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gUmWﬁ b-o band Moving Coil Meter

'g‘dmwﬁ b-o WA Moving Iron Vane Meter
gﬂmwﬁ o-on WM Electro Dynamo Meter
gﬂm‘wﬁ - LLene Direct Heated Thermocouple
g‘dmwﬁ o-& L&A Indirect Heated Thermocouple
g‘dmwﬁ -5 L&A Isolated Thermocouple
gﬂmwﬁ -6V LLdAS Linear Scale

'gﬂmwﬁ -& LAMd Square Law Scale

gﬂmwﬁ - kaAY Logarithmic Scale

JUAMI o-e0 Uansanaluy Non-Linear scale %8¢ Ohms @z Db

gﬂmwﬁl -0 WdAY Ammeter Diagram

'E‘Um‘wﬁl o-eb kanY Voltmeter Diagram

g‘lJm‘Wﬁ o-@m LAMINIS Loading U89 Voltmeter

gﬂmwﬁ b-ec Wadnd Series Type Ohmmeter
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gﬂm‘wﬁ @-o& Block diagram U84 digital storage oscilloscope oo
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'g‘dmwﬁ @b 3935 Analog-to-digital
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gﬂmwﬁ @be Random Sampling

gﬂmwﬁ <o& Lanigu Sine Wave with Super-Imposed Glitch
gﬂmwﬁ <o AM. Signal
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EUmW‘ﬁI &b Glitch Triggering

gﬂm‘wﬁ &ba Event Delay

;J‘Um‘wﬁ @-mo N-cycle Triggering

gﬂmwﬁ &-me Statistical Format Measurement

;J‘Umwﬁ @-alo Envelope Mode

SUA M e Feyynaudinandlugy FFT

sUn Wil @-ne JULARS ADAPTER Lavaneeeadalaalay
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E‘Um‘wﬁl &-& Totalizing Function

gﬂm‘wﬁ &-& Frequency Function

g‘dmwﬁ &-o Period Function

E‘Umwﬁ &-¢7 Ratio Function

E‘Um‘wﬁ &-& Scaler Function

‘g“lJmW‘ﬁ &-& Time Interval Function

g’dm‘wﬁ - Absorption Cavity Connection For Frequency Measurement
gﬂm‘wﬁ -l Transmission Type Wave Meter

gﬂmwﬁl - Oscilloscope CRT. Spectrum Analyzer CRT.
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gﬂmwﬁl o-& Directional Couplers
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E‘Um‘wﬁl o-c Dial Type Torque Screwdriver

E‘Um‘wﬁ o-& Digital Type Torque Screwdriver

g‘tJmWﬁ o-@o Graduated Torque Wrench

'gUmW‘ﬁl o-e#® Non-Graduated Torque Wrench

gﬂmwﬁ o-eb Graduated Torque Screwdriver

gﬂmwﬁ e-@en Non-Graduated Torque Screwdriver
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11570 (Measurement) JUsziRarduunnii e,ooo Yneunsandnsy uazldd
Waunnsmuginfuaufamimdneimansinelulad uayianusssuvesyuenAsieiwieiies
nstadadeliinduiiugiuvesinemans unmitansalddearniilevensuin U s
anne wazan Wudy FiudiindemansuiinisiadiZonienmein “umsinen (Metrology) ”
nsamnefidAguesnisia Tiua nsdnduuiunaiasiis q feanuusiugy (Precision)  wazgndes
(Accuracy) dennudusssudandadiifiuluefin fwsiiuldannssmuanietn 1nsnisds aag
fn fusazdsemaimiae Tnveanuoguazseuniinisfivisseninetunntuisldmmunnine ey
GRIAG

Tuszozusnuyudiinisnisinesnaite q elfludinusedriu 1wy msiaderie
dwir Wy wigvlii@ufivensuuanntn waedsldanunsanmietafianansaldnusuduld e
m,000 Unountannia wilsvi KHUFU uisddud 1dRadvuamiusnuasgiuiulfifionisdeatreds
fnndundausn Imsfl%’mmmamﬂﬁﬁaﬂaﬂﬁmmaﬁ’mmqﬁ’uﬁﬂwﬁamﬁaﬁuaﬂmzaﬂﬁl,ﬂum’mmammgm
LLazQﬂfﬂawuﬁuLmiﬁm?{ﬁwﬁL'%Em’jw Royal Egyptian Cubit faUsINAUTOAIUTDIANEAINTE AT,
Mohamed El-Fiki Us¥57U Egyptian National Institute for Standards, Alexandria, Egypt ; 1996 i
31897468 Ed Nemeroff Sa\‘iﬁé’ﬁu’wﬂﬁ (Vice President) NCSL (national Conference of Standards
Laboratories) @214

“It is believed that about 3,000 years B.C., the Egyptian unit of length was
established. The royal Egyptian cubit was decreed to be equal to the length of the forearm
from the bent elbow to the tip of extended middle finger plus the width of palm of the
Pharaohs ruling at that time.

The Royal Cubit Master was carved from a block of black granite to endure for
all time. Workers building tombs, temples and pyramids were supplied with cubit sticks made of
wood or granite.

The royal architect or foreman of each construction site was responsible for
maintaining and transferring the unit of length to the workers’ cubit sticks. It was required that
the cubit sticks be brought at full moon to be compared to the Royal Cubit Master. Failure to
do so was punishable by death.

Though the punishment prescribed was severe, the ancient Egyptians had
anticipated the spirit of the present day system of legal metrology, standards, traceability and
calibration recall.

