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AUTHORIZATION

i 1 The problem reported herein was undertaken
by authority of Bureau of Engineering letter, refer-
ence (a). Other relevant corraspondence is indicated
under refarencas (b) to (o).

Reference: (a) BuBng. let. 867/74(11-%0-E8) of

9 Dec. 1978.

(b) NAS Anacostia let. F42-1/57/NA6
(425) of 13 Aoril 1938 to BuEng.

(¢) NAS Anacostia lot. F42-1/57/NAG/
S74 of 28 July 19%8 to BuEng.
with encl. (4).

(d) NRL let. S67/57 of 27 Jan. 1939
to Bufng.

(=) RCA Mfg. Co. Engineering Bulletin
No. 40.

OBJECT OF T&ST

2. The nurpose of this test was to dztermins
the suitability of the subject radio field strength
measuring =squipmz2nt for us2 in the Naval S=rvice.

ABSTRACT OF TEST

3. Two field strength neasuring equioments
manufacturad by ths Radio Corporation of America were
tested to determine their accuracy as compar=d to the
Navy Model OC =quipment, frequency drift of oscillators,
linearity of detectors and amplifiers, frequency range,
microvolt rangs, and op=srating life with recommsnded
dry batteries. An apnropriate recording milliammeter
was attach=ad and suitability of the =quipments as fi=1ld
intensity recorders determinad. In addition the sguio-
ments were sxamined for mechanical faults and notes
made of same. The Q of the loop circuit was measursed
and noted.




(a) In view of the excessive freguency drifts,
pumerous mechanieal faults, weight, and battery drain,
this =quinment is not considered suitable as a nortable
f£ie1d strength measuring device for usz in ths Naval
Service.

(b) Whils by sxercis=z of unusual care it may be
possible to obtain reasonably accurate results on
high frequencies, it is believed improbable that rela-
tively inexperizncad personnel located at various
points in the Naval Ssrvice would be able to produce
data capable of corr=2lation.

(¢) No humidity tests wsre conducted on this
equipment. Navartheless, dus to lack of proner nro-
tection to the various compnonants and due to inf=rior
insulation, it is bslisved that subjection of th= equip-
ment to rigorous climatic conditions as sncounter=d in
the Naval Serviece would soon necassitate repair 2znd
replacemsnt of parts and th=reby requir=s considsrable
servicing by Navy p=srsonnel.

(d) 1In view of data presented in paragraph 25

nf this report, th= equipment cannot b= consider=zd
suitable as a field intensity recorder,

= il =
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Tt is suggested that no additional equinment of
this tyne be nurchased without consideration of the
following recommendations.

(2) In the event field intensity msters are
nurchased for use in the Navy, 2l2ctrostatically
shislded loons should be emnloyed, excent whers im-
nractical due tn frequency range, required iimensions
of thes loon, =tc.

(b) Particular attention should be naid to de-
sign of incorporated oscillators with a view to mini-
mizing frequency drift. Freguency drift with con-
ditions under which the subj=sct equipment was tested
should not sxce=d .05% for first 45 minutes of onera-
tion.

(¢) Loon contacts, slin rings, and general
loon construction should ba nf the best tyne known
or available.

(i) The ¢ of the loon circuit should bz as
high as nracticable.

(e) The recsiver nortion of the fi2ld intensity
m2ter should be constructed in accordence with the
same standards of excellence =mnloyed in Navy com-
munication reczivars.

(f) The powsr sunnly reouirements should be
brought to th2 absoalute minimum.

(g) The weight and dimensions ~f this tyne of
squinment shouls b=z held £t~ a minimum consistent with
raquiren=nts for stable smaration and =sass of nort-
ability.

= D =



DESCRIPTION OF MATERIAL UNDER TEST

4., The material under test consisted of two
RCA type TMV-75B field intensity meters, serial num-
bers 552 and 580,

B. These =z2quipments embody a loon antenna,
a super-hetsrodyne receiver and a self contain-2d cali-
brating oscillator. The loop antenna is connected to
the first detector of the racaivar. Following the
first detsctor 1s an attenuator having eight steps
and providing attenuation factors of 1, 5, 20, 100,
500, 2000, 10,000, and 50,000 times. A three stage
intermaediate frﬂqunncy ampliflar p2aked at %00 kilo-
eycles follows the attenuator. The second det=zctor
is of the rectifier type whose output actuates a micro-
ammeter providing an indication of carrier l2vel. The
output of the calibrating oscillator incorverated in
this equipment is fed into the e2ntar of the loop at
an initially pradetermined voltage, permitting adjust-
ment of reecsiver gain to a standard lev=2l. A schematic
gircuit diagram of the equipment is furnished in
1late 8.

