20094F5 20 HEIR
20114E4 18 HEIE

R4 ERDERZE D
Estimation of errors in sample variance

JEHL B
HETHERY 2 7 3 v 7 A TAI i v 8 —

FUoHIC

RIS, WIEIC X DS B ET— 1%, R systematic error &, #EMY
725 statistical error £ 2 FATWVE T, & 612, MIRBIFREAGHEREIC L D IES T
ZHAICIE, 20T BEUHAMABE L L, TRMEFGIE) & TR
Hy BERLDEFEZSNTOET,

BIREITREDRE —|: SRR
ETRRERE —[ TR
KIF 7

Bl

2D/ =T, ZHoRFHN AT O W THEBIN 2 RHI 2 1T 9 D 7 I BT
Ho 1 BFNBIBROBIM O Lpte 2w L £, Hrn s, BREGE RS 3
IRCHEFCEA TR L b d,

ZD kS rFETHINAEHAE, 13U DXL OB ATE L L OWEE 2T 15
Bt e % SR ST 9 % WFZE (T.1da. J. Appl. Cryst. 41(6). 1019-1023 (2008)] THIV>,
S OISR RRTRR A & FEBRINICAFA$ 5 4% [T.1da. T. Goto & H. Hibino. J. Appl. Cryst. 42
597-606 (2009)] THIVE L 7=,

fERED n AOBAAE (X} (j=0,...n- 1) IKRLT, REFHH

-l
lez X;

niZo
TElfiEh, BARSEI
V= X -X
LSy

THEENS L, EATHONIE

(o)

BARDEDDEU,



http://www.crl.nitech.ac.jp/~ida/index-j.html
http://www.crl.nitech.ac.jp/~ida/index-j.html
http://www.crl.nitech.ac.jp/~ida/research/reprints/count_loss_3.pdf
http://www.crl.nitech.ac.jp/~ida/research/reprints/count_loss_3.pdf
http://www.crl.nitech.ac.jp/~ida/research/reprints/particle_statistics.pdf
http://www.crl.nitech.ac.jp/~ida/research/reprints/particle_statistics.pdf
http://www.crl.nitech.ac.jp/~ida/research/reprints/particle_statistics.pdf
http://www.crl.nitech.ac.jp/~ida/research/reprints/particle_statistics.pdf

<(V_G)2>:(n—l)(nz]7—3n+3) n;(XJ—X)‘—(n2—3)V2
1o o\ V2
“,ng;(xﬁx) Yy
EwIHIRT, EET—I P OMEI NS ZEERLET, THOTVHIRE MY 282 L
ABRTIENTEET,
BEARENC &> TR DOMENED X H ICEDZ %MD ) — + THE
LB T BEANMODIEE ) IWRLET,

R4 fE

THm, o> (BEEGE o) DISHOUHES IS n HOBIE 1X) (=0, ..
n- 1) BBBELET, 7, RASEAMBEOCHTTES ELET, Eok (L
GePECHIEIE 2B LTS 15 7= 718, WSRO RIS 01k U,
COKI B ERO LIET 5 2 LATEET,

CoL s, A OBARDBOMIHEI VT,

e
HB\viE
<(x/_m)(xk_m)):{ ° B:j @

DBFAIRD B ET, 7EL, (X) 12 X OWEEEET £ LET,
JUFy A—DTINEY G
8":{ (l) }j;fj @
zHviig, LoBRz
(X,x.)=m"+0%, (4)
LLEITET,

AT
BEETOIFHE
PEAY) X %


http://www.crl.nitech.ac.jp/~ida/research/memo/SampleVariance/sample_variance_typical.pdf
http://www.crl.nitech.ac.jp/~ida/research/memo/SampleVariance/sample_variance_typical.pdf
http://www.crl.nitech.ac.jp/~ida/research/memo/SampleVariance/sample_variance_typical.pdf
http://www.crl.nitech.ac.jp/~ida/research/memo/SampleVariance/sample_variance_typical.pdf

X; ®)

CHELEF. BATH X N0 55 iSRS TH D, HOTH m k25
BBTH ST LIEELTS HE s,
LinL, BT M
(x >< 2X> 2() Zm m ©

tﬁb,ﬂ@¥@m®E&#ﬁLiTc_®%%i,%$@¥@ﬂﬁ@$%m#%k$
ELoIhis IR EDBEVI LENFTEL LKL T,

BAFHOS B ORHE
FEAS-E DS O MIRHiE L,

== (@)

