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There is an increase in the usage of microwave oven which is used
electromagnetic radiation in the microwave range, which believed to be harmful to
human health.
The measurements were taken at distance of range (0-100) cm from the
microwave oven.
The study concluded that the risk possibility of the radiation increases at
high mode.
We measured the power density, magnetic field and signal strength of
microwave oven using the SPECTRAN high frequency (HF-6080) detector.
The experimental results of power density were found to be (3.78-208000)
nW/m2 and magnetic field is (0.001-0.744) mA/m.
These values are less than the exposure limits recommended.
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Chapter One
Introduction
1.1 Prelude:
Exposure to electromagnetic field is not a new phenomenon. However,
during the 20th century, environmental exposure to man-made electromagnetic
fields has been steadily increasing as growing electricity demand, ever-advancing
technologies and changes in social behavior have created more and more artificial
sources. Everyone is exposed to a complex mix of weak electric and magnetic
fields, both at home and at work, from the generation and transmission of
electricity, domestic appliances and industrial equipment, to telecommunications
nU
and broadcasting
The strongest power frequency electric fields that are ordinarily encountered
in the environment exist beneath high voltage transmission lines. In contrast, the
strongest magnetic fields at power frequency are normally found very close to
motors and other electrical appliances, as well as in specialized equipment such as
21
microwave oven and magnetic resonance scanners used for medical imaging

1.2 Microwave ovens:
Domestic microwave ovens operate at very high power levels. However,
effective shielding reduces leakage outside the ovens. Furthermore microwave
leakage falls very rapidly with increasing distance from the oven. Many countries
have manufacturing standards that specify maximum leakage levels for new ovens;
an oven that meets the manufacturing standards will not present hazard to the
[2
1
1
consumer . On the other hand, some countries had banned the use of microwave
ovens like Soviet Union in 1976

l

In recent years, national authorities in different countries have conducted
many measurements to investigate electromagnetic field levels in the living
environment. None of these surveys has concluded that field levels could bring
about adverse health effects21.
The Federal Office for Radiation Safety in Germany recently measured the
daily exposure to magnetic fields of about 2000 individuals across a range of
occupations and public exposures. All of them were equipped with personal
dosimeters for 24 hours. The measured exposure varied widely but gave an average
daily exposure of 0.10 pT. This value is a thousand times lower that the standard
limits of 100 pT for the public and 200 times lower than the 500 pT exposure limit
for workers . Furthermore, the exposure of people living in the centers of cities
showed that there are no drastic differences in exposure between life in rural areas
and life in the city. Even the exposure of people living in the vicinity of high
voltage power lines differs very little from the average exposure in the
population

[21]

2

Chapter Two
Theoretical Background
2.1 Electromagnetic Radiation:
Electromagnetic radiation (EMR) is a form of radiant energy, propagating
through space via photon wave particles. In a vacuum, it propagates ai a
8

characteristic speed, the speed of light (3xl()‘m/s), and normally in straight lines.
EMR is emitted and absorbed by charged particles. As an electromagnetic wave, u
has both electric and magnetic field components, which oscillate in a fixed
relationship to one another, perpendicular to each and perpendicular to the
1
2
2
)
direction of energy and wave propagation
The electromagnetic radiation is classified by the frequency of its wave. Thi S
classification include radio waves, microwaves, infrared radiation, visible light,
ultraviolet radiation, X-rays and gamma rays.

2.2 Electromagnetic theory:
The electromagnetic force is one of the four fundamental interactions in
nature, the other three being the strong interaction, the weak interaction, and
gravitation. This force is described by electromagnetic fields, and has innumerable
physical instances including the interaction of electrically charged particles and the
-

->'

interaction of uncharged magnetic force fields with electrical conductors
The science of electromagnetic phenomena is defined in terms of the
electromagnetic force, sometimes called the Lorentz force, which includes both
electricity and magnetism as elements of one phenomenon

123

The electromagnetic force plays a major role in determining the internal
properties of most objects encountered in daily life. Ordinary matter takes its form
as a result of intermolecular forces between individual molecules in matter.
3

Electrons are bound by electromagnetic wave mechanics into orbitals around
atomic nuclei to form atoms, which are the building blocks of molecules. This
governs the processes involved in chemistry, which arise from interactions
between the electrons of neighboring atoms, which are in turn determined by the
interaction between electromagnetic force and the momentum of the electrons 23.

2.2.1 Electric field:
It is the region around an electric charge in which an electric force is exerted
on another charge. The strength of an electric field E at any point is defined as the
electric force F exerted per unit positive electric charge q at that point, or E = F/q.
An electric field has both magnitude and direction and can be represented by lines
of force, or field lines, that start on positive charges and terminate on negative
charges. The electric field is stronger where the field lines are close together than
where they are farther apart. The value of the electric field has dimensions of force
per unit charge and is measured in units of Newtons per coulomb1 .

2.2.2 Magnetic field:
Magnetic fields are produced by electric currents, which can be macroscopic
currents in wires, or microscopic currents associated with electrons in atomic
orbits. The magnetic field B is defined in terms of force on moving charge in the
Lorentz force law. Magnetic field sources are essentially dipolar in nature, having
a north and south magnetic pole. The SI unit for magnetic field is the Tesla, which
can be seen from the magnetic part of the Lorentz force law F magnetic = qvB to
be composed of (Newton x second)/ (Coulomb x meter). A smaller magnetic field
unit is the Gauss (1 Tesla = 10,000 Gauss)|4J.

4

2.2.3Electromagnetic wave equation:
The electromagnetic wave equation is a second-order partial differential
equation that describes the propagation of electromagnetic waves through a
medium or in a vacuum. It is a three-dimensional form of the wave equation. The
homogeneous form of the equation, written in terms of either the electric field E or

(V2(V2-

CO

the magnetic field B, takes the form:15’ 11

d2
dt

) E == 0

(2 .1 )

)B :=

(2 .2 )

0

Where
c

1
Jm

Is the speed of light in a medium with permeability (p), and permittivity (s)
and V2 is the Laplace operator. In a vacuum, c

299,792,458 meters per

c

second, which is the speed of light in free space. The electromagnetic wave
equation derives from Maxwell's equations

. In vacuum these equations are given

by:
V.E

0
dB

VxE
V.B

(2.3)
(2.4)

dt

0

Vx B = p s

(2.5)
( 2. 6)

—

dt

Taking the curl of the curl equations gives:
V x (V x E)
V x (V x B)

£
dt

JU £

(VxB)