With this standardization and uniformity of length, they achieved amazing
accuracy. The Great Pyramid of Giza was constructed to stand roughly 756 feet or 9,069.4
inches. Using cubit sticks, the builder were within 4.5 inches, an accuracy of 0.05 % as well as

the right angle of 90 degree were within 12 second, an accuracy of 0.004 %.”
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A a fa & a aa A - a aa A 1
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QNSN3 MiieuguUgu (Primary Fundamental Units) wagilunembiedanldudiieslugiunineaiu
Aunihtuaingniewindu wiheiugiuady (Supplementary Fundamental Units)
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1 ~ . . 1
o.0.c.0 UUIWNUFIWUFYU (Primary Fundamental Units) § o vtg Ao

(@) AU (Length) MU IRAMNEIAILALIY S| ADLLAT (Metre, m)
ffau wes Ao szeznefiuanadoudiluagyine Tugasaan
/o oo, @@ UM (The Meter is the length of the path, traveled by light in vacuum during a
time interval of 1/299,792,458 of a second.; 1983)

— He-Ne discharge 1+ iodine
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JUN o-n NMsARUNVDMATY o MELIa

(0) 428 (Mass) wiginuaniunilg Sl Asilansy (Kilogram, kg)
Faananudn Alansy Ao Miee%na FUULIALUUYSEONTEHINg
UszimavesAlandu sunsanszuenyitanlavignas Platinum-ridium WAULTA BIPM ileq Sevres Uszine
{5 e (The kilogram is the unit of mass, It is equal to the mass of the international prototype
of the kilogram. This is the only base unit still defined by artifact. ; 1899)
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(en) L8 (Time) vtIEIALIAINUVLIY S| BT (Second, s)
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second is the duration of 9,192,631,770 periods of the radiation corresponding to the transition

between the two hyperfine levels of the ground state of the cesium-133. ; 1899)

5MHz )
crystal X1836 feedback

] ™y -
clock C} multiplier

I_(aeslum 1
I oven dclr‘c{nrl
N

I mw{y
D I_'I L -] ITI

JUN o-& NMsiAfouivatarnay Cesium-133

(@) nszualWiln (Electric Current) mihetanszualwiinanuming Sl fe
wanuus (Ampere, A)

F1faANIn wewuls fie Usinaunseudluiimeiiluaiadaiiifinnuen
Fuethuasituiimhdadnunnaulddesideis mawuutuwasiei o wnsluaINIe Wawinli
AaussEninaduainiided bxeo” Jafuien1Len o wAs (The ampere is the constant current
which, if maintained in two straight parallel conductors of infinite length, of negligible circular
cross section, and placed a meter apart in vacuum, would produce between these conductors

a force equal to 2x10" Newton per meter of length. ; 1946)

2: constant *
2 vu[]ag\:,J_‘_ﬂ velocity

* [ / 2-move:

measure

measure / ¢
\ emf

force ‘magnet

T-weigh:

JUN o-5 n3zualnihpsiluaindai

(&) qm%gﬁmama'ﬁu‘lﬂmﬁné (Thermodynamic ~ Temperature)

g ingauiiaumiag Sl Aeweaiu (Kelvin, K)
$1anuIn Wadu Ao mievesgampiimameslulaundind Javiiiy
o/oda.eo vesRun)iineslulaunlindvesgnaiuanig (Triple point) 19311 (The Kelvin, unit of
thermodynamic temperature, is the fraction 1/273.16 of the thermodynamic temperature of the

triple point of water, ; 1967)
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() AMNLIUNITEBIAT19 (Luminous Intensity) U8 TAAIILLTLNS
d09a779 A uAuLAa (Candela, cd)

SafaeudwALaal Ao AnuvesnIsdesairdluiemaisinuale
vesumasidauadinenfinnnud ecoxeo”™ B3nd Femudumsdesainslufioneiy o/ocm Tnd
ARAELNBLILALU (The candela is the luminous intensity, in a given direction, of source that emits
monochromatic radiation of frequency 540x10" hertz and that has a radiant intensity in that
direction of (1/683) watt per steradian. ; 1983)

liquid He

1 e (
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=
| —— germarium
thermometer

[~ electrical

substitution
| eater
absorbing

cavity

UM o-c MIAntIvessdesaing
() USU8UETT (Amount of Substance) wiheIauSunaansaelua (Mole)
$1faa11ud1 Tua Ae witsvesUIuimasvesszuuiiusznaudie
sAUszNOUYagIU Jeidutunintusznenly o.cele Alan3uves C-12 (The mole is the amount of
substance of a system which contains as many elementary entities as there are atoms in 0.012
kilogram of carbon 12. ; 1967)
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q

Qe

e.b.c.lo wmaﬁugqma%u (Supplementary Fundamental Units) & #12¢
(@) yuszUU ey e (rad)
11 o 15iAoY Aoyuigarudnanwensnandsesiudinldwoninauds
fruenwihiusativenanauiiu (The radian is the plane angle between two radiuses of a circle
which cut off on the circumference an arc equal in length to the radius.)
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(o) JUAU mbendu anoisifieu (s
11l @ Anaistiou Aeuiiaaingaguinansamsinaulnelniiuinves
nsanauiiiuivinfy AdEosesdainsinauiiy (The steradian is the solid angle which, having it
vertex in the center of a sphere, cut off an area of the surface of the sphere equal to that of

square with sides of length equal to the radius of the sphere.)
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6.b.&.m KUFAUNBA (Derived Units)

=

MhgdurmuelvasaunsakansnuneIvesluonvasmenugiuly
“a1eil#A (Dimensions) 158171 wigdunan (Derived Units) Mlgdunaannviuligaziyasuauiiain

a s
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M195199 0-0 LAAIAIBEINVDIDYNUTN ANIIINNUILIING I

Derived quantity Derived unit Symbol
Area square metre m’
Volume cubic metre m’
Speed, velocity metre per second ms’
Acceleration metre per second square m.s”
Angular velocity radian per second rad.s”
Angular acceleration radian per second square rad.s”
Density kilogram per cubic metre kg.mf3
Magnetic field intensity (linear current density) | ampere per metre Am’
Current density ampere per square metre A.rr{2
Moment of force Newton metre N.m
Electric field strength volt per metre Vo'
Permeability henry per metre Hm
Permittivity farad per Fn’
Specific heat capacity joule per kilogram kelvin | Jkg K
Amount-pf-substance concentration mol per cubic metre mol.m”
Luminance candela per square metre cdm”
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a5 MIulsszAuasfiRnsunsguesasin
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1MsFIUTEAUgIgAYeIne e A Snthillunisiiunuiiaieansgiusnedesnesine nailisy
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(NIST)