6. Each =quipment is supplied with a battery
box, connecting cable and plugs, four loop antennas,
and four s=ts of plug-in coils. The battery box also
serves as a carrying case for the loop antennas, ¢nn-
nscting cabls and plug-in cnils. Plate 9 shnws the
squipment ready for transportation. Plate 10 shows
the equipmsnt set up for ~psratisn and Plate 11 por-
trays the chassis with th2 various shizld enver plates
remnved.

Za The =2xterinr »nf this e2quipment is finish=d
with a gray lsatherstte paint and ths interior with
sand blast and clear lacquar. Th=2 intsrinr of the
battary box, however, is finishad with aluminum paint.

8. The field int=nsity meter proper with
chrver in place ready far carrying weighs 49.5 1b.
The battery box containing four 1loaps, thrse ssts »f
plug-in enils, econnecting cabl=z, three #21308 Burgsss
super heavy duty "B" batteries »r 2quivalent and ons
H-15-B Genaral "C" battary »r equivalent weighs 78.6
1b. A light duty lead stnrage battery suitable for
use with this squipment will weigh approximately 25
1lb., making a tntal »f 15%.1 1b.

METHOD OF TEST

9. Ac acy comparzd to Msdel OC. B~th RCA
2auipments and the 0C were set up at a distancs ssveral

ssa® 7= m



WETHOD OF TBST (continusd)

wavelengths from a transmitter located in the Labora-
tory. The frsquency and power outout of th= trans-
mitter being capable of adjustment, measurements wer=2
taken at two power levels on various frequencies with
poth RCA equipments and the OC. For data obtained in
the broadcast band, m=asursments werz taksn on several
broadcast stations.

10, Frsgquency drift. Frequency drift of ths
heterodyne oscillator was determined by introducing a
signal to the loop circuit from a Navy Model LD-2
fraquency meter and tuning the LD-2 to resonance with
the fi=1ld intensity meter as indicated by the output
metsr. Frequency drift of the calibrating oscillator
was measured by beating the calibrating oscillator a-
gainst the LD-2 frequency m=2asuring =quipment.

1l. Linearity of detectors and amplifiers.
These data were obtained by applying thz output of a
General Radio 605-B signal generator opsrating on 700
kilocyeles dirsctly to the grid of the first detector
and on 2000 kilocycles by injecting the output of the
605-B into the cesnter of the loop circuit across a
1 ohm non-inductive rssistor. Since ths output of
the signal gensrator was introduced intn thsz center
of the loon acroess a 1 ohm resistor, the valuss for
miernvolts input shown in plates 4 and 6 are not ab-
solute values but are merely relative and simply show
that the squipment is linear with respsct to a vnltags
intraduced intn the loop circuit. Values for micro-
volts input in plates 3 and 5 are absolute within the
accuracy »f the signal generator.

2. Frequency rang=. The frequsency ranges was
determined by ths use »f a calibrated radin frequency
driver coupled tn the loosp circuit.

38 Mierovolt range. The lower limit ~f the
mierovnlt range was chacksd sgainst the Mndel OC fisld
strength measuring equipment by using both equipments

tn measure a transmitting station vhose field intensity

lay in the vieinity »f 20 microvolts per meter. No
suitable esquipment is available at the Labnratory for
checking the upper limit ~f the microvolt range; i.c.,
8 volts per meter,

14. Dry battsry 1life. Dry batteriess as recom-
mendad in refarancs (2) were installed in this equip-
ment as f»ll-ows: 8 Burgess little six dry cells ?¥6

[ s |



' m 3THOD OF TEST (econtinued)

dpy ce2ll equivalent) connected in series parallel to
provide 6 volts, 3 #5208 45 volt Burgess "B" batteries
and 1 HE-15-B General "C" battery. This battery com-
plement was subjected to intermittent operation, the
aquinment checked for operation at intervals and bat-
tery voltages under load recorded.

15. Iest in conjunction with recorder. An
Estarline-Angus 5 MA continuous striv chart recorder
was attached to the equipment per information con-
tained in the instruction book furnished with this
squipment. The complete installation was set up in
a shielded cage along with an oscillator circuit oper-
ating on 1,000 kilocyeles., Battery voltages to the
field intensity meter were maintained constant as
were battery voltages to the 1,000 kilocyecle oscil-
lator. The fr=quency of the oscillator was controlled
by a low temperature co=2fficisnt erystal having a tzm-
perature coefficisnt of frequency of 1 part per million
nar degree C. A 24 hour recording of field intensity
of the crystal nscillator was mads under these condi-
tions.

