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RADIATION rnort:CTION srF.ClAL STUDY rm. 42-053-71 
Ml CHOWAVE OVEN lflSTRUMEfJTAT 1or~ 

IMRDA f-ODCL 8200 

AU!iTIV\CT 

-------------·--· 

The Information contained In thl,;, study of the Narda Model 8200, 
Radiation Monitor, "Mlnl•Survoyor" was obtained by field rreasurerrents 
and laboratory studlo!J, The lnstrum:intatlon design makes it suitable 
for safo use by persorino I In ll'O0Surornent of mi crow ave leakage emanating 
from a ml crowave ovon.. When propor I y used the instrumentation accuracy 
and the variations In readings duo to field perturbations are within 
accept ab I e 11 ml ts. Tito Modo I 8200 w I th Antenna Probe Mode I 8221 w i I I f provide adequate covora~o of al I proposed and current microwave leakage 
measurement standards. Tho antonno probes are subject to burn out when . Inserted Into a high powor density field, therefore, proper use of the 
Instrument Is essentlal, 
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DEPARTMENT OF THE ARMY 
U.S. ARMY ENVIRONMENTAL HYGIE~"' 4GENCY 

OFFICE OF THE COMMANDER 
EDGEWOOD ARSENAL, MARYLAND 21010 

RADIATION PROTECTION SPECIAL STUUY rlO. 42-05.3-71 
MICROWAVE OVEN INSTRUMENTATION 

NAHDA 1-00EL 8200 

I. HEFERENCES. 

a. Letter, MELJPS-PO, OTSG, to Executive Ulrector, Army and Air 
Force Exchange Service, 9 Aprl I 1970. 

b. DF, MECf>S-P, OTSG, subject: Survel I lance of Microwave Cooking 
Ovens and Food Venoing Services, 8 June !970, with lnclosed lettor from 
USAMC, 27 May 1970. 

c. Federal Register, pages 7901-7902, Volume 35, !lo, 100, 22 May 
1970, subject: Proposed Federal Performance Standard. 

2. PURPOSE. To evaluate the Narda Model 8200, Radiation Monitor "Mini• 
Surveyor" and Its suitabl I lty as an Instrument tor r.ieasurlng leakage 
emanating from a microwave CC\Oking oven. 

3. BACKGROUND~ 

l 
' 1 
' I 
·l 
I 

a. Accurate measurement of .electromagnetic radiation leakage emanating 
from a micr-.,wave cooking ove,; required the development of a rrore sophisti­
cated instrument th-Jn was currently aval lab le. The prob lorns assoc I ated 
w I th close-in rreasurelll8nts of microwave energy be I n<J transml tted th rough 

. -~-
a smal I slot-like opening, such as that located aroJnd the periphery of 
the oven door sea I , emphasized tile need .. for I nstrurn.:ntat I on· w I th a · 
recelvi ng antenna which has a smal I sampl fng nrea and an anten.na probe 
which would produce minimal disturbance· when lnsert-ed in tho field to be 
measured. The accuracies requl red In these rroasurements dictated that 
the small sampling probe be maintained at a mlnimumdlstanco of one half 
wavelength from the sourco to avoid errors Induced in the readings by 
the near fie Id react i vo torms. 

b. Several instruments have been developed to allegedly meet the 
requirement of near field rreasurements in the vicinity ot a microwave 
cooking oven. The major I ty of these I nstrurrents did not exh I b It the 
requl red accuracy and/or re Ii ab i 11 ty necessary. for these rroasurements. 
One of the instruments developed which did contain the essontlaf p:ararroters 
necessary for oven measurerrents Is the Narda Mode I 8100, E loctroma.gnoti c 
Radiation Survey Meter. This unit ls completely acceptable for measure• 
rronts in the near field as wet I as the far. +lold. However, the complex·. 
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operation and proper uso of this lnstrumont and its relative high cost 
preventod It from being gonerally acce·~ed as a field survey instrument. 
Tho Narda Microwave Corporation has developed asimilar instrument, 
Narda Model 8200, "Mini-Surveyor", which provid~s essentially the same 
capability as the Model 8100but is rrore of a field type unit. The 
Model 8200 Is discussed furthor throughout this report. 

c. The Model 8200~ "Mini-Surveyor", has been evaluated as to its 
capabl llty In measuring microwave leakage emanating from a microwave 
cooking oven. Because of time limitation and the availability of the 
Instrument, only a cursory analysis was performed and then only one 
such unit was available for test. 

d. Included with this Instrument Is a foamed, polyethylene spacer 
two Inches long. This spacer Is to be fitted on the end of the probe 
to maintain a distance of two Inches betwcnn oven leakage area and 
antenna element throughout the oven measurements. 