MANAL OBSERVATIONAL
PRECISE TIME AMND TIME INTERW/AL
(USNO, PTTI)

L
TYPE | LABORATORY
AR FORCE MEASUREMENT
STAMDARDS LABORATORY
DIRECTORATE OF METROLOGY,
MEWARK AR FORCE STATIOM,
OHID, USA,

l ] l

TYPE Il A TYPEIB & C TYPEIID
LABORATORIES LABORATORIES LABORATORIES

TYPE Il TYPE IV
LABORATORIES LABORATORIES
OMN/OFF BASE OM/OFF BASE
ACTMITIES ACTMITIES

U ool lnssairwemiesUfifinsnnsgiu
o.b.0.l0 WOIUHUANITUINTFIULUY A PMEL Type 1A) Ju
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ﬁaqﬂﬁﬁ’am'ﬁmmgmmmﬁﬁﬁLﬁumﬂmaguééqﬁ’]é’qm?w’mmﬂmLLazﬂaQﬁfgﬁzj’m'liaﬁuauwwri
DINARN 9)
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1psgIuiUftAnsRalanizegne amunfegldsumsatuayusinunsgenuuiisuinnsgiuaieain
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o.b.0 YUAYBININTFIUNTTINNUBNEITINATA T.0. co-bo-oc (Ar Force
Metrology and Calibration Program, AFMETCALP)
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o.b.).0 National Measurement Standard wunsfs A393enID
ArpsineEndinaaduainazldluanidu National Institute of Standards and Technology (NIST)
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ilatdurdnedeituguvasssmaanizoninuasdndumnsgunmsinsedumna

o.lo.ollo Air Force Measurement Standard wungfis gunsainie
Lﬂ%‘lmﬁaﬁﬁmmgmqqqmiu nosvmenImansgeuin teldliumasgudedassiunasiin

@.lo.e).en Air Force Base Measurement Standard viunefia gunsal
vioinieailommsgrumsinildfunisfusesnnesufiRnsnisinszdunosin ilelidumnnsgiuns
Wsyaunesiu

o.lo.0.@ Working Standard vuneds Uisasiasesiaiilasunisiusese
Anmanpudalassnsgiuiigandt wdesinunsguuuuildlunisusudeulifueiostar 4 1

o.a UIM3INY1 (Metrology)

o.m.0 WINTINGT Mngis maniwiinisin vieluiiindeesuesin lidasdy
amlafny dunisiafisueiaiemnuiuasynifvesnsufofundssendld ifolvanansotald
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sefuaudesiulususinisuiuresnnssiunsingenldunannisiinisusuiieuseninedu
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dodeluinnsgrunsamaniannsodienemngdldouldlneriiugnldvaanisaounduld (Chain of
Traceability) m'351’61ﬁwé’usﬂgwuaqmmgmiuﬁﬁlﬁmﬂ International Vocabulary of Basic and General
Time in Metrology (VIM) Fsfignaily el

o.m.l0.0 NINTFIVUFUHH (Primary Standard)
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metrological qualities and whose value is accepted without reference to other standards of the
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Uguﬂ”ﬁ“uadﬂ%mmlﬁmﬁu (Standard whose value is assigned by comparison with a primary standard of
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the same quantity, VIM 6.5)

@.,.lo.m Nﬂﬁlﬁg’mﬂ’li’a’ﬂuﬁ\‘l%’la (International Measurement Standards)
11ASFIUNTIALATR Ao unsgruiidufiveniulasanunnasiy
szrisUssna Wedugiulunsimuaaivesnasgiuduimuaiiisadesseninasyne (Standard
recognized by national decision to serve, in a country, as the basis for assigning values to other

standards of the quantity concerned, VIM 6.3)

6.m.b.& Nﬂﬁlﬁg’m’g]”l\‘laﬁ (Reference Standard)
1M551UE1934 Ao anasgruilaeiludgaaniiniannsinggege 3
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having the highest metrological quality available at a given location or in a given organization,
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o.o.0.& UIATFIUE1BNDA (Transfer Standard)
wmsgIudeven Ao wesgruilddmiuiluIeuisuiuinnsgiudu
(A standard used as an intermediary to compare standards, VIM 6.8)
e.,m.10.D Nﬂﬁiﬂﬂﬂ%ﬂi‘l’fﬁu (Working Standard)
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\A30silotn %507an 91989 (Standard that is used to calibrate or check material measures,
measuring instruments or reference materials, VIM 6.7)
wasguiilfruaraeuiiouiuinaspudBaate uaziasgildou
doralddmvnuusydn ilelidulaldinsdinssyiuduldegigniosunatadondt unsgiudmi
N13M 31380 (Check Standard)
o.on.a0 NTEBULTEY
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meldidouladidmualy” (Set of operations that establish, under specified conditions, the
relationship between values of quantities indicated by a measuring instrument or measuring
system, or values represented by a material measure or a reference material and the
corresponding values realized by standards, VIM 6.11)

NSADULNBU MU0 NTANAY WAZYINLENATLARAIAIINUISLUUTDIA
Fuenueunniesilotavdemiiszyvesianininaadsiivensusauiu (Conventional True Value) v
Uninudignia Aneflseuiuiuiuforsieidarliniuouresnsiafuangausunsldou dluid
AoAnsg A saaeUNdUlFEATEULNR YioNATgIUTEIINA

nsdeuiou Ustneudeiadevdndeteldil

(0) FnAuauduiussenineafiduenvenaiosdiotafuaminsgiu
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fusgntlivagindugnle wazagsessenumanuliuiveuvesnsialinie” (Property of the result
of a measurement or the value of a standard whereby it can be related to state references
usually nation or international standards, through an unbroken chain of comparisons all having
state uncertainties, VIM 6.10) fsifu amanansaaeundulddadumsdsiontneYanudenw Sl an
iuuuieldau mnannsaaeunduldvemanisindsdeslasunisienenruesufiinisasy
Weunaneszduaunitgialdan feaiifinnsanainanuvanevesniuanansaaeundule axiiiudngl
JadevansegnameiuivhiliAnddvemisuisudeulaglinatuneuld
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associated with the result of a measurement, that characterizes the dispersion of the values
that could reasonably be attributed to the measurand, VIM 3.9)
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XLX Rs
Q: =—p
Rx Xcx

e L, = Value of Unknown Inductor
R, = Variable Resistor (Amplitude Balance)
C, = Standard Capacitor
Ry, = Variable Resistor (Phase Balance)
X = Inductive Reactance of Unknown Inductor
Xcx = Capacitive Reactance of Standard Capacitor

