d (Measurement),
=748t (Metrology)

Radiation Detection & Measurement

lonizing Radiation

= We “detect” (existence)
- Charged particles (a, ), neutral particles (y, n, v)
- Non-ionizing radiation

= We “measure” (known existence)
- Energy spectrum: energy given to the detection media

= And could we “sense” ?
- Position and timing: requires signal processing

= Then we can “visualize” invisible things (imaging)
- Incident direction via imaging methods
- Radiography: X-ray, gamma ray, neutron, muon, etc.

. \
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ZX st (Metrology)

VIM3: JCGM 200:2012 — International vocabulary of metrology — Basic and
general concepts and associated terms (http://www.bipm.org) [1].
==

GUIDE 99

JCoM 2002012
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PARTS NOT SHOWN

Tail fin
Boeing (Frederickson, Wash.)

Horizontal stabilizer

Alenia (ltaly) —‘
Center fuselage

Alenia (Italy)

(England)
Wing/body fairing
Boeing (Canada)
Landing gear doors
- Boeing (Canada)
‘ c:'ugf;sdage Cargo access doors
(Charleston, 5.C) 53ab (Sweden)
Main landing gear wheel well ~Passenger entry
[ Kawasaki (Japan) doors
Fixed trailing edge Latecoere (France)
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Kawasaki (Japan) ~  movable
= trailing edge  OF (Evendale, Ohio)
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(2) WH(Calibration)

s TAIE 7 SOIM, M A C 2 SHEXZ0| o)) HIZE Wquantity)o] HETESE
et dSsls WA Suese zy) dolol AAE aEiy ¢ A A=

XAlZOIM £EAE L BAE &Y %’—I3H X R CHAe] WRE 0|83=

~ XIAIZtn BEO| o8] EAIE ChSZ Ato|o] BAE TSt T
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(3) 252X (Traceability)

EMEtE BOIX|X| #2 BHO| ArES S3l0] HYANE 7|F0| ARAZ £+ A=
=Y dnte| 5900, 7} thAl= FFESE0 7|0{Bict

Unbroken chain of comparisons to the Sl units,
all having stated uncertainties

N | NMI

(or Primary dosimetry lab.)
> J

You, the

Consumer
Inaccurate

Measurements
- n
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(4) E&=(Uncertainty)
~ 1984 1 SH(HAHZ L £HZHO| T & s 2%t B
(A measure of the possible error in the estimated value of the measurand as
provided by the result of a measurement)
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1984 ~ - ;g%rq (x+)7ro| ol HOo|E L|-E)- HI— xxﬁa}

AT g T TS

(An estimate characterlzmg the range of values with which the true value of a
measurand lies (VIM 1))

1993 ~: SF A0 BN, SYS L2FH2=2
Etth= ohetol
(Parameter associated with the result of a measurement, that characterizes the

dispersion of the values that could reasonably be attributed to the measurand
(VIM 2))

I

B gto

2008~: ALBS MEE T o2, HHZte| BAS LiEHYE 20| ol Thatolg

(Non negative parameter that characterizes the dispersion of the quantity value
that are being attributed to a measurand, based on the information used. (VIM 3))
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2 Xl(Error) / &= (Uncertainty)

2 X (Error) 2l E&=(Uncertainty)

M "0 @ .5 m_.h_
= 4 oo H K
R B0 mo ™S <k of
o KO ) -
® EL x_.wm o of
T ES W= = %
AEE Z T o W
d = |dr 8l = =
§N s & 5T L5 o Z
ol ol I3 ﬂ_. TS 4 T ) > =
o BHla 5 |eE & ro T A
i ®i =z 3w |If S H o I
1 ® 0 G |9k =] W
o 8 oW RS T ol ROgy U
= ¢ O P lug © R E firse <+
N s I olﬁ_u 22 ﬂ_-h o KO = o ¢ M
=, K 227 - o Bl
O A RO W o ¥
RORI®! |y o ol BTN Kr g
iroor |1 E A3 o Ty o
NERS 1 %w@ — or %mw._ﬂ_. |_|n_.u_u._u \..tV.l
hibe (22 Ol |8 m~&m Mo E
it O 41 IH | ® & K= £
LR B LR T e g
P 9 ¥l e [l HEa ol & S
R w0 J...T..Tu R Q __o— N = ._o_.._u.Al =
3 Rk 40FT  Eh s
o o & o |55(|3 ﬂ___.___ oo HEH fo. B 1
¥R L K L o I 5l
o oggro e E|] 5 I~ RO oT s
Fs 5 | E dos 28] O | & H=4r 5 g
Bon = Ly SRR 2] 8 A BIE WD
B £ |l 2 K ®womm X @mol o
% <+ e e o |Blup 2 KIr KIr o = ™ RMof K-
i au o= 2 =
z . . . .
J— —_—
2 ORRT ] o
S = "3 T -
a2 O ok @
B @ 05X oigy T
o Ar FE O RIRS d
1T 2 S
K0 o ja—— _“_.__ux_”_ o
Kr ._Hn_ {0 *o___LI =l
e KU K- )1 S—
rowo osue™ o L4
WA oy KE =
=RO mo_nﬂ = 1]
< > 0 < Y
Sl T Rpros.. = KO
B O KUK 0 S
.G._h S ol__.AEo_._.mﬂ =10 ~~
PR U 2mizl 28
a 0 HNIET B —_
Qan ® o0 "R sqp
- ) . KO= = y
S5 § Torm., S= o
0. gy
A EUN Ey 2zom T S0 o ©
g, oW groly o < o
S S Sgo SoTilz: cE S =S
oo Bro 8y, S5 25 8 T
Sir 8 20y g g
=V s sz, 9B s 4 N
| bl R o=k cio » A
Hd _._._I_= WIE o= - ~
yy B ardt grrotol oo 5 LH
L, — o= —_— —
T RONE KOS h_d\xo&._un_ NS - s =
ol Zo= RoRs ASKINoT <! RooTLT z ol
THI fIr KIrko %05 ROMH BI561H) =0
< . . . . m x