ERDET, FHOVAIREBE L LT I LicTiuE, oz TEATOME
13, BEARBO VIR L TR 5, JE2RIKRLET,

REDE

B BOMRFE
BEATH %

:472@ -%) ®)

n—-173
TERLET, KOG OEATY X OFETEAZE o THl>TWE L, X @©) Tl
% (n-1) TH-TWE Z LIHEELTL ZE v, A (8) TER SN2 A D HIHHE
(V) REoAMOME o® LB LT, ZOBMREMTOL ) IcElEhET,

oo %z;<(x 5]

n=13



-- (:L_l)’;gg((xf)—(x!x,)—( )+(xkx,>)
TRl o) (405,

R T T TN Tra P

_7712(”_])%2‘;%6 (1-5,) nZ(n-l)EEE(' 5,)

= m(nJ —nZ) =g’ 9)

R ®) DEFRE AL, BRSO (V) PEHOZHDM 0° o RNEL 52
2 2 ERHY FRA, ZOTEDS, ZDXIICERINBEANE TR
LI ET,

KT, DYOIEERGEERT B LIS, W% THlo 70

g o
V—HE(X/ X) o
i) LT 2L, oW
<V’):n—_lo’2 an
n

LY, HOSTHWOME o £ b, FHEWICREICPLASDDEICR>TLEVET,
Z 2T, e FRIMCEHIT 285 ac i, R ®) TERSI NS REoHE M S 0o
WTT, RELHEZ ) LadudedhehreEo L, M2RUEEDT L TERY &
LEAFT, LA, THEBMEESRAKL %2 &9 RHEE) O L0 7IIRAHEE LT
NWTEL DN BITETTH, koM< 4 U RiEE (P53 2 X9
LHEE) EIAHEEIZ L FRAL, ELONROAEEML IZHETIEH D LA,

BEEDB ORI EOBRHE
AW XD TEOSHOA ZHEET 2 & LTH, AROBDOEARDAL & HEIT
VAT S 0% IO, MAREER E b4 bk D) FT, BRSO (HEHY
BESDE) 2fET 2
2 1 < S\, R _722
((v-o) ):m{ng(x,x) —(n _3)[n_1§(x, %) ” 1
L b ET, HBCE, UTOREMRZME) 0T RAL LEbNET,
R VR | O IS PR |
<(V—0)'>~7;(X,-X) ‘;[ﬁ;(xﬁ)‘)J a3

PUIFe (12) 8o #E 2 %2R L £7,



ARG D STEDIREEE, MUT oGt cEpnE 3,

(v-oy)-= <[ﬁz(x -x) - c}> - ﬁqz(x SR =(n- 1)02T>

o (EE -0 (558 - x )

J=0k=01=0 j=0k=01=0

+0’ 14
FoROHE 1 EH 2B AN L IEIEIL £,
B
e 1 n=1n=1n-1 2
(55 175) :mq;;‘;%(x X,)(x, 7)(,)} >

s s

( - 1) j=0k=01=0 j'=0k'=01'=0
(X2(X3 —2X, X0 + XX, )2X X, (X2 = 2X, X, + X, X,)

+XX, (X2 22X, X, + X, X, )



=233 58S

n*(n- 1) j=0k=01=0 j'=0k'=01'=0
(X2X2—2X2X, X, + X} X, X, 2X X, X} +4X X, X, X, - 2X X, X, X,
+X XX} -2X,X X, X, +X XX, X,)

pet amt et
= 2222 222 (XX - X2X.X, 2X2X X, +2X X, X X,

J=0k=01=0  j’=0k"=01=0

+XIX X, -X X, X,X,)
| et aet
T 2}»%;’: anzm (X2X2—2X2X, X, +X, X, X,X,.)
j i
l et
:7#("71)1 22 02:) (X2X] - 2XX. X, +X X, XX, )
= i=

—1 0=l p-1 —1 0=l n=1 n-1

ZZZZ {xx5) ZZZZ (0xx,)

J=0k=01=0 j'=0 J=0k=01=0 j'=0

1 =l =1 n=1 n=1

>y (X,ka,x,)

-1y 2585

= I= n-lnstncl 1 vl ol nel el
= (X — 7222@ XXy 3 Y 2 X (X XXX, )
(n-1)" 35 iSk0io n*(n=1) S5 =

s [ >z<xx>}

=0 kejlej
Ik

zz{m z<x;xz>+z;(x:xﬂ>+zz<x;xﬂx/>}

n-1

! 22[ (1) +SE )+ S0 E 0 0)

n*(n=1)" 13
+3§§(xxx)+3§2(xxx)+; ; E (X, x,x,X,) }

15)

