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An investi~tion hPs been !llflde to determine me~ns for providing 

convenient and accurately corrected Naval shipboard direction finder 

bearings for any frp,quency within the h- f ~irnotion ftnder b.ttnd without 

requiring more then a limited and feasible number of specific calibrations 

of the equinment. 

InternolPtion charts have been developAd which simplify the Plot­

ting and annlic.:-tion of direction finder cal1br8.tion curves cind fur '1 ish 

the desired corrected d-f beRri,gs for the calibrated and for all other 

frequencies bet""Pen those on which celibrR.tions have been ma.de. Means 

are discussAd for choosinf':!: the o-otimum number a.nd spclci:ig of frequel'lcies 

to be calibr~.ted in terms of the prob?ble intArnola t ion accuracies t hat 

may be expected. A practical rapid calibration method is nroposed to 

improve the efficienc?" and accuracy of IDPking: calibrations. 

-1-
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AUTHORIZATION 

1. Work en this general problem wes r~quested by the Bureau of Ships 
confidential lettPr 108(92S...l) of July 15, 194~ to Naval Research Labor­
atory. 

STATEMENT OF PROBLEM 

2, The object of this 1nvestig~tion wae: 

(a) To investige.te or develop means for providing corrected h- f 
Naval shipboard direction finder bearings for frequencies other tha.n 
those actually calibr?ted .• 

(b) To accomplish (a.) with a minimum of actual calibret ion freq_uen­
cies or calibration time. 

(c) To present the r esults of (a.) in a. rnann.er that requires the 
least possible effort and skill on the part of the direction finder oper­
ator, 

(d) To accomolish (a), (b) and (c) with optimUlll accuracy and mini­
t!Um work in computing and plotting ~alibration data. 

KNO'\VN FACTS BEARING ON TEE PRO:OLEM 

3. Genera.l High Frequency Shipboard Direction Finder :Problem 

Successful Naval shipboard hf-df operetion has been recentl;v achieved 
as a result of careful theoretical and experiment~l investige.tion of 
the effect of metallic objects and ship structures on direction finder 
performance (see bibliography (a) to (d)). While these investigations 
served to evaluate the various available locations for the hf-df <>ollec­
tors on Naval vessels, acceptable hf-df performance further required that 
definitely sDecified clearance ar(eas be l?rovided in the vioinity of the 
collector, and in addition, that the direction finder be cP1.ibra.ted for 
each frequency on which direction finder activity V'Ias anticipated. The 
importance of the latter "\Vas necessary in inYerse proportion to the col­
lector ts clears.nee from the ship I s metallic structures. 

4. U.S. Navy Choice of Calibration Frequencies 

Until recently, the Naval opereting forces a.floa.t found thPt 
approximately twenty five hf-df ca.librations, requiring two to three 
days ship availability for calibretions of satisfactor:v a_uali ty, were 
ad.eqUPte for their needs during the three to four month interval between 
recalibrations, Recalibrations are gene-a.lly desirable in order to in­
sure constancy of the devia.tion influence of the ship 1s structures. 
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In the case Qf reca.li brat ions of the USS B~AS wde ap-proximately 
within one month, considerable ca.librvtion instabilities '"ere observed. 
More recently. however, forty or more hf-df calibratio::is have been found 
inadequate since enemy transmissions have been making very frequent shifts 
tone~ oper8ting freque~cics , indicating possible hf-df counter mea~ures, 
Because it is not feasible at present to greatl~r increase the .:l.umber of 
freq_ue11cies to be caJ.ibreted and since a large number of new enell\V trens­
mission freci.uo"lcies are usually bcin.q; encounterC'd when the vessel is under­
wr;,y and when port calibratio!l facilities can·.1ot be enroloyed, tho operating 
forces are in urgent need of setisfactor y means of obtaining corrected 
direction finder be~rings for practically any frequency of tr8nsmission 
in the hf-df (e. g . , 3-12 me) bac1d, At leHst one instPnce is kno~n ~heroin 
the Commander of a Tesk Force deemed it necessa,ry to break radio silence, 
in a probable cOmba t e.rea, in order to have ono of the escort ves~els of 
his convoy act as a target for ca.librfl.ting an hf- df equipped Nav::i1 vessel 
on an important new e~enw transmission fr~qucncy. 

5. Proposed British Admirelty Choice of Celior~tion Fre quencies. 

The British experience in contending ~1th the s~mc frRqucncy shift­
ing, cnell\Y transmission tactics is not too well known. Indicl'ltions he,ve 
been received that expedient pra.ctices ( of unrepo:rted o_ua.li ty) have been 
used. For example, it is understood tha.t a.t times the direction finder 
correction for the bc,s1ring on a new and u.n,::a,_ibr ated transmitting fre­
quency was obtained by using the correction of the nePrest calibra ted 
frequency. More recent Br itish hf-df procedu.,.es apl)a.rentlv employ manual 
and comparP.tively awkward int.ernol~tions betvrf'>en calibrations, taken at 
one-half megacycle i n tervals. Specific i n structions of the British in 
these particulars are co:J tai".!i::>d in refe-~ence (f) , an enclosure to references 
(d) and (e), from which the following is quoted: 

11 (a) (3 to l?. mes) Curves of correction are to be obtPined on fre­
quencies selected (by the Calibrating Officers) from the list issued 
periodically by the Directo,. of Signal DepPrtment , Admiralt;v. These fre­
quencies are to be selected at approxim;itel>r one- half megacycle intervals 
throughout this ba.nd. 