..« Hay Bridge
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\{182997 Bridge agluan1izauna

ﬁ =RaCs
1
Ly = R, R, C
RX _ Ra
RlL Rsp
Rx — P1 Ra
Rsp
Rx
Q= X1X
_Xes
Rsp

o L, = Value of Unknown Inductor
R, = Variable Resistor (Amplitude Balance)
C, = Standard Capacitor
R, = Parallel Resistance of the Unknown Inductor
Rep = Variable Resistor (Phase Balance)
X« = Inductive Reactance of the Unknown Inductor
Xcs = Capacitive Reactance of the Standard Capacitor
97124935 Bridge d5uinA1 Capacitance Wag Inductance Hunfing
1A 92N Standard 7ildFe C, winudl 9214 Capacitor Twaeas Bridee ievnAn Inductance
M1 Capacitor lué Electric Field wirthilai Magnetic Field wilew Inductor %1%
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wa Inductance Fa3enin Impedance Bridge
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en.lo.lo Heterodyne Oscillator Signal Generator
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en.lo.& Divided Oscillator Signal Generator
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wazanswufeunsluiniosdoassia Multi-Channel adlindoifisadouwdion Felarusn
1% Synthesized Oscillator Wnw19as Crystal Controlled Oscillator wuutnn
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PHOGRAMABLE :7001@1%(1
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LimumﬂLmaqmmmam’mmawm (Frequency Reference Source)
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a.lo.&.e Amplitude Modulation (A.M.)
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&.lo.> Cathode Ray Tube (CRT)
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F=1/T

F = A1ud (H2)

T = 81AU o 38U (QU7)
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CONTROL CONTROL
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L

AMPLIFIERS  AND
SIGNAL SHAPERS

DIAGRAM OF COUNTER IN THE TIME INTERVAL MODE.
a . .
UMW & Time Interval Function
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AnugnAesaaAIesiunLRegAunuaNTRIanrYeATa LAy IS ANSTY
1u Fidevdesnu (Range) AAmgnAoIarogsEming 1/100 1 1/1010 uFednimiu usi
anmidululfdmiunmsinfilidesgniesazann undman 4 vesdeRianaia Ao Al
L@083v9I9IUNaY AU LNKLILUYRANT karANEANEINTUNITNIEAUFYYIN NATINTDY
msfaazinananufianaausassiauiy fil
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¢.c.e Time Base Instability (Time Base Error)
WasNYeIANERNAInYRLAS s UANRTAINALTUSTU
Usznw/dnuwaurnsldnu unawesanuianaiaiididgyiianfe g1uan (Time Base) 84

w3nsiuauiies foesadaimmasniglu (Intemal Crystal Controlled Oscillator) wuu
A3asa Imuaunafazyhnsiudygasiesfuesiigniiuuasianina 0199z Drift w3o
919MslFansnn dmiunanisiafifeanisannugniesgs fagunaimesdudssnduuas
fualalld vosassiiamuuansnaduneadosiueudfiviioniidndmileinnaind
poataawosmeluiios Wedreanndenlaludeiing: fudu AnviseaziBenameves
gunaeesziinsy Tadednaulate

fheoadaiameigiuanazilasude ot 4 Turianisldem
ilessannmsiasuntawes gamgil mnusadndluih dyanusunumelu waveny
msldnuveseiadia naaneumgiiannsahliantiosadasniseuguinies (Warm Up)
rouldanu uazsznieldnuliinunssivgamgianmwindeuaiesiuanudlin i
auadngluimsaneunislin Wieiedosnfuanudfuunasiidandsnuaindiinw
seaulsalnin (Voltage Regulator)

é’fiy,iyﬂmiuﬂ';w'mé’auﬁgﬂa%’wﬁumsiuﬁaaaa%aLama%gmnm%
WA AANaeN e Uitter) lunnufinneenuesiu Asdoranuauvmnsduiifianain
Tasinmzeddadladlofinisufoflugaanaiiau 4 luvaefinsfanaldaunniy
aruAanaansnafiandudiade femni mAsnaamanandnargnidendt Al
iaflsiuy “dasdu (Short-Term)” ImaﬁﬂﬂﬂiﬂWéuaqLaﬁaimwmaagmnmﬁagﬂ Dudiun
a1 wnusis (Vertical Axis) gnamuaidu Af/f aflawindu F feffemnuiiduivdues
FIua

LONG TERM

5 Y S BB 1 | 1 e e el e B e e e e e ] 1 | ]
4 8 12 16 20 24
HOURS

TYPICAL TIME BASE STABILITY CURVE.
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Aaadesiicivualidu 5 x 107 (Per Minute) aglviAdmamsuniutesnii 1 4
fvualiidu 5 x 107 (Per Second) FaavAianuadsaziinumngog1sanysaluuy
Sormmafissisdusosgniuisuiiisudmiumunaiadefstu uarluiiam e
Junitity

