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Abstract—The state-of-the art of detection and measurements of non-ionizing
radiations are reviewed in relation to protection requirements, especially for electro-
magnetic and ultraviolet radiations. Dosimetric quantities, instruments and conside-
rations needed for measurement are briefly explained. For electromagnetic radiation,
the power density levels from various practical sources are summarized for reference
uses. Large errors remain in the measurements of non-ionizinf radiations in general.
Technical needs of development in measurement and dosimetry of non-ionizing ra-
diations, therefore, are promissing when the increasing public concerns about the
adverse health effects of non-ionizing radiations and proliferation of their uses are
taken into account.
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Table 1. Dosimetric Quantities for Electromagnetic
Waves

Quantities Symbol Unit  Definition

External

Electric field E V/m E=F/q

Magnetic field H A/m H=B/u

Radiate power P W

Power density S W/m?

Poyinting vector S W/m? S=EXH
Internal

Absorbed power P W/kg  P=oFE?

Specific Absorption SAR  W/kg

rate

q + electric charge G . antenna gain d . distance u - permeabi-
lity o . permittivity
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Fig.1 (a) A dipole antenna for electric field measurement (b) A closed-loop antenna for mag-
Z

netic field measurement.
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H=\/H+ H + H?

Vi

E=VE+E+E l
V, = LE,
Fig.2 Three mutually orthogonal elements for isotropic response (a) for electric field (b) for magnetic
field[9].
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Fig.3 Frequency dependency of the dielectric cons-
tant of a simalated tissue. The dielectric constant is
given by e=g/(e’-i € ).
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Fig.4 A multi-channel analyzer consisting of a set of narrow bandpass filters, each tuned

to a different frequency[9].
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Table 2. Characteristics of practical radiofrequency fields.
RF Sources Frequency Power Exposure Measure Remarks
AM radio 535-1095 kHz 250W-50kW kW 10V/m @ 50m E-FSM Broadcast
10kW : 10V/m @ 110 m
FM radio 83-108MHz 10W-100kW F-FSNM Broadcast
VHF&UHF Ch2-6 : 54-88MHz 10-100kw Narrow v
Ch7-13:174-88MHz  316kW band of
Ch1469 : 47088MHz 5MW video
Microwave 1-40GHz 100mW- Isotropic
radio A0W EFM
SATCOM 100MHZ- afew 10s W Isotropic
275GHz kW/chan. (a few 10s pW/cm?) E-FSM
Hand-held 2750MH transceiv . <10W  E~ 200V/m Tsotropic Radio
radio& 40-60MHz cordless : {IW @ a few em EHFSM  Cordless phone
cordless 800-900MHz cellular : 0O6W  Peak SAR(1 Wkg Cellular phone
cellular 150-170MHz transport : <35W
phone 450-512MHz
2TMHz(CB)
Mobile 27-50, 150-170, 3a few 100s W S~ IMw/an’*@1m Isotropic  Vehicle mounted
radio 450-512, 800-900
MH;
Diathermy 1356, 27.12MHz 50-200W >10mW/cm?@60cm Isotropic ~ Medical heat
equipment (short wave) EFSM therapy
2450MHz higher power  {10mW/cm’@1m
(micrwave) ,
Electro- 05-24MHz No intentional ~ E=some 100s V/m Special Strong EMI
surgical/ H)01 A/m@30cm SM
cautery from knife
unit
Hyperthermia 1356, 27.12, 433, 25W(interstitial ~ small applicator Isotropic
equipment 915, 2450MHz applicator) $10mWem?@ 10cm E-HFSM
(fixed) 2kw(regional regional hearter
1-1000MHz(varia.) heater) S 10mW/cm?
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Table 2. (continued)
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RF Sources Frequency Power Exposure Measure Remarks
MRI 1-100MHz, pulsed ~100W 04W/kg peak [sotropic
Static. Hefeld : (10kW peak)  average SAR for E-HFSM
0.1-10 T/s 6 min
Magnetic : 012 T/s Gauss metr
Radar 1 GHz 40-80kW, pulsed Time averag
(300MHz excep) (rms~ 80W) FSM
Police: 1052, 2415, 100mW{(35mW typ,) S{ImW/cm? Isotropic
sports 35GHz @30cm FSM
radar
Industrial 915, 2450MHz over 1kW S1mW/em® Isotropic
microwave @shield surface EFM
heater
RF induction 60Hz8MHz J00W-5000kW 11.3-11300V%/m® Broadband
heater 001-300A%/m* isotropic
(work area) RF SM)
RF dielectric 3100MHz 05-1000kW E © 0001-1500V/m Broadband
heater H: 001-654/m isotropic
RF SM
Anti-thief VLF, LF, HF a few mW {01 mW/em*@5m Broadband
devices may accompany LF100V/m microwave
microwaves (harmless) BSM
Microwave 105GHz Q0w AmW/em? Isotropic
intrusion microwave
alarm ESM
Microwave 915-2450MHz 600W-somekW {01 mW/a*e Special SM
oven user location for oven
VDT No intentional No intentional  E<50 V/m Displacement
15200kHz total input¢100W  H(05 A/m current sensor

ERP . Effective Radiate Power[W] EMI :
Communication 7 :
antenna aperture area[m?]
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antenna aperture/reflector efficiency P : antenna input power[W] r:

Electromagnetic Interference FSM : Field Surveymeter SATCOM . Satellite

distance from antennalm] A :
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Fig.5 Variation in power density near a source. In
the far-field, the power density decreases with the
square of the distance from the source.
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Fig.6 Response of diazochrome film to UV radia-
tions.
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