[(#)+ (=) Y 4 200= 1)) (0= 1) (0= 2) (7 )Y |

- [ () 43(n=1)(Y +4(n=1){x*)x) +6(n—1)(n = 2)(a? )y’



a1 2)(n— () ]

(1)
—ﬁ[(ﬁ)ﬂn— D0RY +20n- (Y + (= 1)(n=2) (2 )’ ]
+n(nl_1)z{ () +3(n=1)() + 4(n=1){x Y} 6 (n = Dn=2) ()’

+(n71)(n72)(n73)(x)4 }
_mdnsl (n=1)(n*=2n+3), > (n—1)(4n—4) Ve
a1y © A a1y S oy K
(n=1)(n-2)(2n-6) N x :7(n71)(n72)(n73) o
n(nfl)2 >( ) n(nfl)2 )

-1y +(”'n E:fl*f) () -2y n‘(j)_("l)- D)y + (";(2”)(_"1] iy

—

(16)

=0 k=0 1=0

G 25) = —nzifil)@ii(x -X )(X,—X,)>

=20 ({x")~(x)’) = 20" a7

K (16),07) 205, BAIIEOIH (5 1H+5 2T+ 35) 1%

(v-o°F) :5<x'> J”n Ej”;” () -4
2(n-2)( (n=2)(n-3),
n(n 1) >(x> ' n(n-1) X>

-0t



R T = =
()Y

B Lo T
() + 2y ('

Ly 2 ) oy DN
e,

:%(f)-nf,:)(’f’)z = 4"((2::3) )y 2,1((2::13)) ' as)

LT B, T, AROHPLEER (E—AV ) &
((xf (x))4>: <)r4 —4x* (x)+6x° (x)z - 4):()()1 + (x)4>
:<x4)—4<)c‘)(x>-¢»6<)cz><,\')273(.%)4 (19)
LExn, X318),19 06, BEARSHE T4XPLEEZ o THIo M) L&

(1v=ey) = o= ) = o)ty e+ S e

(n=1)
22n=3), ()Y 6N -3
n(n—1) ) n
__n-3 2V ‘(8)1712)7(61176) V) (4n-6)-(3n-3) o
n(n—1) > n(n-1) >< ) n(n—1) J
n— e 2(n=-3),, > n=3 4 n-3 ) 2\2
- n(n—3l) X.> "n((nflg * ><X> n(n—gl) 9= n(n—;])«x >_<X> )
LD ET,

L#tso, E&ﬁh‘ﬁ(@%%ﬁ(<(v—ol)z> i, ARLERE (x-()') ZHOT

(V=)= 2{ix-)) —nz'nf])d‘ @n
ERINET, BAB DI E 0 EBBEDHAICE,
(V=) ~2[{(x-))-o"] @)

LI nEd,



RIZ, ARPLEHRZE, WET—I»oHiE T2 2B THET, T

K'= %i(xj -x)

=0

BEERT B L, JOMOWIRHEIE

N 520k=01=0 j=0k'=0

1 adatactacl

DI NNIY

01=0 j'=0 k=0

(o)

(X - X2X, = XX + XX, X, - XX, + X XX, + X XX, - XX, X,)

1 adastact ot o

=2 X3 X3 (XX XX, - XX+ XX X
J=0k=01=0 j'=0k’=0

—XIX,+ X, XX, + X XX, - XX, X,)
-X,(X) = X]X, - X} X, + X X, X,,

“XX,+ XXX+ X XX, — XXX, )
NPEpRpRp

RO DIIDINCES SRS SRS RS

T j=0k=01=0 j'=0k'=0

X)X, + XXX, + XXX, - X XX, X,
3 2 2

X)X, + XXX, + XXX, - X X, X, X,,
XXX, - X XXX, - X XXX, + X, XX, X, )

| ataztpml et ae . )

== YYY I (X -4X)X, +6XX,X, - 3X X, X,X,)

J=0k=01=0 j'=0k'=0

| ataztamt ol

=2 XYY (XI-4XIX +6X2X,X, ~3X X, X X,)

N 520k=01=0 j=0

18 )25 (e S0

ke kejle)
12k

(1 o 2gten) B 3tn)|

(23)



