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Occurrence of errors.

PN IR T 2 HEHCKOBAZOOHEND 2o

(1) ZEqual absolute value () + error } — error X |3[F[. probability 7
+, Bl~F 100m @ line ¥ observe LT + dem @O error & — Sem @ error &
AR C B LT 50TH S

(2) Observation |z T accidental errors PYEFLAX 2 lmit Hp 100
meters F il p 100 meter Bl o error Bk Lo

(3)  Smaller ervors (LLEWA 7 B error) 1% lager exror ) D) S % 5 probability

‘ YA TP~ 100m ¥ measure LT Sman O error ¥ F B bem @ error

P55 X D b3 probability 2k b,
2 CHEANE ) R ER T ILE, KRB R %0
ziL¥ probability
werve &2 Ao

y = DProbabilily or

frequency

y = ¢

y = P
= @~
= @ =

when 4 = =1

Y ia)

AR NN e
\\\\\_‘\‘\\\\\\\\\\\\\‘&‘“

o a b
lvis certain limit(2)

q) CA) = Mmazr when A 2= asenesreritsareriaresiaccns initinstans (3)
ab Mo error M probability & p & F ALK

fq)czbdd Ee  area. CHED

m[ Deduction of the 1aw of errors.



454 f+EE B|OX @ II. Deduction of the kiw of errors. 455

& Direct observation Tk ) « ¥HIET I DL T, By integration
M, My My cooeeme My o o observed value L3, lgp(d = K _42’; + e
observed value. true value. - error probability. i ]\,_{(;-; +o o " _A;_ e
M z 4, D) v PLa) = ¢ T e
i, . 4, P04 Z LNy Equation of Probability curve. ‘G %,

Determination X and ¢

4y 43 Ay e B error RARCIES probability P 12k o L P(D= maz when 4 =0

P=@ddp)pd) i top

7 )% most probable value % 27w |3

a8 4 increase y = @ (4)  must be decrease

‘We must have ~—1—— K = —

probability P. max % 2 F B4 _ oy = Ce —h24°
log P = log@(d) + log p(ds) + log (4, + ~ ceveianne +oo
. o P 2nd f(p(d) dd =1
dlogP _ dlogp(d) A4, _dloge(dy) _dd, o
da ddy dz dd, do T 0 .an LG4 =1 +h24.12 1
= e = —
and 4 =M -z M, = const --{?4_1_ =1 e ‘ or j . 9]
s =
_dwill_ = ddﬂ _ a4, ' ddn as pl+4) = p(=D
P — ‘d'u— = _;,dx,._:. ZT eerasense = —’ZZE—_A = 1 - o .
dlogP _ dlogp(d) . dlogpcdy 2fa i
YL o DY) L o 2
dz - ddl . -+ F—%Z)Tm [ IR T PR TP = 0 0
Gy dy e Y ETFendz, it hd =t  hdddt '
dlog p(4,) dlog p(4, o |
4 4, ledfi———l— s WEZIQT%Z,,;)— oo =0 €9) f e Vdt = "f‘),% special case of Gamme function. Definite Integral
. : 2 ady | 0
X most probable value 73 & &3 oo o
__t2 __,vz
) e dt = fa dv = A
4+ 4. + 4, SERRIIET SR = 0 ceererennnnn '¢t)) ..[O 0
A ® BREBCEIT S & pE, | 4 = f"’ f;’—ctﬁw) ot
then Q9@ (4D _ dlogp(dy) . 0 Jo
Alddl Az ‘ldg—_-‘ EE bereseresiesanenes = ](_ ) i td
or Bl e put v = tu v = tdu
d(ld - >0 " 2O —'t‘lcl""s)
d log p(4) . -4 =fdu fe “tde
—e—— = K4 o Jo

1



466 BAER B %

= e o =B 4y e
z).sam fg "t Cl+u>tdt = [____6_______5_. = 1 5
0 20 +u®)  Jy 204w

Eé%l

s 1 = du _ 1 oo . T
A2 = -Tfo T = ——2——Ctan =0 fan™t0) = e

20 P
_ _h_
C = aru
A —hi4g?
DhH=_-T-ce
P e '
Equation of probability S
of errors

k ¥ the measure of precision

ER %o

h kB BGAKE
HEF&{LT A
A BB AREENEN
DTH B,

YV Principle of the Least square.

(a) Equal weight. [F> Condition = Observation YIRS, HFME,
i IRk & équal precisin E]] 2 $% constant & s~ BEAC [y e
observe LTKDInE M, My My -} 2 observed values YERD,

Ko fyzD-M = 4,

F@ gz —My = 4,5 n

....................................

