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Construction of Apparatus for NQR Experiment
Haruo NIKI*, Yasuo IKUSHIMA**, Yasuhide KIKUCHI** and Ryokan IGET*

Abstract

Apparatus for NQR experiment was constructed and its performances were
tested. The apparatus includes a temperature controller whose performance
was tested by observing the resonance line of 35Cl in a sample, NaClO;, while
its temperature was controlled in the range from 77 K to about 300 K. It was
found that during the measurement the temprature of the sample was control-
led within #0.2 K. A microcomputer was introduced in accumulating the weak
signals and its effectiveness is discussed.

§1 Introduction

Since the observation of Dehmelt and K riiger" on the nuclear quadrupole resonance(NQR)
of chlorine nucleus in trans-dichloethylene in 1950, a number of NQR experiments on
molecules of many substances have produced fruitful results.

Here we will give a brief explanation of the NQR, details of which will be found in many
published papers.>**% The NQR arises from the variation of electrostaic interaction between
the electric charges of an atomic nucleus and its surroundings. In a nucleus of spin 7 = 1, the
distribtution of its positive electric charge is not spherically symmetric but of ellipsoid in
classical analog. In such a state, the nucleus has an electric quadrupole moment, an analog
of nuclear magnetic moment. If the positive nuclear charge is located in the electrostatic field
of external charges as shown in Fig.1, then the state of Fig. 1(b) will be stabler than that of
Fig. 1(a) because of an electrostatic interaction, meaning that the energy state resulted from
electrostatic interaction will depend on the orientation of the nucleus. Even for the present
case, the orientation of the nucleus is not arbitrary but limited and therefore the correspond-
ing energy states can arise only in certain limited manners. For example, in the cases of
chlorine nuclei 35Cl and 37Cl, whose nuclear spins are I =3/2, there are four energy levels
(27 + 1) but only two levels are distinct because of the symmety of the nuclear electric
charge distribution( reversing the direction of the nucleus will not result in different
electrostatic energy). Upon applying electromagnetic wave equivalent to the energy differ-
ence between the two levels, the quadrupole moment occupying the lower level will be
induced to the upper level, changing its orientation. This is the principle of NQR.
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(a) (b)

Fig. 1. Dependence of energy levels upon the nuclear orientation due to the point charges surround-
ing the nuleus. The state of (b) is stabler than that of (a). Here, the ¢ is positive.

The NQR of a nucleus depends on the charge distribution around the nucleus, and when
the distribution is of higher symmetry than that of cubic, the nuclear energy level will
degenerate and NQR will not be observed, but for the charge distribution of lower symmetry
than that of cubic, an electric field gradient due to the deviation from cubic symmetric
distribution of the surrounding charge exists at the position of the nulceus and the degeneracy
of the energy level will be partially removed, enabling one to observe NQR. Since the electric
charge surrounding the nucleus can be considered to consist of neighboring ionic charge in
addition to the extra-nuclear electronic charge, the NQR observation will make it possible
to investigate the degree of symmetry of the electric charge configuration surrounding
the nucleus.

Since the temperature control of a sample of interest will play an important role in the
study of solid by NQR experiments, we have decided to construct an apparatus for NQR
experiment whereby the temperature of the sample can be controlled in the region, where we
mostly perform our experiments, ranging from near liquid nitrogen point to room tempera-
ture. The construction of the NQR apparatus with temperature controller and testing its
performance will be described in subsequent sections.

In conclusion, it is affirmed that the apparatus we constructed has sensitivity and
temperature controlling performance sufficient for our proposed experiment for now.

§ 2 Construction of a Spectrometer for NQR Experiment
2—1 Detection of NQR line by comtinuous wave method

Two methods, continuous wave and pulse methods, are utilized in apparatus for NQR
experiments. Though their merits are comparable, we have constructed a spectrometer
based on the general continuous wave method. In this device sensitivity will be deter -
mined by the oscillating-detector which produces a radio frequency (rf) field and detects the
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resonance absorption. Since the NQR absorption signal is extremely weak, how to design and
control the device will become the most important problem.