_fEZZZ [ (x)+ 3§<xfxf)+ 3§(xjxk) +§<x/xf)

j=0k=01=0 j'=0

BY Y (XXX) 3L Y (XX X,) +, Z > (XxxX,) }

keile] kejle] I

= (xt) () =) ]
+n%|:<x4>+(n—])<xz>z+2(n—l)<x3><x>+(n—l)(n—2)<xz>(x>2}
—ni{ () 43(n=1)(2Y +4(n =) )x) +6(n—1)(n—2){x*}x)’

+(n=1)(n=2)(n=3)(x)"

+g<x4>76(2;1) xz>z+]2(:;]) x1><t>+()(n ],,)(n 2) Yy

%M 9(n-1) r>1712(n oy - 8= D=2) oy

n n

3(n—1)(n-2)(n-3) (x)

= () te) ) )
e R R
ey 2y
+6(:71)2(n72) X2;<x>3 18(n=1)(n-2) Yoy
_3( S(n:Z)( )y '

:n%74nz+6n73<x4>

4(n-1)(n* - 3n+3)

)

+(n71)(?n79)<xz>z
+("—1)("—%)(6"—13)<X1>(X>2



B 3(n— 1)(n:2)(n -3) (x)4

>=n374n2+6n73 o 4('1*1)('12*371-* 3) .x3>(.x> { 3(n—1)(2n-3) x2>2

(K’ ; ) : g
n n n
*b(nf 1)(n—-2)(n-3) XZ>(’C>2 3(n=1)(n=2)(n-3) x)d
n ’ n
n? 3n +3
n-1) nd-4n*> +6n -3
PR

-3n2 +6n
-3n2 +3n
3n -3
3n -

ol

(,1,1)("2,3,,.,. 3) 4> 4(n71)(nzf3n+ 3) x‘)(x) =(n—l)(6nf9) X2>2

(k= " .
I6(1171)(11?2)0173) x2>(x)2 3(n71)(n:2)(n73) x)4 4
o7, ' '
(nfl)(n:l;3n+3)<(x7m)4>:(nfl)(n:l;3n+3) ) 4(nfl)(::i73n+3) Y
=6(n71)(r:;—3n+3) )y 3(n71)(2273n+3) x 25)
%DT,
< ~ (n—l)(n’;‘— 3n+3)<(x7m)4>
3(n71)22n71)< >z

S0 )0=20=3) g e S =303 oy
3(n71)(nn:2)(n—3) X>4*3(n—l)(r;—3n+3) o
_ 3(n71)(2n73)<x:>z

3
n

L Oln- [(#* = 5n+6)=(n? = 3n+3)] Yy

n

3(n— l)[(nz 75n+6)7(n2 =3n+ 3)] x)d

3
n




) 3(,,71)‘2;17 3) ) 6(n71)(§2n73) Y 3(n—1)£2n—3) X

_ 3(n— 11{2n - 3)(<x1 >2 B 2<XZ>(.X)Z +<x>‘)

= A==y oy

S Aeo)n3) @6

OBfREP N E T, FLDB L,
(K') = ("‘1)('12‘3”+3)<(X_m)¢> . 3(n-1)(2n-3) ,

5 o (27)
n

e
i), ZoXEERLT
o n A 3(2n-3)
<(X m)>_(n—l)(n2—3n+3) ) (n1—3n+3)6 @9
oo,

<(V -0’ )> = %<(x— m)4> - nzlni—Sl) st

1 n’ , 3(2n-3) n-3

- ;{(nfl)(n273n+3) K>7(n273n+3)6 7n(n71)0-
n , 3(2n-3) 4+ n=3

(nfl)(n273n+3) K)_n(nzf3n+3) n(n-1)

_ > - 3(n—1)(2n-3) 0_47(7'173)(?1273"%»3) .

(,,,])(,,1,3,“.3) n(nfl)(n173n+3) ,,(,,,])(,,2,3,,+3)o-

n® 3(2n2—5n+3)+(n1—3nz+3n—3n2+9n—‘))

4

- (n—l)(nz—3n+3) K- n(n—l)(n2—3n+3) °
n o (6n7 —15n+9)+(n*—6n> +120-9)

- (n—l)(n:—3n+3) )= n(n—])()12—3)1+3) ¢
n’ , n'=3n 4

- (n—l)(nz—3n+3) K>7n(n—l)(n2—3n+3)o-
n® , n*-3 4

- (n—])(nz—3n+3) K)_(n—l)(nz—3n+3)o-

:W[W'Hnu)o‘] @

fil, EAGHOSEET 20 LT, X1

e e 2 L B P P

=0 =0



HoHviFInEENT 2K (13):

(o) -l -3 -

ZHOIUTRV EEDNE DI TT,