V. Principle of the Least Square. 457

—12 A2
The probability of 4, is J‘_;_fe w4

A
then 4, doy Ay oeeee DinE error HLFEEFIC 4 $ 3 probability |2
p oo Dt WA AL 2T
ws
Ty qfy 2 e 95 Most. Probable Value 7 272 ITik

P=max B2 TL
s A+ 4+ 4F A + 4% = min Lh3B
7 ¢ Ofp{ rvesidual @ square O sum # min £33z tic X b most probable

value b o) 4

z i1 Method of Least square Q44 %L A D
VI Comparison of
Precision
most Probable value
DOEIEEHRIET O
LR D—OO AN —DOE R Do
1. Prohable error (#E3%) ¥ IR L 35&

+r
[rp(d)d.d = 05

r

f
tef
}

it 0~v D probabililty 3% y ~ e Z0D probability &%‘L%ﬁ?ﬁ‘]@

error % probable error LA

Il

+7
g N —wdr dd 34
_t/_) ’('.d) dd = e e

hdd = dt



458

VI Yaw op propagation. 459
>0 o —
hr —8 5 __ v
=_2 /e—tgdt=.,l__ _ BRLT [Oe d =T
RV ar— 2
0 L
‘ ] 82 == 2 __l._ i...%,.:..__l_.‘
2 . 2 * B LDV e 2 P
= (1-—_1 +12+ ...... D dt
' & = 1.4826 7
2 hr)® 1 ()b 1
= «/T%hr B -(13)“— 13 Qg)"% =z 8 Average error. (7.)
0.47694 Average error X% sign (CBIRAR LIC error ¥ sum @5 H D \F R
Br = 0.47694 ooy = 22T

= 4L d+dd o eror Off = na = np(hHdd
(2) Mean square error or mean error (€) n

Ziiz—#O obsevation [CHIFRT 34 & @ observation error FIEFICiNE L

o0
- total & | dp MHdd
SR Pfii- error O al sum {3 2n 0 [4
F5 LI b O\ FHEOFERTD 5,

‘ » = > _hed,dd
dpdid 2[ dp(dydd = J"_L] do™ 174
o o LI+t dy (4% o= 2nf0 S . (D wara i
) ) T n :
‘ | dt _ 2 (e ta
Kic & & h LOBMELRUZBEDICES error 4 & d+dd o error M=t A=~ 1=
probability i3 @(Mdd Y, na ¥ 4 & A+dd IO eror O E T . L
e h..._._[- _tﬁ] = e = EN/,, -
Pp(d)dd = nT° or na = n@p(ddd T h ¢ y v~ wh 4
4k 4+dd RO error OFF ORI 42 nd TH b & (Mean) ' 7 (Probable) 5 (Average)
Bl 42 np(dddd L%, & 1.0000 & = 1482 ¢ = 125337
S —a L 4a KRG A error ¢ square OfT T 0.674p & - 1.0000 7 = 0.8453 7
n 'Ze“(p (ddd 7 07979 & = 118207y = 10000 7
—a :
+20 VI Law of propagation of eirors.
fdqu(_,,)dd +oo ek
oogt=nlTe = 2 = [ A 2 1. Mulitiplication.
- [ #ouia = [hoe  saa
- —20 X =azx
hd =t i4 = St ‘ e. mean square error of | \
h . )
2 30 9 g £ s ., E 7 v v vz T ¢2341¢r04wﬂ= ylo)de
& = ___fe i [t L[ty »
h v"7Jo b~ 2¢ % Jpenp 2 Jy E = o’ or E = at



W Law of propagation, : 461

460 FEE OBROE O OW

¢ X = Sk D T G Qo s esereesearesreraererinee FEA L [
1. chain = & @ error D7z Y2 ¥, B dist ¥ observe LT a chain L QL0 ECTy & L& b
FAMO ervor & at D, E & & & e each mean errors
Ei’. - (ae)ﬁ + (b£1)2 + chz)'-’a Joeerannne tose

2. Addition or Subtraction.
4. General function.

X =z

X = f ij, U zl...............)

observed value 2 errors of & 2 47 «veiieiainn .

