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thermal fluctuations in the vicinity of the films, and to increase the sensitivity. In_ the last d~cade various ty'<_es o( microwave monit?rs have been developed bdt highly sens1t_1\·e, wideband, 1sotrop1c, and cheap momtors for survey purposes are still needed. This paper deals with the development of a low-cost, lightweight, battery operated miniature moni~or of microwave· power .levels. · Results reported in the literature so far have demonstrated the feasibility of this type of scheme. The resistance change for a radiation density of IO mW/ cm2 was howe\ er only about 0.2%. This small value of resp·onse caused limitation with digital processing circuits. All these difficulties are avoided now by using highly thermally sensitive BaSrTi03 sensors and a modified digital processing circuit. The sensors consist of semiconducting BaSrTi03 deposited on a resistive film of suitable resistivity, to have maximum absorption of microwave over a wideband of frequencies. The sensors are sealed in vacuum to prevent erroneous signals due to temperature fluctuations in the vicinity. This improves the stability of the sensor. • 
Various sputtered or evaporated metal and semiconducting films as a microwave absorber are investigated. The response time and the sensitivity of the sensors are discussed in_ detail. 
These sensors are directly connected to difference amplifiers which are in cascade to a ,·oltage controlled oscillator. The output of the V.C.O. drives a digital display circuit. This approa~h miniatures the size of the digital processing circuit and improves the stability of the circuit and battery drain as the number of components are reduced. The size of the monitor can be further miniaturized by the use of a miniature indicating meter instead of a digital display circuit. The sensitivity of the monitor is less than 100 µsec. The directional dependence of the sensitivity is also improved by using cylindrical type sensors. 

(Department of Electrical and Electronic Engineering, University of Newcastle upon Tyne, Merz Court, Newcastle upon Tyne, NE! 7RU, England.) 

4A.2 

HIGH SENSITIVITY ELECTROMAGNETIC LEAKAGE MONITORS 
M. de Vecchis (France) 

A high sensiti,ity detector using a microwave transistor is described. The same basic principles can be used to design devices which are or are not frequencyselective. By using photo-etching techniques, it is possible to obtain low-cost detectors in this manner. · 
Potential radiation hazards inherent to the use of microwave energy have provided a need to measure leakage from microwave ovens. A variety of microwave-leakage detectors is available to-day but only a few of them achieve a very high sensitivity. A simple way to obtain a low-cost high sensitivity detector is to use of an acti\·e device, especially a transistor oscillator, coupled to an antenna. The transistor oscillator is tuned to a predetermined frequency. This frequency is first fixed by the design of the circuit and the final adjustment is made by tuning the D.C. bias on the transistor. Such an oscillator is very sensitive to any external power level at the same frequency: the oscillator can be characterized by its · spectral. width which corresponds to a Q-factcr; when energy is injected at the frequency of the free-running oscillator, it creates a change in the operation · conditions of the transistor that can be detected on the D .C. polarization; then the Q factor decreases. 
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By considering the transistor junctions non-linearity and a parametric 
amplification effect. it is possible to understand tile characteristics of the detector: 
for a \'ery low level of injected power (corresponding to an external power level of· 
about I nW cm= and a perfect coupling between 1;1e oscilator and the antenna) 
the response is frequency-sek·ctive (bandwidth< l \! Hz): when the level increases, 
the bandwidth becomes larger: for an external power of IO µ\Vicm= and a perfect 
coupling the bandwidth is 20 \1Hz. In that case (acd for higher power densities) 
the choice between the frequency-selective mode and the non-selective one is 
possible by adjusting the coupling between the antenna and the oscillator. 

The frequency-selective mode is convenient for multitubes heating system 
monitoring. In such a system, the tubes are operating in a given frequency band 
( for example 2450 MHz), but the frequency is slightly different from one tube to 
another. By associating with e\·ery tube a detector at the same frequency, it is 
possible to discriminate the proper tube's leakage Je•,-el. Such a discrimination is 
not possible with standard instruments. 

The detector is usable for CW or pulScd power. For CW waves, it is necessar1 to use a differential sensor with two transistors. The sensitivity is then I nW / cm . 
For pulsed waves only one transistor is sufficient and the sensitivity is better 
(about l pW/ cm:)_ Another choice concerning the characteristics of the detector is 
made possible by changing .the type of antenna: isotropic or directive antennas, 
polarization sensitive or not, are usable. An integrated 2450 MHz detector has 
been realized, by photoetching the antenna and the oscillator on a l.6 mm thick 
epoxy substrate. The O\'era!! dimensions of the circuit are 80 X 120 mm. For operation at a higher frequency, it is necessary to use micro\vave integrated circuit 
techniques (gold plated alumina substrates) which pro•;ides a possible operation of 
the detector up to JO GHz. 

In conclusion, we can say that it is possible, by usi;:ig a microwave transistor to 
design an adaptive leakage detector with a high sensiri,.·ity. By using photo etching 
techniques the cost of a 2450 \1Hz detector is reasonable. · 

( LT.T.-Departement Hyperfrequence B.P. ;\O. 5, 18702 Conflans Ste. 
Honorirre, France.) 

4k3 
A LOW FREQUENCY H-flELD RADIATION MONITOR 

E. Asian (LS.A.J 

.-.\ new low frequency, 10 \1Hz to 300 MHz radiation monitor is described. 
The probe is isotropic, senses the H-field and covets the frequency range from JO 
\!Hz to 300 MHz. The frequency sensiti\·ity is<:= 0.5 dB from 13 to 200 MHz 
ar.d <± I dB from IO i\1Hz to 300 \1Hz. 
. Findings have disclosed that H-field energy absorption predominates in the 
iow frequency region and must be measured to as.certain a hazard. This low 
frequency H-field probe was developed to fill the void that exists in the 
c1•:ai!ability of commercial instrumentation for measuring electromagnetic fields in tr: e ! (J to 300 \·1H z region. 

This H-field radiation monitor has a I dB bandwidth from JO MHz· to 200 \JHz. It functions to 300 \!Hz witil some additional dezradation in sensitivity. F.-: probe·s response is isotopic and independent .of pol;rization. Its equivalent ::-::i;c: \,:aw power density range extends dyna_mical!y fr~m 20 m\Vj~m' ,to 20 __ \\ cm·. and wnh an alternate probe, from JOO m\l, cm· to JOO µ\yicm-. The 
\ 
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probe consists of three mutually perpendicular coils. Each coil, having a diameter of 9 cm and consisting of two turns. The natural resonance of each turn is well above the frequency range of interest and each coil is resonated slightly below the frequency range of interest with a small lumped capacitance. 1The coils are each terminated in a thin film thermocouple element having a resistance between thirty and fifty ohms. Very high resistance monolithic leads connect the outputs of the elements to a weU shielded preamp. Connections are then. made to the metering instrument. The RF induced currents dissipate power and heat the resistive thermocouple hot junctions thereby providing a d.c. output voltage proportional to the square of the RF induced current. The probe makes use of a high resistance film to provide a shield of static changes, and a preamp in the handle which eliminates cable modulation from degrading the performance. 
Calibration of the probe is accomplished using TEM cells developed at NBS. These cells are also used to confirm that the response of the probes is to the magnetic field, through use of short circuit termination on the cells producing high VSWR's where intense E or H fields can be pr'edic::ed. 
A complement!")' probe functions with the same metering instrumentation to monitor electromagnetic fields from 300 MHZ to 18 GHz. This probe responds to the E field, is isotropic and has a frequency sensitivity of ± 0.5 dB from 1 to 12 GHz and + 0.5 to 3 dB over the total range. 

(Xarda Microwave Corporation, Plainview, N.Y. 11803.) 

4A.4 
MICROWAVE LEAKAGE INDICATION 

S. C. Kashyap, J. Y. Wong and J. G. Dunn (Canada) 

This paper describes two systems for automatic indication of maximum microwave leakage level along any point on a radiating slot. Efforts are concentrated on the indicatic;m of leakage beyond 1 mW/cmL. Results of experiments on a recent model of a microwave oven and a waveguide radiating slot are presented. 
Microwave ovens are finding greater acceptance for. cooking and re-heating foods in homes as well as hospitals, restaurants, etc. Better door seal~ and introduction of additional f ea tu res like defrosting have been helpful in increasing their popularity. Howe\·er, the microwave ovens still lack an important feature-that of being able to automatically indicate if the microwave leakage at any point around the oven door exceeds permissible levels. 
Radiation monitors of various kinds are presently available in the market to check leakage levels around microwave oven doors as well as industrial equipment. Most of these are quite expensive and use one or a number of RF detectors and a meter. Some microwave power density meters using liquid crystals have also been developed recently. However, all the present microwave power density meters give the leakage level at a point and require the monitor probe to be moved all around the oven door for an indication of maximum leakage. This paper describes two simple micro\.vave leakage indicator systems which overcome these problems and automatically provide a clear indication if the leakage at ahy point along the )ength of a radiating slot exceeds some preset perm1ss1bie level. 

First System 
Basic configuration of the first system will be shown. A strip of encapsulated 
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liquid crystal (ELC) film backed by a microwa\e absorbing :material is used. Its 
operation is based upon the change in colour exhioited by the ELC film in a 
certain temperature range. When the strip is exposed to microwaves, the 
microwaH: absorbing material generates heat and the change in colour oi the strip 
from black to blue (warmest) indicates the pre-sence of microwaves. The 
microwave power density at which this change of colour occurs is decided by the 
operating temperature of the ELC film and the properties of the microwave 
absorbing material. VarioU5 experiments have been conducted to evaluate the 

· performance of the strip for indication_ of leakage from a recent model of a 
microwave oven and a waveguide radiating slot Effom have been concentrated 
on the indication of leakage beyond I - mW cm=, the permissible level for 
microwave ovens use in Canada.· Results of the leakage tests as well as the effect 
of the surrounding temperature on the performance o;- the strip is discussed. It is 
shown that normal changes in room temperature ha,·e negligible effect and that 
the effect of hot vapours from the food being cooked can be minimized by a thin 
backing of thermal insulation on the strip. 