11 (b) Intermediate curves of corr ection ere to be ubtained by Oa.li­
brating Officers at onB-quarter megacycle intP.rva.ls in any regions where, 
due to rapid changes in the shape or wgnitudc of the curv:es obtained 
under (a) above. interpoletion between the curves for any ne,,,,. intcrmedia.te 
frequency would aY.ipcar to be unreliable. Addi tiona.l swings should also be 
ma.de on freouencies in the vicinity of thnsc on which doubtful sense results 
are obta.ined so that the f r eque1.1cy range over vhich these results extend 
ca.n be fairly accuretely ascertained. 

"(c)(Above 12 mes) Curves of correction to be obtained on the actual 
frequencies indic~ted in the list. 

11 (d) Curves of correction are to be obtained for 2410 kcs and any 
other specia.l frrq_u.encies in the :British Naval Organization as directed 
by the C. in r.." 
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As far as is known to the Laboratory no inform.tion is avail~ble as to the 
merit of the 8bove practicPs, 

ORIGINAL "\'ORK npm AT ,TRIS LABORATORY 

6. As a. means for attaining the objectives listed in para.P:raph 2, the 
general nroblem was divided into three parts, and the followin~ results 
accomplished: 

(a) Using availa.ble (conventional) hf- df ca.libr<'ltion data taken on 
the USS :SEBAS (DE-10), Interpol::>tion Charts have been developed. which 
peTmi t the obtEiinm:-int of the cor1·ectea. relative benring for any frequency 
between actual calibrated frequencies. In addition, the inter:nolntio·1 
chPrt method developed possesses the following pertinent advant~~es : 

(1) The resulting accura.c~ is the greatest obtainable from the 
total actual ca.librRtion data a.vaila.blc . 

( ;:i) The corrected bea.ri11g is given without req_uirin,c,: addition, 
or a.ny other computa.tion, by the direction finder operator (i.e., the 
method is ranid and involves minimum risk of error) . 

(3) Complete sense and blurrin~ charact8ristics are incorno~ated 
for convenient use. 

(4) The number of calibration charts is grefltb, :reduced. 

(5) The time and work required to nrepare the int0rpolPtion 
charts is appro%im£l.tel;v tvro thirds thet r equired fol:' the conventional 
ca.libratio!l ch?rts which are now in use. 

(b) The DAQ. eq_uinped USS BEBAS 1,ras emoloyed in a.n expr-rimfmtel test 
to obtain the data used in developinP.; the interpolation charts. Apnro.rl­
IMtely 1?4 hf- df calibrations vri:re made on spociall:v selected froquenci,:,s 
in order to establish a highly accura.te rP-ference to which other selections 
of calibretion frequc·~ciAs could be comparE'ld . 

( c) Conro1:1rison has been made showinP-: the a.ccuracy obtainfld with 
various m8thods of sclocti~g the optirrium number and snacings of calibra­
tion freq_uenc ies. This compPrison includes the one-half mega.cycle cali­
bratio:1 freq_uency spacings now bei".l~ emnloyed by thn British , a.s reoortr.d 
in references (d), (e) and (f) . • 

(d) Rapid calibration methods arc -oroTJosed th:::-.t a.nuear cap;;iblc of 
materially improving current calibretion speeds without affc_:,cting the 
cal.ibra.tion accuracy. Relatively simple aurlllar:tes r equired for this 
purpose are described. 

- 4 -
*References are given in Bibliogranhy 

on page 13. 
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INTERPOLATION M!!JTHODS 

7. MEinua.1-Linear I;terool::ttion 

A logical and nopular means for nrovidin~ corrected hf-df 
bearings for Naval shipboard use for frequencies othRr than those actually 
calibr ated consists of: 

(a.) The use of the conventional deviation curves of the two 
nearest calibrated freque~cies . 

(b) The performance of a linear frequency interpolation on the 
curves of (a), in order to obtcin the correction for the desired uncalibrated 
frequency, * 

(c) Addinp,: this correction to the direction finder scale reading 
obtained on the uncalibra.ted frequency, 

The above manual-line8r interpolation method genera.lly proves inconvenient, 
time consuminp.: and subject to person8.l error when performed by the direction 
finder operator. There are indi cations th;it some direction finder operators 
prefer to avoid ma.nu.al-linear inter"Ool~tion, and utilize instea<'I, the more 
exoedient though less accura.te method of directly obtaininr: a correction 
from the closest calibrated frequency. The large errors th~t may exist 
when applying such nearest calibrated corrections a.re shown in plates 4 az1d 
5. 

8. Smooth-Curve InterpolPtions 

Probably the most accurate mE"thod for internolPtin,!; d-f col'rections 
on frequencies between a given number of ca.l..ibr8ted freouencies is to use 
a method of nlotting corrections 11'1'herein smooth curves c"l.re drai,crn botvreen 
the frequency points Mhose calibrations are known. In consinerine the 
various methods for plotting these desired smooth curves, it is.apparent 
thet of the thref! variables, namely, frequency, d-f scale readinP., a.nd devia..,. 
tion (or corrected d-f bcPring), plotting: freo_uenc:v as an independent vari­
able (e.g.,abscissa) will best au~roach the desired smooth curve frPquency 
interpolation. FurthE'r consideretion shows that of the remaining choices 
for plottinF, the othPr two variables, using ·contours of constant d-f scale 
readiag as an independent variable (e.g., contours) and corrected d-f 
relative beeri::ig as the dependent variable (e.g., ordinates) permits linear 
frequency and d-f interpolPtions to bfl directl.y estimated by the d-f oper­
ator with hi1:m repeatflble accura.ci-s. Thus, the desired corrected relative 