In NQR experiments, regenerative and super-regenerative oscillators which make sweep-
ing easy are used. The regenerative oscillator, so-called marginal oscillator, produces
relatively low output power and is easy to control. This makes the oscillator most suitable
for the study of the substances whose relaxation time is long and therefore whose resonance
lines saturate fast. The marginal oscillator is superior to the super-regenerative one regard-
ing the observation of the shape of resonance line and separation of close resonance lines. On
the other hand, since the super-regenrative oscillator can produce high oscillating power with
high sensitivity, it is utilized in the study of substances whose relaxation time of resonance
line is of no problem. We constructed the regenerative oscillators because we mostly deal
with the substances whose resonance shape we observe and whose resonance lines saturate
fast.

In NQR experiments, the resonance signals are modulated at low frequency and the
resulted alternating signals are amplified and recovered after detecting the amplified alter-
nating signals through a phase sensitive detector(PSD). Two techniques exist for modulation:
frequency modulation(FM) and magnetic field modulation(Zeeman modulation). We mostly
used the former and left the latter for trial only.

Next, the signal detection using the FM technique will be described. First, a rf field is
applied to the sample. Then, the central frequency of the modulated rf field is slowly swept
and once the rf field sweeps the resonance frequency, an absorption corresponding to the
shape of the resonance line will take place, and as a result, the amplitude of the rf field will
be modulated by the modulating field. The component of the amplitude will be picked up as
signal and detected. The situation is shown in Fig. 2. Here, when the range of frequency
modulation is narrower than the width of the resonance line shape, the detected signal
becomes the 1st derivative of the resonance line as shown in the lower part of Fig. 2. After
detecting the rf fields, only the low frequency components were amplified. At this stage, the
resonance can be observed over an oscilloscope only when the signal is very intense: other-
wise the signal is masked by noises and can not be observed. The improvement of the signal-
to-noise ratio (S/N) is accomplished by using a lock-in amplifier which performs three
functions: narrow band amplification which amplifies only the modulated frequency
component, phase-sensitive detection which takes a modulating frequency as reference signal,
and rectification which rectifies the signal through filters. The signal thus rectified is recorded.
Further improvement of S/N will necessitate accumulating process. This process is car-
ried out by feeding the signals first into an analog-digital (A/D) converter and then into a
microcomputer. The block diagram of the circuits for what have been described above is
shown in Fig. 3. In the subsequent sections will follow the explanation of the circuits with
attention paid to their construction.
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Fig. 2. Diagram illustrating the detection of resonance line by frequency modulation (a) Absorption
line (b) The 1st derivative of the aborption line.
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Fig. 3. Apparatus for NQR experiment using continuous wave method.
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2—2 Construction of regenerative oscillating-detector

We constructed several regenerative oscillating-detectors including ones with different
methods of exciting®”. Out of these oscillators, we will describe one which is easy to adjust.
The circuit of this oscillator is shown in Fig. 4. The values of the circuit elements of these
oscillators are determined to give frequency range from 20 MHz~30MHz, but by varying
them it is possible to obtain frequency range from a few MHz~above 30 MHz. The essence
in arranging a rf frequency circuit is to make the circuit compact by making the leads to
earth as short as possible. This necessitates careful arrangement of parts.® Otherwise the
circuit may not yield an expected performance. Taking this into consideration, we made the
rf frequency part and preamplifier (low frequency amplifier) compact and housed them in a
metal shield-case in order to prevent the leakage of the rf frequency field and to shield
external noises. Diagramatic sketch of the existing parts in the shield-case is given in Fig.
5. The leads for power source and signals were let out of the shield-case through filtering
condensers which were directly connected to the shield-case. In order to attenuate rf frequen-
cy fields, the lead from power source was again carefully shunted with by-pass condenser
inside the shield-case. Because of easiness in soldering, stainless steel plate was used for the
shield-case. Copper plate might be better if magnetic shielding is unnecessary.
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Fig. 4. Marginal oscillating-detector circuit. The values of the circuit elements are for the frequency
range 20~30 MHz.
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Fig. 5. Diagramatic sketch for the oscillating-detector part of the marginal oscillating-detector.