£ ( VxE)

5

U8

02E
dt

(2.7)

2

U8

d2B
d t2

( 2 .8)

Use the vector identity V x V x A = V(V.A)-V.VA
Where A is any vector field.
Since V.E=V.B=0 (In free space)
V x V x E = - V 2 E and V x V x B = - V 2B
Then the first term on the right in the identity vanishes and we obtain the wave
equations:
d2E
dt2

(2.9)
(2 . 10)

Where
c = -tL = 2.99792458 x 108 m/s
Is the speed of light in free space

2.3 Electromagnetic spectrum:
It is the range of all possible frequencies of electromagnetic radiation.
Electromagnetic waves are typically described by any of the following three
physical properties: the frequency f, wavelength X, or photon energy E.
Frequencies observed in astronomy range from 2.4x10

23

Hz (1 GeV gamma rays)

down to the local plasma frequency of the ionized interstellar medium (~1 kHz).
Wavelength is inversely proportional to the wave frequency so gamma rays have
very short wavelengths that are fractions of the size of atoms, whereas wavelengths
on the opposite end of the spectrum can be as long as the universe. Photon energy
is directly proportional to the wave frequency, so gamma ray photons have the
highest energy (around a billion electron volts), while radio wave photons have
very low energy (around a femto electron volt). These relations are illustrated by
the following equations 5:
6

f

A'

or

E

f

h

or

he

E

(

A

2. 12)

Where:
h = 6.62606896(33) x l ( P 4J s = 4.13566733(10) x 10 "eV is Planck's constant

Electromagnetic radiation interacts with matter in different ways across the
spectrum (Fig. 2.1). The types of interactions can be so different that it seems to be
justified to refer to different types of radiation

[5 ]
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2.3.1 Ionizing Radiation:
The absorption of energy from radiation in biologic material may lead to
excitation or to ionization. The raising of an electron in an atom or molecule to
higher energy level without actual ejection of the electron is called excitation. If
the radiation has sufficient energy to eject one or more orbital electrons from the
atom or molecule, the process is called ionization, and that radiation is said to be
ionizing radiation. The important characteristic of the ionizing radiation is the
localized released of large amount of energy. The energy dissipated per ionizing
event is about 33 eV, which is more than enough to break a strong chemical bound,
for example the energy associated with a C=C bound is 4.9 eV for convenience it
is usual to classify ionizing radiation as electromagnetic or particulate2.
The major types of ionizing radiation are alpha particles, beta particles, and
gamma rays

Alpha particles:
Alpha particles are helium-4 nuclei

(two protons and two neutrons).

They interact with matter strongly due to their charges and combined mass, and at
their usual velocities only penetrate a few centimeters in air, or a few millimeters
in a low density material such as the thin mica material. This means that alpha
particles from ordinary alpha decay do not penetrate the outer layer of dead skin
cells and cause no damage to the live tissues below. Some very high energy alpha
particles compose about 10% of cosmic rays, and these are capable of penetrating
the body and even thin metal plates. However, they are of danger only to
astronauts, since they are deflected by the Earth's magnetic field and then stopped
by its atmosphere 91.
8

Alpha radiation is dangerous when alpha-emitting radioisotopes are ingested
(breathed or swallowed). This brings the radioisotope close enough to sensitive
live tissue for the alpha radiation to damage cells. Per unit of energy, alpha
particles are at least 20 times more effective at cell-damage as gamma rays and Xrays. Examples of highly poisonous alpha-emitters are all isotopes of radium,
radon, and polonium, due to the amount of decay that occur in these short half-life
materials 9.

Beta particles:
Beta particles are fast-moving, electrons or positrons emitted from the
nucleus during radioactive decay. Humans are exposed to beta particles from
manmade and natural sources such as tritium, carbon-14, and strontium-90. Beta
particles are more penetrating than alpha particles but are less damaging over
equally traveled distances. Some beta particles are capable of penetrating the skin
and causing radiation damage; however, as with alpha emitters, beta emitters are
generally more hazardous when they are inhaled or ingested. Beta particles travel
appreciable distances in air but can be reduced or stopped by a layer of clothing or
by a few millimeters of a substance such as aluminum

.

A beta particle is an ordinary electron that is ejected from nucleus of a beta
unstable radioactive atom. The particle has a single negative electric charge
(1.6xl0‘19 C) and very small mass (55xl0’s atomic mass units). Since theoretical
considerations preclude the independent existence of an internuclear electron, it is
postulated that the beta particles is formed at the instant of emission by the
transformation of a neutron into proton and an electron.
Beta-minus ((3_) radiation consists of an energetic electron. It is more
penetrating than alpha radiation, but less than gamma. Beta radiation from

9

radioactive decay can be stopped with a few centimeters of plastic or a few
millimeters of metal. It occurs when a neutron decays into a proton in a nucleus,
releasing the beta particle and an antineutrino as follow:
^C-^JV +fi~ + v
Beta-plus (|3+) radiation is the emission of positrons, which are the antimatter
form of electrons as given below:

\\M g -* l l Na + /? + +v

When a positron slows down to speeds similar to those of electrons in the
material, the positron will annihilate an electron, releasing two gamma photons of
511 keV in the process.

Gamma radiation:
Gamma (y) radiation consists of photons with a wavelength less than3xl0" ,
meters (greater than 1019 Hz and 41.4 keV). Gamma radiation emission is a nuclear
process that occurs to rid an unstable nucleus of excess energy after most nuclear
reactions. Both alpha and beta particles have an electric charge and mass, and thus
are quite likely to interact with other atoms in their path. Gamma radiation,
however, is composed of photons, which have neither mass nor electric charge and,
as a result, penetrates much further through matter than either alpha or beta
radiation[9].an example for this is

-> HNi + y + 1.33Mev

10

Gamma rays can be stopped by a sufficiently thick or dense layer of
material, where the stopping power of the material per given area depends mostly
on the total mass along the path of the radiation, regardless of whether the material
is of high or low density. However, as is the case with X-rays, materials with high
atomic number such as lead or depleted uranium add a modest (typically 20% to
30%) amount of stopping power over an equal mass of less dense and lower atomic
weight materials (such as water or concrete). The atmosphere absorbs all gamma
rays approaching Earth from space. Even air is capable of absorbing gamma rays,
halving the energy of such waves by passing through, on the average, 500 ft
(150 m)[9J.