~A linear frequAncy interpolation for the deviation, dx, at frnquency fx, 
when deviation dl and d?, are known for the two calibra.ted froo_uencies f1 
and f2, on either side of fx is directly given b~r; 

dx = d1 + (d~ - d1)(fx - f1) 
(f2 - fl) 

Where f1 is the lowest frequency and algnbraic values of dl and dz are CillJlloyod. 
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bearing on an uncP-librated frea_uency, c.<>n be ranidl1 r and accurately ob­
tained without requiring a single comput?tion by the d-f onere.tor. Plates 
1 to 7 are examples of S1ch plottings • 

SENSE CHARACTERISTICS 

9, In ordet to nrovide greater ntilization of the d-f calibration 
data , the interpolation chPrts (see plates 6 c1nd 7) directly incornorc1te 
complete sense chc1racteristics on the contour curves. By this means, all 
of the sense data conta,ined on the conventional calibra.tion curve sheets 
are readily transferred to the interpoletion charts. Additionally, con­
tours Dre IllPrked 11unreliable" whenever one calibrated bePring gives a re­
versed sense indication. These additio!lB,l markings help to prevent the 
11 sense11 confusion formerly encountered b~r the d-f operator. 

BLURRING C.HA.Ji.ACT?RISTICS 

10. Blurring Characteristics For Estilll8,ting Bearing Reliability 

It will be noted in µlate 7 that some portions of the interpola­
tion cha:rt contain small letters, a, b, c, etc., on the contours. These 
letters are a convenient guide by which levels of bearing blurring (in­
distinct mi:!imum on a manual null, FR3/D.KR. tyne, or pattr>rn "pull i!l.11 

on the auton:atic bec1ring indicator, DAQ tyPe, direction finder) may be 
directly indicated, The following recommended reference letters cor­
resuond to levels of blurrin~ such as may be r ead directly from the 
FH3/D.AR manual or DAQ automt'tic bearing indicators:* 

Manual lfoll 
(Arc of Blurring) 

Degrees 

a 
b 
C 

d 
e 
f 
g 
h 
i 
j 

Blurring 
Reference 

5 
10 
15 
20 
25 
30 
40 
50 
70 
90 

ABI Blurring 
(Pattern rrpull In") 

Percentas:e 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

* The figures in the second and third columns are to be used only with 
their letter references on the curves, and do not constitute a com­
parison of systems. 

11. Blurri.lg versus Bearing Fluctu?tion For ~stimating Bearin~ Reliability 

The bearing reliability estimates obtainnd from the use of d-f blurrin~ 
characteristics by the U. S, Na.val operating forces a!loPt ha.s 11ot 'been too 

... a ... DECLASSIFIED 
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definitely established, It is understood from British CXl)Criences thBt 
considcr~ble dependenee is placed unon these blur~ing charact eristics in 
order to permit of an estimate of bcPrin~ reliability related to the amount 
of sky wave components in the received transmission. An experienced d-f 
operator generally is e.ble to make this estima.te by noting the excess blur­
ring in the beering over and f!bove the amount recorded during calibration. 
It is probably too CBrly in the U.S. Naval opersting exprriences to de­
finitely evaluate the full m~rit of such bePring reliability correlations. 
Fluctuations of the DAQ, autooo.tic bearing indic?tor bearings counteract to 
some extent the need for estimating bearing rclia.bility by excesses of 
blurring. This counteraction is nrobably due to the more direct manner by 
which the d-f operators approximate amounts of sky wave components from the 
amount of fluctuation in the observed automatica.lly indicPted d-f beFiring. 
Fla.to 7 shows the blurring charactcri sties incorporated on the interpolPtion 
charts in tho event thPt future U.S. Naval operating e:xp~riences favor the 
use of excess blurring characteristics for evaluating bePring reliability • 
.hould future Naval oxpe~ienccs show, ho~evcr, that the amount of auto­
matica.lly indic.?ted boa.ring fluctuations is adequate for estim;:iting bearing 
reliabilities, the ktt0red blurring designa.tions shomi in plate 7 can be 
deleted in fina.1 ch8.rts. 

CHART SIZE 

12. In ~lates l to 6, inclusive, ch;:,xts arc shown having the approximate 
size of ~" by 1111 • In actual use these cha,,.ts arc convenient for handling 
and give an overall 11ropea.tab ili ty11 of intcruole.tion th.?t is of the order 
of 1° or better. To propcrl•r prepare these charts, it is convenient to 
plot using a sea.lo in which abscissae and ordin.<1tes are two or more times 
the physical dimt~nsions of those shown in pl;:itcs 1 to 6. Plate 7 sho"'s 
a chart for the complete azimuth, 0°to 3600, and for the most pertinent 
frequency range, i.e., 3.5 mes to 10.5 mes; it is a full. size chart and 
has proven desirable in this form for the plotter as well as the d-f 
operator. The final size to be employed for the charts ~hould, ho~cver, 
be further invcsti~atod to establish an optimum choice in view of the other 
practical factors that must be considered: i.e., size convenient for plot­
ting, size convenient for use by the d-f opcretor, the facilitie s and time 
availabl e for reducing from pos~ibly large plotted dimensions to the final 
or applica.tion dimensions. It 1s possible that the increased use that may 

be given the interpol;:,tion charts may warrant the furnishing of necessary 
equipment auxiliaries th8.t will permit improved cha.rt arrangements suitable 
for efficio'lt plotting and applica.tion use. Moreover, if extensive use of 
these charts is made, it is probable thP.t several chart sizes ID8.Y be desir­
able in order to more efficiently cover the azimuth and frequency bands. 