Next, circuit elements will be described. Because of easy access and low noise figure
(NF),we chose 2SK61 (Toshiba) for field effect transistor(FET). In semiconductors such as
FET, some fluctuation in performance is not unusual even among the products of the same
specification. Therefore we checked many 2SK61 and chose ones with good performance.
Since variable air condenser performs stabler than trimmer condenser, we used the former
wherever mounting was no problem. Ceramic condensers were used for high frequency field.
Since resistors can become a source of noise, it is advisable to use metal-coated resistor
whenever accessible. The high frequency circuit was coupled to preamplifier at a transfor-
mer, a commercial product (Sansui A-603) which is doubly shielded magnetically.

2—3 Frequency modulation

The frequency modulation circuit shown in Fig. 4 is an operational amplifier designed as
a summing amplifier. By applying as a bias voltage the sum of voltages of frequency
modulation, frequency sweep, and fine adjustment across a diode of variable
capacitance(varicap), the capacitance of the varicap is varied. The capacitance variation of
the varicap, which is connected in parallel to the LC resonance circuit including the sample
coil, will result in change of the effective capacitance of the resonance circuit, leading to
variation of resonance frequency. According as whether the bias voltage is a.c. or d.c. the
output is of frequency modulated or of constant frequency. In continuous wave method,
frequency sweep must be done simultaneously with frequency modulation. Since a d.c. voltage
of constant period must be applied, saw-tooth or triangular wave of long period must be
utilized. Though the LC circuit is adjusted by varying capacitance, the fine adjustment which
can not be done by directly varying the capacitance is realized by varying the d.c. voltage
applied to the varicap.
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As the varicap, 1S352M was used, and the bias voltage applied to the varicap was varied
in the range of 6~8V since it was used in the linear portion of the frequency change for the
voltage of the resonance circuit. The modulating voltage impressed as the bias voltage of the
varicap is sinusoidal wave of about 100Hz~1kHz in frequency and a few mV~100mV in
amplitude. This is equivalent to several kHz ~several 10kHz when converted to modulation
frequency width. In order to keep frequency-sweep to sweep-time ratio constant, the width of
the sweep frequency was held to a few kHz ~30kHz. The sweep time was from 100 seconds
to a few minutes and the sweeping speed, though it depends on sweep width, was from 3 to
10 sec/kHz.

2—4 Improvement of singal-to-noise ratio(S/N)

The signal detected by a spectrometer usually includes many noises. A lock-in amplifier
serves to improve the S/N. The lock-in amplifier we used is LI-544A(NF product). The name
“lock-in” amplifier originates in its function whereby it “locks” the phase of the input at the
phase of a reference signal which has the same frequency with that of the signal of interest.

The ordinary lock-in amplifier consists of a narrow band amplifier, a phase sensitive
detector(PSD), and a low-pass filter. It is adjusted with the reference signal whose frequency
is equal to that of the signal of interest. The narrow band amplifier amplifies the fields whose
frequencies lie within a narrow band whose central frequency is set equal to that of the signal
of interest. Therefore, the fields whose frequencies lie outside the band will be filtered out
when they pass through the narrow band amplifier. Next, the outputs of the narrow band
amplifier are fed to PSD which is synchronized with a reference signal whose frequency and
phase are set equal to those of the signal of interest. So, the ouput consists of the rectified
signal of interest and a.c. noises. Finally, by letting them pass through a low-pass filter of an
appropriate time constant, only the component of the signal of interest will be picked up with
its S/N improved. The PSD rectifies the fields whose frequencies are equal to that of the
reference signal and its rectified output is proportional to the cosine of the phase differ-
ence between the reference signal and input signals. When the input signal is in phase with the
reference signal, the output is positive and when out of phase negative. When the input signal
is out of phase with the reference signal by 90° or 270°, there will be no output. Therefore,
though the noise is of the same frequency with that of reference signal , it may not be
removed yet depending on its phase relation with that of the reference signal and
may still be included in the rectified output. In order to attenuate the component of the noise
further, the time constant is set to the extent not to disturb the signal of interest so that the
S/N may be improved as much as possible.

The resonance signal whose S/N is improved by the lock-in amplifier as stated above
was recorded by an X —Y recorder by applying the voltage of sweep frequency field to the
abscissa(X) and the output voltage of the lock-in amplifier to the ordinate(Y’). The resonance
signal of 35C] in a sample, KClQOs, is shown in Fig. 6 as an example of recorded signals. The
resonance signal of the sample is 20.09 MHz at room temperature.
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Fig. 6. Signal outputs which were sent through the lock-in amplifier.