Second System 
Basic configuration of a second leakage indicating system will be shown. It 

consists of a number of RF detector diodes distributed periodically on a 
transmission line which is connected to a voltmeter. The transmission line can 
assume various configurations; e.g., strip line, microstrip line, slot line, etc. In the 

· present case, the slot line was found to be the most com·enient. when ·the leakage 
indicator is exposed to radiation from a slot, various diodes are exposed to 
different· RF fields. Howewr. a d.c. voltage corresponding to only the maximum 
RF field along the slot is indicated on the voltmeter since the rectified voltage on a 
particula,r diode tends to ren:rse bias the remaining diodes. Larger the number of 
diodes, higher the chances of getting a consistent relationship be-tween d.c, voltage 
indicated and the maximum power density on the slot. In the present case, diodes 
at an tmer..-al of 2" are used. A typical response obtained with a LO" wide, 12" 
long slot line will be shov.·n. The position as well as level of maximuo power 
density on the radiating slot was varied for obtaining the data. Effect of the 
distance from the radiating slot is discussed and it ·is demonstrated that this device. 
when affned to the door of a microwave ove_n o·r located near an industrial 
microwaYe equipment will indicate when the microwave leakage at any point 
along its length exceeds a permissible level. 

(Division of Electrical Engineering, National Research Council of Canada~ 
Ottawa, Ontario, Canada KI A 0R8.) 

4A.5 
POWER DENSITY MEASUREMENTS IN THE NEAR FIELDS 

T. ~I. Babij (Polandj 

The papir describes measuring systems which record separately intensity of the 
· electric and magnetic field components. Putting the obtained results through an 
appropriate summing network we Rbtain: electric. magnetic or total energy 
density. 

Determination of power density in simple wave fields is generally obtained by 
measurin!! the intensit\· of one of the electromagnetic field components. In the 
frequenc:,:- range above 300 .\1 Hz power density measurements are made using 
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· resonant size antennas ( resonant dipole antennas. horn antennas, log-periodic ones, etc.) which can be regarded as reacting directly to power density in their aperture. These methods cannot be appl~d accurately to measurements under near fields conditions. 
One of the recent solutions meant to measure power density in the near fields is a system of short dipole antennas connected in series or parallel by means of semi-conductor thermoelements; this solution is, in f~ct, an electric field measurement and calibrated in µ \V / cm2 units. Pow.er density measurements in the Fresnel region, especially in the frequency range below 300 MHz, nearby sources of completely unknov.m structure where arbitrary polarization and multipath interference exist can be made on separale measurements of electric and magnetic energy density by. means of a probe reacting only to electric or magnetic field components and by summing up the received results, or by measuring Poynting's vector. Both these magnitudes are connected by the dependence: IR:SI = 1/4 c (c E/ 2 f- µ/H/") (I) at the s::.me time the Fresnel region E and H are Hermitian magnitudes. Remembering that S = E X H*, it can be seen that, by measuring intensities of electric and magnetic field components separately and modifying the received results, measurements of power ·density are obtained. The presented principle holds true in the far fields as well as in the near ones. Operation principle of a measuring system based upon the methods stated will be shown. The system consists of independent probes measuring electric and magnetic fields, and it is of particular importance here to shelter the magnetic component probe from its sensitivity to the electric component, although the same probe is sometimes used to measure both the components. It is significant that the probe screen, on which electromotive force is proportional to the magnetic field and inversely so. The remaining elements of the device are an information treatment system and an indication element. 

Since electric and magnetic field components in the Fresnel region are Hermitian magnitudes, it is necessary to use in the probe a triple system of mutually orthogonal antennas. The position of the three crossed dipoles (electric field antenna with the spherical radiation pattern) towards the three crossed loop antennas (magnetic field antenna with the spherical radiation pattern) will be shown. The electric field antenna can be placed in th•e plane of the loop antennas, or turned at a· certain angle o: towards the plane of the loop antennas for improving electric probe sensitivity. \Ve have found that the radiation pattern of the electric field antenna is spherical, provided the three crossed dipoles are situated symmetrically towards three crossed loops. 
For the construction we propose, there appears to be two positions at which this symmetrical setting of the electric an~enna towards the magnetic antenna is preserved. We have one of them when dipoles of the electric antenna lie in planes of the loop antennas and the second when the dipoles' arms are turned at an angle a = I09"20' towards the planes of the loop antennas. 
At imestigation of properties of these power density meters (radiation pattern shape, sensitivity) standard power density field is used, produced on the basis of direction antennas sets oi known energy gain and the measurement of power, or by way of TEM transmission cells. 

(This work was supported in .part by the I\ational Bureau of Standards, Boulder, Colo., U.S.A.) 
(Hubert Trzaska Technical University of \Vroctaw 50-370, Wroctaw, Poland.) 
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4A.6 

-.. AN UPPER BOUND ON COEFFICIENT OF TRANSMISSION OF MICROWAVE LEAKAGE INTO BIOLOGICAL TISSUES 
. ..\ .. ..\. K2.:nal. K. Al-82.d·~aihy 2nd E. H2.shi,h ( Egvpt) 

\"ear zone fields may be hazardous despite being below present standard safe levels. This is because the-se fields may have higher transmission coefficient than in the case of normally assumed incident plane wave. An upper bound is computed for the coefficient of transmission of microwave fields into living tissues for a planar model of the tissues and for different source configurations. Safe exposure levels of hazards are based on assumed plane wave exposures . .--\!so, the accepted concepts and most measuring instrumentation are based on simple plane wave fields. 
These concepts are inadequate_ and unsatisfactory because the electromagnetic interference resulting in hazards tends not to occur in the far field but rather in the near field where such concepts and approximations are inapplicable. Further, a large fraction of biological exposure experiments are carried out in the near · zone to achie\·e high field levels. 
In this paper we atte-r.1pt to find an upper bound on the transm1ss1on coefficient U for different cases. We consider a planar model consisting of a half space of homogenuous biological tissues with its electromagnetic properties (permittivity, conductivity and permeability) known. 
The source is an element"ary electric or magnetic dipole located in the free space region above the biological half space. The dipole is regarded as an infiniresmal current element of length dl with a current I cos wt where w is the angular frequency and may be normal or parallel to the interface. The incident field is decomposed into a continuous spectrum of cylindrical wa•:es. For each component wave the transmitted field is found, and then an integration gives the value of total transmitted field into the biological material. The transmission coeffici-ent U gi\·en by IL."/ E: 21 is plotted for a wide range of parameter values, where E, and L. are the transmitted and incident field_s re:spectively. 

The maximum value oi transmission coefficient can be determined for each dipole height and polarization. Extension to complex nearby sources is straight forward since their complex ffeld may be analyzed to a collection of electric and magnetic dipoles vertically and horizontally polarized. 
In this way we can set an upper limit for the incident field as a function of the height of the nearest point of the source with respect to. the Jiving body. Four basic configurations are vertical electric dipole ·(VED), vertical magnetic dipole (V.\1DJ. horizontal electric dipole (HED) and horizontal magnetic dipole (H \! D). The maximum ,·alue of U as a function of the dipole height is plotted for the different cases. 
From the results obtained we make the following conclusions: ( I) as the height of the dipole decreases, the maximum of the transmission coefficient U shifts towards the dipole projection. Also, its \·alue increases. and (2) for low values of_ the dipole heights. t~e max_imum va~e of transmissio~ e_xceeds that based on a plane wa'-e assumption. This rs very important for specifying the safety levels of electromagnetic radiation resulting from a nearby source . .-\mong the results we consider the case of YED with the biological material haYing electric conductivity= l mho m and a relative permittivity of 50. The 
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frequency of radiation is 1000 Hz. The value of the transmission coefficient as a function of the distance p from the origin for different heights of the dipole, and the maximum \·alue of the transmission coefficient v. the dipole height will be shown. 

(Department of Electronics and Communications, Faculty of Engineering, Cairo Uni\'ersity, Giza, Cairo. Egypt.) 

4A.7 
HUMAN THERMAL LOADING BY EXPOSURE TO EMISSIONS FROM A MICROWAVE OVEN 

R. V. Prucha (U.S.A.) 
Thermographic measurements in full scale human phantoms exposed . to emissions from a microwave have b'eeil used to calculate temperature rise in a thermal model of the human body. Results have been compared with those for other heat input phenomena. 
Full scale phantom models of a. two-year child and a woman have been exposed to emissions from a forced leak in a microwave oven. The operating frequency was 915 ~1Hz. Thermographic analysis using the technique developed at the University of Washington and reported in a companion paper by A. W. Guy provides data on specific absorption rate (SAR) and identification of the heating pattern. These data can be related to the defined leakage source intensity and have been corroborated in our laboratory. They have been used as the basis for heat input and temperature rise calculations in thermal models of humans. Both worst case and typical case calculations based on mo\·ement patterns have been made and the results ha\·e been compared with those produced by other heating means such as changes in metabolic rate (deep heating) and exposure to normal sunlight (surface heating). Results have also been compared with medical diathermy practice. These results show the very conservative nature of the current microwave oven emission standards. · 

(R. V. Prucha. Manager, Range Component Engineering, General Electric Company, Building 2, Room_ 248, Louisville, Kentucky 40225.) 

4A.8 
THE PRACTICE OF MICROWAVE RADIATION SAFETY 

S. C. Rexford-Welch* and. I. R. Lindsay0 (U.K.) 
The microwave radiation personnel exposure (!\f PE) standard for most of the western world of IO mW/ cm2 for continuous whole-body exposure is based on the amount of exogenous heat which the body can tolerate without any resulting rise in body temperature. In contrast1 the eastern European standard of 0.01 mW/ cm 2 for continuous irradiation is established in consideration of non-thermal, reversible, biological effects. The definition of a permissible exposure level is paramount to any protection programme, and it is not easy for the practitioner of microwave radiation safety to live with such a divergence in recommended standard. The safety regimen adopted by major users of such an electromagnetic radiation generally includes safety officer appointments and the production of safety instructions. area control. the classification and medical surveillance of workers, and incident im·estigation. 
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TT1e Safe1y Q[/7cer 

Perhaps the paper appointment of a safety officer for non-ionizing radiation is 
too often considered sufficient, and certainly no certified level of competency is 
required. as for ionizing radiation. This reflects the need for training stated 
by WHO. further highlighted by the short course on microwave power still 
ha\·ing to be offered before each 1\-IPI Symposium. The WHO has recommended 
a limited number of courses under its auspices. and this approach should be 
expanded nationally. 

Safety Orders 

These are produced by major users without the spur of legislation and the 
guidance of codes of practice. International understanding of the MPE for 
microwave radiation, of frequency> 30 MHz, will assist greatly in this direction. 
The need for exposure standards for frequencies outside the microwave range, 
particularly I -30 MHz, e\·en although energy deposition in man is extremely low, 
has to be recognised. 