X-rays:
X rays are high-energy photons produced by the interaction of charged
particles with matter. X rays and gamma rays have essentially the same properties,
but differ in origin; i.e., X- rays are emitted from processes outside the nucleus,
while gamma rays originate inside the nucleus. X rays are generally lower in
energy and therefore less penetrating than gamma rays. Literally thousands of xray machines are used daily in medicine and industry for examinations,
inspections, and process controls. X rays are also used for cancer therapy to
destroy malignant cells. Because of their many uses, X rays are the single largest
source of manmade radiation exposure 25. A few millimeters of lead can stop X
rays which used in medicine.

2.3.2Non Ionizing Radiation:
The kinetic energy of particles of non-ionizing radiation is too small to
produce charged

ions

when

passing
ll

through

matter.

For non-ionizing

electromagnetic radiation (see types below), the associated particles (photons) have
only sufficient energy to change the rotational, vibrational or electronic valence
configurations of molecules and atoms. . Nevertheless, different biological effects
are observed for different types of non-ionizing radiation'.
Even "non-ionizing" radiation is capable of causing thermal-ionization if it
deposits enough heat to raise temperatures to ionization energies. These reactions
occur at far higher energies than with ionization radiation, which requires only
single particles to cause ionization. A familiar example of thermal ionization is the
flame-ionization of a common fire, and the browning reactions in common food
items induced by infrared radiation, during broiling-type cooking9 .

Types of Non Ionizing Radiation:
Ultraviolet Radiation:
Ultraviolet radiation is electromagnetic radiation with a wavelength between
lOnm and 400nm, which is equivalent to frequency range between approximately
3000THz and 750THz, which falls between X-ray and Visible light on the
electromagnetic spectrum.

Visible light:
Light, or visible light, is a very narrow range of electromagnetic radiation of
a wavelength that is visible to the human eye, or 380—750 nm which equivalent to
a frequency range of 790 to 400 THz respectively, between the infrared, with
longer wavelengths and the ultraviolet, with shorter wavelengths.

12

Infrared:
Infrared (IR) light is electromagnetic radiation with a wavelength between
0.7 and 300 micrometers, which corresponds to a frequency range between 430 to
1 THz respectively. IR wavelengths are longer than that of visible light, but shorter
than that of microwaves. Infrared may be detected at a distance from the radiating
objects by "feel." Infrared sensing snakes can detect and focus infrared by use of a
pinhole lens in their heads. Bright sunlight provides an irradiance of just over 1
kilowatt per square meter at sea level. Of this energy, 53% is infrared radiation,
44% is visible light, and 3% is ultraviolet radiation.

Microwave:
Are very short waves of electromagnetic energy that travel at the speed of
light (3xl08 m/s). Microwaves used in microwave ovens are in the same family of
frequencies as the signals used radio and television broadcasting.
Microwaves are electromagnetic waves with wavelengths ranging from as
short as one millimeter to as long as one meter, which equates to a frequency range
of 300 GHz to 300 MHz. This broad definition includes both UHF and EHF
(millimeter waves), but various sources use different other limits. In all cases,
microwaves include the entire super high frequency band (3 to 30 GHz, or 10 to
1cm) at minimum, with RF engineering often putting the lower boundary at 1 GHz
(30 cm), and the upper around 100 GHz (3mm)191.

Radio waves:
Radio waves are a type of electromagnetic radiation with wavelengths in the
electromagnetic spectrum longer than infrared light. Like all other electromagnetic
waves, they travel at the speed of light. Naturally occurring radio waves are made
13

by lightning, or by certain astronomical objects. Artificially generated radio waves
are used for fixed and mobile radio communication, broadcasting, radar and other
navigation systems, satellite communication, computer networks and innumerable
other applications. Different frequencies of radio waves have different propagation
characteristics in the Earth's atmosphere; long waves may bend at the rate of the
curvature of the Earth and may cover a part of the Earth very consistently, shorter
waves travel around the world by multiple reflections off the ionosphere and the
Earth. Much shorter wavelengths bend or reflect very little and travel along the line
of sight191.

2.4 Biological Effect of Non-ionizing Radiation:
Non-ionizing radiation can produce non-mutagenic effects such as inciting
thermal energy in biological tissue that can lead to bums. Recently, the
International Agency for Research on Cancer (IARC) from the WHO (World
Health Organization) released a statement indicating that radiofrequency
electromagnetic fields (including microwave and millimeter waves) are possibly
carcinogenic to humans 10.
In terms of potential biological effects, the non-ionizing portion of the spectrum
can be subdivided into:
1. The optical radiation portion, where electron excitation can occur (visible
light, infrared light/101.
2. The portion where the wavelength is smaller than the body. Heating via
induced currents can occur. In addition there are claims of other adverse
biological effects. Such effects are not well understood and even largely
denied. (MW and higher-frequency RF)[I0].

14

3. The portion where the wavelength is much larger than the body and heating
via induced

currents

seldom

frequencies, and static fields)

occurs

(lower-frequency

RF,

power

.

Table (2.1): Shows the biological effect of non ionizing radiation
Type

Source

W ave length

F requency

UVA

Visible lig h t

IR-A

IR-B

IR-C

M icrow ave

R adio
frequency
radiation
Lowfrequency
RF

B io lo g ic a l e ffe c ts

Eye photochemical
cataract; skin-erythema,
inc. pigmentation
Skin photo aging; eye photochemical & thermal
retinal injury
-

Black light, Sunlight

318^00 nm

750-950 THz

Sunlight, fire, LEDs,
light bulbs, Lasers

400-780 nm

385-750 THz

Sunlight, thermal
radiation, incandescent
light bulbs, Lasers,
remote controls
Sunlight, Thermal
radiation, Incandescent
light bulbs, Lasers
Sunlight, Thermal
radiation, Incandescent
light bulbs, Farinfrared laser
PCS phones, some
mobile/cell phones,
microwave ovens,
cordless phones,
millimeter waves,
airport millimeter
scanners, motion
detectors, long-distance
telecommunications,
radar, Wi-Fi
Mobile/cell phones,
television, FM, AM,
shortwave, CB,
cordless phones
Power lines

780 nm 1.4 pm

1.4-3 pm

3 pm

-

1 mm

1 mm-33 cm

215-385 THz

Eye thermal retinal
injury, thermal cataract;
skin burn

100-215 THz

Eye corneal burn,
cataract; skin burn

-

300 GHz - 100
THz

1-300 GHz

-

Eye corneal burn,
cataract; heating of body
surface
-

Heating of body tissue and
possible carcinogenic,
i

33 cm - 3 km

100 kHz - 1 GHz

Heating of body tissue,
raised body temperature
.