AIALLETES “¥298712 (Long-Term)” wiadndeuidlsdnsdeninudn
annsavinglflanefisruuiliiinisoenueniduma (Orf) nAresdiadevetesadaiames
fdsuuadlursaneansnatnate nmakaniuIluAnsInseanuenidunlagialy
94 Quartz Crystal 7 10~ &4 10° siofu Liesanognsldnuresedanea ndangu
\3esraaaaTEu 9 Lﬁaﬁmé}’m%aaa%l,aL@@%ﬂ%@LLiﬂéhﬂ%amaa@mquwsﬁmé’mwmi
ganuandun1aAuEMlunuIngs (Linear) AuuuiIAILa1ades (Slope) uandliifiuds
darnsdenanimauegmsldnuvesaianea

desnnegnisldnududsiiadsmanuiianainiiuiniu 4 a1y
nanfifisduiafinnusduiissdioninisaeuifiovesadaametnddasnisamiugndes
yosgrunan wislildmanugniesgsiiandosinnisnisnsivasuainounazudsnisine
A3anoa ogalsfmudmiuiaiestuaudfifisnaligedn Sostlornarlifiusyansaw
Jethuldnuass

dmsumsiniidesnsmamgnissgiunatiiinitanesadaiaines
melue3astuanudies waunsaldundsrnudfiinanaieusnlunisiuindeusiasie
GRIRYORINERE Faadoatumudiesiildosse (Connector) adrauiuAntunndudu
8175 (Built-in)  wazaInddmivldnuseadaameiniguen eeadaaweinigluazgnin
gennastnednlusifilleduaindluldundasninanudainasuen

&.& o Uncertain Gating (Gate Error)

waeruRanaaditng 9 Snunawidslueiestuaudfe e
fm £ 1 Count iladainymdn (Main Gate) vhuthilda-Ualsdyauiadvesnnuni
i Fremgidagiunan (Time Base) Aduindoutnvmdnlaglsiiisavesiudgraiad
advdias Tuierdeuvienduandisannndniinisde Yawnm Tuvasiidyaiaiad
ardvdnldgndadunegimananatoguda fadu dunvmdn (Main Gate) vinenil
gneies liidudamizdieniu (Synchronize) Audygiandn ligenadesiuniandoudu
5zwdwq§@§gwmﬁgﬂﬁuﬁumiﬁm-ﬂmﬂwﬁﬂué’a azunenSsonedmaliiAnmsiuiiiady
WIpUNIaINITHUIztaas 1 Count ﬁhmmﬁ@wmmﬁ%Lﬁmﬁﬁuawé’ﬂqmﬁw (LSD
Least Significant Digit) denafiniauaninaliinniefiniy + 1 Count 5ﬂﬁmauﬁgmﬁu
100.8 Sruaziunaiiniauansuady 100 wie 101 Tuuiaan

GATING INTERVAL ‘
8 COUNTS
SIGNAL _l___L___l___1___L___L_..l.._l___L.__L___L_.

PULSES :
9 COUNTS
GATING INTERVAL

CONSTANT GATING INTERVAL WITH AMBIGUITY OF + 1 COUNT.
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A Af Yo P s = P =~ ) A =
wadanldiunsuntgymilugiienisldanuniesiuaiud vielunung
¢ o Y a v a o a a X
winnsaluszgnaldauannlssnugndn uddnasiinnsiuiivg (Extra Count) ¥u 1 Count
o [ [ v zi 7 a v o 1 a 1 cf I
dnsudyaaunn oo dugnadu (10°) avlifidudday wi 1 Count Weatuilagnatedu
Sesidwmaddgniauanina dndudyginnudvun eco gnaAdu

&.c.en Faulty Triggering (Trigger Error)

WIAIAUAANAIATRBUAY e TUAITIHATEILUAINDLUUATN O HANI
NFeyeyreusunIu (Noise) MRV Y IV NTINTDINNNITAIAINITAIUAN STUdEFBNTS
LLf"flﬁU’Lwf-Jmuqmaumlﬂmisvmsvaam’uflmLﬂiaquummaLLammammLau RBRRRIGIS
ﬂumimmmsmmmmLiwﬂauammmaﬂwm%m‘lwLmaquumma n5¥afidoan1sAy
QﬂmmLLaummmqmaﬂmmnﬂ,ﬂaLLaumIﬁ] g1uAilon1slduegeselnseTanagIinmaae
nsindsdle YssasanuTenguanimvualnldiasediinsizrisusendu (Oscilloscope) W
wieu q AupIestuaud Fenedstgrilisinmduineslsiu
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1 Hz 10Hz 100Hz 1kHz 10kHz  100kHz |NH; 10MHz  100MHz
MEASURED FREQUENCY

ACCURACY CHART FOR PERIOD AND FREQUENCY MEASUREMENTS.

CONTINUOUS SINE WAVE INFUT LOW-FREQUENCY RIPPLE SUPERIMPOQSED
(FOUR PULSES PRODUCED) (THREE PULSES PRODUCED)

HEAVY AMPLITUDE MODULATION HIGH-FREGQUENCY INTERFERENCE
(THREE PULSES PRODUCED) (FIVE PULSES PRODUCED)

UNDIFFERENTIATED SCHMITT-TRIGGER WAVEFORMS.
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S Beat fupudvenn3aainaud LL@%‘WQL?IEJ\‘] Zero-Base 91Nyl %QSQSWﬂ uay
Fenannn msldasesinaud ﬁ]vamimﬂmaa ﬂﬁuuaaﬂuawmm Gate Time szimmmﬂ
9m Oscillator 989 Time Base auuumma Oscillator umammmmm LLawaﬂmmmuuﬂau
1491y 2zdedldinan Warm Up ilelaiufives Oscillator mmazgﬂmwmﬂwmi’m
lognaes uiusy
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b.e NA1INU

Fusausindeasasulanadsil o msldamuiing Fuidgmiiesnn inieding
d9runusntu uagdldingAfswumnudeatu vlfiAanssuniusenines
Channel mMsuAdaymillalasudsguanudldnuanizadly Juinldnas wifdedlom
uuLosniafedingimunaintu awldAtu wagdesnstoya wioseandonun
Ju thufle Ingdesns Band Width n$1stu deamaiios anudswlulasim Swgnihan
pevaussiuANNABINg Wosanluanudgululasavaiinsaussgrinaisasiy Band
Width Ignnndranuiis Jagsuiisldanuilulasanfuegnniewns wu msdeas
KuALTEN LeestaemsiAueInia g weululasiam wagdy 9 Snunnune

b.lo ¥29AUDtUlATEAN

Anuandulduaudlulasvl Sududwauszual 1,000 MHz  JulU wag
AUaNaITIANNYIARUYDIANUATINLYINTUAILEIIATUKES

b.a N15ATIZAFYYIUAUALUTATIN

s nefldanudlulasivedinnune lunaiingmaniuds 15
srfastonyiuudlu 1513efeafiiaiosinusznaunisden nion1susuuss delunis
Anszidyanannudlasoni m%é’aqif’luﬁ'aﬂmyj 9 U32N15 A

