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ABSTRACT 

Nuclear quadrupole resonance which was first described in Dehmelt and Krüger's articles in 
the middle of XX centuries, formed the basis of the nuclear quadrupole resonance 
thermometer. The essence of the phenomenon of nuclear quadrupole resonance is that, if a 
substance is placed in an electromagnetic field with a frequency equal to the frequency of the 
quantum transition of electrons to another energy level in the nuclei of the substance, it will 
be observed energy absorption of this electromagnetic field. Since it is known that the 
frequency of the quantum transition between energy levels is a function of temperature of 
environment in which a substance take place, that has characteristics of nuclear quadrupole 
resonance, then this effect can be used to measure temperature. In article present the history of 
development and the structure, and principle of work of nuclear quadrupole resonance 
thermometer. 

Index Terms - quadrupole moment, quadrupole resonance, nuclear quadrupole 
resonance thermometer, isotope, spin number, resonance circuit, spin number. 

1. INTRODUCTION

Temperature measurement has always been one of the most common questions regarding the 
measurement of physical quantities. Temperature measurements are present in almost any 
experiment, and play a key role. Temperature, unlike other physical quantities cannot be 
measured directly. The temperature change can be traced by the change of other physical 
properties of probe (volume, pressure, electrical resistance, radiation intensity, etc.) related to 
the temperature of certain laws. But all these properties are not allowed to achieve such 
precision temperature measurement as a method for measuring the nuclear quadrupole 
resonance (NQR) effect, which occurs at the atomic and molecular level, and allows the 
realization of a thermometer with measurement accuracy of 0,001 K.  
The main goal of this paper is divided into two main parts. The first is about the history of 
studies of effects that were the basis for the creation of nuclear quadrupole resonance 
thermometer, and the second is description of the structure and principle of work of this 
thermometer. 
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As already noted, in the role of heat-sensitive material (sample) is used mainly isotopes with 

nuclear spin values greater than 
�

�
. In this case, as in all abovementioned thermometers, is used 

the potassium chlorate, which is hard-packed in hermetic and shielded shell. This capsule 
wrapped with coils of inductance of RLC circuit. Nuclear quadrupole resonance occurs when 
the signal of the resonant circuit (RLC - circuit) tuned to a frequency where there is a 
reduction of the amplitude fluctuations of the signal of this circuit, i.e. sample absorb the 
energy.  
The important point for the understanding of the oscillating circuit is that it contains 
attenuating oscillations which should be excited by an external system. This means that if the 
oscillating circuit parameters, such as circuit components R, L, C are set to some of his 
specific values that correspond to the formation of a signal of a certain frequency, then to 
maintain this signal, or, in other words, to deprive the attenuation of signal, it is necessary to 
excite this signal with frequency, aliquot to the signal frequency. This task assumes the 
external system, such as system of stimulating vibrations. At present, the system described 
above can be realized by means of the so-called digital frequency synthesizer (direct digital 
synthesis, DDS), which can be extremely accurate and set probing (excitation) signal with 
impressive - big frequency that has critical importance to our task. 
The most important part of NQR thermometer as in any measuring device is measuring 
channel. In this case, the measuring channel will consist of inductor, in the windings of which 
take place the sample, mixer and analog - digital converter. 
 

R

C1 C2

MCU

Oscillating circuit (RLC)

LDDS

K
Cl
O
3

ADCMixer

 
Figure 2. Structure of quadrupole resonance thermometer 

 
In the last century, it was found that the frequency of resonance of potassium chlorate under 
normal conditions is ~ 28,5MHz. This, in turn, means that parameters of oscillating circuit 
should to be set to this frequency to detect the NQR. As mentioned above, it will be exciting 
signal from DDS for this circuit, which will meet the same frequency. The combination of 
DDS and the oscillating circuit in this case will cause the resonance of signal in oscillation 
circuit, i.e. on the RLC - circuit output we receive a signal with a large amplitude (resonance 
signal). If the resonance signal coincides with the resonance frequency of KClO3, in this case, 
we feel the absorption of signal energy, i.e. reducing its amplitude, at the output of RLC - 
link. 
Output DDS signal is amount units of volts, that for the detection of NQR is unacceptable to 
many, as the electrons of the substance (KClO3) goes into saturation, which does not allow to 
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