observed vblue 2z, # 7oy Ay A7 e . B = @ k@ ©. error
mean error of z & = ~—E%43_ y="Yoty y
' : 2= gy + 2 2
4 & v oz & = Lf’iél}_
/7% Mevseeearateanntaenn
mean error of X = E say
Ixpand by Taylor’s Theorem.
v DG ¢ , é é
2 o= E(elror 21’. ,(X) :] X = f(xu Yp'By vrreee ) -+ (_6:5—')[)-'3‘ + Cb,é\y-):)oy’ + C_org-_)uzl o oveenes
, p— , N ) S« ., .67, )
error of X' = 4 = 4 | X—-X, = ("6'&’;)0 2t (_(S-éw)”y + ”6;.?)“ [ A TR .
v 7 X" = 4" = 4 B = (@8)® + (BT 4 (08 )Y 4 rervesereinns .
----------------------------------- . 6 6 ‘
Where o == C*&C")u b = ('.*(5\'5*)0 ete.
Square .
Iix. for 4. a == rts"i');')"ﬂ sin o
Error of X% = 4% =244 + 4.2 5 6
@ [
Sun C 4 7 X7 = 4" x24" 47 + 4% da = Sa de + or dr-
....................................... , ¢ = constant (assume.)
. e C eada — SSMEST g oot da—a cotrdr
- e s’in T srbnu T - N .

S (Error of X)? = (dd) = 2 (44] + (4,4
EIT L AL I 0 Ba = o/ PG & ol 18,

Az +Ail o A,,LH ........................ = 0 ) i b. Dependont value.

S 244y = 0 Y = aX+dX’

Indepenent QIFAIT ZRDOML

. S(Error of XD _ w4 L C44)
n n ——
" , EY? = (e EX)? + (@ EX"?

LOEP=eE e o E= o & téf
1
Dependent DA T

3. Linear function.



462 . Bl o # i

X =bx+ba +bya,

X' = b2+ bz +b'29;2\

Y X X' =z =z z

E Ex Ey & & &
Then

mean erron.

Ex = (08)° + (bE)*® + (ba8y)?
EY = (' +(be)? + (bye,)?
Y=0aX+d X" substitute X X’
Y = a(bz + ba+bews) + o' (B + bim, + bhzs)
= (ab+ d’b’)z + (ab, + a'bD @ + (aby + a'bh D2y
By By Bgy weeverererrmremsesronnes 1% independent value % p
E* = (ab+ab)% + (ab + B2 + Caby +a'by)%e]
ﬁcwﬂ-+w¥?+ﬁ%)+am®”ﬁ-+M%f+b¥$y
+ 20'a (D b'e® + bbef + bybyed)
< E? = o'Ex + o E¥ + 20’0 (Bb'e® + bhE} + bybied)
Wl Adjustment of observation and precision in direct ohservation.

1. Epual weight.

B BRMYO most probable value CHT 28RO degree [F455E ervor ¢ —

CXhFRTTEER,
GZICBT % Bessel ROARERDAIC
unknown true value % 2 1 L true errer ¥ 4,4,

Single observation ¢ mean error |

&2 o= CAEJ
n

IVRkbzzrra~xL
R2BICE AL true Value L true error GameFLT

probable Value 2,

VE. Adjustmant.

residual U Vg Vg =weesseremsavenacnes U k?%%lt;@%“g% %’:u"c
U Uy Ly emevevenens +ess ¥ observed value. Pl nd
=3 ) =0 zha

xu'—"vl-—':l(:m'—‘dl

g = = R T PN ¢ D)

.................................

Ty — Vp = ln = w—dn
(1) KEiEmsLn ) =0 ahid

nE = nxe — EAJ cresensensneenena i (2)

€2 kD m ER®  m o=z- -G ) AR

n
ny = (n— 14, -4, -4,
nv, = —4 + -4, -4
nvg = — A]_ —_ Az -+ (')2 - 1)A3
(3) sykxpReE
nﬂ/uf = Cgl — )EALQ + Ag - A:,}......---...... —2(”_...1)41.43.--

S
(>3
1319
I

42 & (n=1)245 + Ao 2= DAy -
nvi = 4} + 43+ (=123 —2(n—=1)4 45 -

...........................................
......................................

ZELT
ntw?) = {(n—l)z-}-(n—l)} 4]
o = 22 D= e

n—1

463
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—— Example of Adjustment of Direct Observation—

(1) In equal weight.

No. observed angles residual 2
1 35° — 42" 35" +2
2 v 35 +2
3 r 20 ~18 . 169
4 r 05 —28 784
5 P 42 1764
6 V] 40 +7 49
7. 710 —23 529
§ . 7 30 -3 ‘ 9
7 50 +17 289
“10 v 80 3 9
Mean 85°—42' 83" Co) = 8610
probable error vy = 0.8745 ~/ 1 (31%10 3 + 4.3

Most probable value 5° 42/ —88" +4."%



