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Abstract – The paper describes the design of an 

alcohol-filled automatically controllable X-band 

calorimeter with a three-layer wide-aperture load 

of increased absorbability. 

1. Introduction 

The calorimeter with a plane three-layer wide-aperture 

microwave-absorbing load filled with alcohol is 

known to be an efficient device that provides reliable 

measurements of high-power microwave (HPM) 
pulses [1]. When used with a microwave detector, the 

calorimeter allows reliable measurements not only of 

the microwave pulse energy, but of the peak power as 

well. The operation of the calorimeter is based on the 

expansion of alcohol due to its temperature increase 

during the microwave energy absorption. The expan-

sion of alcohol is determined through measuring the 

displacement of the alcohol meniscus in the capillary 

tube connected to the alcohol volume. The alcohol 

temperature must be somewhat higher than the ambi-

ent temperature in order to control the meniscus posi-
tion. The conventional method of stabilization of the 

initial meniscus position is manual control the alcohol 

temperature [2]. In this work, an attempt was made of 

the automatic control of the meniscus position in X-

band calorimeter with improved load absorbability. 

2. Design and characteristic of the calorimeter 

The block diagram of the calorimeter is shown in 

Fig. 1.  
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Fig. 1. Block diagram of the calorimeter. 

The calorimeter consists of a wide-aperture mi-

crowave-absorbing load, a control and registration 

unit, a calibrator, and a set of connecting cables. The 

schematic drawing of the wide-aperture absorbing 

load is shown in Fig. 2. A photo of the load is shown 

in Fig. 3. 
 

       

Fig. 2. Schematic of the wide-aperture absorbing load 

 

Fig. 3. Appearance of the wide aperture microwave  
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The microwaves produced by the generator strike 

the wide-aperture absorbing load. The material of the 

load casing is high-density polyethylene. The load 

volume is filled with ethyl alcohol so that the load is 

actually a three-layer (polyethylene-alcohol-polyethy- 

lene) absorber. The front wall of the absorber is corru-

gated. The dimensions of the wall and its ripples were 

simulated numerically and were optimized to reduce 

the microwave reflection from the absorber to a negli-
gible level. The absorbing load is to be suspended by a 

rope and holder over the floor so that it faces the 

transmitting horn antenna of the HPM generator. This 

is required to eliminate ganging of the load with the 

generator and, thus, its mechanical vibration, which 

may affect the measurement accuracy.  

The alcohol volume is coupled with the expander 

through a hole. The expander has a screw plug to seal 

the alcohol volume during the measurement of the 

microwave energy or calibration of the calorimeter. In 
the volume, there are two nichrome spirals with con-

tacts made to heat the alcohol and to calibrate the 

calorimeter. The drain plug is used to drain the alcohol 

from the calorimeter, if required. In the calorimeter, 

provision is made for arranging a temperature sensor 

(not shown in Fig. 2) to measure the alcohol tempera-

ture. The capillary tube sensor is connected to the al-

cohol volume and is used for measuring the micro-

wave energy. The design of the capillary-tube sensor 

is shown schematically in Fig. 4. The sensor is a coax-
ial system. The outer conductor of the system is a cap-

illary stainless steel tube and its inner conductor is a 

stainless steel wire. A protector is used to protect the 

capillary sensor from mechanical damages. The screw 

plug of the sensor seals the capillary tube with alcohol 

when the calorimeter is inoperative. As the alcohol 

volume increases during the microwave energy ab-

sorption in the load, the alcohol progresses along the 

inside of the sensor tube and its length in the tube in-

creases. This length is determined by measuring the 
alcohol resistance between the inner and outer conduc-

tors of the sensor. The resistance is connected to a 

Wheatstone bridge built in the electronic circuit of the 

control and registration unit. 
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Fig. 4. Design of the coaxial capillary sensor 

A block diagram of the control and registration init 

is shown in Fig. 6. The control and registration unit 

includes a set of amplifiers, a microcontroller with 

built-in analog-to-digital converter (ADC) and pulse-

width modulator (PWM). The circuit allows automatic 

control the position of the alcohol meniscus and read-

out of the measurements results. In the Wheatstone 

bridge circuit, the pulse voltage should be used to pre-

clude overheating of the alcohol in the sensor tube. 

These voltage pulses are produced by the microcon-

troller. The Wheatstone bridge signal is amplified by 

an instrumentation amplifier and the amplified signal 
arrives in a sample and hold device. In the sample and 

hold device, the signal is converted to the dc voltage 

of the amplitude equal to the pulse amplitude at the 

input of the sample and hold device. Further, the dc 

voltage from the output of the sample and hold device 

is amplified to the required level by amplifier 1. The 

gain of the amplifier 1 should be changed stepwise. This 

is needed for increasing the circuit sensitivity and 

switching the microwave energy ranges to be measured. 
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Fig. 5. Typical output signal of the calorimeter in the  

  calibration mode 

The meniscus position is controlled through con-
tinuous heating of the alcohol in the volume of the 
wide-aperture load. As noted above, the alcohol tem-
perature must be somewhat higher than the ambient 
temperature. The heating voltage is controlled using 
the signal of the coaxial sensor. The microcontroller 
unit (MCU) with the built-in multichannel ADC and 
PWM serves as a heating voltage regulator. The 
pulses from the PWM control the power switch that 
switches the power supply voltage to the heating spiral 
of the calorimeter. The microcontroller is also used to 
control the elements and units of the measuring cir-
cuit. Moreover, the control and registration unit allows 
the manual control of the heating voltage. The PWM 
and the power switch used for the automatic control of 
the meniscus position are also employed for the man-
ual control. In this case, the control signal from a po-
tentiometer of the control unit is applied to the second 
ADC channel. When measuring the microwave energy 
or calibrating the calorimeter, the feedback signal, 
recorded in the controller memory, is applied to a digi-
tal-to-analog converter (DAC), where it is converted 
into analog form. Further, the analog signal is applied 
to the input of the subtracting amplifier (amplifier 2) 
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Fig. 6. Block diagram of the control and registration unit 

 
where it is subtracted from the output signal of the 
amplifier 1. The gain coefficient of the subtracting 
amplifier is changed stepwise, as also is that of the 
amplifier 1. This is needed for increasing the sensitiv-
ity and switching the ranges of measurement. The 
operating mode of the calorimeter, the heating voltage, 
the alcohol temperature, and the meniscus position in 
the capillary tube are displayed on an LCD indicator. 
The control and registration unit comprises control 
units necessary for switching of the calorimeter oper-
ating mode and manual control of the heating voltage. 
The control and registration unit is equipped with a 
220 V ac power supply for the circuit of the calorime-
ter and heating spiral.  

For calibration of the calorimeter, a modified ver-

sion of the DC POWER SUPPLY HY5003 stabilized  

 

laboratory source is used. The modified version is 

capable of producing rectangular pulses with the peak 

voltage up to 50 V and the duration of 1.2 and 3.5 s at 

the calibration spiral. Fig. 5 shows typical output sig-

nal of the calorimeter in the calibration mode. 

The calorimeter allows measuring the microwave 

energy from 5 to 500 J with an error not greater than  

± 10%. 
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