Controlled Areas 

The normal practice is to designate restricted areas, based on the MPE and 
with only authorized entry during· operation, and hazard areas with no entry 
during operation. Area identification often depends on calculation of the 
obtaining power density or electric field strength, at times not the simplest of 
tasks. Also, it is imperati\'e to reassess areas after equipment modification or new 
installation. and following an incident. Even when monitoring equipment is 
available. and there are few monitors suitable for field work, expense precludes 
the us~ of a check instrument. Further. there is no means of routinely checking 
instrument response. Maintenance and calibration mean the instrument being off 
site for significant periods. It seems likely the safety officer faced with these 
problems will err on the side of unnecessary restriction. • 

C/ass!ficarion and medical surveillance of workers 
Classification of workers as microwave occupationally exposed is closely 

related to area demarcation. By definition, as the MPE is a permissible level of 
exposure of the public. the microwave radiation worker is a person exposed above 
this level during authorised entries to restricted areas. However, it appears 
customary for persons associated in general with microwave equipments to be 
considered "microwa\'e workers"'. Clarification is not made easier by the question 
of medical sun'eillance. Some countries have mandatory pre-employment medical 
examination of microwave workers, followed by periodic health checks; in other 
countries this requirement has been introduced by major users for medico-legal 
reasons. 

· Health sun'eillance should prevent the employment of persons who, in the 
light of present knowledge, could be adversely affected by microwave radiation 
exposure. and will provide baseline physiological data o_n workers so employed. 
Further. this will be the basis. of possible epidemiological stucies of effects, despite 
the handicap 1 of absence of personal dosimetry. Where the :nicrowave worker is 
classified in terms oi the \1PE of 10 mW cm" the economic burden of medical 
examinations should not be great\ and health sun·eillance is feasible, but the 
epidemiology of power density exposure in the 1-10 mW/cm' range, for instance, 
will be neglected. 

The classification of microwa\'e radiation workers, based on the MPE of IO 
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mW cm- and with required medical surveillance, is proposed, and the voluntary participation of associated workers in epidemiological studies of exposures below this MPE is urged. '-

Incident Jm·esriga,ion 
Any untoward occurrence in a controlled area should be investigated as soon as possible. and preferably by a specialized team. This will include early technical assessment of the operating conditions and medical examination of exposed workers. for which baseline data will be of inestimable value. Valuable information can be gained on problem areas, and probably on a dose/ response relationship for damage to personnel, at least for the lens of the eye. 

(*RAF Consultant in Radiobiology, A WRE Aldermaston, Near Reading, Berkshire,· U .K., and ** RAF Consultant in Radiobiology, Institute of Naval Medicine, Ah·erstoke, Hampshire POl2 2DL, U.K.) 

Microwave Medical and Biological Applications, I 5A.1 
ASSESSMENT OF THE EM FIELD COUPLING OF 915 MHZ OVEN LEAKAGE TO HUMAN SUBJECTS BY THERMOGRAPHIC STUDIES ON PHANTOM MODELS M. Q. Webb. A. W. Guy and J. A. McDougall (U.S.A.) 
Full-sized human female and child phantom models with dielectric properties equivalent to muscle were exposed to electromagnetic ( EM) leakage radiation from a. microwave oven to obtain a preliminary assessment of possible biologic hazards. Energy absorption patterns and specific absorption rates are discussed for · various exposure conditions. 

The possibility of biological hazards resulting from human exposure to EM leakage radiation from microwave ovens has been a hotly discussed subject for several years. As a preliminary assessment of, the possible hazards, full scale human female and child phantom musde models were exposed to leakage radiation from a modified microwave oven. This assessment was based on energy absorption patterns and specific absorption rates (SAR) obtained ther~ mo graphically. 
Thermographic analysis of temperature changes induced in biological objects or simulated biologicc1l objects composed of phantom materials by EM radiation has been used quite extensively in the last ten years to demonstrat_e how EM · radiation interacts with various objects. To obtain accurate values of SAR patterns, shon exposure times are required. This minimizes the thermal diffusion affecting the observed pattern. Relatively high field intensities are needed to produce significant absorption changes rapidly. With this as an important consideration. the oven was modified to produce a field pattern similar to that of a typical oYen leak. but at a much higher power density level ( up to 800 mW/ crn 2 at 5 cm from the door). 

The source. a Federal Telecommunication Laboraties NUS 3653 10 kW power amplifier tuned to 919.5 .MHz. was coupled through coaxial waveguide to a cavity with a radiating slot aligned \,ith an opening in the door gasket at the top of the o\·en door. the input VS WR to th,e coaxial feed was 2.0 with no model loading. 
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The power output of the ampiifier had to be held to I kW to prevent breakdown 
and O\·erheating of the leakage aperture. \1 ean power censity measurements were 
taken with a \arda 81 JOB Leakage \1onitor taken at ;:,oth high and low power 
le\els and at power lewis only with an :'\BS ED\1-lC Electric Energy Density 
\!eter. The cun:e Yaries as R-- up to approximately 12 cm from the door where it 
chango to a R -. dependence. The measurements taken at high po.;ver level5 varied 
from day to day with a standard deYiation of = I Yi:. possibly due to the small 
variations in the source-slot coupling caused by thermally induced changes in 
dimensions and losses in the slot-door configuration. 

Since this is a preliminary study, the models were constructed using only 
phantom muscle material. ~o attempt was made to simulate skin, fat, bone or 
internal organs. Polyurethane foam molds of a female. 1.63 m tall, and weighing 
59 kg_ and a child, 0.94 m tail apd weighing I 5 kg, filled with simulated muscle 
di~lectric and sectioned sagittally were used to obtain the sagittal energy 
absorption patterns. Another mold of each model was constructed where the 
fem ale model was sectioned transversely in the· pubic region and the child model 
was sectioned transversely through the orbital region. 

The models were exposed in three different position.s relative to the slot. The 
orientation of the models with respect to the slot was the same for all three 
positions where only the spacing from the model to the oven door changed. The 
female model was oriented to simulate a woman standing in front of the oven 

. with the pubic region centered over the slot 93 cm from the floor. The spacings 
for the three positions were 5 cm from the door ( foam mold touching the door 
handle). 10.1 cm and 35.5 cm from the door. The exp-osure time was 300 sec for 
each position. 

The child model was placed to simulate a child standing in front of the oven 
with his face centered in front of the slot at eye level ( oroital region 82.5 cm from 
the floor). The spacings for the three positions were 4.~ cm from the door (foam 
mold touching the door handle). 9.9 cm and 35:3 cm from the door. The exposure 
time was 120 sec for all three positions. 

Since long exposure times (up to 300 sec) were required to produce 
quantifiable temperatur :: changes in the models, the S.--\R values as cakulated 
from simple temperature change proportional with time could be significantly in 
error. Therefore. the models were also exposed for shorter times (with less 
quantifiable temperature chang~) in order to determine the effect of thermal 
diffusion on the energy absorption patterns and pro\-(<le some estimate -of the 
error. These errors are discussed in the paper. 

· The regions of maximum SAR are those closest to the· slot, moderate levels 
of SAR were also obser;ed in the neck region of the child. In aH other 
regions of the models. the SAR was too low to be · determined, since the 
temperature change was negligible. The thermograph camera was moved closer to 
the object to scan the localized regions where the temperature changes occurred. 

The energy absorption distribution along the normal direction into the female 
model is similar to that predicted for a plane slab of the same material. The 
maximum SAR of 136 mW: kg per mW cm= occurred at the surface and 
decreased exponentially with depth. The SAR in the umbilical region (0.4 cm 

· · closer to the plane of the door) is gr~ter than that in the pubic region. A high 
temperature change was notec at the front edge of the polyurethane foam mold , 
though the foam has a small loss tangent. significant heating can be produced 
"hen it is placed in a highly diverging fi~ld such as that close to the slot. 

'The ener.gy absorption pattern in the child's h::ad has some sig::iificant 

,f1\,. 

/ 
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characteristics. The n~sal region (bridge of the nose) has the maximum SAR of 455 m \\' kg per mW cm" at the surface as expected since it is centered with and close to the slot. there is also significant absorption in the forehead, nose and mouth. For all of these regions, the maximum SAR occurs at the surface and decays exponentially with depth. The significant values of SAR recorded for the neck are surprising since the region is so far from the slot arid hidden by the chin and mouth. It is interesting to note the transverse energy absorption pattern with its three peaks across the orbital regions. The maximum SAR is at the bridge of the nose corresponding to that recorded in the sagittal plane and and two other SAR peaks of 148 mW kg per mW/cm: were recorded at the outer edge of each eye. 
Table I lists the values of SAR measured in various_ regions of each model. The SAR values are normalized for a power density of I mW/ cm2 as measured with the :\"BS probe at 5 cm from the door. A power density leakage level of 5 mW' cm: allowed by the Department of Health, Education, and Welfa're microwave oven standard would produce <! maximum SAR of 2.28 W / kg in the nasal and 0. 74 \\' kg in the orbital regions of the child. The same leakage level would produce 0.68 W, kg in the umbilical and 0.48 W / kg in the pubic regions of the female. We would expect these SAR levels to have negligible thermal significance in comparison to the metabolic rate of the human. 

TABLE I 
SPECIFIC .-\BSORPTIO\ RATES IN m\V'kg OF WOMAN AND CHILD ~IODELS EXPOSED TO I mW;c:n' MEASURED AT 5 cm FROM SOURCE 

Sub_iect and body region Model Distance From.Source 
Child 4.8 cm 9.9 cm 35.3 cm \asal (bridge of nose) 455 181 54.0 Laryngeal 110 JOI 19.( Mental 119 I09 25.6 Right Orbital 141 58.6 26.5 Left Orbital 148 44.1 46.3 Woman 5.0 cm IO.I cm 35.5 cm Pubic 96.8 41.6 22.5 Pudendal 102 43.0 22.5 Umbilical 136 50.l 23.9 Right Lateral Abdominal 81.9 53.6 13.7 Left Lateral Abdominal 50.4 48.6 

This work was supported primaril'y by the General Electric Company, and in part by the Social and Rehabilitation Service Grant No. 16-P-56818/0-13. 