CHOICE AND SPACING OF CALIBRATION FR~QUENCIES 

13. Need For Proper Spacing of Calibration Frequencies 

Par~ra.ph 4 has shown the urgent need for providing means for obtRin­
ing corrected d-f bearings for practically any fr0quency in the 3 mes to 
12 mes band. Paragranh 5 discusses present British procedures for cali­
bration at half megacycle interve.ls in the 3 mes to 12 mes band as fl. ~ans 
for attaining such corrected bearings in this band. Fresumably, the half 

- 7 -
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megacycle gpacings are a compromise bet~een: the time required to make 
the necessary number of calibrations and satisfactorily plot their results, 
the effort required for properly interpoleting bet~een calibra.tion fre­
quencies by the d-f operator, and the 1nter:po1Ption errors that can be 
tolerated. 

14. Frequency Spacings For Reference Calibration Curves 

Plates 4 and 5 indicate the accuracies that may be expected by 
use of smooth-curve interpolation methods when using various calibration 
frequency spacings. Plate 4, in particular, evaluates the errors that 
would be obtained when applying the smooth-curve interpolation method to 
frequency separations that ~ere chosen without regard to interpolation 
procedures. For example, the solid curves in plate 4 are drawn through 
frequency and deviation points that were obtained using existing conven­
tional hf-df calibrations, i.e., frequencies that were furnished to the 
Calibrating Officer by the office of the Anti-Submarine Warfare Command. 
These calibration frequencies are predica.ted entirely on official anti­
cipation of enemy and other important transmissions on these frequencies 
for 1'hich d-f bes.rings 'l'l'ill be required. The dotted curves of pla.te 4 
are also drawn through the same points as those of the solid curve, but 
in addition a large number of extra calibrated frequencies are included. 
The extra points were carefully chosen to make the dotted curve the refer­
ence (or most accurate) calibration curve particulPrly since the extra points 
were chosen in the follo~ing manner: 

Fre. Range Mc 

1.5-4 
4.0 - 10 
10 - 22 

Approx. Calibration Freq. Intervals 
For Non-critical Freq.• For Critical Freq.# 

10% ±½% and ±1½% 
~ :!:¼ " :!:1½% 
5'1, % 11 :!:lMb 

• The smaller of the t~o closest integer frequencies were ueed. 
f The critical frequencies were used as the necessary reference 

£frequencies, the critical frequencies being determined from 
the charts; i.e., from the behavior of the contour-direction 
finder bearings for all calibre.tion frequencies. 

The deviations plotted in plates 4 and 5 represent the actual calibrRtions 
obtained on the USS BEBAS (DE-10), which was specifically calibrated on 
124 frequencies in the 1.5 mes to 22 mes range for this purpose, during the 
week of July 26th at Casco Bay, Maine. 

COMPARISON OF VARIOUS ~LECTIONS OF CALIBRATION FREQUENCIES 

15. Using the dotted curves as the reference (or true) calibratio~s, 
plate 5 shows the errors that would be obtained by use of the British 
proposed half megacycle method of selecting calibrPtion frequencies. It 
is to be noted that irrespective of the method of sclectin~ the spacings 
of calibration frequencies, all methods suffer to some extent from an 
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inadequate number of such calibr?tion frequencies, particula.rbr in the 
region of the critical frequencies, Pa.ragraph 5(b) above shows that an 
attempt is being made to r~duce the internolation errors in the :British 
method by including quarter megacycle spaced calibra.tion freauencies in any 
region where rapid changes in the shape and magnitude of the deviation 
curves make the ~lf megacycle spacings a:,:mear to be unreliable or ,,.,here 
doubtful sense results are obtained. Table I co~ares the merit of the 
various methods for selecting spacings of the calibration frequencies in 
the currently most active hf-df frequency band, 

DETERMINATION OF CRITICAL FREQUENCIES 

16. It can be seen from nlates 4 and 5 that in many cases it is prac­
tically impossible to determine the critical frequency regions when using 
half megacycle frequency sp~cings or ~hen using the closer, though ir­
regularly spaced speci-a.l frequencies specified by the Anti-Submarine­
ifarfare office. Analyses of various methods of choosing frequencies in­
cluding the extra frequencies discussed in para~aph 14 above indicate 
that a more reliable way of determining critical frequencies could beef­
fected by having the calibration (target) vessel anchor rroff the beam1t at 
the regular (5/8 mile minimwn) calibration distance, and run through the 
pertinent range of frequencies, using intervals of a:pproxima.tely one quarter 
megacycle. Frequency regions where deviations change rapidly mith fre­
quency can be observed readily and noted for la.ter use as the cri tica.l fre­
quency regions to be explored with closely spaced ca.libration frequencies. 
It has been found that the "off beam1t azimuth method yields more perti­
nent critical frequencies than other known methods. This method of de­
termining critical frequencies can be readily combined with the similar 
procedure used for determining the optimum sense cepacitor adjustment of 
hf-df equipments, particularly in vie'l<l' of the large time saving that can 
be affected. This is Possible because sense characteristics are generally 
ta.ken over the frequency band before. during and after making the final 
sense adjustment, and because appreciable shifts in the sense check fre­
quencies can be tolerated. No change in scnsei characteristics or ad.liust­
ment should be experienced by using the "off beam" target Position in lieu 
of the "off stern" position. 

FACTORS TO BE CONSIDERED l'i'HEN IMPROVING Il'fl!ERPOLATIOU ACCURACllS 

17. It is not known what i~ortance is pla.ced upon improving the inter-
polation accuracy of hf-d:f' calibrations. The operating forces ashore and 
afloat are probably in the best Position for specifying this importance and 
need for higher interpol8tion accurac;v (of specified amount). They can 
more readily weigh the vessel availabilit;v and associated fa.ctors that would 
be required for the increased number of calibra.tions in vie,,, of the limi ta­
tions of calibration facilities. 