>3 km

< 100 kHz

.

Cumulation of charge on
body surface; disturbance
of nerve & muscle
responses.

j

j

t

Static field

Strong magnets, MRI

Infinite

15

0 Hz (technically
static fields are not
"radiation")

Magnetic
vertigo/nausea; electric charge on body surface.
-

j

2.4.1BiologicI Effects of Microwave:
The microwave frequency spectrum ranges from 300 MHz-300 GH/ and RE
Radiation from 0.5 MHz - 300 MHz The sources of microwave and Rl; radiation
are Air Traffic Control Systems, Police and Military Radar. Earth to Satellite
Television Broadcast Systems, Long Distance Telephone Equipment. Medical
Diathermy Devices, Cancer Diagnostic &Therapeutic (Hyperthermia) Equipment.
Microwave Ovens, Industrial Applications and Microwave Generators. Th e
standards that limit microwave exposure were set at 0.4 W/kg SAR for occupational
(2
6
and 0.08W/Kg for public exposure (ANSI 1992)
The averaging time for determination of SAR was 6 minutes (NRPB 1993).
The mechanisms of inter action have been described as thermal effects, wth rise in
body/tissue temperature of more than 1C, non thermal effects, with no obvious
increase in body temperature and micro thermal with thermo elastic expansion in
the brain giving rise to microwave hearing effect. Microwaves produce thermal
effects on biological systems at high power levels .The energy absorption at high
power levels probably

leads to nonspecific

stimulation of hypothalamic-

hypophyseal adrenal axis with liberation of corticosterone that causes sequestratio
of cells, an effect by any known stressor. Some of the thermal effects reported
include
(through

cataract formation, foetal abnormalities, decreased thyroid function
hypothalamic- hypophyseal-thyroid axis inhibition), suppression of

behavioral responses, gonadal function and natural killer cell acli\it\. increase in
the number of complement receptor positive cells and increased phagocytic aclivit\
of peritoneal macrophages. At non thermal levels (<0.5C rise in rectal temperature)
stimulation of thyroid, increased susceptibility of the organism to bacterial
infections, decline in neutrophil and complement activity, increased lymphoblastoid
transformation of lymphocytes, abnormalities in the erythrocyte/lymphocyte

16

precursors in bone mar row are some of the reported effects126’.
A number of effects such as increased endogenous opioid activity, increase in
the concentration of benzodiazepine receptors, after an acute (45 min) exposure to
2450-MHz RFR (average whole body SAR 0.6 W/kg) in the cerebral cortex of the
rat, with no significant effect in the hippocampus and cerebellum and adaptation of
the response of the cerebral cortex to repeated RFR exposure (ten 45 min sessions)
were reported by Laietal. They also noted that exposure to RFR resulted in decrease
in high affinity cholinergic uptake in frontal cortex and hippocampus in rats
exposed to 0.6 W/Kg, 2.45 GHz microwaves for 45 mins. Further study showed
that the response depended on the duration of exposure. Shorter exposure time (20
min) actually increased, rather than decreasing the activity. They stated that
different brain areas have different sensitivities to RFR with respect to cholinergic
responses. In addition, repeated exposure could lead to some rather long lasting
changes in the system, the number of acetylcholine receptors increasing or
decreasing after repeated exposure to RFR for 45 min or 20 min sessions
respectively. Increase in single and double strand breaks in DNA have also been
reported by them. Changes in blood brain barrier, neurotransmitter functions,
cellular metabolism, calcium efflux and altered sensitivity to microwaves on
treatment with certain drugs and Alzheimer’s disease in electrical workers are some
of the effects1261.

2.5 Microwave Oven:
A microwave oven heats food by passing microwave radiation through it.
Microwaves are a form of non-ionizing electromagnetic radiation with a frequency
higher than ordinary radio waves but lower than infrared light. Microwave ovens
use frequencies in one of the ISM (industrial, scientific, medical) bands, which are
17

reserved for this use, so they don't interfere with other vital radio services.
Consumer ovens usually use 2.45 gigahertz (GHz)—a wavelength of 12.2
centimeters (4.80 in)—while large industrial/commercial ovens often use 915
megahertz (MHz)—-32.8 centimeters (12.9 in). Water, fat, and other substances in
the food absorb energy from the microwaves in a process called dielectric heating.
Many molecules (such as those of water) are electric dipoles, meaning that they
have a partial positive charge at one end and a partial negative charge at the other,
and therefore rotate as they try to align themselves with the alternating electric field
of the microwaves. Rotating molecules hit other molecules and put them into
motion, thus dispersing energy. This energy, when dispersed as molecular vibration
in solids and liquids (i.e., as both potential energy and kinetic energy of atoms), is
heat. Sometimes, microwave heating is explained as a resonance of water
molecules, but this is incorrect; such resonances occur only at above 1 terahertz
(THz) [13].

Microwave heating is more efficient on liquid water than on frozen water,
where the movement of molecules is more restricted. Dielectric heating of liquid
water is also temperature-dependent: At 0°C, dielectric loss is greatest at a field
frequency of about 10 GHz, and for higher water temperatures at higher field
frequencies

.

Compared to liquid water, microwave heating is less efficient on fats and
sugars (which have a smaller molecular dipole moment). Sugars and triglycerides
(fats and oils) absorb microwaves due to the dipole moments of their hydroxyl
groups or ester groups. However, due to the lower specific heat capacity of fats and
oils and their higher vaporization temperature, they often attain much higher
temperatures inside microwave ovens. This can induce temperatures in oil or very
fatty foods like bacon far above the boiling point of water, and high enough to
induce some browning reactions, much in the manner of conventional broiling or
18

deep fat frying. Foods high in water content and with little oil rarely exceed the
boiling temperature of water[131.
Microwave heating can cause localized thermal runaways in some materials
with low thermal conductivity which also has dielectric constants that increase with
temperature. An example is glass, which can exhibit thermal runaway in a
microwave to the point of melting. Additionally, microwaves can melt certain types
of rocks, producing small quantities of synthetic lava. Some ceramics can also be
melted, and may even become clear upon cooling. Thermal runaway is more typical
of electrically conductive liquids such as salty water11.
A common misconception is that microwave ovens cook food "from the
inside out", meaning from the center of the entire mass of food outwards. This idea
arises from heating behavior seen if an absorbent layer of water lies beneath a less
absorbent dryer layer at the surface of a food; in this case, the deposition of heat
energy inside a food can exceed that on its surface. This can also occur if the inner
layer has a lower heat capacity than the outer layer causing it to reach a higher
temperature, or even if the inner layer is more thermally conductive than the outer
layer making it feel hotter despite having a lower temperature. In most cases,
however, with uniformly structured or reasonably homogenous food item,
microwaves are absorbed in the outer layers of the item at a similar level to that of
the inner layers. Depending on water content, the depth of initial heat deposition
may be several centimeters or more with microwave ovens, in contrast to
broiling/grilling (infrared) or convection heating—methods which deposit heat
thinly at the food surface. Penetration depth of microwaves is dependent on food
composition and the frequency, with lower microwave frequencies (longer
wavelengths) penetrating further1131.
The previous paragraph notwithstanding, the interior of small food items can
reach a higher temperature than the surface because the interior is thermally
19