(Bioelectromagnetics Research Laboratory, Department of Rehabilitation Medicine RJ-30 .. University of Washington, School of Medicine, Seattle, Washington 98195, U.S.A.) 

. 5A.2 
A COMPARATIVE PERFORMAN.CE STUDY OF SPACED APPLICATORS 

IN MICROWAVE DIATHERMY 
G. Kantor and D. '11. Witters . .fr. (U.S.A.) 

Spaced applicators in clinical use and appropriate for microwave diathermy are e\·aluated by comparing near field measurements of external fields in free space and in the pr'esence of phantcms as well as resulting heating patterns. 
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:\ear-field measurements of external electric fields around microwave 
diathermy (2--+50 \1 Hz1 in free space and in the presence of planar and limb 
phantom~ together \,itn resulting heating patterns \,ere made. Spaced applicators 
in clinical u5e as well as radiator designs not presently available for microwave 
diathermy use \\ere con~idered. 

Spatial variations of the field components were mapped in the vicinity of 
the applicators with a miniature isotropic probe de\"eloped by the Bureau of 
Radiological Health.· Digital minicomputer techniques were used to map free 
space and scattered fo:lds. Isopower density contours for the components in a 
transYerse plane. parallel to an applicator apenure. and the longitudinal com
ponent. perpendi_cµlar to the transverse plane, were plotted to fully describe the near 
field of each applicator. The corresponding three-dimensional graphs presenting 
the magnitude of each field component as a function of position in a transverse 
plane were also obtained. The results indicate that for a microwave diathermy 
setting of 100 watts. the total free field can typically be 500 mW/cm2 (equivalent 
plane waw power density). ·It is also shown that measured scattered fields around 
spaced applicators loaded with phantoms of simulated fat-muscle tissue2 strongiy 
depend on the relatiw size of applicators and phantoms and can exceed IO mW/cm2 

(equivalent plane wa\·;;: power density) for typical treatment conditions. 
Heating patterns of spaced applicators irradiating planar, arm and thigh 

phantoms were obtained by exposing the midplane of each phantom to an 
infrared thermographic camera. Temperature profiles in the region of maximum 
intensity were obtain_ed to e\"aluate the heating patterns of the applicators in 
terms of the transverss:: and longitudinal field patterns. For planar phantoms, the 
transYerse fields and temperature profiles have similar shapes. Thus, for normal 
incidence. the longitt.:dina! component does not significantly contribute to the 
heating pattern. 

( Division of Electronic Products, Bureau of Radiological Health, FDA, 12721 
· Twinbrook Parkway. Rochille. J\.fal"}-Jand 20852.) -

1 ~~o~i~~:~i,t~:'.~~~'.i;;:;1~~~~,te~,;~c 2~:~n?:a~~:e;_e~c~~~e/1\t 1i~5~assen. 1975 IEEE Electromagnetic 

:! Pr~pa:~ !n ·1c~o,dl:!C-C .._::h the ;iroc.e-dur~ di..'ct:s.!-ed Ln Swd(;!-5 on T.'1erapeuti: Heating by Electromagnetic 
E~,erg: . .->.. \\ Gu:. J. F. Le:-irr"""""- J .. -\. \lcDoug2H and C. C. S,;•ren;en. pp. 26-45. Thermal Problems· in 
8101echno!c,g:,. The :\• er!,;:1n Sc-.:-,cty oi .\lechanic-.al Engineering.. D!-..:i!:::ber 1968. 

5A.3 
INFLUENCE OF .;45(, MHZ CW MICROWAVES ON RATS EXPOSED IN-UTERO 

S. _.\L \L:r . .aebon. R. Guille:. ~I. .-\. Catallo. J. Small. G. lnamine and F. W. Heggeness (U.S.A.) 

Rats exposed in-utero to 2450 MHz (CW) microwaves are examined for 
indices of maturational deficits. Long-Evans rats at 9 and 16 days of gestation 
were exposed to 2450 .\1Hz CW at IO mW_-cm2 or 40 mW/cm2 for I hour. These 
exposures did not seem to adversely affect the· rat nor her offspring; parturition 
was normal with no change in gestation duration. there was no difference in litter 
size ( I 0-16 pups) from exposed and sham-irradiated dams. In general there were 
no apparent differences· in growth rate and development in pups from irradiated 
or non-exposed dams through the nursing period t::i weaning. Oxygen 
consumption in ·cold stre-Sse-d rat~ts from the 40 mW cm: exposed dams was 
increased fca 75 ml 0: min kg) relati\·e to controls and 10 mW/cm: exposures (ca 
50 ml 0: min kg and 43 ml 0: · min kg respecti\"ely). There was no apparent 
diffe-,ence in o.xygen consumption at neutral temperature. Preliminary results 
su2gest that cortico~teroT!e and thyroxine le\els were comparable in all n-::onates 
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examined. Corticosterone levels in the first 24 hours of life ranged from 10-25 
µ[fie then dropped and remained at <2 µt7c through the 14th day. The increased 
levels during the first day of life <\[e no doubt a reflection of maternal 
corticosterone and response to the stress of birth. Plasma thyroxine (T4) levels in 
the neon.atal rat were low (<3 µgyc) for the first 10 days of life in pups from both 
exposed and non-exposed dams. At days 11-12 a rise in plasma T4 levels to 4-8 
µt7c (normal adult le\·els) was seen in both groups. Ne,vborn rats do not have the 
capacity to respond to cold stress by s(gnificant increase in metabolic rate. This 
capacity increases during ontogeny and is virtually complete by 4 weeks of age. 
Whether exposure to microwaves during the gestational or early neonatal perturbs 
or actually modifies ontogeny of temperature regulation is an important 
consideration that should be investigated. The effect of microwaves on the 
developing animal has not been adequately investigated. Such studies would be of 
significance in obtaining knowledge of maturational biology. For example, -if· 
microwave exposure altered one maturational process (i.e. temperature regulation) 
but not another (maturation of the thyroid ·gland), it could be concluded that 
interference with thyroid activity was not in the pathway that led to the alteration 
in temperature homeostasis in exposed animals. This could lead to other studies to 
unravel the successive interdependent steps that led to the altered development. It 

· is also possible that certain times in neonatal life are "critical", and the presence 
or absence of specific or general stress, i.e. radiation, malnutrition, at a given 
moment may result in a permanent deficit or delay in development. The 
importance of the central nervous system and brain development in maturation 
processes makes it potentially more susceptible to derangement than other factors 
invol\'ed in maturation. Application of bese stresses provides a tool for dissecting 

. out the ontogeny of a particular regulation while also pinpointing perturbations 
which could suggest possible hazards to man. · 

(Department of Radiation Biology and Biophysics, The University of Rochester, 
School of Medicine and Dentistry, Rochester, New York 14642, U.S.A.) 

5A.4 
MICROWAVE HEATING OF THE UTERINE WALL DURING PARTURITION 

J. Daels (Belgium) 

Application of heat is an old methc-d of relieving painful menstrual uterine 
cramps.· No attempt has been made so far to attenuate the pain of uterine 
contractions during labor by microwaves. Microwave heating has opened new 
possibilities in this field, prompting us to apply this form of heat therapy in· 
obstetrics. · 

Microwave heating of the uterine wall during parturition was carried out in a 
· selected group of 2000 patients from whom obstetric pathology was excluded. The 
apparatus used for the purpose was the Radarmed 12 S· 230 with the curved 
Grossfeldstrahler widefield radiation eiectrode. This curved electrode allows 
concentric, even applications to the abdomen and is particularly suitable for 
transcalency of the pregnant uterus. Treatment was applied intermittently only 
durinl!' the uterine contractions. The dose administered varied between 80 and 100 
mA. The results were compared with a control-group of 2000 patients where 
pregnancies and deli\'eries were similar. 

Analgesic e.{fec1. Of the 2000 patients treated in this manner, 1936 described 
the analgesic effect as good, the remaining 64 experienced only moderate 
attenuation. In both groups 100 mgr meperidine was administered for sedation if 
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required. ·and when nece5sary. a second 100 mgr dose was injected. The average 
dose of meperidine was significantly lower in the ··transcalancy-group" (see Table). 

Dur,:uion of parturirion. Comparison of the a\·erage duration of the dilation 
stage in these two study-groups rewaled a significant shortening of the average 
duration of the dilation period in those receiving microwave transcalency, 
amounting to 108 minutes for primiparae and 43 minutes for multiparae. This 
acceleration was localized mainly in the latent phase. It became manifest when 
microwave transcalency was applied for 30-40 minutes during the contractions (see 
Table). 

DURATJO~ Of ST.->.GES OF LABOR I~ PATIENTS HAVING 
.\IICROWA\"E TR.-\:s;SCALE7'CY A:-SD IN CONTROLS 

A..-. Duration Av. Duration Av. Duration 
of 1st Stage of 2r.d Stage of 3rd Stage 

(min) /min) (min) 
Group and :-;umber Latent Acti\·e Total 
of Patient; Phase PhaK 
.\1 icro•.,,·a•.-e 
Trar.s.;.alency 

Primipara 732 290 162 452 26 6 
!-.lulriparn 1268 170 62 232 15 8 

Conrrols 
Primipara 756 401 192 593 30 7 
.\!uitiparn 1244 220 78 298 20 9 . M::pc-rid1.:l~ 

Av. Dose of 
Sedation* 

Required (mg) 

120 
JOO 

194 
170 

£.[feet on Uterine contractions. By 48 patients the effect of the transcalency of 
the uterine \\;all on uterine contractions during the °latent phase of the 
dilation period was im-e-stigated. The contractions \Vere registered by means of the 
'"'open tip method ... In an cases a stimulation ·of freque,ncy and intensity of the 
contractions could· be observed 10 to 15 minutes after starting the transcalency. 

Effect on the pH of the feral blood. By 2IO primiparae without obstetric 
pathology the ,iaJue of the pH of umbilical artery and vein was ·determined 
immediately after birth and compared with the values obtained by 2IO patients 
selected in the same way but where no transcalency was applied. 

In the group with transcalency the mean \"alue of the pH of the umbilical 
artery comported 7 .36 and of the umbilical nin 7Al. In the identical control
group without transcalency, values of 7.26 of the umbilical artery and 7.33 of the 
umbilical vein were obtained. In the identical control-group without transcalency, 
values of 7.26 of the umbilical artery and 7.33 of the umbilical vein were obtained. 