2—5 Application of a computer to NQR experiments

Since a computer enables conversion of measured analog quantities into digital ones, the
advantage of applying a computer in NQR study lies in the improvement of the S/N by
treating the data whose averaging, integrating, and wave refinement are simplified by use of
the computer. A computer also enables preservation and reproduction of the data. At present,
a commercial microcomputer of easy access will be better for the purpose described above.

To begin with, we will describe how the output of a lock-in amplifier are fed to a
computer, using the block diagram shown in Fig. 3. The analog quantities of the output
signals from the lock-in amplifier are converted into digitals through A/D converter and these
are in turn fed to a microcomputer at input-output (I/0) port by a command from the
microcomputer. In the 8-bit A/D converter we constructed, the analog input is divided into
256 parts and converted into digital output. Though an LSI of one chip is available now, we
constructed an A/D converter of comparator type: that is, we made use of a D/A converter
which converts the digital output of a computer into analog, and an input analog signal was
digitalized by comparing it with the output analog from the D/A converter. Its block diagram
is shown in Fig. 7 with its circuit in Fig. A. 1 (see appendix ).Conversion time is about 1
milisecond and error of read-in about 1 bit. The output of the lock-in amplifier and the
voltage of frequency sweep were fed to A, D(X) and A, D (Y) converters, respectively,
and thus digitalized each output of the A, ~D converters to the microcomputer.

Next, I/O port and the computer we used will be described. The I/O port is a device
whereby connection between a computer and its external peripheral devices are made. Its
circuit is shown in Fig. A.2. The LSI used for the I/O port is MC6821(Motorola) which is
usually called PIA (Peripheral Interface Adapter). The LSI is for input-output of multipur-
pose, operated by a command from the computer, and has two built-in 8-bit I/O ports, each
having two terminals for controlling external peripheral devices.



Bull. College of Science. Univ. of the Ryukyus, No. 36, 1983 35

1/0 PORT
comparator
Piat [N s bit P Amp. |
Personal A port DAC ANALOG
Computer v Gain
MB-6885 0.5-500 | INPUT 1
EXIT 1/0 PIA 1 2 8 bit | | Amp. comparator
B port DAC ) ANALOG
TERMINAL cain INPUT 2
piaz N\ s bit .
A port ANALOG
P _—l/ DAC OUTPUT
(0-5v)
PIA 2 | PeDO
B port [ PBDI

Fig. 7. Block diagram of A/D converter and I/0 port.

The microcomputer we used is MB-6885 BASIC MASTER Jr. (Hitachi). Its memory
capacity is 64 kByte and user’s area when BASIC is used is 44 kByte. In addition to BASIC,
ASSEMLER language can also be used. With ASSEMBLER, it can perform high speed data
sampling and simple data processing and with BASIC it can perform processing of high
degree. The MB-6885 has two panels for graphic display with resolving power of 256 x 192.
The sampling of input data can be displayed on a monitor.

The prints of output signals from various processings by the microcomputer is shown in
Fig. 8. The data for one measurement is shown in Fig. 8(a). The Fig. 8(b) gives the data
averaged over three measurements. It can be seen that the S/N is improved over the one for
one meansurement. On Fig. 8(c), the base-line is made horizontal by removing the drift of the
base-line which arises due to frequency sweep and is assumed to be a straight line. The signal
thus obtained makes observation easier. The Fig. 8(d) is the integral of Fig. 8(c) with respect
to time. This gives reference regarding the shape of resonance line because Fig. 8(c) is the 1st
derivative of the resonance line. The Fig. 8(e) is the power spectrum of the Fourier transform
of Fig. 8(c). The Fig. 8(f) is the Fourier inverse of Fig. 8(e) with the high frequency components
removed. Comparing Fig. 8(f) with Fig. 8(c), it is seen that minute noises are excluded. The
situation above reveals the effectiveness of the data processing by a computer.