nn

SNU Nuclear Science

nn

SNU Nuclear Science



AE2X /AL + SYE

U= gay + 27

1o

—
-

(5H% 2ag)? =
S (A type22HE)2+(B type 23 £)?
. (ASZA. Blype),
nY(2B)
=
e
ps|
I &
L b4
= HA
; A correction can be applied to
o*;x::f— " compensate for a known systematic
(REZHEZL) measurement error (VIM 3, 2007)

v BEZYSEE(EEEEE): EEUANZ HolE 22k
SNU Nuclear Scienceg”“a @

1]
Jhoe

P 0] 2HEl =20

XH(Measurement error): Z™H 0N Z|E2S uh 7}
b |

(Reference quantity value): &
J1EoR M8ElE U

4

.

XX I Ny
28N o

EIFN o2

J4
0
of
10
o2t
£
I
rir
13
o
]
fe]

n

+ e, WAY B
—
=

= AN
2 5 G, FXO| FRE 1 U0 YA UL,

=
He oF 2H M S EIL.

L
I
o
ML o

¥
02 o
J

JI% 0X ne
o0 Jiot rx
1o Had

- nn
SNU Nuclear Science @
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*

k n own as GUM2

XEISSSPTOs

d g &= (standard measurement uncertainty) «(x;)
HEHANR BHE ZHZ
ANEoC B x|1g

uiDE

Ao B8t /HESFHESL

(EET9)AE EHI|/Type A evaluation (of uncertainty)
U RIS EANSE EAsto] 2R E Hotsts WY

(B2 =2)B¥E HW7/Type B evaluation (of uncertainty)
Exaiionof moes Lol X SAX £40] ot CHE B oz 2T E Hsts YY
:ﬁ—ﬂn‘h:mmﬁn
:.m"'-”“"““" ¢ 4B FE BT (combined standard measurement uncertainty) v, (y)
EI‘!

ZHANVL of2f Mol T2 YHTo2SH Aol O O] FHY Ao EEESEEE
Al _>|,_<_ stz ottt (RAE yo| EE ST, FE ol HE)
(expanded measurement uncertainty) U(y)
JOlE|OfR| = SY A0 TSt &, 07| M 222 ZFY
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20| Zghd o2t 7|y Elt YRIOILH Uly) = k x uly)
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* Guide to the Expression of Uncertainty in Measurements, =xat
(GUM), IS0, 1993.

=9l gt B3 X| A, KRISS-99-070-SP,

«DEe =N Tt BE Y8 THBILL
> —_ o » BRE 377} 0"0| E|Cats ESEE K02 Q0| ZEHE|0{oF ST}
cEFZMe 22 =Y U HEHE 2T XA, KOLAS-G- - 20| 2= BE YAVE()S EEHVE ()7t BILEI0{0F Bt
002 (2016)
* Guidelines for Evaluating and Expressing the Uncertainty sane g~ ¥ = f(X, %2, . Xn) ~ gz gs
of NIST Measurement Results, NIST Technical Note 1297,
NIST, 1993. B ot
* Quantifying Uncertainty in Analytical Measurements, §§§§§§5 - u) = Z(B_xl) u?(x;) + ZZ Z T ax u(xuxl)
EURACHEM, 1995.

i=1 i=1 j=i+1

¥ u(x;, x;): S&L(covariance)
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99.7% of the data are within
3 standard deviations of the mean
95% within
2 standard deviations |
68% within
|«<— 1 standard
deviation
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XHRE(v) : 0.5(100/R)*
- SE3| H2SHH(R=0 %): v =e0(=10%)

:

&

- nn
SNU Nuclear Science



