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functions, 4¢(¢) and Bi(q), for large ¢, required in ob-
taining the classieal limit for Eq. (10), are given in Ref. 6.

5 Discussion of specific experimental considerations
and the optimal choice of particles and parameters which
can be employed to test the predictions of Eq. (10) are
clearly beyond the scope of this Note. Order-of-magnitude
criteria for the quantum range of Eq. (10), however, are
amgAz=~10 and h2k?/2m>~mgAz.

Notes and Discussions

18 For construction of the Green’s function in the case of
unbounded motion where dispersion does not ocecur, see
I. I. Gol’dman and V. D. Krivchenkov, Ref. 5, pp. 11 and
99. A somewhat complementary question arises with
regard to state preparation. It has been argued that it is
probably impossible in principle to find two normalizable
wave functions associated with particles of different
masses which provide identical coordinate and velocity
distributions. See Ref. 9.
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In the study of electric circuits, it seems peda-
gogically justifiable to perform an experiment which
includes both the calibration and experimental verifica-
tion of the rms value of a waveform, mathematically
written as

7 1/2
Vime= T2 (/ Y2 (t)dt) . 1)
0

Details are presented on the construction, calibration,
and utilization of a simple home-made calorimeter
consisting of a resistor in thermal contact with a
thermistor. The resistor is used to convert the electrical
energy into heat, and the thermistor is used as a
thermometer. Once the temperature characteristics
of the calorimeter have been determined for a known
power dissipation in the resistor, subsequent measure-
ments can be made to verify the definition of rms values
for any periodic waveform. The calorimeter is adequate
for periodic waveforms, inasmuch as the equilibrium
temperature is measured; that is, equilibrium between
power input, temperature rise, and heat lost to the
ambient system.

The calorimeter consists of a 2-W resistor bonded with
epoxy cement to a thermistor. The value of the resistor
(R) is chosen so that the available laboratory power
supplies and signal generators can supply up to 3+ W
without excessive (say, several percent) waveform
distortion. In our experiment, sinusoidal and square
waves were to be obtained from an Eico model 377,
sine-square generator (about 1 k output impedance)
and a Hewlett-Packard model 427, (about 500-Q
output impedance). Both generators can develop about
5 V rms across 1 k. A simple ealeulation suggests a
value for R of about 100 & (it is found that the loading
does not lead to excessive waveform distortion).

“EPOXYS
RESISTOR- /’

THERMISTOR \
BINDING POST

F1a. 1. General layout of the home-made calorimeter. The
insulating base is approximately 2X2 in.

The thermistor was an ordinary disk type unit
available from any local electronic supply store for
about $1.00.! The disk shape is recommended because
its dimensions can be easily reduced by judiciously
applying pressure with ordinary diagonal cutters in
such a way as to crack pieces away from the central
region (where the thermistor leads are bonded by the
manufacturer). Once the maximum amount of therm-
istor material has been cut away, the rough edges may
then be smoothened on an ordinary grinding wheel.
The thermistor now has a sufficiently small time-
constant and thermal mass, and a resistance in the
order of 1 kQ. Of course, thermistors designed spe-
cifically for temperature measurement would be better,
but they are more expensive and more difficult to
procure easily.

Bonding is achieved simply and adequately by
mixing enough epoxy so that there will be a large-area
thermal contact between the resistor B and the therm-
istor? To avoid electrical contact between the two
leave enough epoxy between the two units to form an
insulating layer. Curing time of the époxy may be
shortened by heating near an incandescént lamp.

Once the epoxy has cured, the entire unit is placed
on a piece of insulating material (wood, plastic, circuit
board, etc.) on which four binding pgsts have been
installed. The wire leads from the resistors are then
soldered to the binding posts as in Fig. 1.

AJP Volume 39 | 957



Notes and Discussions
RT0OHMSY)

250 —— -0 o0

200 - - = < =% -o-o-

[ IRS TUY DUNNN S UUU SR SR DU S|
I ST

MINUTES

Fig. 2. Typical results for behavior of thermistor resistance
with time for various levels of power input to the calorim-
eter. The broken lines indicate equilibrium values at each
power level. P is in units of watts.

On the basis of the definition of rms value, a dc
current is a logical waveform for calibration purposes.
For a particular value of R, the de voltage supply is
adjusted to yield power dissipations in 50-mW steps.
At the first level (50 mW), Rr is measured, and then
the de power supply connected to B. The de voltage is
measured on a high-quality voltmeter if available, and
the resulting deflection on the scope is noted, thus
calibrating the oscilloscope at the same time. The value
of Rr is then measured every minute, and each reading
is immediately plotted on the graph, as in Fig. 2.
After 4 or 5 min, the value of By should be sufficiently
close to equilibrium to decide on its equilibrium value
and to proceed to the next power level. The equilibrium
value of Rr at each power level is plotted, until the
graph in Fig. 3 is obtained. This completes the calibra-
tion of the calorimeter. Since the oscilloscope has also
been calibrated, it now becomes the instantaneous-
reading voltmeter for the subsequent waveforms for
which the de voltmeter is unsuitable.

Three types of waveforms were used: sinusoidal,
square, and pulse. Taking into account the available
terminal voltage of each generator, one or two values of
peak voltage were chosen and the expected power
calculated. from Eq. (1). The power level should
be such as to fall within the limits of the calibration
curve (Fig. 3). The waveform should be monitored
across R, using the calibrated oscilloscope, and the
peak value V,, is measured. In the absence of generators,
the sinusoidal part of the experiment, at least, may
be done using the domestic frequency and a suitable
isolating step-down transformer.