36 NIKI, IKUSHIMA, KIKUCHI, IGEI : Construction of Apparatus for NQR Experiment

.*"‘Si.:”s.g;‘...
N, st
by b
( a ) 5hm’m’ﬂ-“-§i§&ag
Hipd
(c)
T T T T
1 ;;"-ﬁb._‘?“_ j : R
: &"n-\\sh J:‘-_;-\«__(k 4 :
L e M 4 .
(b) : "‘"lz‘-'-,g,,,"&a=l : L: """""""""" et i i e ._:
I ] ]
I 1l ]
— 1 1 PN | N S VU 1
T T
()
; :
| S S T | P
(f)
T T
(e) L T
L ’I lm;. |l i) A, i} I

Fig. 8. Signal output processed by the computer: (a) Data of one measurement; (b) Data averaged
over three measurements; (c) Base-line made horizontal by removing the assumed straight line of
the base-line drift produced at frequency sweeping; (d) Integration of (c) ; (¢) Power spectrum of
the Fourier transform of (c) (The abscissa denotes frequency); (f) Inverse of Fourier transform
of (e) after removing high frequency components. The abscissas of (a), (b), (c), (d), and (f) is
freqeuncy of the rf field and the unit of the ordinate is arbitrary.
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§3 Construction of Temperature Controller
3—1 Cryostat

A cryostat was constructed to vary temperature from liquid nitrogen point to room
temperature.*'® Its schematic diagram is shown in Fig. 9. The cryostat consists of a stainless
steel cylinder containing heater and Dewar vessels for liquid nitrogen. The parts excluding
those of the Dewar vessels are shown in Figs. A.3-A.6, where(a) and (b) are top and side views,
respectively, and the metal parts excepting that of the stainless steel are brass. The number
is in milimeter unit (see appendix).

CRYOSTAT
BNC
Heater ——, l He Exchange Gas
Thermocouple —_— | T-g ‘?F_LIQ(ﬂd Nz Inlet
Vacuum =3
Pumping-—
— L
' |
Coaxial Cable
Liquid N2
Liquid N2 3 *— Dewar
(DryAir)
T}
i |
Heater 2 i Sample Coil

Fig. 9. Schematic diagram of the cryostat

The outer Dewar vessel is always filled with liquid nitrogen, but the inner one will be
done so only in necessary temperature region to minimize heat power and thus to reduce
noises in the signal. The cylinder vessel wound with heater wire is attached to the coaxial
tube containing teflon as spacer and leads connected with the BNC at the top(Fig. A.3(b)).
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The part shown in the diagram described above is sealed to prevent direct touch of the
sample with liquid nitrogen and to avoid dew drops on the sample. Care is taken to reduce
the space between the coaxial and stainless steel tubes by filling with foam styrol so that
convection can be reduced. This will be explained further in next section.

The heater wire and thermocouple are put through the stainless steel tube of 8¢
attached on the top (Figs. 9 and A.3), and the air flow is prevented by letting the leads through
a plastic tube of 10 mm in diameter which is fixed with elcctron wax, a glue of wax type for
sealing vacuum with low softening point. The cryostat is designed so that the temperature
can be lowered from 77 K down to about 55 K by vacuum pumping, though it was not used
in this range this time (Figs. 9 and A.5).

The enlarged diagram of the sample and its vicinity is given in Fig. 10, where the
configuration of the sample, coil, and thermocouple is shown. Cylinders of brass with good
heat conductivity are used to shield electromagnetic field and to obtain homogeneity in
temperature.

Coaxial Cable I ----Teflon

-—l :/Thermocouple
A !
l
Sample
Thermocouple 5 j
i «H— Sample Coil
I
!
Heater —)I
l
0 5
I | ] | ] | Cm

Fig. 10. Enlarged diagram of the sample and its vicinity in the cryostat.

3—2 Temperature control

The whole block diagram for temperature control is shown in Fig. 11. Copper-constantan
thermocouples are used with the triple point of water as fixed point. In Fig. 11(b) the block
diagram of temperature meansuring device for the sample is shown. The thermocouple (Fig.

10) is connected directly to a digital voltmeter and then calibrated to give temperature
readings.
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Fig. 11. Block diagram of the temperature controller: (a) Block diagram of the heater controller; (b)
Block diagram for temperature measurement of the sample. The triple point of water was taken
as fixed point and copper-constantan thermocouple was used.

+

R~
—

Fig. 12. PID controller circuit illustrated in simplified form. V;: Input voltage. V: Set votage. Z:
Deviation voltage. ¥ »: Output of proportionator. ¥ ,: Output of integrator. ¥'p: Output of differ-
entiator. ¥: Sum of ¥, Y, and Y.