D.m.e JEAUNSINU (Power level)

.o AVINE (Frequency)

o.an.6n AMANWALYDIARYEY IR (Spectrum Analysis)

90 e Wideringn dusiaunsaiannieldediefivszdvsnm fesdu

Usgloviegnadslunmsdontng vieusuussgunsalinggruanudlalasion
.« 1A709IANAsUlUlAIN (Power Meter)

Power Output vediA3esing udsdniuiagioss Power Meter Aogunsali
1499 Power Output  vedATosIngguaudlilasan Jumaevesnsinagiianiy
Milliwatt 138 dBM Fuogjfunuunas Power Meter 1 9 dwiundssuiisagatuaed
8¢ b viln fie
b.d.o NENULRAY (Average Power)
.o WAUFIER (Peak Power)
desandeansadatuandeiy dadunanfiezsiinisiaiadeaden
Meter TignanUszaindnsnazfesn1sazin Peak Power 1130 Average Power
dmfu Peak Power Meter 7iifldfuunnly no.veus1 Ao MOD 89008

14
N

Power Meter sulliinauandaniauladsioludl
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- ﬂawuﬁiﬁﬁaﬂuagizwiwq 50 MHz 814 2,000 MHz

- §1UN1539 10 MW 3 200 mw

- ANULAUET £ 1.5 dB

usiiiledaInda Power Meter MOD 89008 awnsainldasamidias 200 mw

Y 9
[

aetudLsfeInsIginsriundenuiginiti 1snagiesreannaudaynyin (Attenuator)

g

ANUANAIUUA AINATSI

Attenuation F.S. Watts F.S dBm
0 dB 200 (mW) +23
10 dB 2 +33
20 dB 20 +43
30 dB 200 +53
40 dB 2000 +63

[

AN o-e NITANNBURYI1UVDY Attenuator

<

weNa1N Peak Power Meter §u 8900B waatfail Power Meter wuuine
Peak Power Bnaesgu willldiutiay lawn u MOD 400 wag MOD 10188

Average Power Meter Tu o fvanssusnedu windealdfunniian
urdl Aouuu MOD 432 Fsflqnuantffiunaula fueluife

- il 10 MHz B9 18 GHz

- 1un53n 300 W fis 10 mw.

- ANULIUE £ 2 %

148NN Average Power Meter Juiliéa Ssfisududnaeluil MoD 430,
MOD 431B, MOD 435A, MOD 436A doa355¢3alunsld Average Power Meter fife fa9
laitou Power AumnAfifmuslyiuAidn nszazsilimiaia (Thermister Mount) 13016t

b.& 1AIDIINAUAD (Frequency Meter)

Tuvay 9 TuseurasnTs Calibrate gunsailulasiav 57835 5inAud Uy
8¢ b 507811U A
b.&e NTInAUDlagnTe TdliaNLlugEwnn sz ianud

RN
b.&l NNFINANUDLAEEY TRAIUEIIAAUVDIAMURLEINT AUl Ty
ANUDLAYEAS
Vo
fo=—
A0

' ¥
aada )

F37a0sil 1unistnainudlaedou Fearuwdusiasiosninisnils
iesnnuanemanareislilaunsaidnsswemasnlusinalsogisuiuounisiani
gmadudedldgunsaimenalunisin SsliseaziBeatosiuly, Snsusevemdanud
dunaUasuutaslusu Dielectric Constants

Foudlelafnuiisidesnsineudedazden wiud s1adedld
75 Comparison Method §9951 AemswSeuiiounud Unknown wazmaud Standard
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dloarudves STD. a&_jﬁﬂdﬁ]’mmmﬁ Unknown 110 15772¢1d Intermediate Comparison
Oscillator Wrgaglun1sviiliAn Beat vosnmdty ﬁgﬁmmmiﬂiﬁiﬁ’qmﬁwmmmmmmﬁ
Tneld Transfer Oscillator n13514 Transfer Oscillator wAuAU3T Indirect Frequency
Comparison Fasnann Frequency Comparison §334A" wisediuduas Direct Method

elafisdesnmsiaanuilag lifesnsemuutiuggs 15agld Passive
Frequency Measurement Techniques 3%55%%151% Wave Meter ﬁgﬂLLUU Transmission
uaz Absorption Wave Meters saasiafinanaunil Arenisld Wave Meter @il Cylindrical
Resonant Cavity Lﬁuqﬂﬂsﬁﬁﬁmummmﬁ fn "o" vs Cylindrical Cavity 4 Q HGREREGRD
U538 0,000 FafAe a¢dl High Resolution wa Selectivity Ax1n

o.&.a CAVITY METHODS

330154 Cavity Absorption farnufithiuisaedian faruuugd

Uszanas 0.08% fvnnisld Wave Meter, HP-X532A Gadlagtusiilldoglu PMEL
NaNN15919IUTes Cavity Methods LU Absorption Cavity NAan156e

Wave Meter Serie 11U Source uazsio Power Meter Wnfulansdnsiunilsvas Wave
Meter \lowstouninud flagiadnluly Wave Meter, Wave Meter asuansanduiaiiou
Series Resonant 71 Line 3savgaulimdsnusudiluly Cavity lina ffe asviiliiAnnis
gadendanuluusnamntdes Cavity dlels1 Tune Absorption Cavity U Resonant fiu
audileudnin asiliAnnisaamdsuiioanain Wave Meter iflasannindanudoundu
11970 Cavity 3¢ Out of Phase fudyaaiiteudiun vhnsfndrsiuies a ﬁ;mﬁwé’qmu
fhan disaetuaeuiea Wave Meter Iéiae