insulated from the air. It is p o ssib le to burn the inside o f a c o o k ie w h ile the colour

of the exterior does not turn to brown

[ 13 , 1 4 |

2.5.1 Heating efficiency:
A microwave oven converts only part of its electrical input into microwave
energy. An average consumer microwave oven consumes 1100 W of electricity in
producing 700 W of microwave power, an efficiency of 64%. The other 400 W are
dissipated as heat, mostly in the magnetron tube. Additional power is used to
operate the lamps, AC power transformer, magnetron cooling fan, food turntable
motor and the control circuits. Such wasted heat, along with heat from the product
being microwave, is exhausted as warm air through cooling vents

13 |

For cooking or reheating small amounts of food, the microwave oven may
use less energy than a cook stove. Although microwave ovens are touted as the
most efficient appliance, the energy savings are largely due to the reduced heat
mass of the food's container. The amount of energy used to heat food is generally
small compared to total energy usage in typical residences in the United State:s

2.5.2Design:

Fig 2.2 A magnetron with section removed (magnet is not shown)

A microwave oven consists of:
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13 !

• A high voltage power source, commonly a simple transformer or an
electronic power converter, which passes energy to the magnetron
• A high voltage capacitor connected to the magnetron, transformer and via a
diode to the chassis.
• a cavity magnetron, which converts high-voltage electric energy to
microwave radiation
• A magnetron control circuit (usually with a microcontroller)
• A waveguide (to control the direction of the microwaves)
• A metal cooking chamber
The microwave frequencies used in microwave ovens are chosen based on
regulatory and cost constraints. The first is that they should be in one of the
industrial, scientific, and medical (ISM) frequency bands set aside for non
communication purposes. Three additional ISM bands exist in the microwave
frequencies, but are not used for microwave cooking. Two of them are centered on
5.8 GHz and 24.125 GHz, but are not used for microwave cooking because of the
very high cost of power generation at these frequencies. The third, centered on
433.92 MHz, is a narrow band that would require expensive equipment to generate
sufficient power without creating interference outside the band, and is only
available in some countries. For household purposes, 2.45 GHz has the advantage
over 915 MHz in that 915 MHz is only an ISM band in the ITU (International
Telecommunication Union) Region 2 while 2.45 GHz is available worldwide1131.
The cooking chamber prevents the waves from coming out of the oven. The
oven door usually has a window for easy viewing, but the window has a layer of
conductive mesh some distance from the outer panel to maintain the shielding.
Because the size of the perforations in the mesh is much less than the microwaves'
wavelength (12.2cm), most of the microwave radiation cannot pass through the
door, while visible light (with a much shorter wavelength) can 3.
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2.5.3Beneflts and features:
Commercial microwave ovens all use a timer in their standard operating
i.’i
mode; when the timer runs out, the oven turns itself off
Microwave ovens heat food without getting hot themselves. Taking a pot off a
stove, unless it is an induction cook top, leaves a potentially dangerous heating
element or trivet that will stay hot for some time. Likewise, when taking a casserole
out of a conventional oven, one's arms are exposed to the very hot walls of the
13
oven. A microwave oven does not pose this problem
Food and cookware taken out of a microwave oven are rarely much hotter
than 100°C (212°F). Cookware used in a microwave oven is often much cooler than
the food because the cookware is transparent to microwaves; the microwaves heat
the food directly and the cookware is indirectly heated by the food. Food and
cookware from a conventional oven, on the other hand, are the same temperature as
the rest of the oven; a typical cooking temperature is 180°C (356CF). That means
1
3
that conventional stoves and ovens can cause more serious burns
The lower temperature of cooking (the boiling point of water) is a sigmtleant
safety benefit compared to baking in the oven or frying, because it eliminates the
formation of tars and char, which are carcinogenic. Microwave radiation also
penetrates deeper than direct heat, so that the food is heated by its own internal
water content. In contrast, direct heat can fry the surface while the inside is still
cold. Pre-heating the food in a microwave oven before putting it into the grill or pan
reduces the time needed to heat up the food and reduces the formation of
carcinogenic char. Unlike frying and baking, microwaving does not produce acrv 1
amide in potatoes, however unlike deep-frying; it is of only limited effectiveness in
reducing glycoalkaloid (i.e. solanine) levels. Acryl amide has been found in other
microwaved products like popcorn

131
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2.5.4Microwave Oven Safety Standard:
The Food and Drug Administration (FDA) has the responsibility for carrying
out an electronic product radiation control program mandated by the Electronic
Product Radiation Control provisions of the Food Drug and Cosmetic Act. Through
its Center for Devices and Radiological Health, FDA sets and enforces standards of
performance for electronic products to assure that radiation emissions do not pose a
hazard to public health

[ 14]

A Federal standard limits the amount of microwaves that can leak from an
oven throughout its lifetime to 5 milliwatts (mW) of microwave radiation per
square centimeter at approximately 2 inches from the oven surface. This limit is far
below the level known to harm people. Microwave energy also decreases
dramatically as you move away from the source of radiation. A measurement made
20 inches from an oven would be approximately one one-hundredth of the value
measured at 2 inches l4].
The standard also requires all ovens to have two independent interlock
systems that stop the production of microwaves the moment the latch is released or
the door opened. In addition, a monitoring system stops oven operation in case one
or both of the interlock systems fail. The noise that many ovens continue to make
after the door is open is usually the fan. The noise does not mean that microwaves
are being produced. There is no residual radiation remaining after microwave
production has stopped. In this regard a microwave oven is much like an electric
light that stops glowing when it is turned off

[ 14]

All ovens must have a label stating that they meet the safety standard. In addition,
FDA requires that all ovens have a label explaining precautions for use. This
requirement may be dropped if the manufacturer has proven that the oven will not
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exceed the allowable leakage limit even if used under the conditions cautioned
against on the label ,4].
To make sure the standard is met, FDA tests microwave ovens in its own
laboratory. FDA also evaluates manufacturers' radiation testing and quality control
programs at their factories14.
Although FDA believes the standard assures that microwave ovens do not
present any radiation hazard, the Agency continues to reassess its adequacy as new
information becomes available 1 .