Effect on fetal h)poxy: In 24 high-risk deliveries where determinations of the 
pH of fetal blood were made during parturition, an increase of the value of the 
pH of more than 0.2 was observed in 11 cases, 20 minutes after starting the 
trans-calency of the uterine wall. 

Ad\-erse effects. :'.\ o adverse side-effects of microwave heating of the tissues 
were obser\"ed. After intermittent microwave transcalency during parturition the 
temperature of the amniotic fluid was ne\"er abo\·e 36.5°C. The temperature of the 
newborn was slightly increased 614 never exceeded 37.8°C. 

( Kliniek \faria \1iddelares, Gent, Belgium.) 
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Effect of transcalency of the uterine wall on uterine contractions during parturition. 

Registration of the contractions by means of the ~open tip method". 

By l starting of the transcalency, followed, after 16 minutes, of a stimulation of the contractions. 

5A.5 
MICROWAVE THERAPY AND MUSCLE BLOOD FLOW IN MAN 

D. R. McXiven and D. J. Wyper (U.K.) 

Microwave therapy was found to increase significantly muscle blood flow in 
man from a mean resting value of 2.9 ml/ IOOg/ min to 11.4 !]11/ lOOg/ min. In 
contrast, short wave diathermy, infra red irradiation, pulsed electromagnetic 
therapy, ice and massage produce no significant effect. 

Previou~ reports in the literature have shown that the effects of infra red 
irradiation, ice, short wave diathermy, pulsed electromagnetic energy or massage 
on muscle blood flow are insignificant. Animal experiments, however, have 
suggested that microwave therapy may be more effective in producing an increase 
in perfusion. The purpose of this study was to investigate the effect of microwave 
therapy on muscle blood flow in man. 

Muscle blood flow was measured using the xenon-133 clearance technique. 200 
microCuries of the inert diffusible radioactiYe tracer xenon-133 dissolved in 0.1 ml 
of sterile isotonic saline was injected into the muscle (vastis lateralis). A 
scintillation counter was used to monitor the count rate of -y-rays emitted by the 
xenon-133, thereby enabling the rate of clearance of xenon, and hence the blood 
flow, to be measured. From a single injection muscle blood flow can be measured . . . 
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figure 2 The values of musde ok>od flow during the initi.2.1 ,c,1ing 

period ·and at the end of micro• .. a,·e therapy in f subjects. -
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Figure I Th-~ clearance 
curve of .xenon-I 33 • 
obtained from a single . 
intra-muscular injection. 
The values obtained for 
TI,2 are 16.7 mins for the 
iaitial resting period, 4.2 
mins at ·the end of 
microwave application and 
1.6 mins duri.hg. static 
exercise. The 
corresponding 
muscle blood flow values 
are 2. 9, 11.5 and 30.3 
ml/ I00g/ min respectively. 

60 

HUSClE BLCCO FLOW 
I ml/1C0glra,n I 

20 

16 

12 

0 

t i 
RcST MICROWAVE 

at rest, during application of the microwave ther2py and during static exercise 

(Figure I). Under steady state conditions the count rare of xenon-133 plotted as a 

function oi time should produce a straight line on semi-logarithmic graph paper· 

(Figure I). From this line Tl/2 (the time taken for the count rate to half) can be 

measured. Muscle blood flow F can then be obtained using the equation 

F = 48.5(Tl1 2(. Ii Tl 2 is in minutes then the units of F will be ml/ I00g/ min. 

Five subjects ( 3 male and 2 female) were im·e5tigated. They were of varying 

athletic fitness and in the age range 20 to 40. · 

A typical clearance curve is shown in Figure I. Once a ~-teady value had been 

obtained for the resting flow. the microwave apparatus ( a s:emens Radiotherm at 

2450 .\-1Hz) was switched on. and the power output adjusted to produce the 

maximum comfortable heating. After about 8 minuteS the slope of the clearance 

curve was observed to increase indicating an increase in muscle blood flow. On 

obtaining a new steady \·alue the apparatus was switched off. Flow was 
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maintained at the higher level for about 5 minutes before gradually decreasing. 
The im-estigation was concluded by the subject performing static quadricep 
contractions. ;\;' ote the marked effect on muscle blood flow. 

" The results from all fi\·e subjects are illustrated in Figure 2 which shows the 
muscle blood flow in the initial resting state and at the end of the microwave 
application. A highly significant increase is produced in all subjects; the mean 
values being 2.9 ml 100g min at rest and I 1.4 ml/ IO0g/ min at the end of 
microwave application. 

~ o significant correlation was found between athletic fitness and blood flow or 
between resting blood flow and the time delay between the start of microwave 
application and the blood flow increase. this varied from 5 to 12 minutes. 

It is not possible to measure the temperature in human muscle atraumatically 
during application of the microwave therapy but .it is probably that the increase in 
perfusion produced is the result of a local temperature increase in muscle, and 
that the penetration characteristics of microwav~ energy account for its superiority 
o\·er the other agents which have been investigated. 

(Physiotherapy Department, Institute of I\eurological Sciences, South_ern 
General Hospital, Govan Road.) 

(West of Scotland Health Boards, Department of Clinical Physics and 
Bioengineering, 11 West Graham Street, Glasgow G4 9LF.) 

5A.6 
TEMPERATURE CHANGES GENERATED BY MICROWAVE THERAPY 

IN THE THIGHS OF HUMAN SUBJECTS 

A. Stevens and F. Peluso ( Belgi,um) 

Deep tissue temperature elevations generated after IO min exposures to 
micr.owa\·e therapy (2450 MHz, 50 W) were studied in human subjects. The 
heating effect decrease rapidly with depth and reaches its half-value at IO mm 
depth. Temperatur~s were still elevated 15 min after exposure. 

Previous studies have demonstrated that microwave radiation of the human 
body raises tissue temperatures. The purpose of this study was to quantify these 
temperature elevations at various depths, between the surface of the skin and the 
underlaying muscle, in clinical conditions. 

The right antero-lateral thigh of 20 male subjects of around 25 years of age were 
exposed to microwave radiation at 2450 MHz. The generator (Burdick) as well as 
the exposure characteristics were set exactly as in the clinical conditions to 
provide a mild heat sensation. The power output of 50 W was applie<;I by means 
of a round field applicator at a IO cm distance from the skin surface. Exposure 
time was IO minutes. 

Tissue temperatures were measured immediately after exposure, and 5, IO and 
15 minutes thereafter at six depths: i.e. at the skin surface, 2, 6, 11, 16 and 21 mm 
beneath it. Before the introduction of the needle thermometer (Disa biological 
temperature unit type 14 Y05) the area of the thigh to be studied was anesthetized 
by means of a common xylocaine jet. the needle was introduced in the projection 
of the center of the round field applicator on the surface of the thigh and 
perpendicular to it. Temperatures were measured with a precision of 0.1°C. 
Ambient temperature was 23.6°C ± 0.9. 
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.-\ll subjects had approximately equal skin and subcutaneous fat thickness: 9.9 
mm = I .4. In fact. diJfe;ences in the fat !ayer alone are sufficient to account for 
marked· \·ariations in the amount of absorbed energy and the ratio of surface 
te:nperature to dee1 tissue temperature. 

Temperature elerntions decrease with depth. Immediately after exposure we 
found \·ery modest temperature ele\·ations in the various tissue layers, i.e. from 
2.5: C :::: 0.6 on the surface to 1.0: C ::::: 0.3 at 21 mm underneath. The temperature 
changes in muscle were smaller: i.e. from 1.9: C at 11 mm depth, to l.0°C at 21 
mm. 

Our data were submitted to regression analysis yielding a perfect exponential 
relationship between temperature changes and depth for the measurements taken 
immediately. 5, and 10 minutes after exposure. The data taken 15 min after· 
exposure showed a linear relationship with correlation coefficient equal to unity. 

· The 21 mm at the end of exposure. This ratio was slightly higher after 15 minutes. 

The same experiments were repeated on a· group ·of 10 subjects which were 
selected among thos~ -of the first group. The results were very similar, showing the 
reproducibility of our measurements. 

It is important to emphasize that 15 min after the end of the radiation, the 
temperature elevations in the muscle and at the fat-muscle interface were still 
significant. This remains true even if reference is made to the temperature values 
immediately after treatment. This after-exposure heating effect may suggest that 
on]\· small chan£!es in blood flow occur and that other mechanisms may have to be 
inv~ked to explain the therapeutic success obtained with this type of therapy in 
pathological cases. 

Because of the limited penetrations of the heating effect this therapy has been 
in use for the treatment of disorders of muscles, fascia, tendons, ligaments, 
synovial sheaihs· and superficial bu~ae. · 

(D~partment of Physical \1edicine and Electromyography, University of 
Lemen, Faculty of .\1edicine, B-3000 Leuven.. and D-epar.tment of Neurology and 
:\ eurosurgery. C niH:rsity of \-tedicine, b-3000 Leuven, Belgium, respectively.) 

Microwave Medical and Biological Applications, II 
6A.1 

MICROWAVE-INDUCED COCHLEAR MICROPHONICS IN' CATS 

C. K. Chou. A. W_ Guy and R. Galambos (U.S.A.) 

Cochlear microphonics of 38 MHz have been recorded from the round window 
of cats during irradiation by 918 MHz pulsed microwaves. Experiments show that 
microwa\'e auditory effect is due to a mechanical disturbance occuring in the skull 
and sensed by the hair cells in the cochlea. 

It is kno~·n that pulsed microwaves produce auditory sensations in man and 
evoke electrical responses in cats. guinea pigs and rats. Since the microwave 
auditory effects was first reported in 1961 by Frey (J. Applied Physiol 17, 689) 
se\eral mechanisms ha\·e ~en proposed to explain this peculiar phenomenon. 
Prior to the time that microwave-induced cochlear microphonics (CM) were 
recorded. direct neural stimulation was suggested. Recently, Chou et al. (J. 
\licrowa\e Power 10. 361 ( 1975)). have demonstrated that with proper techniques 
a 50 kHz microwa•.-e-i.nduced C\1 can be recorded from guinea pigs. This finding 
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strongly sµpports the hypothesis of electromechanical interaction. The same 
frequency and duration of CM were al~o produced mechanically by a laser pulse 
and a pulsed piezoelectric crystal and reported by us. These results provide more 
evidence that pulsed microwaves mechanically dismrb the hair cells of the cochlea 
through a disturbance created by a thermal expansion pressure generated in the 
skull. 