The Fig. 11(a) is the block diagram of heater controller. The controlling device (Chino
product) reads the emf of theremocouple (Fig. 10) and sends command to PID which in turn
controls the heat power.''# PID is the acronym of Proportinator, Integrator, and Differ-
entiator.

The outline of the PID device is given in Fig. 12. The difference of input voltage of
thermocouple, V1, and the voltage corresponding to the set temperature, Vs, is fed to
Proportinator, Integrator, and Differentiator. The output from these devices will be denoted
by Y, Y1, and Yy, respectively. The added output, Y=Yp + Y1 +Yp, will control the heat
power. The situation is shown schematically in Fig. 13. Here, when a stabilized temperature
T, is changed to a set temperature T, at time ¢ ,, it is assumed that the temperature adjusts



40 NIKI, IKUSHIMA, KIKUCHI, IGEI : Construction of Apparatus for NQR Experiment

linearly with time, as shown in Fig.13(a), between ¢, and ¢, and that the set temperature
T: stabilizes at ¢,.If the deviation voltage Z between input voltage V'r and set voltage Vs also
changes linearly with time, the process will become as shown in Fig. 13(b). The Fig. 13(c), (d),
and (e) represent the outputs Y, Y,, and Y, respectively and Fig. 13(f) the output of PID
which is the sum of Y, Y, and Y. In other words, the Fig. 13(c) represents the output
proportional to Z, (d) the integration of Z with respect to time, and (e) the differentiation of
Z with respect to time: that is, (c), (d), and (e) denote a straight line, parabola, and the slope
of Z plotted against time, respectively.

g (a)
a
(] " i >t
- Ta G t
7 \ Deviation (b)
0 ’t
¥ P o
0 it
[ o
Y] : :
N N P (d)
0 g -t
D
Yo ; ’ (e)
0 | t
. PID
Y
(f)
0 : g

ta to

Fig. 13. Output of PID for temerature controlling. Ordinate and abscissa denote each output and
time, respectively.

It is to be noted that when the deviation voltage Z stabilizes at 0, the operational output
of P and D are zero but I operation yields voltage to hold the set temperature. The D
operation is to make quick approach to the set temperature. What has been said are
expressed in formulas as follows:
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Deviation output: Z=K, (Vs—V).
P operation: Y,=K,Z.
I operation: Y,=K, [ Zdt.

D operation: Yp=K»p :tz

PID operation: Y =Ky (Yp+Y:+Y0).
where K., K¢, K1, Ko, and Ky are proportional constants.

The controlling device is designed such that the heat power is on or off according as
whether the set temperature is lower or higher than the existing temperature: That is, the
heat power is on if Vs is greater than V; and off if Vs is smaller than V1 as shown in Fig.
14(a). These conditions are, however, for the temperature range where the set temperature is
higher than fixed point. Therefore, in the region of our interest where the set temperature is
lower than fixed point the polarity of the emf of thermocouple is reversed. So, in order to
make proper connection to the device, the polarity of the thermocouple must be reversed.
Then,when the set temperature is lower than the existing temperature, the input voltage v+
is larger than the voltage Vs corresponding to the set temperature and therefore the heat
power will be off, and when the V1 is smaller than V' the heat power will be on. Therefore,
the controlling device without alteration can not control the temperature in the region of our

interest (below fixed point). This necessitated us to introduce Low-High temperature
inveter to reverse the way of supplying power as shown in Fig. 14(b). The circuit for
power amplifier is shown in Fig. A. 8.

(a) \
OFF
1 Vs< V.
?, - (Vs<Vy)
= ON
(Vs>Vr)
Fixed |
Point
(b) y \
Fixed
Pt | Oy O > v
VS>VT s> V1
" >
g Ts b—mm—mmomoeoe- /-
- OFF ON
(Vs <Vy) (Vs< Vy)
ON, OFF
Inversion

Fig. 14. Controlling translated into ON and OFF in each temperature region: (a) Controlling in the
region above the fixed point; (b) Controlling in the region below the fixed point. As shown in
the figure on the right, operation of the device is the reverse of that in the figure on the left. T's:
Set temperature. V's: Voltage corresponding to the set temperature. ¥ : Input voltage.
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§4 Experiments and Comments

In order to see the performance of the apparatus for NQR experiments described in
previous sections, we carried out experiment using sodium chlorate (NaClQs) as a sample.®'®
The sodium chlorate is a standard sample of easy access and the temperature dependence of
the NQR resonance frequency of the chlorine nucleus in NaClO; is large.