2.5.5Microwave Ovens and Health:
Much research is under way on microwaves and how they might affect the
human body. It is known that microwave radiation can heat body tissue the same
way it heats food. Exposure to high levels of microwaves can cause a painful burn.
The lens of the eye is particularly sensitive to intense heat, and exposure to high
levels of microwaves can cause cataracts. Likewise, the testes are very sensitive to
changes in temperature. Accidental exposure to high levels of microwave energy
can alter or kill sperm, producing temporary sterility. But these types of injuries bums, cataracts, temporary sterility - can only be caused by exposure to large
amounts of microwave radiation, much more than the 5mW limit for microwave
oven leakage

[ 14]

Less is known about what happens to people exposed to low levels of
microwaves. Controlled, long-term studies involving large numbers of people have
not been conducted to assess the impact of low level microwave energy on humans.
Much research has been done with experimental animals, but it is difficult to
translate the effects of microwaves on animals to possible effects on humans. For
one thing, there are differences in the way animals and humans absorb microwaves
24

4. For another, experimental conditions can't exactly simulate the conditions under
which people use microwave ovens. However, these studies do help us better
understand the possible effects of radiation[l4].
The facts that many scientific questions about exposure to low-levels of
microwaves are not yet answered require FDA to continue to enforcement of
radiation protection requirements. Consumers should take certain common sense
precautions1141.

2.5.6 Have Radiation Injuries Resulted from Microwave Ovens?
There have been allegations of radiation injury from microwave ovens, but
none as a direct result of microwave exposure. The injuries known to FDA have
been injuries that could have happened with any oven or cooking surface. For
example, many people have been burned by the hot food, splattering grease, or
steam from food cooked in a microwave oven 14.

2.5.7 Ovens and Pacemakers:
At one time there was concern that leakage from microwave ovens could
interfere with certain electronic cardiac pacemakers. Similar concerns were raised
about pacemaker interference from electric shavers, auto ignition systems, and other
electronic products. FDA does not specifically require microwave ovens to carry
warnings for people with pacemakers. The problem has been largely resolved
because pacemakers are now designed to be shielded against such electrical
interference. However, patients with pacemakers may wish to consult their
physicians if they have concerns 4
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2.5.8 ICNIRP:

ICNIRP is the International Commission on Non-Ionizing Radiation
Protection. It is a publicly funded body of independent scientific experts consisting
of a main Commission of 14 members, its Scientific Expert Group and its Project
Groups. The expertise is brought to bear on addressing the important issues of
possible adverse effects on human health of exposure to non-ionizing radiation *151.
ICNIRP's principal aim is to disseminate information and advice on the
potential health hazards of exposure to non-ionizing radiation to everyone with an
interest in the subject. ICNIRP's information and advice covers all of the non
ionizing radiations including, the optical radiations (ultraviolet, visible and infrared
- and lasers), static and time-varying electric and magnetic fields and
radiofrequency (including microwave) radiation, and ultrasound. Much of the
information that ICNIRP provides is published in the form of scientific reviews
and reports and the proceedings of scientific meetings. The results of these reviews
combined with risk assessments carried out in collaboration with the World Health
Organization, WHO, result in the publication by ICNIRP of Exposure Guidelines.
Examples of these are guidelines limiting exposure to electromagnetic fields, to
laser radiation, to ultraviolet radiation, to incoherent optical radiation and to
ultrasound

[15]

2.5.9 General:
The EMF (Electromagnetic Fields) is widely used to express the exposure of
humans to electromagnetic fields. The exposure to EMF covers a wide frequency
range (0 Hz - 300 GHz). EMF is sometimes known as electromagnetic radiation
(EMR) or electromagnetic energy (EME)ll6J.
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Electric and magnetic fields are part of the spectrum of electromagnetic
energy which extends from static electric and magnetic fields, mains power
frequencies (50/60Hz) through radiofrequency, infrared, and visible light1l6J.
WPC Qi (Wireless Power Consortium - The global standard for wireless
charging) products are using electromagnetic waves within the marked non
ionizing area of the electromagnetic spectrum 6.
Electromagnetic fields are also created in any electrical appliance, including
many in daily use such as microwave oven, refrigerators, hairdryers and computers
[ 16]

Many electrical appliances don’t just create electromagnetic fields - they are
functional for them to work in a proper way. Electrical toothbrushes, rechargeable
remote controls and many other appliances are using EM fields. So do wireless
chargers such as those certified by the WPC 16.

2.6. Applicable limits:
Depending on the region where the product will be placed on the market, the
basic restrictions of the general public of either IEEE C95.1 2005, ICNIRP 1998 (0
Hz - 300 GHz) or ICNIRP 2010 (0 Hz - 100 kHz) are applicable. It is the
responsibility of the manufacturers to ensure that they are using the correct version
of the limit sets as specified by national authorities 6.

2.6.1 ICNIRP exposure limits:
In order to protect against any known health effects, the independent
scientific committee (ICNIRP) has published guidelines (exposure limits) for a
maximum exposure. These guidelines consist of the publications from 1998 (0 Hz300 GHz) and 2010 (0 Hz- 100 kHz). They are based on an extensive number of
related scientific publications, evaluated by the authors of the ICNIRP committee
27

and have been reviewed up to today by more than 35 national expert
committees 161.
ICNIRP states that: “There is no substantive evidence that adverse health
effects can occur in people exposed to levels at or below the ICNIRP limits" The
ICNRIP guidelines include basic restrictions for “occupational exposure" and for
“general public exposure”, see tables below. The limits for the general public are
applicable for consumer applications 16.
Reference levels are provided for practical exposure assessment purposes to
determine whether the basic restrictions are likely to be exceeded see tables below.
Compliance with the reference level will ensure compliance with the relevant basic
restriction. If the measured or calculated value exceeds the reference level, it does
not necessarily follow that the basic restriction will be exceeded. However,
whenever a reference level is exceeded it is necessary to test compliance with the
relevant basic restriction 1 .