4. FINDINGS. 

a. The Narda, Model 8200, Radiation Monitor ls a smal I, lightweight 
Instrument which appears to be quite suitable for measuring leakage 

-e~:anatlng from a microwave cooking oven. Its size and construction 
provides ease of handling for field personnel while measuring microwave 
leakage without such personnel _bei~g subjected to the radiated- field. 

b. The metering unit contains three controls which does sir.ipl ify 
Its operation. Incorporated In one switch is the unit on-off and 
battery tost positl~ns, a second switch contains two rcnge multi pl icatlon 
positions, XI.0 and XI0 positions. The third control is the iretering 
zero adjust knob. 

c. A ~rlef outttno of the Model 8200 specifications is as fol lows: 

( I) Calibration frequency - 2450 Mlz 

(2) Power reading ran~es - Full scale: 

l 10 rrlll/cm2 and 100 rrwl/cm2 w l th probe Mode I 8223 
2 rrl.~/cm2 and 20 rrl,l/cm2 with probe Model 8221 

(3) Accurilcy of p robn ca 11 brat ion - + I dB 

(4) Probo ·rime constant - 0.5 seconds 

(5) Accuracy of ln~trumontation - .!. 3~ ful I scale 

·- •• :~,+" .. ,, ,' 
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(6) Probe ovorl oad rat Ing - 300 rrt,1/ crn2 w I th t-1odo I 13223 
40 rttl I crrf- w I th ! loclo I 8221 

(7) 11ater scoles - Linear scale, marked O to 2 and O to 10 

(a) Oattery - 9 volt (tronslstor radio typo) 

(9) SI ze - Probe: 
Motor: 
Coble: 

\ta I ght: 

II i nchos long, 3/4 Inch di orotor 
I 3/4 inches X 4 5/~ incho~ X 2 5/8 
Col led - 6 Inches Ion!) col I 
Uncollod - 43 inches long coll 

Motor and Probo - I. 3 pounds 

Inches 

d. · The Modol 0200 Is cal lbrotod to accur.itoly r:-cosuro only that 
microwave radlotlon being transm_ltted at tho frequency of 2450 MHz. 
Although thero are two predominant frequencies utlllzod for microwave 
cooking ovens, 2450 MHz and 915 t+lz, tho slnglo opor.itlng frequency of 
th:s lnstrurrent does not degrade Its ovoral I accootonco os an oven test 
instrument. Thora Is currently only one manufacturer producing ovens 
which operate at 915 MHz and these are of limited quantity In the Arrmt. 

e. The limited tests perforrred on the unit i,vallable Indicated that 
it was Vftry duroblo. The lnstrurrent was capable of being transported 
and handled easily and stl II maintain Its cal lbratlon. During tho 
conduct of theso tests the Instrument was compared to the other acceptable 
lnstrurrents In a tleld testing envlronrrent. f~twoen 25-30 ovens were 
tested and ;he Model 8200 did not differ from othor lnstrurrentatlon in 
their readings by rrore than I dU. The difference In ro.idlngs was well 
within the accuracy of the instrumentation omployed. <{ 

f. Tests were also conducted to determine wh.it effect placing the 
hand on the probe would have on the reading. Those tests were conducted 
with the probe In a fixed position, rreasurorrent!i wero mado with the hand 
on and off the probe. Results of these tests polntod out that as long 
as tho hand was placed on tho grip provided, tho variations In readings 
were within accoptable limits, less thani a few porcont. \!'/hen the 
body was Inserted In the tleld or when the hand.w,1s placed off the grip 
end o:f the probe, perturbation of the field resultod thereby producing 
erratic readings. 

