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1. Find (estimate, measure, or look up) dielectric constants of microwaved products
(components) as a function of temperature and calculate microwave penetration depth as a
function of temperature for each of them.
2. Find (estimate or look up) specific heats and thermal conductivities of the food components.
3. Make sure that the water activity in the products is above 0.9 and identify water content in
each of them. Heating time to achieve necessary temperature in the amount of water
equivalent to the water content of the product is a very good first approximation for the
necessary heating time of the whole product. Avoid using components with low water
content and activity.
4. Defrosting of high water content and activity product at ‐20oC takes approximately the same
time that is necessary for heating the defrosted (or simply refrigerated) product to
approximately +70…75oC (required by food regulations). By other words, defrost takes 50%
of the whole microwaving time.
5. Design your packaging and product so that:
a) dimensions of the packed product(s) exceed one and a half of an average penetration
depth of the food composition at +1oC…+5oC, but doesn’t go above the triple
penetration depth;
b) component(s) with shortest penetration depth do not shield the component(s) with
longer penetration depth;
c) avoid packing products that have dielectric and thermal properties close to the
properties of water (e.g. egg) together with bread;
d) in general, for multicomponent products, adjust (match) specific heats of the
components before matching their dielectric constants since heating rate is inversely
proportional to the specific heat;
e) thermal and dielectrics properties of frozen foods are similar;
f) frozen foods are sensitive to thermal runaway and may focus microwaves due to large
penetration depth; this means that frozen products should preferably be shielded in a
few directions (both reflectors and susceptors can be used), and low power (~ 30% of
max. available) operation is a good idea too;
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