28

2.6.2 ICNIRP Guidelines 1998127':
Basic restrictions for exposure between 0 Hz and 300 GHz.

Table (2.2): shows basic restriction for time varying electric and magnetic field S
for frequencies up to 10GHz.
Exposure
characteristics

O ccupational
! Exposure

i
i

1

!

!
i
i
!i
G e n e ra l p u b l i c
exposure

!
i

Frequency
range

Up to 1Hz
1Hz-4 Hz
4H z-lK H z
1KHzlOOKHz
100kHz10MHz
10MHz10GHz
Up to 1Hz
1Hz-4 Hz
4Hz-l HKz
1KHzlOOKHz
100kHz10MHz
10MHz10GHz

C u rren t density
for head and
tru n k (mA in ')
(rnis)
40
40/f
10
f/100
17100

W hole-body Localized
average
SAR(head
SARCWkg'1) and trunk)
(W kg*1)
—

>>

---------■— ------------------ -—

—---------------- ■—

r

»

- - - - ' —--- - —

——-------------------------- 4— —

Localized
SAR
(limbs)
(W kg'1)
--------- — -------------

™ ---------- ------------------------— •• •

i
0.4

1

10

0.4

1

10

8
8/f
2
17500

20
1

20

j

-

. ..

|

0.08

f/500

;

,

2

|

0.08

f is the frequency in Hz.
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Reference levels for exposure between 0 Hz and 300 GHz
Table (2.3): Shows reference levels for general public exposure to time varying
electric and magnetic field (unperturbed rms v alu es)._____________________
Frequency range E-field
H-field
B-field (p T) Equivalent plane
strength
strength
wave power
(V m 1)
density Scq
(A m’1)
(W m 2)

1

Up to 1Hz
lHz-8Hz
8Hz-25Hz
0.025-0.8KHz
0.8-3KHz
3-150MHz
0.15-lMHz
1-10MHz
10-400MHz
400-2000MHz
2-300GHz

OO

10,000
10,000
250/f
250/f
87
87
28
1.375/f2
61

3.2xl04
3.2xl04/f
4.000/f
4/f
5
5
0.73/f
0.73/f
0.073
0.0037/f2
0.16

4 x l0 4
4x 104/f
5.000/f
5/f
6.25
6.25
0.92/f
0.92/f
0.092
0.0046C
0.20

'

2
f/200
10

2.6.3 ICNIRP Guidelines 2010 ((0 -1 0 0 ) kHz):
Basic restrictions for exposure between 0 Hz and 100 kHz
Table (2.4): shows basic restrictions for human exposure to time varying electric
and magnetic field.____________________________________________________ ^
Internal electric field(V m'1)
Exposure characteristic Frequency range
Occupational exposure CNS
tissue of the head

All tissue of head and body
General public exposure
CNS tissue of the head

All tissue of head and body

1-10 Hz
10 -25 Hz
25 -400 Hz
400 -3 KHz
3 KHz-10 MHz
1Hz - 3KHz
3 KHz- 10MHz
1-10 Hz
10-25 Hz
25Hz -1000Hz
1000Hz -3KHz
3 KHz -10MHz
1Hz- 3KHz
3 KHz- 10MHz

0.5/f
0.05
2 x 1 0 'T
0.8
________________
_____________ |
2. 7x10_4f
1
0.8
1
2.7x10'4f
0.1/f
0.01
'
4x 10'4f
_
0.4
1.35xl0"4f
0.4
'
1.35xl0"4f
_

CNS is the Central Nervous System
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Reference levels for general public exposure between 0 Hz and 100 kHz
Table (2.5): Shows reference levels for general public exposure to time varying
electric and magnetic field (unperturbed rms values)
Frequency range
lHz-8Hz
8Hz- 25Hz
25Hz-50Hz
50Hz-400Hz
400Hz-3KHz
3KHz-10MHz

E-field strength Magnetic field
strength H (A m'1)
E(K V m'1)
3.2xl04/f2
5
5
4xl03/f
5
1.6xl02
1.6xl02
2.5x102/f
1
6.4x104/f
2.5x102/f
8.3x10^
21

Magnetic flux
density B (T)
4x 10‘2/f2
5xl0'3/f
2x10'4
2x10~4
8x 10_2/f
2.7xl0'5

Reference levels for occupational exposure between 0 Hz and 100 kHz
Table (2.6): Shows reference levels for general occupational exposure to time
varying electric and magnetic field (unperturbed rms values)
Frequency range
1Hz -8 Hz
8Hz-25Hz
25Hz-300Hz
300Hz-3KHz
3KHz-10MHz

E-field strength
E (K V m'1)

Magnetic field
strength H (A m'1)

20
20
5x102/f
5xK )7f
1.7xl0"‘

1.63x105/f2
2 x l0 4/f
8x10"
2.4x10'Vf
80
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Magnetic flux
density B (T)
0.2/f2
2.5x10 7t'2
1x10 3
0.3/f
1x 10'4

1

2.7 IEEE (Institute of Electrical and Electronics Engineers) exposure limits:
Basic restrictions induced electric field applying to different parts of the
body.
Table (2.7): shows the restrictions for human exposure to induced electric field
applying to different part of the body

Exposed tissue
Brain
Heart
Extremities
Other tissue

Fe(Hz)
20
167
3350
3350

Action level

Persons in controlled
environment

E0 (rms) (V/m)
5.89x10J
0.943
2.10
0.701

E0 (rms) (V/m)
1.77xl0~2
0.943
2.10
2.10

EO is the rheobase in situ field (lower current in region field).
Fe is the frequency parameter.

Basic restrictions Specific Absorption Rate (SAR) for frequencies
between 100 kHz and 3 GHz
Table (2.8): Shows the restrictions for human (SAR) for frequencies (100kHz3GHz)
Action level
SARb (W/kg)
Whole-body
exposure
Localized
exposure
Localized
exposure

Whole-Body
Average(WBA)
Localized
(peak specialaverage)
Extremitiesd and
pinnae

Persons in controlled
environments SARc(W/kg)

0.08

0.4

2l

ioc

i

l

1
i

J

4e

C is the averaged over any lOg of tissue (defined as tissue volume in the shape of
cube).
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Maximum permissible exposure (MPE) for exposure to head and torso
between 3 kHz and 5 MHz
Table (2.9): shows the (MPE) for exposure to head and torso in range (3 kHz5MHz)
Frequency range(KHz)

Action level

Persons in Controlled
environments

Brms (mT)

Hrms (A/m)

Brms (mT)

Hnns (A/m)
!