18. Limitations Imosed by Present Calibration Methods 

... 9 -
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The principal difficulty encountered mhen attemoting to improve 
interpolation accura.cy is the time limi ta.tion pl~ced on making d-f cal i­
brations. Present hf-df calibr1=1.tion methods can tolerate calibration speeds 
up to about 20 to 25 angular degrees per minute, for the required minimum 
calibra.tion distance of 5/8 miles. This r equires an average target boat 
speed between eleven and fourteen knots. Polorua-oporators and date re­
cording personnel generally introduce large errors when erea.ter speeds are 
employed. 

PROPOSED HIGH SPEED CALIBRATION METHOD 

19. The Laboratory has long recommended high speed calibration procedures 
based on (a) military target sighting procedures such as may be el!J)loyed to 
follow rapidly moving enemy craft (e.g., airplanes) and (b) automatic re­
cording methods. Application of these procedures ..,..ould allow a several fold 
increase in calibration speed 'l"ithout advorsely affecting the calibration 

accuracy and in some cases actually improve such accuracy. If target vessel 
speeds of 33 or more knots are available, this ~ould a.t least triple the 
existing calibration speed. Other possible arra.ngements may permit the 
vessel being calibrated to give the equivalent of high angular target speeds, 
e.g., using reversed screw rota.tions to approach spinning effect; or a com­
bination of both methods, with opposite rotations, ma~ be employed. 

RAPID TARGJi:T TRACKERS 

20. While it is not within th0 scope of this report to eva.luAte the 
merits of the various radar, fire control and other tyPes of high speed 
target trackers, the sim~ler portable types should not be overlooked, parti­
cularly when they may be especially suited for retention as part of the 
calibration crew1s equipment. 

RAPID D-F BEARING RECOIIDING 

21. Many different a.rrangements can undoubtedly be devised for the 
rapid automatic recording d-f scale readings. One method proposed by 
Dr. M. K. Goldstein of this Laboratory is described in Appendix· 11Bi:t. 

DISCUSSION OF RESULTS 

22. As a solution to the problem of providing suitable hf-df bearing 
corrections for uncalibrated frequencies,a new and improved method for pre­
senting hf-df calibrations is pronosed which ms~~ ·the advantages listed 
in paragraph 6(a). .Additionally, the merits of selection of various cali­
bration frequency spacings are compared and means are suggested for approach­
ing the best interpolation accuracy for the maximum numbers of calibrations 
(or time for calibration) th~t is permitted. Further, since it is shown thet 
increased interpolation accµracy depends upon the nn.mber of calibrations 
ma.de (as well as their spacing),. nigh speed calibr~.tion procedures are 
proposed and include relatively simple.auxiliaries reuired for this pur­

pose . 
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CONCLUSIOl~S 

23. It is concluded: 

(a) That direct reading i:nterpola.t ion charts are more simple for 
calibration work than conventional calibration charts since no computations 
are involved during plotting or when used by the d- f opera.tor. 

(b) That interpolation charts give the corrected relative bearing 
for any uncalibrated frequency within range of the cha,..t with the same ease 
as for calibrated freouencies. The additional accuracv and other advantages 
realized with these charts are listed in paragrauh 6(a). 

(c) That for the various interpolation methods kno'"'!l, interpolation 
accuracy depends upon the choice and number of calibrated frequencies. 

(d) That the procedures used in preparing table I should 
be emoloyed to obtain optimum internoll'ltion accuracy for ei. given cali­
bration time or number of calib~Ption fTequencies . 

( e) Thfl.t when a decision regarding the final choice and number of 
calibration frequencies is being ma.de, the ilDl'.)ortance of increased inter­
poletion accuracy versus the time and facilities e.vailable to effect the 
necessary increase in the number of ce.libr ;:,tions 'Should be carefully 
weighed. 

(f) That the use of discreetly spaced calibration frequencies 
versus the use of calibrc>tions llll:'.de on specific anticipated enetiy trans­
mission frequencies should be carefully "'eighed when applying the con­
clusions of paragr.?.phs (d) and (e) above, since overall d-f accuracies 
obte.ined on specifically calibrated frequencies are somewhl'lt .i;reater than 
those obtained by any interoolPtion methods. 

(g) Tha.t high speed calibration methods , if developed, could be 
employed to at least Halve the time required to meke the conventional 
number of hf- df calibrati.ons, without impc>iring calibr.?tion accuracy. 

(h) That use of high speed ca,libr P..tion mPthods can permit an~anpree.i­
~ble increase in the number of high quali t~ d-f CE'l.libr~.tions that c.?n 
be ma.de within the time allotted for a given number of conventionally ma.de 
hf-df calibr.?tions. 

(i) That in view of conclusion (a), (b), (d) and (h) , it is feasible 
for the d-f opera.tor to obt~dn relatively high bearing a.ccure,cy on any un­
calibrated eneiey frequency 1n the hf-df band approaching that formerly 
possible only when a previous d- f calibretion ,.,.as availc1.ble for the e;x::i.ct 
transmission frequency. This result ca.n be reP.lized in practice "'ithout any 
increase in calibration time; and the meruis employed should urove more con­
venient, more rapid ~nd less subject to porsona.l error ,.,hen used by the 
d-f operator., 

• 11 ... 
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RECOMMENDATIONS 

24. It is recommended : 

(a) Th~t interpolation charts be employed to supPrsede tho exist­
ing hf- df deviation ce.li br;:iti0n charts. 

(b) Th?t interpolPtion charts be considered for m:f-df and othe r 
ranges of d- f operation where devifltion calibra.tion charts are employed . 

