said disk having a plurality
of additional scales located concentrically within
said first scale, the division of said scales being
arranged logarithmically and the variation be-
tween successive adjacent numerals on the sev-
eral scales bearing a fixed successive integral
relation, said mask having a plurality of faced
windows formed therethrough and an index
point marked on its periphery, the angular spac-
ing of said windows from said point being accord-
ing to the log of

[

for the first window,
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4. placement, means for rotatably mounting the

3 mask and dial on the base, means providing a
] - radial indicator overlying the mask and dial
for the second window, : fixed on the base, and indiclum means carried by
: 5 . & the mask adjacent said one scale.

4 s W. RODERIC BLISS.
for the third window, and correspondingly for REFERENCES CITED
successive windows, the radial spacing of the .
several windows being such that one window is 10 The following references are of record in the
located over each scale except the outer scale, file of this patent:
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