In this paper, recordings of CM from cats exposed to pulsed microwave 
radiation from an aperture antenna are discussed. The frequency and duration of 
the CM appear to depend on the size and thickness of the skull. The conclusion of 
mechanical disturbances of cochlea. 

Cats were anesthetized with pentobarbital sodium and allowed to breathe 
normally through an inserted tracheal cannula. After exposing either the right or 
left bulla, a fine (microwave transparent) carbon lead was placed against the • 
round window and cemented onto be bwla. An indifferent electrode was 
connected to'the nearby tissue. The cat was then held in a stereotaxic instrument. 
Microwave pulses (10 µs) of 918 MHz were provided by a square aperture source 
( 13 X 13 cm) located 8 cm away from the occipital pole of the cat and were fed by .. 
the A.\1L PH40K microwave pulse generator. A schematic diagram is shown in 
Figure I. The isolation of irradiation equipment and experimental subject from 
the recording instrument by a shielded enclosure was necessary to reduce the 
microwc1.ve artifact. A piezoelectric crystal transducer was also attached to the 
skull of the same cat providing acoustic stimuli by bone conduction. During 
microwave radiation, the transducer was removed from the cat. 

AIICROWAVE 
PULSE 

c;D€.~ .. ,IT:)fl 

SlslEI.DED ROOM 

S!G'lt.L 
AV~R 

_L 
~ 

Figure I Experimental 
equipment for recording 
microwave induced 
cochlear microphonics in 
the cat. 

.. Figure 2A shows the electrical response at the round window of a cat when 
irradiated by 10 µsec. 200 µJ/cm-:., 918 MHz microwave pulse. The response of 
the hair ce!Js. C:\1. immediately follow the microwave stimulus artifact. The nerve 
responses, ~' and ~:. are clearly seen in the figure. A time expansion of the first 
200 µsec is shown in Figure 2B, revealing the CM to be approximately 38 kHz in 
frequency, 30 µ V in amplitude, and 60 µsec in duration. With death of the cat, the 
~' and \", resronses disappeared before the CM. After many minutes, CM also 
disappeared, but the artifact persisted, indicating the 38 kHz oscillatory signal was 
a genuine physiological response (Fig_ure 2C). A CM produced mechanically by 
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Figure : 1 . .\/ Round 
1~·indow i":-~;\Jr:.s.e in cat 
e• oked by a st,.gle9 i 5 \!Hz 
m!cTo•.1.~1.."e, ;,u}~e , IO .1..:~c 
pulse •.1.,ecn. J)(J ..d cm· 
incident ene:-gy d=:isity per 
pulse. 0.1-+l joule kg pe--.:..'.c 
ab;orb-ed er.ergy per puL-e). 
I Bi Expansion of the inir.:a1 
200 µs~ oi tA). 
( C) Cochlear microphonics 
disappeared af!er death. 
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1---1 I 100 µ.v 
0.2ms. 

CM 

·1---1 I 100 µ.v 
20 µ.s. 

AFTE.~ DEATH 

the piezoelectric crystal had the same frequency and duration as that produced by 
the microwaves. · 

The 38 kHz CM induced by microwave pulses appears to be related to the size 
·. oi the cat skull when compared to the 50 kHz C~I of guinea pigs. This frequency 

is also consistent with the fact that masking noiSeS of 50 Hz to 15 kHz did not 
effect the threshold of evoked 'responses in the medial geniculate of cats. 

(This work was supported primarily. by the Bureau of Radiological Health 
Grant FD 00646--06. in part by the Office of); aYai Research Contract N000 14-75-
C-0414, and in part by the Social and Rehabilitation Service Grant 16-P-56818/0-
13.) 

(Bioelectromagnetics Research Laboratory. Department of Rehabilitation 
\ledicine RJ-30, uniYersity of Washington, School of Medicine, Seattle, 
Washington 98195, and Department of :,.; eurosciences A-012, School of Medicine, 
UniYersity of California, San Diego, La Jolla, California 92093 (R.G .. ) 

6A.2 
EFFECT.OF MICROWAVES.ON V!RUS MULTIPLICATJON IN MAMMALIAN CELLS 

in vivo and i,i vitro 

~1. Luczak. S. Szrnig:ielski_ ~1. Janiak, M. Kobus and E. c~ Clerq (Poland and B,!lgium) 

t,.licrowa\·e radiation (3 GHz) at non-thermal and subthermal power densities 
(5-20 mW cm=) influence cell function and metabolism in vitro (Szmigielski et al., 
Ann. :\. York Acad. Sci., 1975, 247, 163), leading to short-lasting stimulation.of 
protein synthesis and glucose utilization (5 mW _cm·) or temporary inhibition of 
the growth rate of cell cultures (20 mWJ cmT :\1ultiplication of viruses in 
mammalian cells engages metabolic pathways of infected cells (mostly nucleic 
acids and proteins synthesis and energetic metabolism), thus it may be suggested 
that microwaves at subthermal field power densities influence multiplication of 
virus particles in vitro. 

The experiments on virus mulfiplication in \·itro were performed using WISH 
cells (continuous line of human embrionic cells) and myxovirus para-influenza 3. 
The cell cultures were irradiated with 3 GHz microwaves at the far field 
conditions in anechoic chambers (30 min) at field power densities 5 or 20 
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mW/cm'. Inoculation with viruses (0.01 TCID,(,-'cell) was performed 2 hrs before,. 
simultaneously, 2 hrs after or 24 Qrs after irradiation with microwaves. 
Multiplication of virus particles in vitro (TCID,o, hemagglutination titre) was 
checked in each case 48 hrs after inoculation. Irradiation of cells at field power 
density 5 mW/ cm= resulted in increase of virus multiplication in cultures 
inoculated 2 hrs. before, simultaneously or 2 hrs. after inoculation. This suggests 
that th_e increased multiplication is due to stimulation of cell metabolism (protein• 
and nucleic acid synthesis) and not to increased adsorption of viruses on cell 
surface. On the other hand, irradiation of WISH cells at 20 mW/ cm2 resulted in 
lowered multiplication of. viruses in cells irradiated at 2 hrs before or 2 hrs after 
inoculation, while in cultures irradiated 24 hrs after inoculation normal 
multiplication of viruses was found. 

In vivo experiments were performed on young (ca 12 g body weight) CFW 
mice infected with vaccina or Herpes viruses intravenously. The animals were 
irradiated during 7 days after infection (3 GHz.microwaves, anechoic chamber, far 
field conditions, field power density 40 mW/ cm\ 2 hrs daily). Part of the animals 
infected and irradiated was additionally injected with Cytosar (Upjohn, Belgium) 
or ARA-C. In mice infected with vaccinia number of lesions on tail was counted · 
at the 8th day after infection, while in those infected with Herpes virus survival of 
animals and clinical symptoms of infection (encephalitis) were checked each day 
du.ring 14 days. 

Irradiation with microwaves influenced the course of viral infections in mice, 
the effect being dependent on the schedule of irradiation. Exposure to microwaves 
after infection resulted in lowered multiplication ·of Herpes viruses (as measured 
by number of lesions on tails) and enhanced inhibiting effect of both Cytosar and 
ARA-C. 

· (Center of Radiobiology and Radioprotection, 00-909 Warsaw, Poland, and 
Rega Institut, Catholic University of Leuven, Leuven, Belgium.) 

6A.3 

EFFECT OF MICROWAVES COMBINED WITH INTERFERON ANDiOR INTERFERON 
INDUCERS 

(POLY I - POLY CJ ON DEVELOPMENT OF SARCOMA 180 IN MICE 

S. Szrnigielsk~ M. Luczak, M. Bielec, M. Janiak, M. Kobus, W. E. Stewart II and E. de Clerq 
(Belgium and Poland) 

. Neoplastic cells are highly sensitive to elevated temperatures. Both general 
hyperthermia (40-41°C) and intensive local hyperthermia (42-44°C) are used in 
treatment of neoplastic tumours in experimental animals. the inhibiting effect of 
hyperthermia rriay be enhanced by combination with radio- or chemiotherapy or 
with substances injuring cell membranes or intracellular structures (lysosomes). 

Microwaves offer a unique source of thermal energy suitable for controlled 
heating of deep tissues ( cancer tissue) without thermal injury of surrounding 
tissues. 

Use of microwave radiation for cancer treatment by hyperthermia (choice of 
wave frequency, control of temperature, perspectives and problems) will be 
discussed in view of the literature and experiments performed in our laboratories. 

The experiments on tumour-bearing mice irradiated with 3 GHz microwaves 
(general hyperthermia) in combination with cytostatics (Endoxan), high doses of 
vitamin A, stroptolysin S or staphylococcal toxins will be discussed in detail. 
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In the present investigations mice with transplanted Sarcoma 180 were irradiated with 3 GHz microwaves (anechoic chamber, far field conditions, 40 m\\. cm:. 2 hrs dailyi during the whole period of tumour growth. Part of control ( tumour-bearing) and irradiated animals was injectec;·. with interferon (highly concentrated mouse interferon. JOO I. l' 'g. daily) or Poly I - Poiy C (2 mcg/ g, daily). Size and weight of tumours. as well as incorporation of tritiated precursors of nucle'ic acids and proteins and intracellular level of cyclic AMP were checked 14 days after tumour transplantation in all imestigated animals. 

In the above experimental system irradiation with microwaves (general hyperthermia) inhibited tumour gro\i.th in about 25-30% of mice, while combination of microwaves with interferon and Poly I - Poly C led to inhibition of tumour growth in about 75o/c of animals. 
Mechanisms leading to tumour inhibition in vitro and in vivo by general and local hyperthermia will be discussed, as • well as perspectives in the use of microwaves for cancer treatment by intensive local hyperthermia ( 42-44°C). 

(Center for Radiobiology and · Radioprotection, 00-909 Warsaw, Poland, Department of Microbiology, University Medical School, Warsaw, Poland, and Rega Institut, Catholic l'niYersity of Leuven, LeU\·en, Belgium.) 