B

i

i
\/\\ P f !
/—I FREQUENCY METER ! BOLO METER f=t POWER SUPPLY ,

|

|

gﬂm‘wﬁ - Absorption cavity connection for frequency measurement
N15IALUL Transmission Method # 9¢35n1591537181 Coupling Loop
lainlulu Cavity  daunisrennegiafimiiowdy s1eiunsail Power Meter sioagi
. ! 1l v = ax ] ] &
Coupling Loop Wag Load ¢9aguatgnIumnuiusy Wave Meter 1501581U 980 1UATIV

¥

Power (333an i31e9Aud Resonant Power azsud1lulu Cavity launiign

BOLO METER| ’METERB
s

@ " | FreEcuEwcy =
2 | METER JiRECH

g‘dmwﬁ o-lb Transmission Type Wave Meter
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o.&.& HP-X532A, Frequency Meter
Wave Meter 'éuﬁ Juwila Absorption Cavity Type ﬁ“ﬁ’;ﬂﬂ’;’mﬁagj
SeMIN9 8.2 89 12.4 GHz. Faaglviauuaiugn + 0.08 Percent ins1¢ Q va9 Wave Meter &
ANGIUINDN @0,000 YL Resolution AnaonrieALd
fleagld HP-X532A deaszsinsyTavaiy Tune ws1zdniull Q gan
Tonaflasnyuiaegn Resonant 1U1¢Fafinn fafunainyu Wave Meter dosvhagnedi 4
LarTdnIZ NN
b.&.¢ FefiazviliRan1sianainvas Wave Meter
flog b Usznisfe guugivazldnuuazainuiuvesiosildau
gaungildaudfnlunneumniivesd Calibrate agvinleufinly msfidiauiumn fay

]

yhmseuininund nstiou Power gaiuly agiilinseuiiananals
b.5 MINATIERAUANYUZVDIF Y

WONANABIAIINE LLamzé’uwé’wuﬁuaquﬂ?iml,é"s AN YL VDI
Hudsiidnu wu aduduiinis Modulated 113 Deviate #3on73 Distortion u3eligunsal
g m3uTarsing q fenam T fife Spectrum Analyzer Taevaluuda Spectrum Analyzer
Hdnwazn13viuaae Oscilloscope

T
|
!

- - | - e -

AMPLITUDE A/

|
l
I
I
|

\MPLITUDE /X/

TIME X TIME /X/X
iiJmW‘Vl o-en Oscilloscope CRT. Spectrum Analyzer CRT.
AT UNIATLILOY LATIUUIR L IERIATYET Amplitude ﬂmmmmu
3811749 Oscilloscope  Wag Spectrum  Analyzer Aeluraueiiunuueuves Oscilloscope
WEPIAILIAT LNUUBUVDY Spectrum Analyzer ITUAAIAIAIYD Spectrum Analyzer 9%
ansaiaraing 9 laereluil
AIUATEIRAUNY (The Frequency of Carrier)
ANATeIN1S Modulation (The Frequency of Modulation)
Percentage of Modulation
Nonlinearity of modulation
A13sUNIUTLiNTUaN Residual F.M. uas Spurious Signal
Spectrum Analyzer Fialunewinernea Tegvaneuuuaieiu 1w MOD 491,
MOD 492P, MOD 496P, MOD 141T, MOD 85528, MOD 85508 wazgudiilosldiuunnlaun
MOD 141T, MOD 8555A wag 8552B
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b.5.@ BoloMeter Mounts
BoloMeter Mounts Lﬁuqﬂﬂiﬂjﬁwﬂizﬂaﬁlm’rﬁﬂ Microwave Power
Bolometer mounts ‘5 ﬁﬁﬁﬁﬁ%”]ﬁﬂugﬂ%m Wave Guide way Coaxial Tun15a319 Bolometer
Mounts 151%aan1s1#il Absorb Power Tsfunnfian is13sdilsfiadorivun « Usensde
-l Impedance Match ffu Transmission Line nagmeuaudlday
- 198 'R uae Dielectric Losses lulassadiemuauiu 3ol Wave
Guide oufign
- finmsUosiunisasiiiou wazll Thermal Isolation fiuaINIFRILLEN
- Jesiunsgaymevesdaygraieanuen Mount @y Shunt Path v8s
Bolometer N3 Shield AfimnudAgunn wsizanisadesiundsauuen Mount wnlulu
Mount Bolometer Tnglsifsla Bolometer Mount avfiosil Case defuaziiiou uazdeaiu
gaunniwIndoulan
Bolometer wispanilu b viinfe
o.5.0.@ Coaxial Thermister Mount %38 Barretter Mount
o.0.6.b Wave Guide Mount
Coaxial Thermister Mount 3gil o @ Unfaglasunasenuy
Usganal mo mW. 39918u Bias 19 Thermister @owa@a Series fuog] nav1nnslasy
wasuazyhliauiunuresiuanas LU eco lovid Me Thermister uaagsn
Untune Wave Guide a¢l#i§uniseenuuu wislilifinng Loss
TurazIandasuain Wave Guide
Thermister  lasuaaufisnlun1sldeauuinnin Barretters
ansesfunmununitluvaed Barretters flg1u Square Law Airuiadlédindn Thermister §i
Negative Temperature Coefficient Guzuzﬁ Barreters 31 Positive Temperature Coefficient
b.b.lo Directional Couples
Directional Couplers tHugunsaianun Feimihfiutsndsanuann
Transmission Line wildlugadn Transmission Line lmg Directional Coupler 91w
Sample 181 Power 910 Source 13 Power 49 9 Tduedesin nszunfedesinaulng
win Power 14 laigaunniin detfunisld Directional Couplers 1i9e Faufdamnilluly
51231671 Sample 88n7n Directional Couplers HANUKULBUFWINIRANTANIAT
Input Power ¢ §1:5187u Power # Sample 1