( c) That the choice 8.nd spacing of freoue".lcios to be ce.libra t od 
be made in accordance 11i th pare.graphs ?,3( d) , ( e) and ( f). 

(d) ThPt a high speed calibration method discussed in pa ragrPphsl8 
to 21 be considered for development. 

( e) That properly trained ca.libre.tion cre1:'7s be employed. They 
should be adeqUE.tely staffed and equi~pod ""l th a full complement of their 
own ca.librtition auxiliaries in order to be capr-1blc of carrying out high speed 
as well as conventional speed hf-df c?.libr~tions on short notice and ,..1th 
minimum delays Pnd nssi tance from the ca.librE>tcd vessel I s staff or other 
groups. The latter considerations ,..ill perrni t fl. grefltor number of cP.libra­
tions for the assigned calibration time. 
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Apµendix A 

1. While this reno:rt has been given onlv a confidential cla.ssificPtion, 
attention is invited to the fact th~t certsi, of its contents and pgrticu­
larly the presentations in plates 1 to 6 inclusive □i.~ht be considered as 
being of extreme practical valuA to Bn enemy. The presentstio•1s in the 
plates, while of considerable use in anprising the performance of high 
frequency direction finders i~ Naval vessels at a gla!lce , bv the same 
virtue would an~ear to be ~f oonsider~ble use t0 an enemy in sho~in~ the 
exact frequency at which the performance of hieh frequencv direction finders, 
in the classes of vessels covered, thereby becomes hie:hl:v erratic or en­
tirely useless . Such information would permit a,j enemy to choose ope~eting 
freque:1cies whe-e high frP.que,cv direction fi11di,e: for various cla,sses of 
vessels would be impractice,l or inaccurate. 

2~ While it is true that such inforillf!.tio::i. could also be obtained from 
possession of calibration data. of any direction fi:1der, regardless of the 
manner of prese~tatio~ , the presentetions covered b~ this report and shown 
by plates l to 6 inclusive, is such as to make the cheracteristics stand 
out with grovt clarity and therebv ettract attention. 

3, It is bRlieved desirabl8 to rei tera.te the fact that the data sub­
mitted in the basic report are rigorousbr annlicablc onbr to vessels of 
the ID]BAS class with installations of the Model DA~ collectors in a loca­
tion identical with that emoloyed i~ this vessel. For vessPls of oth~r 
classes or of the same class l'fi t h a diffe,·e-::it t~roe of instell11t fo·:,_, the 
specific data will differ from those sho'l'l'!l althoue:h the tnchnioue of 
calibration and presentation should be described. 

4, 1n this connection, it accordi-:,e;l.y mill be ncc8ssary a.urine each 
prototype installet ion to determine the specific frequencv distribution 
for the conduct of calibratio::is in ord.cr to permit the prens.ratio!l of 
interpol;,t ion charts nosscssin,c,: the mximum usable accuracy. For certain 
classes of vessels, it is Possible that sufficient calibration data are 
already available to pP-rmit of such a dct0rmin?tion and a standardization 
of calibration frequencies, For installations in other classes of 
vessels , it will be necessary or at l eas t hi~hly desirable to conduct 
trial calibra.tions of a pilot installa.tion r>t ½ mogac:rcle intervals 
with the signal approximately on one of the beams in order to obtain 
the required d::-ta.. In this connection, it mi,ght be m0ntio-:ied that in 
such cases, a aomewha.tsimil~r frequency "run11 is necessary in order 
to determine the proper adjustment of tho sense canacitor in the loou 
head although present pre.ct ic0s ha.ve bee~ to co:J.duct such "runs" with 
the signal a.stern. However, it is believed that beam b13a-d~P-:S would be 
equally useful for the obtainment of sense bRlancing d8ta, so th~t 
on pilot calibra.tions, it would anpcflr e':ltirely feasible to cono.uct 

one calibration against fr~quency in¼ mcgacycl~ increments with beam 
signe.ls and obtai~ both sense balancing and calibr~tion frequency 
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distribution data simultaneously. Such procedure would be invaluable, 
inasmuch as it would permit the obtainment of accurate sense data 
throughout the frequency oand which might not become apparent on actual 
calibra~ions conduc~ed at definite frequencies where sense reversals 
or indeterminate sense indications could exist between two of ~he 
calibrated frequencies and accordingly be passed unnoticed. It is the 
opinion of this Laboratory that the time ~hus required on the pilot 
installation will be- amply just.Hied by the saving of ·i:.ime of subse­
quent calibr~~ions of many other vessels of the same class. 

5. lfith respect to the employment of interpolation curves, it 
should be realized that, with any installation, there m.uy be certain 
frequencies at which these curves will be of reducc:d v:...luo. However this 
is not a recrimination against the technique but is merely indicative 
of the fact that with any high frequency shipboard direction finder 
installation, certain regions exis~ in which stays, mas"s, stacks, 
conductors or other parts of ~he ship become resonant. In these 
rtigions the direc--.ion finder v.ill either fail to function or 
will be extremely erratic in its oper&tion or deviation. No rethod 
of calibration presentation will completely cope wi~h vhis condition. 

