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ABSTRACT 
A dry method/or indicating ihe electric field distribution during microwave heating is pro

posed. Toner particles, ordinarily used for copying, form a pattern on a heated plate that is 
direccly reiated to the field. The pattern may be preserved by making a clear monochrome 
negarive of the particle distribution. Resolution is superior to that of patterns formed by heated 
thermopainr. 

INTRODUCTION 
In general, microwave heating requires a previous knowledge of the distribution of the 

electromagnetic field to gain uniform temperature rise, especially, when the applicator is several 
wavelengths in size. The usual measuring methods are direct, using small electromagnetic 
probes or the thermal effec1s of liquid media, such as thermopaints or liquid crystals [l-3]. In 
this paper the authors propose a dry method using small particles unheated by the microwave 
energy. Although this method is uncertain with respect to exact temperature, it is simple and · · 
adequate to determine the relative distribution of the rising temperature and the electric field. 

METHOD 
.A bakelite plate is used as the test load. Small particles of dry toner, ordinarily used for 

copying, are distributed unif orrnly on the plate. The toner particles melt and adhere to the 
warmed portions of the plate, while those on the unheated part are not melted and can be 
removed by tapping the plate. The melted particles can be divided into two categories, a partial
ly melted part and a completeiy melted part. In the former the temperature rise is approximately 
72°C and in the latter !20°C. The resulting pattern follows the temperature distribution from 
which the electric field can be estimated. The heating pattern is preserved by making a clear 
monochrome negative, which rr,.ay then subsequently be compared to other patterns, such as 
those formed by different heating durations. 

EXPERIMENT AL RESULTS 
The distribution of the electric field in the cavity of a microwave cooking oven, 

schematically shown in Fig. 1 has been studied. The oven is fed with 650 W of microwave power 
through port (a) and a mode stirrer is located at (b). A I-mm thick bakelite plate covered with 
toner is placed at a height of 4 cm from the bottom of the cavity. Figure 2(a) shows the heating 
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Figure I The cavity of a microwave oven (unit;cm). 

• Manuscript received on October 17, 1979; in revised form March 17, 1980. 
11 Depanment of Electrical Engineering, Hokkaido University Sapporo, Japan, zip 060 

Copyright© J980by IMP/, O11awa, Canada Journal of Mierow••• Power, 15(1), 1980 



60 JOURNAL OF MICROWAVE POWER, 15(1), 1980 

(a) (b) 

Figure 2 The heating pattern in case of no load using toner (a) and thermopaint (b). 

pattern for the empty oven and was obtained by overprinting the patterns obtained from three 
·different heating durations. The darkest part corresponds to a heating duration of35 s, the in
termediate shade to 25 sand the lightest to 18 s. A similar procedure was used throughout. For 
reference, the heating pattern utilizing thermopaint for the above case is indicate<;! in Fig. 2{b). 
Note that the resolution of the dry-toner pattern is better than that of the thermopaint pattern. 
The bottom edge of all photographs corresponds to the front of the cavity, unless otherwise 
mentioned. When the stirrer is stopped, the heating pattern of Fig. 3 is obtained. The heating 
durations were 35, 25, and 15 s. In the above two cases, the strongest electric field, correspond
ing to the darkest areas, occurs near the oven door which is made from a perforated iron plate 
and forms an impedance waii. Figure 4 shows the heating pattern of a case where a laboratory 
dish with a diameter of 9 cm containing 150 cm3 of water is placed at the center of the bottom of 
the cavity. The heating times were 90, 60 and 45 s. In comparison with Fig. 2(a), the electric 
field concentrates in the water and thus part of the bakelite plate over the dish remains 
unheated. Figure 5 indicates the vertical heating pattern without load observed with the plate at 
(d) (Fig. 1), for heating times of 30, 20 and 10 s, respectively. The right side of the photograph 
corresponds to the front of the cavity. Figure 6 depicts the results with a wire mesh placed at (c) 
(Fig. 1) parallel to the side walls of the cavity to perturb the field for heating times of 50, 40 and 
25 s, respectively. When another mesh inclined at 45° to the side walls was placed the result 
indicated in Fig. 7 was obtained. 

Figure 3 The heating pattern obtained when the 
stirrer is stopped. Figure 4 The heating pattern of the case where a water 

load is set. 
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Figure 5 The vertical heating pattern observed at d. Figure 6 The heating pattern of the case where a wire 

netting is placed in parallel with the side waifs of the 

cavity. 

Figure 7 The heating pattern of the case where a wire netting inclined 45 degrees to the side walls. 

CONCLUSION 
A method for indicating the electric field distribution in the microwave oven using small 

toner particles is proposed. The heating pattern is easily interpreted. In addition, toner removed 
from the test plate may be used again, so cost is low compared to that of a liquid media, 
particularly when the measured area is large. 
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