0.3-3.35
3.35-5000

0.687/f
205

547/f
163

206/f
0.615

1640/f
490

Maximum permissible exposure (MPE) for exposure to limbs between 3
kHz and 5 MHz.
Table (2.10): shows the (MPE) for exposure to limbs in range (3kHz-5 MHz)
Frequency range
(KHz)

0.3-3.35
3.35-5000

Action level

Brms (mT)
3.79/f
1.13

Persons in Controlled
environments
Hrms (A/m)
316/f
900
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Brms (mT)
3.79/f
1.13

Hrms (A/m)
316/f
900

|

Chapter Three
Experimental setup
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In this chapter, experimental setup was described briefly; power density
2

(W/m ), magnetic field (mA/m), and signal strength (dBm) of microwave oven was
measured using detector (SPECTRAN HF-6080).
Different modes of microwave oven were switched on and the previous
parameter was measured for different distance (from 0 cm to 100 cm).

3.1 SPECTRAN High Frequency (HF-6080):
The SPECTRAN HF-6080

is used measurement of electric and magnetic

fields while making it easy to use and understand. Find radiation sources in our
surroundings, as well as find their respective frequencies and signal strengths,
including direct display of exposure limits

.

There are three ways to use the SPECTRAN High Frequency;
• Single hand operation with the SMA rod antenna
• Handling with two hands using the HypeLog antenna
• Single hand use with attached HyperLog antenna
In this study the second way has been used, it is the quickest and easiest way it
is using the small included SMA rod antenna.

3.1.1Operation Mode of HF-6080:
The operation functions of SPECTRAN HF-6080 are summarized by a
diagram shown below.
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1

Fig (3.2): Operation functions of SPECTRN (HF-6080)

1. Numeric block (Hotkeys)
(1) =Scan 0-1 GHz
(2) =Scan 1-2 GHz
(3) =Scan 2-3 GHz
(4) =Scan 3-4 GHz
(5) =Scan 4-5 GHz
(6) =Scan WLan (2,4GHz)
(7) =Scan GSM900 (D1 & D2 Cell towers, no cellphones!)
(8) =Scan GSM 1800 (E-Plus Cell towers, no cellphones!)
(9) =Scan UMTS (UMTS cell towers, no cellphones!
(0)=DECT-Analyser (Measure DECT phones)
2. On-/off button
Turn the unit on/of
3. Clear-/Reset key
1. ) ESCAPE key: Reset all hot keys to default settings.
2. ) With main menu active: Delete input.
4. Arrow keys
1. ) With main menu active: Selection of menu entries
2. ) In Spectrum analysis mode:
36

Right/Left keys: Move frequency range by one SPAN.
Up/Down keys: Move Reference-Level by lOdB
3. ) In Exposure limit calculation mode:
1. ) Right/Left key: Select Exposure limits or W/m2-Display.
4. ) In Audio mode:
2. ) Right/Left key: Increase/decrease Centerfrequency by one RBW.
3. ) Up/Down key: Increase/decrease RBW (bandwidth).
5. Dot-key
1. ) In Spectrum & Exposure limit calculation modes: HOLD on/off.
2. ) In Audio mode: Switch between AM / FM
6. Shift-key
In Spectrum & Exposure limit calculation modes: PULSE on/off.
7. Enter-key
1.

) Switches between the operation modes spectrum analysis, audio,

Exposure limits calculation and broadband detector (power-meter).
2. ) With main menu active: Confirms current input (ENTER-key)
8. Menu-key
Call/Dismiss Main menu for changing various settings [18].
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Chapter Four
Results, Analysis and Discussion

This chapter represents the results obtained from different mode of
microwave oven (Galanz-P70B2OP).
Magnetic field, signal strength and power density were measured at different
distances ,the following tables below show the corresponding values for the
different mode of microwave oven.
Table (4.1): shows the data when the microwave oven at low mode
Distance( cm)
0
10
20
30
40
50

100

Power density
( n W/m2)
45
33.53
9.07
6.48
6.92
22.04
3.78

Magneticfield
( mA/m)
0.011

Signal strength
(dBm)
-58
-59
-62
-61
-67
-69
-6 9

0.009
0.005
0.004
0.003
0.002
0.001

,

Table (4.2): shows the data when the microwave oven at med mode
^

Distance (cm )
0
10
20
30
40
50
100

Power density
(n W/m2)

Magnetic field
(mA/m)

5290
2450
2340
506.73
427
272.77
73.41

0.118
0.0865
0.08
0.037
0.034
0.027
0.016
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Signal strength
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Table (4.3): shows the data when the microwave oven at high mode
—
Signal strength
Distance ( c m )
Power density
Magnetic field
(mA/m)
(nW/m2)
(dBm)
\
j

0
10
20
30
40
50
100

0.744
0.322
0.045
0.048
0.052
0.05
0.126

208000
39030
780.01
877.50
930
936
6010
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Fig (4 .1): The relation between Power Density and Distance when the Microwave oven at low
mode, Med mode and High mode
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Magnetic field [mA/m]

Distance [cm]

Fig (4.2): The relation between magnetic field and Distance when the Microwave oven at Low
mode, Med mode and High mode

From tables ((4.1), (4.2) and (4.3)) and figures ((4.1) and (4 2))Shovv a
decrease in the power density magnetic field and signal strength with the increase
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of the distance away from the microwave oven was placed. But in some cases there
are increasing in power density and magnetic field with the increasing of distance
and this is due to the electric field from surroundings.
The range of our results of power density is (3.78-208000) nW/m2 and
magnetic field is (0.001-0.744) mA/m.
This results show that the power density and magnetic field were below the
Inter National Commission for Non Ionizing Radiation Protection (ICNIRP)
exposure limits.
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Chapter Five
Conclusion and Recommendation

5.1 Conclusion:
The subject matter of the present research is assessment of radiation emitted
from microwave oven. We measured the power density (W/m2), magnetic field
(mA/m) and signal strength for different modes of microwave oven by using
SPECTRAN (HF6080); the measurements have been recorded from different
distances (0-100) cm .Generally we noticed that the power density and the
magnetic field decrease when the distance increases.
We notice that the power density and the magnetic field for the different
mode of microwave oven record higher values at high mode.
The values of the power density and magnetic field are well below the
values set by the International Commission for non Ionizing Radiation Protection
(ICNIRP)

5.2 Recommendations:
• Donot use the Microwave ovens for long time, just when it is necessary.
• Microwave oven may harm body (eye and skin) as side effect, avoid this by
keeping long distance between the user and the Microwave oven.
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