6. At sev~ral points in the basic report, men~ion is made of 
restricted frequdncy ranges, such as 3-10 megacycles or 3-li megacycles, 
as well as quotutions from a British report indica~ing similar frequency 
restrictions. This should not be interpreted as indicating that 
Interpolation Charts are not entirely useful throu6hout 1,he entire 
frequency range of a Model DA~ equipmen~, or, in fac~, the frequency 
range of any direction finder equipment, inasmuch as the Interpolation 
Chart procedure predicates a rntlthod of prdsenta1.ion rathor than having 
any connc1c1,ion with diroct.ion find,:jr pdrformance. 'l'hd basis for ment­
ioning a frequdnuy restript.ion, such as twelvo megacycles , was connected 
entirely with the "tactical employmont of high frequdncy shipborne 
direction finder, it having been found that in general, onemy trans­
missions from submarin0s, or similar Vdssels are not fre0uently madd 
on frequencies in excess of li megacycles. }or this reason groater 
S1iress has been placed on the ob·u1.inment of ~he maximum calibration 
accuracy in the frequency oands 3-12 magacycles although it should be 
reit.erated ~hat Interpolation Charts would be equally useiul at higher 
frequencies from a purely functional point of view. 

7. nith respect to footnote 6(c) of 1,able 1, it is believed desir-
able to enlarge on the mechanics of determining ~he optimum number of 
frequencies to conduct calibrations on after a trial run with beam 
signals at 4 lffigacycle intervals has been made. The proce5s is one of 
trial and error inusmuch as it involves the variables of available 
calibration tiioo and ultimate accuracy of the interpolation char~s 
considered desirable of obtainment. In ~hese premises, the following 
procedure is suggestdd: 
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(a) Plot the triul calibration carve of dtiviation vers~s frequency, 
following the serrutions from pain,:; to point. 

(b) Determin..: by consideration of the limitutions of -i.1-10 sp;:ciiic 
calibration involvad the nunibor of differtint frequencies at which 
culibrotions cu.n ba made . '!'his v1,ill involvo a certain amount .Jf 
axperiencl:l and the -c.aking of cognizance of t.he vi..rious f::.c-i;ors, such 
c.s the number of hours or day:; availability of ,:;he ves::,els, the re­
lative spaed at v,hich tnt, calibrating vesstil Ccl!l bti run , t.he number 
and expertn<:lss of the ce.libr~tion parsonnel , the available iaciliti:::s, 
etc. 

(c) If knowledge is availabla of cer,:;~in specific enemy frequencies on 
which ·uht: equipllldnt migh-i; be c:xpectdd to .be ultimut<::ly operutao, f'irst 
mc.rk thest:l frequencies on ·Lhe triul ca.libration curve. bj using thesi:, 
frequ.,ncies us definite calibration frequencies, the maxilnUul i:..ccurucy 
in the o~erution of the oquipment will be obtained at these points 
ev0n though cert~in intorpolution compromises m~st be made ut other 
points. 

{d) By inspection of thc \,ri1-.l cc.libra..,ion curve mork oth,;;r fraqwmcic:s 
at which it would uppear ddsirable to conduct calibrations in order to 
obtuio the m.l:l.1,imum e,,ccuracy fro.n th.a in-r;..,r_rolation charts . With u 
limitation on the number of cclibr&-c,ions that ci:..n be m~de, it is con­
sidered desir ... bl1:; to give the grc1<'t0;;st v-.-eight, next l,O ·l,hat given 
spt:1cific en,;1my frt;jquoncies, to thost: at or neur the points of rm:.ximw1 
deviation, so upportionad that a line conn"'c"ing, such poii.1-c,s v,ill most 
nocrly approximate the ~rial d0viution curvd in this region. "~tter 
ov..:re.11 interpolation u~curacy will ~e ob-c.ainod by calibru~ing on fre ­
quencies in the roi::,ion of thosd posst:1ssing the maximum ch1:mgds in dc1via­
tion ra.ther thun using frequenci;;:s -whera tht: dt:Jvi.:..1.iou sorri:.tions ar..: of 
a low order of mugnitude . 

(e) Count the number o1 c~libration fre;uonci.as arrivad at after the 
trie. l curve is thus n1£:.rk0d . If this numb1::r is less thun the nu1nb'3r 
pi:::rmi tted bJ ·Limo and th0 oth~r fac-cors contingt:nt thereon, go be.ck 
to thti triul calibration curve c.nd pick o.ddil,ional f'r1:1qu,mcies nea r 
thd points of thd lt:,ss 1,c,vere sorrations . If tho numbtff of fraqu1:1ncitis 
detormincd by the f 1.r st trial approxi,na tion t1Xce1:1d the number ti1no 
and circumstanCdS permit, go back to the trial calibration curvo and 
eliminate those frequencies which would appear to afford the least 
compromisd of ultima-c,e int~rpolation .accuracy. 
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1. Plate 8 indice.tes an arrangement of special oq_uinment pronosed 

by Dr. M. K. Goldstein of this Leiboratory to permit of the obtainment of 
direction finder calibrations Eit high speed. 

2. This suggested target tracker ~-Y- talce the form of a single portable 
pelorus capable of being mounted at le~st on the lll()St pertinent Naval ves­
sels, able to scan the horizon ~ithout encountering anprcci~ble blind spots 

and possessing the fo llo-.ing special e.uxil iru-ies: 

( a) A suitable two-handled "'heel ( 1ll'Or111) drive t".rreingcmont to permit 
continuous and convenient tracking of rapidly movi>Jg tE'rgets (i.e., 60 or 
more degrees per minute). 

(b) A comfortable ser.ting arrnngement to permit the opcr~tor to 
conveniently trE>in the pelo.rus to follo.., his tn.rget rnd cPpAblo of rotP.ting 

"'1th the pelorus telescope or sighting mechnnism. 