18. easuren : )} 3 The four
1lnop antennae including loon support and contacts
ware connsctad to a Boonton Radin Corpnration Q meter
and the @ or figure »f merit sbtained.

RECORDED DURING TEST

DA

i & g% Data rescorded during test nr thns=2 computad
therefrom are furnishad in Tables 1 tn 4 inclusive,
Plates 1 t» 6 inclusive and naragraphs 19 tn 28 in-
clusive.

DISCUSSION OF PROBABLE ERRORS

18. The frequency drift measurzments may be
relied up~n to within .01%. Linearity »f dstectors
and amplifiers was determined t» within 5%. The fre-
queney range was ascertained corresctly to within 2%.
In regard tn measursments nf field intsnsity comnared
to> the Navy Mndel OC: Measurements mades on th=s 0OC
can be considered accurate £t~ + 1 decib2l. In com-
naring measurements made »n the RCA 2quinments t~ thoss
made on the 0C, a + 1 deecibel correctinn due to ~b-
servatinnal errnr, etc., is in order.

RESULTS OF TEST

19. With raference tn Table 7 and naragraph
14 »f this ren~rt, it is noted that the equinment is

o B -
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5 h@gﬂgTS.OF.TEST (continued)

inoperative on two bands after one hour of operntion.
This fact will necessarily limit the use of this =quin-
ment for work in the field where portability is a de-
sirable feature. Paragraph 8 of this report outlines
what may be considered a suitable battery complement
and states the weight of each item. The battery life
test was conducted on Serial #552 only. The "A" bat-
tery and "B" battery current drain of both equipments
is as follows:

By Ta By Iy
#552 5.9 volts 1.51 amps. 135 volts .029 amps.
#580 5.9 1.5 135 032
204 Table 4 indicates relative accuracy as

fisld intensity measuring annaratus compared to ths
Navy Model OC. The average error of Serial No. 552
was 4.09 db and that of Ssrial No. 580, 2.24 db. Al-
lowing an error in the OC of + 1 db and an observa-
tional error of + 1 db in making the comparison, the
absolute error of these equipments may approach + 2 db.

7 In making field strength measuremsnts at
frequencies above 3,000 kilocyeles the use of unshieldzd
loops causes considerable confusion in the attempt to
obtain a minimum on a transmitting station, hand capa-
city adding to the antenna 2ffect and making difficult
the determination of a minimum or maximum.

22 Plates 3, 4, 5, and 6 show linzarity of
detzsctors and amplifiers. The fact that the =quip-
m2nt anp2ars to be linear with respect to innut volt-
age both at the center of the loop and the grid of
the first detector indicatss the absencs of nsecilla-
tinn or feedback in the I.F. amplifier and also ner-
mits an accurate estimate of the upn2r limit »f the
nierovalt range.

o Frzaquency drift ~f the heterodyne and
calibrating nscillators »f both equinments was deter-
mined as d=scribed in varagraph 10 and the results
shoyn in Plates 1 and 2. At a signal frequency »f
19,000 kilncyeles the heterndyne ascillator freausency
drift was sufficient t» require retuning »f the equip-
ment for every minute of nperation. For each five
minutes »f oneration, drift was sufficient tn reduce
the indicated field intensity tn 30% ~f the initial
value. The excessive freguency drift »f the eali-
brating ~seillator makes the nracess ~f calibration



_pF TEST (eontinued)

y frequencies a tedious ons. The plate and
ament battery voltages were maintained constant
oughout fraguency drift tests.

24. The lower limit of the microvelt rangs
was found to be substantially as indicated in refer-
L ence (e); i.e., 20 microvolts per meter. Lack of
{lr iitable egquipment for experimentally ascartaining
| £he upper limit of the microvolt range necessitated
& | yse of the formula for field intansity given in the
» | instruction book as follows:

w4 -reng tl m = meter rea at setting x C
L @1.1d strength uv/m ey

A |

| where "C" is the loop constant. By employing r=pre-
| sentative values in the above formula it is evident
that the maximum field intensity measurable is in
axcess of 1 volt per meter for all frequencies within
the rangs of th2 equinment. However, by m=ans of

the capacity attenuator in the input circuit an ad-
. ditional attsnuation factor of approximately 25 is

. pronvided thereby =xtending the upper limit of the

| microvnlt range to a value greater than 6 volts per
meter. When using the capacity attenuator it is
necessary to calibrate for each frequency as sat
forth in rafersnce (e) since the attemuator operatss
at the signal frequency and the attenuation factor
does not nseassarily remain constant for all frsquen-
cies.

