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Frcunu Q7a.-Ilrror ellipse and circle of equivalent probabilitv.
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Frcunn Q7b,-CEp for elliptical error distribution approximations.
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culation. Despite tlie avaiiabilty of thesc culves ancl tables, approximations

rrrcle for this calculation of a CtrP r.hen tl-re actual erlor distribution is ellip-
crri of these approximations arc inclicated ancl plotted for comparison with
ur'-",c in figure Q7b. Of the various approximations shorvn, the top crtrve, the

cliverges the most rapiclll-, appears to be the most commonly used.

er factor of interest c<-rncerning the relationsliip of the CEP to various

hat the area of the CEP circle is alrn'ays gleatel' than the basic ellipse. 'Iable
tes that the divergence belween tlie actnal area of the ellipse of interest, and

rl equivalent probability incrcases as the ellipse becomes thinner an<l more
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T-rnln Q7c.-Comparison of areas of 50 percent ellip-scs of..varying
eccentricities l'ith areas of circles of equivalent probability'

-rrlue of the CEP may be relatecl to the radius of other values of probability
Jltically for the case of the circular normal clistribution by solving the basic

oi ,,u,io.,, values of probabilit)-' tr'or this special case of the circular normal

n. these relationships are shoryn drawn to scale in figure Q7c rn'ith the associ-

r-. tabulated in table Q7d.
lerivation of these values is shog,n in the following analysis. First, the factor

Le CEP to the circnlar sigma is clerivecl, then, as a second example, the rela-

etl'een the 75 percent probability circle and t'he circular sigma is derived'

of these two values is then the value shorvn in table Q7d for the 75 percent

.'ircular normal distribution equation is:
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Frcunn Q7c.--_Relationship betrveen CEP and other probability circles.

Take natural iogarithm of both sides
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'Io obtain raclius of
circle of probabilitl
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The factors tabulated in tabie QTci are sometimes used to lelate varying probability':cles when the basic distribution is not circular, but 
"trifti""i. 

'r.hat such a procedures inaccurate may be seen b5 the curves of figure ezd. It can be seen that the errors-r-olved ale small when the eccentricities are small. But tlie errors increase significantlyrien. both high values of probability are desired and rn-hen the ellipticity increases in''e clirection of long, narrow distributions.
'rhe terms radial €rror' root-mean square error, and 4-" are identical in meaningr:-en applied to two-dimensional errors. Figure qze itturt.aie. the definition of d,,-,.

- - is seen to b.e the s-quare root of the sum of ihu *q.rure of the r sigma error componentsu,-rng the major and minor axes o{ a probability etiipse. Cr." ng"." cletails the definitiont'u I tl,-,. Similarly, other values of d.,, ,ur. t" derived by'using the corresponding
'i-ues of sigma. The measure d,., is not eclual to the .qr,ir" root of the sum of thea:-rares of o1 and az thaL are the basic errors associated *ith th. iines of po.iilorr-ot u.:urticular measuring system. The proceclures describecl in art. e6 must first be utilized:: obtain the values shown u, o" u|-,.d ,o.'rhe three terms (radial error, 

"oot-rr--.quare error, and. cr,-,) used as a measure ofn::or ate somewhat confusing because they do not correspond to'a fixed rralu" of o-r_u"-litr for a given value of tie error -.u",r"". The terms can be conveniently related tori'er error measures only when ct:cvt ancl the probability figure is a circre. rn therlrre common elliptical cases, the probability associated *itf, u fixe6 value of 4,*,
"iies 

as a function of the eccentricity of the ellipse. one tl,^, isdefined as the raclius of;-' circle obtained *n.: o"-:1, in figure Qze, ancl or,ruri.. irom 0 to 1. Likewise, 2 d,*,* :Ire radius of the circle obtainecl iihen )":2, and. a, varies from 0 to 2. Values of thec:eth of the radius tI,^, calbe calculated as shown i.r tubl" qi.. r"o- these values theu=ociated probabilities can be determined from the tables of article e6. The variationsur probability associated with the values of r d,,., and 2 d,^, are shown in the curvest.tl^*_::t=qtt a;r-a azg. tr'igure Q7h sh;;s the rack of u .orr.turi relarionship in a slighly

",*tl.#I:I: FjT ln: ratio d,,.,fCEp is plotted against-1h; .;-" me&sure of elliptic_{ ,' I ne three figures,show graphically that there is not a constant value of probabilityusociated with a single value oi d,_,. " 
'-

tr'igure Q7i shows the substitution of the circular form for elliptical error distri-r'::ions. When r" &rd ou are equal, the frobability represented tr1, 1 d.., is 63.2i per_
f--f'Ih"" a, an{ a! are unequar'1o, being the greater varue), the probability variesl,nr 64 percent when arfc,:O.S to aS percent wlrcn orlo":g.,g.