(c) A suitable attachment for continuously "rcpe~ting bPck" the 
rel~tive bePring of tho pelorus to a r eco~ding device or c~pPblc of directly 

driving a suitable cylindrical chrrt on a 1:1 or other suitable a.ngulPr 
displacement bnsis, 

3. With this equinment the d-f operator ~hen using the autom,~tic 
indicator of a Model DA~ equinment needs only to key the W'Xking rel~y 
whenever the d-f bePring he.s moved ,,,_ given number ~ of ( sa,y five) scale 
degrees. Additional "S-R", 11 s-un end "B" mt'rkcrs cnn be provided as 
necessary to simltaneously permit recording of "Sense-Reversed", 11Sonse­
Unreliable", e.nd "l3lurring" chPrMtcristics. If desired soparE".to sense t>nd 
blurring charts, run simultaneously ,..i th the dovie.tion chll?'t, Illfl.Y- be em-

ployed vri th the "Devi~.tion11 , 11 Sonse", end "Blurring" chare.ct<.'ristics trans ... 
ferrod to a single ch?.rt at a lPter convenient time. Also, e rE>pid coded 
keying scheme may be employed for providing different idcntificPtion from a 

single relay mnrker for the vArious bcPring, sense, rnd blurring cha.cteris­
tics desired. 
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'.L'.RBLE 1 

Comparison of Interpolation A..;cur acy for uiffc:rent 1\l:ethods of Spacing Cali­
brat ion Frequencies in 'tha rtanze 3 . 6 to 10 . 31 Mc . 

Calibration Frequencies 

Spacing based on: No . 

Maximum Accuracy 68 
(for reference curve) 

ASn Frequencies (5) 22 
(arbitrary spacing) 

NkL Proposed (6) 20 
(with "off beam11 test) 

British Spacing (7) 18 
(½ Mc. Spucing ~4 extra) 

~ Mc Sp~cing (8) 14 
( u ppr oxima 1.u ly) 

No'tes : 

Accuracy Obtained (1) 

Av. Error (G) 
Dugretls 

1.53 

1.8 

Peak .c..rror s ( 3) 
No. Dt:lgrees 

1 18 
l 15 
1 14 
3 12 
1 11 

1 14 
2 11 

1 15 
1 14 

1 13 
3 12 
6 11 

l 15 
4 14 
l 13 
3 12 
2 11 
2 10 

(l) Accuracies urd busod on errors notud in pl~tc 5 b0twaen the ruf~runce 
calibration ancl th..i indicated calibrc..tion curve, th..i frt:iquency bo.nd 
from 3.5 to 10.5 megacyclos &nd the Oto 90 degrae quadrant boing 
employed. 

(2) Rofors to &n ovQrull avurag~ of the individual c~n'tour average errors . 
The latter era obtainud by pl~nimat~ring 1.he area oet¼can each r~fcr­
ence calibration curve (contour) o.nd 'the corresponding calibration 
method curve (contour) 'then dividing the md~sur~d urea by 1.hair common 
(frdquency) buse line. 
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( 5) 

( 6) 
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- TP..BL~ 1 (Cont . ) 

koft:rs to pd&k drrors of 10 ddgrd~S or mord, 
1' h1:3 various methods of spaci ng c.ht:l cali..Jl'c.tLms to obtain tht: 
rdfdFencu curves is ctiscussud in paragr~phs 13 and 14 • 
Thu .i,8,r spu<..;ing of culibrr;tion frc1qudn<..;ios is bnst:d on a limitcld 
numb1:3r of culibrai:;ions using vxuci; 'transmitting frcquonci~s . It 
thoroforu oncount~rs critical fraquencies only by pure ch~nco, 
Thu above NrtL proposad mdthod is b~sdd on informa'tiJn obtaindd 
from c, closd froqUdncy run with -che targ;tit 11 off 'th<: boa.in" to d<J ­
t<:.)rmino 1.hu cri -..ico.l 1 ruque::ncitJ s. Thus with ndarly t.hti samtl 
numb~r of cc..librutions, the intarpol~tion accuracy is considurably 
grt:~t~r 'tho.n tho.t for tii'thdr the AS~ (random spacing) or the British 
mt:thod. 'I'.hti fallowing procc1duru is t:mployt:d for solt:::ci:;ing t.hs: uctu:::..l 
c~librution fruquuncitJS used in the NRL method: 

(c.) 1,ith tc..rgut or tr<1nsmitting soured stationary, at approximatoly 
90 or G70 degrties relc..tivd to ships' heuding, no'tv tho d- f 
davit..tions ootnin...:d as thd transmitting fr..:qu1:1ncy is alt.:rud in 
sts:ps of ubout 0,i5 ~c . 

(b) ~lot u deviation vs froquoncy curva, c1 , (i , d . truc: buuring 
bdng consi;ant) . 

(c) Supur impos~ u new deviation vs frcqudncy curve , Cz, puss:ing 
through un optimum numbvr of deviation points of Ci, the latt0r 
bding chosen to givd 'thd smallust number of calibro.tion frcq­
uuncidS und minimum sop~rati on (diff0rdilCd) botween CG und c1 
huving duo rtigard for tha c:voragd saporu tion us w,:; 11 i... s the 
peak sepurutions . 

(7) Thd Bri"tish culibrLtion points v,.,,re cho&<;Jn by 1;h,a mc;"thod givan in 
po.ragr .... ph (5) . In t..ddition to the } ID.:lga.c,y-cl-.; sc:pi...ro.tions spocifidd, 
four udditional calibr~tions were ins0r~ad as rc:co,n!ThJndod; thrcla 
bucuusc of sense conditions and on"' bocause udjucdnt curvos werd 
widely diffurdnt . 

(8) The i m._g .... cyclo spr,.cing llrror s O.N 1is1;E.:d in ord...,r to co1nph1t<:1 thv 
cccuracy comp~rison of "tho vsrious Ili..lthods. 
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