Since the sinusoidal waveform can be described as
f )=V, sinwt, substitution in Eq. (1) gives

21 1/2
Veme= (2 )12 < / Vi Sin%tdwt) ,

0
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and then

P=Vet?/B=Vus/R.

In a typical experiment, Vins was chosen to dissipate
from 0.05 to 0.2 W in R. The resulting temperature
rises of the calorimeter are seen to lie fairly well on the
calibration curve (Fig. 3).

The appropriate function for a square wave generated
by an ac coupled unit such as the Fico is:

V{)="Vn,
:—Vm;

0< i< m/w
/0w<t<2r/w.

Again, a straightforward substitution into the defining
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Fre. 3. Calibration curve and data for several waveforms.
Symbols: O de¢ ecalibration points; X 60 Hz sinusoidal;
[] 60 Hz square wave; A rectangular pulse.

relationship yields the result Vime= V.. If the generator
is de coupled and supplies a square wave clamped at
zero volts, then the appropriate function is
14 (t) = Vm:
— 0,

0<i<m/w
/< i< 2m /0.
In this case,

Veme=0.707V,.

Hence, the advantage of using a de¢ coupled oscilloscope
is evident. The data for the square wave is shown
plotted in Fig. 3, and again the results are convineing.

The pulse generator was adjusted for a width of
50 msec and a period of 200 msee. The appropriate
function is

V)=V, 0<t<50 msec
=0, 50< 1< 200 msec,
yielding
Vims= 0.5V .



The experiment can be performed in the course of
one 3-h laboratory period (calorimeters constructed
beforehand) and requires no special precautions to
yield satisfactory results. In fact, the data used in this
paper are taken from a typical run and are not the
average of a larger number of runs.

Notes and Discussions

1GC Electronics #25-2178, or any thermistor which
has a convenient resistance value at room temperature.
The convenience depends on the available Wheatstone
bridge.

2 For example, Lepage’s Epoxy Glue, size #350.
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In coherent optical spatial filtering experiments the
two-dimensional Fourier transform of an input object
scene is modified by selectively attenuating or blocking
portions of the light distribution in the back focal plane
of a transform lens. Spatial filters alter the transform
spectrum by introducing predetermined multiplicative
amplitude and/or phase changes in the back-focal-plane
light distribution. Amplitude modifications are realized
with variable density filters and phase changes with
variable thickness or variable refractive index materials.

The light distribution in the back focal plane of the
transform lens is a representation of the two-dimen-
sional Fourier transform of an input function, provided
the input object is located one focal length ahead of the
transform lens. In this conventional optical system a
second lens is then used to reimage the desired, modified
object scene.! Other constraints require that diffracted
rays subtend sufficiently small angles with respect to
the optic axis and that these rays are not vignetted by
the transform lens aperture. Furthermore, the lens
itself should introduce no significant distortions in the
diffraction spectrum. If the object is located at a
position other than at the front focal plane, the light
amplitude distribution in the back focal plane of the
transform lens differs from the two-dimensional Fourier
transform distribution by just a multiplicative quad-
ratic phase factor.?

We are interested here in optical spatial filtering
applications that utilize amplitude modification tech-
niques only. By suitable disposition of amplitude
spatial filters, the spatial frequency econtent of the
light distribution forming an image can be modulated.
In this context, phase variations in the filter plane can
be neglected. In particular, the quadratic phase change
introduced by arbitrary location of the input object
plane is not of immediate concern.

The intent of this note is to provide direction in
erecting a modified optical system for spatial filtering
experiments. Current systems use three lenses for
filtering and reimaging. The modification consists of
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F1a. 1. Two-lens spatial filtering and imaging system.

using & two-lens system to magnify the Fourier trans-
form distribution generated by the first transform lens,
as well as to reimage the filtered object scene. Further-
more, it satisfies the requirement that the total length
of a two-lens system be a minimum as a practical
limitation. The transverse distance in the back focal
plane of the transform lens over which a spatial fre-
quency spectrum is contained is limited by the foeal
length. Thus, within practical limitations on available
large focal length lenses, one is faced with a distinet
disadvantage in making spatial filters when low spatial
frequencies are of interest, or if fine details are to be
incorporated into the filter design. A modified two-lens
system could be used to provide variable magnification
of the frequency spectrum in a filter plane and subse-
quent reimaging; such a system is shown in Fig. 1.
Let fi represent the focal length of the transform
lens, P the object distance, and @ the (first) image
distance. The final image is'located a distance V from
the second lens of focal length f; and is magnified by an
amount M with respect to the input object. The length
of the optical system from input object to final image is
D. The second lens is also used to magnify the back foeal
plane light distribution of the transform lens. The
enlarged spatial frequency distribution is at a distance
X from the enlarging lens. It is magnified by an amount
m with respect to the light distribution in the back
focal plane of the transform lens. Rear and front
focal planes of both lenses are separated bya distance C,
as shown in the figure. The spatial frequency distribu-
tion to be enlarged is at a position C-+f; from the
second lens, as illustrated. Since a real, magnified
image of this spectrum is required at a distance X,
it can be shown from the lens equation that the quantity
C must satisfy C+£>f. Consequently, C>0. Also,
the transform magnification is m=—X/(C+f).
(Note that m<C0 to achieve a real, magnified transform
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