25, A test for operation of this squipment
as a fi=ld intsnsity recordsr was conducted as sat
forth in paragraph 15 of this report. At 1,000 kilo-
cycles over a nerind »f 24 hours, the freguency drift
was sufficisnt t» reduce ths reading on the nutout
meter from 130 t~» 70. This ce~rressmnds t» a reduction
nf apparent field intensity in excess »f 46%. Up-on
retuning of the squipment, the metsr reading rsturn=d
t~ 130. The reenrder was comnszcizad t~» the equinment
as specifizd in the instructinn bonk. A schematic
diagram ~f the necessary 2xtzrnal connectinns is nro-
vided in Plate 7. With c-ntinued operation the volt-
age »f the 22.5 volt dry battery drons c-nsiderably,
necessitating comnensation by means »f "R", Plate 7.
Due tn this e¢ontinual change in recorder e¢omnensating
voltage and fregusncy drift »nf the equinment, accurate
recordings »f fi=ld intensity at 1,000 kilncyecles
e~uld nnt be exnectad far ~ver 1 hour at a time and
nr1bably less than this when the plate and filament
vnltages are not rsgulated. At highar frequencises,
the results »f attemnts at r=enrding wruld be even
mopre erratic due t~ greatsr change in annarent field
intensity with freguency drift »f the hetsrndyne ns-



_TEST (continued)

¢illator. This test was conducted on Serial No. 552
only.

26. The frequency ranges and dial readines

of both equinments are shown in Tables 1 and 2. Each
equipment covers the frequency range from 500 Pilo—
cycles to 20,000 kilocyeles without hiatus.

27. The Q of the loop circuit is relatively
low, having a detrimental offect on the selectivity

of the innut eirecuit. A tabulation of Q for each loop
is given below:

A 550 115
1200 50

B 1500 186
2700 45

C 4800 75
7500 30

b 10,000 40
20,000 40

28. A list of mechanical faults noted follows:

(a) Inferior grade insulation throughout
(black bakelite).

(b) Inaccessible mechanical construction.

(¢) The vacuum type thermocouple floating
about inside of a can secursd onl
by its leads. (See "a" Plate 11.

(d) Tubular paper cased cavacitors sunported
only by their leads are used throughout.

(e) Contacts betwesn loon sunport and loon
of inferior tyne and erratic contact
results from slight movement of loowp,

(f) Dials and shaft counlings or tuning ele-
ments have an inhserent "snringinesg"
making adjustment on high frequencies
very difficult.

(g) I-F amnlifier coils and r-f chokss usad
in this equinment mounted on wax im-
nregnated wood forms.
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CONCLUSIONGS

29. In view of the excessive frequency drifts,
numerous mechanical faults, weight, and battery drain,
this equiopment is not considered suitable as a port-
able field strength measuring device for use in the
Naval Service,

30. While by exercise of unusual care it may
be nossible to obtain reasonably accurate rasults on
high frequencies, it is bslieved improbable that relsa-
tively insxneriznc=d nsrsonnel located at various
noints in the Naval Ssrvice would be able to produce
dAata capable of correlation,

31, No humidity tests were conducted on this
equipment. Nevertheless, due to lack of n»nroner nro-
tection to the various commonents and dus to inferior
insulation, it is believed that subjesetion of the
squinment to rigorous climatic conditions as encoun-
terad in the Naval Service would soon necessitate
ravair and replacsment of parts and thereby require
eonsiderable servicing by Havy nersonnel.

32. In view of data nrssented in paragraph 25

nf this revort, thz =quinment cannot be considersd
suitable as a field intensity recorder.
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TABLE 1
FREGUENCY RuNGE
Serial No. 55
Loop Het. Osc. Cal. Osc.
Dial Dial Dial Freg, Remarks
8.6 %.6 8.5 500 *upner limit
143, 145.5 #* 1500 of cal. osc.
1480 Kc.
6.2 3.2 3 1400
142, 144. 130.2 4600
10.5 a7 7.8 4600
140.8 141.4 140.5 10,000
23. 5.8 8.4 10,000
137.4 138.3 137.4 20,000
TABLE 2
Frequency Range
Serial No. 580
Loor Het. Osc. Cal. Osec.
Dial Dial Dial Freg. Remarks
6.2 12.8 4.3 500 *¥unnar limit
138.2  #¥45, #* 1500 of eal. ose.
1475 Kes.
i 9. 4.5 1400 **low beat
135.5 149. 1%4.1 4600 with het.
osc.
9.8 B 18, 4600
138.1 185, 141.5 10,000
R1.6 T 8.2 10,000
1%6.6 178. 146.5 20,000
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