The chlorine nucleus has two isotopes, 35Cl and 37Cl with percentage of abundance being
75% and 25% for the former and the latter, respectively. The difference in abundance gives
no effect to the shapes of their signals; the only difference lies in the resonance frequency and
the ratio of the resonance frequency is constant. Therefore, we chose the **Cl which exists
more abundantly in nature than *'Cl.

To begion with, an experiment was performed with the temperature controlled at about
300 K which was 10 K above the room temperature. No liquid nitrogen was put in either the
inner or outer Dewar vessel. The state of the experiment is shown in Figs. 15 and 16. The Fig.
15 gives the plot of measured temperature of the sample. As the graph indicates, the
temperature variation is confined to + 0.1 K. The Fig. 16 shows the observation of the
resonance frequency of NQR during the simultaneous temperature measurement above. The
deviation of the resonance frequency at about 300 K is 2.5 kHz /K and taking into account
the experimental error and also the deviation of the resonance frequency, the temperature
deviation of the sample was found to be within + 0.1 K.
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Fig. 15. Temperature variation against time of the sample NaClO; when controlled at 300 K.
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Fig. 16. Variation of resonance frequency of 35Cl in NaClO, controlled at 300 K simultaenously
measured with the data in Fig. 15.
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Fig. 17. Variation of resonace frequency of 3*Cl in NaClO; when the temperature of the sample was

not controlled.
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The Fig. 17 shows the graph for the case when the temperature of the room was left
unchanged as much as possible without controlling the temperature in the device. As is
revealed in this graph, it is clear that when the temperature in the device is not controlled the
temperature variation is significant. Judging from these results, we think that the tempera-
ture controlling device for NQR experiment will stand sufficiently for the use in our interest.

Next, we tested our device for the performance in lower temperature region by checking
the temperature dependence of the NQR resonance frequency of 35Cl using the same sodium
chlorate as a sample. The outer Dewar vessel was always filled with liquid nitrogen, and the
inner one is filled with liquid nitrogen in the temperature range from 77 K~ about 200 K but
not in the region of about 200 K ~ about 300 K. Since the convection of helium exhange gas
seemed to disturb the temperature to stablize, we introduced pieces of foam styrol to reduce
the volume of the helium exchange gas and lowered the heat leakage at the top of the
cryostat as mentioned in section 3.  This enabled us to control the temperature sufficiently
for NQR experiment.

Proceeding with our experiment as shown in Fig. 18, we obtained the temperature
dependence of the NQR frequency of 35Cl of NaClO,. About an hour was necessary to obtain
the data corresponding to one spot in the Figure and during all this time the state of
temperature controlling depended on the heat power of the device: the temperature variation
was confined to + 0.1 K for temperature ranges of about 77 K ~ about 150 K and about 200
K ~ about 300 K, and even for the worst case the variation was limited to + 0.2 K which was
for the region of about 150 K ~ about 200 K.
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Fig. 18. Temperature dependence of the resonance frequency of 35Cl in NaClO,.
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As mentioned at the outset of this section, the 3°Cl of NaClQ, is known to have wider
temperature dependence of NQR resonance frequency than the chlorine nuclei in other
compounds. Therefore our devices should be able to stand sufficiently for NQR experiment
using other compounds as samples.
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Fig. A1. D/A converter circuit.
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Fig. A.2. AD converter circuit: (a) for A port of I/0; (b) B port of 1,/0.
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Fig. A.3. Dimension of the cryostat(l): (a) Top view; (b) Cross-sectional side view.
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Fig. A. 4(b). Dimension of the cryostat(II). Cross-sectional side view.
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Fig. A. 5. Dimension of the cryostat(lll): (a) Top view; (b) Cross-sectional side view.
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Fig. A. 6. Dimension of the cryostat (IV): (a) Top view; (b) Cross-sectional side view.
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Fig. A.8. Power amplifier circuit: (a) Input controlling part; (b) Output controlling part. Broken line
represents print board. As the operational amplifier xA741 is used.
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