6A.4 
. MICROWAVE-INDUCED HYPERTHERMIA AS AN ADJUVANT TO CANCER THERAPY 

C. A. Wallen and S. M. Michaelson (U.S.A.) 

In this reYiew the appEcation of microwave-induced hyperthermia as an adjuvant to ionizing radiation and chemotherapy as cancer therapies is presented . The effects of hyperthermia and the temperature levels which must be maintained are also discussed. · 
Hyperthermia as .a modality for cancer therapy is preseQtly being studied at both. the laboratory and clinical levels. During the past century there have been sporadic clinical repons of the efficacy of heat for cancer therapy. In the last few years there has been a renewed interest in local, regional, and systemic hyperthermia as an adjuvant to chemotherapy and X-rays in the treatment of cancer. Several reviews such as those by Suit and Shwayder(l974)Dietzel(l975), · Burr ( 1974). and O\·erga2.rd. and Overgaard ( 1972a, b) have provided a basis for assessing the significance of heat in cancer therapy. 
A review of the literature indicates that a therapeutically effective hyperthermia must raise the intratumor temperature to approximately 42·0 c with an operational range in animals and man of 41.5°C to 42"C. Higher temperatures have been found to give more rapid tumor destruction. However, host tolerance considerations. contraindicate the use of temperatures exceeding 42°C which should be maintained for a sufficient time to inactivate the aerobic and hypoxic tumor cells while not damaging adjacent normal tissue (Burr, 1974; Dickson, 1974). It has also been noted that non-uniform heating would enhance growth and metastasis of the tumor (Burr. 1974). ~icrowave-induced hyperthermia may provide unique possibilitie-s for minimizing the problem of non-uniform heat distribution in the tumor. , · 

· The thermal effects of high intensity microwave absorption in biological tissue is well established. The allowed frequencies for diathermy are 27.12, 915, and 2450 \!Hz in the U.S. and 433 \1Hz in Europe. In contrast to infrared and surface· heating. the relati\·e]y long 'Xa\elengths of microwave radiation permits the energy 
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to penetrate deeper into biological tissue. Therefore, a more rapid and uniform 
generation of heat is possible using this modality. Cater,et al ( 1964), Giovanella, et 
al ( 1970), and Dietzel ( 1975) have reported experimental data in which 
microwaYes are used or can be used in "cancer therapy. 

it has been reported by Dickson (1974) and Schrek (1966) that hyperthermia 
has a selecti\·e destructive effect on neoplastic cells. Several investigators have 
confirmed that the action of heat is specific and different from that of other anti
cancer agents and, therefore, heat is compatible with or useful as an adjuvant to 
other therapeutic modalities in clinical therapy {Burr, 1974; Overgaard and 
Overgaard, 1972b). Heat has been shown to increase sensitivity to ionizing 
radiation both in vitro and in vivo (Overgaard and Overgaard, 1974; Ben-Hur et 
al, 1974). S1mi1arly a synergistic effect between hyperthermia and chemotherapy 
has been demonstrated by Stehlin (1975} and Zimmer (1970). 

For many types of malignant disease, treatment by a single agent is inadequate 
because· elements of the growth are inaccessible, insensitive, or recover from the 
maximum permissible therapy where this is limited by other factors (such as 
tolerance of adjacent normal tissue). Hyperthermia has been shown to interact 
with radiotherapy arud chemotherapy synergistacally. This synergistic combination 
could lead to improved cures in that lower levels of both modalities could be used. 
Ben-Hur. E .. Elkind, \t. \L and Bronk. B. V .. ~Thermally enhanced radioresponse of cultured 

Chinese Hamster cells:· Inhibition of repair of sublethal damage and enhancement of lethal 
damage.- Rad. Res. 58. pp. 38-51 ( 1974). 

Burr. B. E .. - Heat as a therapeutic modality against cancer.- A state of the art report. National Cancer 
Institute Report :'\umber 46 (.\'ovember 1974). 

Dickson. J. A .. ~Hypenhermia in the treatment of cancer.- Cancer Chemo. Reports, 58(2); pp. 294-296 
( 1974). . 

Dietzel. F.. Tumor and Temperarure. Urban and Schwarzenberg. Munich. pp. 253 ( 1975). 
0\'ergaard. L. and O,'ergaard. J .. "Investigations on the possibility of a thermic tumour therapy. I. 

Short-wave treatment .of a transplanted isologous mouse mammary carcinoma." Europ. J. Cancer, 
8. pp. 65-78 ( 1972a). 

o,·ergaard. L. and Onrgzard, J .• "Investigations on the possibility of a thermic tumour therapy. 11. 
Action of combined :iear-roentgen treatment on a transplanted mouse mammary carcinoma." 
Europ. J. Cancer. 8. pp. 573-757 ( 1972b). 

Schrek, R .. -sensitivity of normal and leukemic l~'mphocytes and leukemic my<!loblasts to heat." 
J.:\.C.1.. 37. p. 649 (1966). ' 

Stehlin. J. S .. Giovanella. B. C.. lpolyi. P. D .. Muenz. L. R. and Anderson, R. F., "Results of 
hypenhermic perfusion for melanoma of the extremities.- Surg. Gyn. Obs .. 140, pp. 339-348 ( 1975). 

Suit. H. D. and Shwayder. \I.. -Hyperthermia: potential as an anti-tumor agent." Cancer 34, pp. 122-
129 ( 1974). 

Zimmer. R. P .• Ecker, H .. -\. and Popovic, V. P .• -selective electromagnetic heating of tumors in 
animals in deep hypot'iermia." IEEE Trans. Microwave T.heory and Techniques, 19, pp. 238-245 
(1971). 

(Department of Radiation Biology and Biophysics, The U~iversity of 
Rochester, School of Medicine and Dentistry, Rochester, New York 14642.) 

6A.5 
PULSED RADIOWAVE 127.12 \!Hz) EFFECTS ON JS VffO AND IN VITRO TUMOR GROWTH 

B. L. West and W. Rege!son ! t:.S.A.) 

Inhibition of subcutaneous Lewis lung tumor has been noted in BDF1 mice 
after daily twenty-minute periods of exposure to a pulsed 27.12 MHz field. Mice 
were inoculated with I X IO" syngeneic Lewis lung carcinoma cells injected 
subcutaneously in. the medial dorsal region. Groups of eight mice .lightly 
anesthetized with ~a Pentobarbital \Vere simultaneously irradiated at one of three 
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different awrage po'"''er lewis prior to tumor inoculation arid six groups received 
one of three power k\tlS oi radiation immediately after inoculation. All groups 
were subsequently in2.diated daily. twenty minutes per day, for 23 days. 
Signil}cant reduction in tumor mass was obser.ed in all post inoculated, irradiated 
groups. \. ernier caiiper ocasurements of subcutaneous tumors were repeated every 
founh day when they bee.am-:: palpable. ~easurement on post-inoculation day 16 
and 20 yielded 60 w 9ffc inh.ibition of tumor mass when compared to controls. 
Pre-tumor inoculacion radiation demonstrated no change from control or an 
increase in tumor s~e by as much as 87q. For both pre- and post-treated animals, 
no significant effects on suni:rnl were seen despite inhibition of the primary tumor 
in those treated following tu• or inoculation. Apparently, the inhibitory effects of 
pulsed magnetic r2.diati.on are transient, and metastatic disease may not be 
significantly affected. 

An in vitro study was conducted to evaluate the respon~e of tumor and normal 
cells to the same puls....~ radiowave field. Each preparation consisted of cells 
removed from tumor bearing mice as ascitic suspension or via trypsin separation 
of solid tumors. Tumor Ct!ils washed and suspended in physiologic saline and kept 
at 4° C. :\ ormal mouse embryo cells were obtained from tissue culture lines grown 
in medium 199 and washed and suspended-in physiologic saline in the same way. 
Samples of Lewis iung and control mouse embryo cells were stained with trypan 
blue and evaluated for dye-s:xclusion as the index of cell viability. 

Each cell suspension, I ml ( I X 106 cells) was placed in a 30 X 15 mm 
polystyrene petri dish and irradiated for twenty minutes with specimens 
juxtaposed to within .4 cm of the wave source. Determination of viability was 
made within four minutes of discontinuation of exposure. Post-radiation vital 
staining yielded a marked reduction of viability in 50 to 67% of all Lewis lung 
cells. In contrast. kthalitv for normal mouse embrYo cells was 40%, and this was 
seen at the most imens.e- power output with no l;thality noted at lower average 
power outputs in contr2.st to Lewis lung tumor cells. In the case of Lewis lung 
tumor cells. the greatest lethality was obsef\·ed in the cell suspensions experiencing 
the highest peak and a\·erage power 9utputs. L 12 IO leukemia cells obtained from . 
DR-\: mice were 5imilarly processed and irradiated with a 65 to 90% lethality 
occurring with toxicity directly related to the average power output. 

The aboYe indicates a biologic effect for pulsed magnetic radiation at 27.12 
\,1Hz which appears to be independent of temperature elevation but related to 
power output. 

( Di\·ision of \1edical Oncology, Box 273, Medical College of Virginia/ Virginia 
Commonwealth Universiry, Richmond, Virginia 23298, U.S.A.) 

Microwave Ovens 
18.1 

MICROWAVE ENERGY CONTROL BY HUMIDITY SENSING 

P. Q_ Risman (Sweden) 

\1ethods of power enerzv control m microwave ovens are described and 
compared with a system using' a humidity sensor detecting the changes in 
e\ aporation from the food load to control the heating cycles. 

\·ariable . powe~ ser;ings. from two levels to continuously variable: are· 
becoming increasing\:.- popular. This may seem paradoxical, as speed ought to be 
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the main selling feature of a microwave o\·en. Lower power, may however, be ad\·antageous as longer times will be allowed for temperature equilization through heat conduction. 
~ . When reheating food in a microwave oven, the temperature is the only variable of interest. .Measurement of the temperature inside the load during heating will usually give low readings as edges and corners may be overheated before a sufficient ceflter- temperature rise is obtained. Measurement of the surface temperature may cause similar problems; other parts may be too cold when the corners are hot. The general approach to temperature measurement is to analyze the three ways in which temperature information can be transmitted; by conduction, radiation and moving media. 