5. DISCUSS ION. 

a. To avoid Interference of near field reactive terms and to stan­
dardize the leakage measuring process a probe distance of 5 cm (two 
Inches) has been established. In addition the size or quantity of load 
to be Inserted Into the oven cavl ty during these rooasurerrents must be 
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determined. The load should consist of an electrically nonconductive 
container of water. The quantity of water varies depending upon the 
rf power being transmitted Into the oven cavity. The greater the number of rf generating tubes (magnetron tubes) tne greater the power level. For an oven power level of IOOO watts or less, 100 mi 11 i Ii ters of water are required; botween IOOO and 2000 watts, 200 mi 11 i Ii ters are required. With further Increase In power groater quantities of water would be required. The oven should not tie testod with the.cavity empty. 

b. lne present criter_la for microwave cooking ovens Is to have the purchaser place in the procureme,·,t contract the requirement that the maximum level of microwave leakage acceptable from a new oven delivered to the place of instal latlon Is to bo 1.0 mW/cm2, rreasured at a distance of two Inches from the oven.door seal area. Also, throushout the oven's warranty period the level of leakage must be los!. than 10 m\-J/c~ measured at the same distance. According to the proposed Federal Performance Standard for Microwave Ovens (publlshod In tho Federal l<e(Jister, pages 7901-7902, Volume 35, ~Jo. 100, 22 May 1970) al I ovens manufactured after July 1971 wi 11 require leaka!1o love Is to bo loss than 1.0 mi·l/crr-.2 measured pr'ior to sale to a purchaser and, thoreaftor 5.0 m\i/cm2 at any point five. centimeters (two inches) or rore fror., tho external surface of the oven. 

c. The Model 8200 antenna probes employ Identical characreristics and accuracies as thos:? utilized 1·iith the J,locJol (HOO. ThH antennu probes are subject to burn out when inserted i-nto a hi!Jh power density field, the field could be emanating from an oven or other microwave generating sources, such as radar units. Thereforo, careful handling und proper use of the Instrument is recommended to rmintain tho unit In aood operating condl tlon. The two probes, :-lode Is 0221 dnd 8223 provide coverage to measure power densities from O to 100 rrit1/cm2 nccording ro the ranqes 0-2 rnll/cm2, 0-20 m\·l/c~ (Model 6221) and 0-10 r,·i,.1/cm2, 0-100 ~i/cm'2. n-lodel 8223). The three standards 1.0 m\v/crn2 (new ovens), 5.0 rr'.11/cm2. (proposed rejection level by Federal specifications) and 10 mVl/cm2 (current rejection level, US Army) are all covered by tho Model 8221 probe and within that portion of the metering scalo which is rrost accurato. The Model 8223 probe does not provide any add I tional ossentl a I Information in testing mlcrowavo ovens since knowing the exact arount of l'eakage which exceeds the 10 m:·1/c~ level is not necessary. The 0-20 rrii'J/crnL range of the Model 8221 wi I I indicate wllen 10. rrwJ/cm2 is exceeded. 

6. OONCLUSIONS. If this instrument Is +o be considered tor field use In 8\'Jluatlng microwave cooking ovens, there are several factors which should be considered prior to procurermnt tor routine use: 
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a. Personnel s~ould bo instructed on its proper use to prevent damage to the probes and provide as accurate a reading as possible. 

b. The field Instrument should consist of the metering unit, a two inch spacer and two Mode I 8221 probes. The addi ti ona I r~ode I 8221 probe should be obtained In place of tho Model 8223 probe to provide back-up in the event dam.:i!JO occurs to one probe or there is a question concern­ing the probe 1 s accuracy. 

c. A calibration program should be established where tho Instrument accuracy Is determined periodically. 

APPRJVED: 

r,' / •,•. /"'i / l. . 
,~-?-fl.,!-t,tt ,(;' lf · 1.-:,t.·,, .... ,.~., .... o 

WILLIAM A. PALMISANO 
Chief, Laser-Microwave Division 

~~~-
M~ MSC 

· Director, Radiation Services 

~ R. ::(°4t1 
JOHtl R. TAYLOR 
Electronic Engineer 
Laser-Mic row ave Division 
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