Conduction: no metallic conduction can normally be used due to the interaction with the electromagnetic field. It may be difficult to insert the sensor into a deep-frozen item. A non-metallic "conductor" must be present in the cavity and may be subject to mechanical damage. Nprmally only a small volume is monitored. 
Radiation: only a thin surface layer will be monitored. Covers cannot be used as the sensor must ""see" the food. This may also cause problems with fat, condensation, etc., on the sensor. No inexpensive systems have been described so far in the literature. . 
Moi·ing media: the temperature of the air surrounding the load may be used; it is,- howner, very advantageous to use the fact that the load always contains water which is evaporated when the temperature .rises. In the humidity sensing system, air is vented through the cooking cavity and sucked out by the blower. A selfheated electrolytic lithium chloride sensor in the air duct senses the changes in air - humidity. As the microwave power in the load is relatively independent of load size. there will be a steep rise in humidity when the hottest parts of the load begin to cook. The sensor is relatively insensitive to ambient temperature changes and is temperature/ humidity self-balancing. As the shut-off is determined by the temperature of the hottest spots of the load, overheating is avoided and the power will be applied at an ~optimum" rate, i.e. the relative power will be as high as possible without overheating. The length of the pauses can also be determined by the evaporation from the load. Diagrams showing the resulting on and off periods for different oven power levels, load sizes and initial temperatures will be shown. The average power in the load when stationary conditions are reached is typically about 1; 3 of the full power. This may be too high for just keeping the food hot. Switching the oven off after an electronically pre-determined number of cycles is one way, switching to a still lower, fixed on/ off ration another. 

A microwave O\·en incorporating a humidity sensing system with digital readout of the number of elapsed cycles and automatic switch-off after a predetermined number of cycles will be described. 
(Husqrnrna AB, Fack. S-561 01 Huskvarna I, Sweden.) 

18.2a 
TEMPERATURE DISTRIBUTION IN MICROWAVE OVEN HEATING: 

EXPERIMENTS AND COMPUTER SIMULATIONS 

T. Ohlsson (S\\eden_l 

A computer program was constructed for calculating temperature profiles through slab shaped foods during thawing and reheating in microwave ovens as a 
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function of diffrrent ;arnpk and heating pararr,eters. The computer simulations 
were \erified experir.1ema1Iy. with good agreer:;ent. except for a pronounced 
temperature step at the imerfact between tha'.,~d and frozen material. 

The use oi micro\;ave owns for heating and thawing of foods in homes and 
institutions is steadily incr,easing. The choice of own design and performance 
characteristics and of food geometry and comp,)~ition in order to reach the best 
heating performance has mainly been done er;-;pirically. · 1t can be expected that 
investigations based on known microwaYe and heat transfer _theory should form a 
better basis for selecting optirral sample and heating parameters. This should be 

· important also to the cominued de\·elopment of microwave ovens and for the 
compilation of user"s manuals. 

In this study the ~nfluence of different microwave heating parameters on the 
temperature distribution in food were investigated both experimentally and by 
calculations. A computer program for calculating temperature distribution with 
time was constructed. in which also heating from frozen state can be simulated, 
and which takes into account the variations with temperature, composition etc. in 
the dielectric and thermal properties of the foods. 

The calculations are .made of the in depth heating of slabs of foods that can be 
approximated as infinite plates. A iarge number of heating experiments with 
extensive temperature measurements were performed, and the results were 
compared with the corresponding computer si..rnulations. Good agreement was 
reached between the experimental and the simulated temperature distributions, 
especially for thin samples and for one-sided microwave heating. Experimentally, 
a pronounced temperature step was encountered at the border between the frozen 
and thawed food. probably camed by reflections. that coµld not be taken account 
of in the present mathematical model. . 

In additional computer simulations for microwave heating and thawing, the 
influence of a large number of heating Yariable-s was investigated. The simulations 
showed that at 1200 watt power, wirh a power division of 2: I between ,the two 
sides oi · the sample. thickness should not exceed 40-50 mm. In single-sided 
microwave heating the maximal thickness is 20-30 mm if surface overheating is to 
be a,·oided. For thawing. the limits are more n2.rrow. 30-40 mm and 15-20 mm 
respect;vely. L•sing puLse<l heating with inter,als of temperature" equalibration, the 
risks for overheating can be reduced. particularly in thawing. If the heating pulses 
are considerably shorter than the treatment time. the pulsed heating yields the 
same· result as hearing- with a correspondin~y lower average power input. 
Howe\·er. for longer pulses the risk for overhe2.ting tends to be the same as in 
direct heating. 

The power level of the ovens have large influence on the temperature 
distribution. particularly for the thicker samples and in thawing. The distribution 
of the microwaw power between the upper and lower surface has great influence 
on the temperature distribution already for a sample thickness of I 5 mm. Direct 
heating of samples thicker than 15-20 mm with single-sided power input is not 
ad,·isable according to the simt::lation. if measures are not taken to improve the. 
temperature distribution. e.g. by lower power sttting or by stirring of the sample. 

(SIK-The Swedisn Food Institute. Goteborg. Sweden.) 
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18.2b 
TEMPERATURE DISTRIBUTION IN MICROWAVE OVEN HEATING. A COMPARISON OF 

MAPPING METHODS 
AND 11\/FLUENCE OF SAfillPLE PARAMETERS 

T. Ohlsson (Sweden) 

A number of both \·isual and temperature measuring ri1ethods for mapping 
the temperature distribution in microwave o\·ens of practical relevance for heating 
performance evaluation were compared. Studies were also made of the influence 
of different sample parameters on the temperature distributio.n in microwave 
heated phantom foods. using IR color thermography. 

The most relevant parameter for evaluating the , heating performance of 
microwaYe oYens is the temperature distribution in actual heated foods. 
Standardized methods for mapping the temperature distribution in ovens that will 
reflect performance in practical usage are sought by producers and .users alike. A 
large number of such mapping methods are being used by oven manufacturers, 
sewral of which haYe been presented in the literature. 

An extensiw comparison has been made of different methods to visualize or 
measure the temperature distribution on microwave heating of foods and different 
phantom foods. The visual methods included melting gels of agar and gelatine, 
coagulation of egg white and baking. or drying of pan cake batter or mashed 
potatoes. The methods of comprising temperature measurements included heating 
of water and l~ salt solution in beakers of different number and sizes, heating of 
ground meat and oi a phantom food, earlier presented by Guy et al*,. For the 
latter material temperature measurements were also made using IR-pyrometry 
with tele,·ision technique (Thermovision), as earlier presented by Bengtsson and 
Lycke*. Six different microwave o\·ens of varying technical design were included 
in the iin·estigation. However, only two ovens were used in all the tests. 

The advantages of the visual methods are that the results can be evaluated 
immediately, that different sample geometries can easily be studied, and that edge 
heating can also be taken into account when using these methods. The agreement 
with the temperature distribution in actual food heating is good for most of the 
visual methods i.e. melting of agar or gelatine. Disadvantages are that the results 
are difficult to quantify and that they are in some cases fairly laborious. 

The methods using water beakers are quick and the results can easily be 
quantified. Only slight differences were noted between water and 1% NaCl
solutions . in similar experiments. To enable relevant studies of temperature 
distribution, a relatirely large number of measuring points are required, both for 
the water and the food samples. In general, the corner and edge heating effects 
observed by the. visual methods were not found in the temperature measuring 
methods. Food heating experiments comparing different methods of temperature 
measurements demonstrated clearly that the Thermovision system is completely 
superior 10 other temperature measuring methods, showing both edge and corner 
heating and internal hot and cold spots. Consequently this method was used to 
study the temperature distribution after microwa\'e heating in a cavity resonance 
o\·en of the phantom food material and its dependence of different sample 
parameters. such as sample dimen.sions. the sample positioning in the oven, the 
design of corners and edges of the packaging. heating with and without cover, etc. 
Also measurements during microwave heating were made. 

• J .. \lim,·~~·-c P01.:r ~c;::1. P. ~-- , 19691. 
• Pro::,:cdi:,p. \hcrc"ace p;,.~~ S,mp .. \lay 28-30 19i5. Waterloo. Ont. Canada. Paper 3.3. 
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The experiments 5how that large temperature differences are present _between 
centre and edges and corners. Comparing different horizontal layer of a heated 
sample wry similar temperature distribution across the surface are found, 
irrespecti'ie of depth. Thus. it is often ?ufficient to measure the surface 
temperatures only. The deYeloped temperature pattern seems to be mainly 
determined by the design of the sample and less by the field variations of the oven 
itself. \I easurements on wrtical cuts show that the edge heating is concentrated to 
the outer 5- IO mm pans of the edges. 

Rounded or trimmed corners and metallic shielding of the sides of the package 
decrease the corner and edge heating effects_ Dislocating the samples a distance 
corresponding to half the side of the package outwards, inwards and sideways 
yield largely the same temperature patterns, with slight changes in the position of 
the maximal intensity, in agreement with the known field variations of the oven. 

The experiments with Thermovision measurements during the heating 
demonstrate that an edge heating is rapidly de\'eloped directly from the start of 
the. microwave heating. 

(SlK - The Swedish Food Institute, Fack. 400 21 Goteborg 16.) 

18.3 
DESIGN O.F A FLEXIBLE OVEN FOR MOBILE CATERING 

.R. J. w_ Constable tC.K.) 

The design of a microwave forced hot air oYen capable of operating over a 
wide rnnge of line \Oltage and frequency in a mobile kitchen subject to high 
mechanical shock and Yibration is described. 

To meet the requirements of the British Railways Board, in the design of a 
microwa\·e forced hot air oven suitable for installation in the catering cars of a 
new high speed train. created interesting problems for both the microwave and the 
electrical design engineer to solve_ British Rail at the outset made the following 
stipulations. Firstly. the microwa\·e power should be continuously variable from 
quarter or 500 watts to maximum 2.000 watts. Secondly, the equipment should be 
capable of giving constant· rnicrowa\e power during an input voltage change over 
the following range of 275 V 33 Hz 3 phase to 415 V 50 Hz 3 phase. This change 
of voltage and frequency being created by the change of speed of the diesel driven 
generator in the power car, any particular voltage or frequency depending on the 
-position of the driver·s speed control handle_ Thirdly, thyristor stabilisation must 
not be used. Fourthly. the complete equipment would be subjected to the stringent 
test conditions laid down in the British Railway Board's general ~pecification for 
electronic equipment. MT 123. This specification carries explicit instructions on 
the standard of eYery electronic component which could be used in the 
construction of the power pack. the type of wire and terminations which could be 
employed. and testing details which included Yibrating at 50 hours over a 
frequency range of I Hz to 50 Hz. 

The paper will discuss how these problems. both electrical and mechanical, 
were O'- ercome and the first th{ee cookers fitted into British Rail's prototype high 
speed train. _ 

I Hirst Electric Industries Ltd .. Gatwick Road. Crawley. Sussex RH 10 25A. 
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