MAIN ARM SECONDARY ARM

REVERSE ‘Lb _______ -
e N
TII'?"T\ INATION /:’.O LJl \

g‘dm‘wﬁ o-& Directional Couplers
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Wave Guide Directional Coupler Usgnausie Wave Guide @osdulsznu
Annuey Fruniiasidendn Main ARM wazdndunilesnsenin Secondary ARM %38
Auxiliary ARM n1eluagdl Tapered Load ldliidusn Reverse Termination n13 Coupling
911 Main ARM icjj Secondary ARM ila I@EJﬂ’]iL%’]sgIﬁ Main ARM iLag Secondary ARM
siofaiu fagu F1e35T Power 210 Main ARM azsinulug Secondary ¢ dwisusdlazilsvey
sisevinegintu emeeduTesnNaTdL Suturemdsuiign Coupler axtuagity
YUIAVBI] LLasﬁwmuﬁumgﬁmzi”ima’[,u Directional Coupler
.o.en NARDA 3002-10 Coaxial Directional Coupler
gUnsnituiifidnn1s Coupler winfu 10 dB waedl Directivity 30 dB
Coupler #il Calibrate Awd 225 MHz & 460 MHz (oo, bco, ado, €oo WA o
WNzL8999) A1 Coupling Factor UaslAaz mmﬁ%gﬂ Plot asuu Chart G?fwzl,ﬁmmaﬁagj
yuswes Directional maealy gunsalfutianusonundanuldie 10 watts vaawdsey
Tun19 Reverse Direction
winnsvheudosduves Coaxial Directional Coupler KANKIIAIN
WaNNM5YI9auves Wave Guide Directional Coupler a5afiansiuld Coupling Loop wasld
Capacitive Plate 11431na 9] il Center Conductor 984 Line 9u1A84n15 Coupling 2
Myualagsyeeesening Coupling Loop 38 Plate lugszuzaas Center Conductor
b.b.@ Microwave Attenuators
Attenuators $ldagviatguuunieiu wazilagraigdslunisanndanuy
lalasiavl n1sidenld Attenuator AISANTNDIANUABINITANN GLUU Wave Guide #38
Coaxial Amuiuglun1s Attenuator S1unuvasdsnuiiaedou
Attenuators 1JugUnsalfiddnpnnlunsufoRanulu Lab Microwave
Attenuators M@ msuasndsnuliisings lnefiafiuiust Faduvseleviunlunisingu
arwidlailasian Attenuators fildfuaudgwlalasiani Idgnosnuuuinesied fafusiy
FaagldAnanuiumuinfunaenianud wasfid AyA1ueanis Attenuated  aded
WinffuraeannYIAIAe
Ms¥aAn Attenuation agldsuntsesutgluunsiely luuniagldvinnis
wurthinsvhaILYes Attenuator Wesiu uazamautRes attenuator TuustasUszinndedl
b.b.«.e Resistive Card Attenuator
Resistive Card Attenuator Usznausieus Wave Guide &
fusiumnudunuaensgnielu duntswesisunuiuniuazlunaduniainisises
awliinly wave Guide vhlwAnnistuneudyainasn Wuafiuiueu wiuaiy
grumuilasvidaglu wdeuRafae PLATINUM

E‘Um‘wﬁ o-¢& Resistive card attenuator
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YUIAYDINT Attenuation wuDETU

(0) AIUVLITRA Platinum Tiadeuuuuwiulud

(o) AuEnveIEuANEuuTEeud LUl Wave Guide

(en) ﬁuﬁﬁumummmﬁmmuﬁgﬂ RF Field

b.o.c.lb Variable Flap Attenuator
Variable Flap Attenuator Y9uLuLAeAuLUU Resistive

Card &aflunnsnsfueenty Afe variable flap aunsaususiurtseswsuAI g uulA
Audnaslumuninees wave euide dnafifte wiannsausumarudumuldnudosns

VARIABLE FLAP

S il
1 \§\m/ <

i ST

'gﬂmwﬁl - Variable flap Attenuator
HP Model X-375A Variable Flap Attenuator 111 Attenuation
521379 0 - 20 dB ANUHANAINBYSENIN + 1 dB 910 0 - 10 dB uag £ 2 dB Tuae 10 - 20
dB  des1iaves attenuation fil Afe d1iloundsnudnanunn 1 asiilvaautRves
Resistive Card (Uasuuvasly
b.o.&.m Rotary Vane Attenuator
HP Model X-382A 1Ju Rotary Vane Attenuator ﬁﬁlﬁm’m
wiugluns Attenuator @70 ¥39013 Attenuation 8g581319 0 - 70 dB WagA1 0 - 50
dB azleisuns Calibrate 1108197 d@auAsewing 50 - 70 dB Wila Calibrate 13
Attenuator fitldunnlunis Control A1 Output U84 Signal
Generator Rotary Vane azUsznause Resistive Card dsanansavyululaluduusslyiii
drvnausiu Card spulurunuAuEuLssln M3 Attenuation Aazanniige Tumansefud
&1 Resistive Card e niuidunsslniih fia Attenuation wihifu 0 Afelal Attenuation Lae
Attenuator wuuimavaullusumis Max attenuation Lae

(o) AUAVE4 Signal Generator Waeuwladly wieliils
(o) avaeavideldgunsaiiisilu Microwave Line oz oAy
(en) miﬁgﬁ Attenuation 13 Max vauglaildanu
b.o.&.& Resistive "T" Network Attenuators
Resistive "T" network @1313al4 Attenuation é’mmwmmmﬁ
0 - 1 GHz uuuildidunuuane Coaxial 6 Resistors ﬁagjmﬂu Attenuation. WUUll a¥



Res

1310 Film lavginszsiuaglv Frequency Response adan Tuvuedien Inductive wae
Capacitive Reactance G‘ll”l?jﬂ

Uof U8 "T" network NABLINEANTALN Attenuation. ¥ane ¢
e Serie fululner Impedance windiu nsulasisesie Input waz Output Aifldn
Match AU Impedance 484 Attenuation

ngUaTuanIdednuzuey Attenuation. WUUT Suisazdios
N5 Calibrate  fiueg Uae 4 ims1eilu Attenuation ffiealdfuann 33015 Calibrate

Attenuation 513gle@Enwiusell

EQUIVALENT CKT.

ﬁk/// TELBE: Ay OONNECTOR@\H*

RESISTIVE DISC
RESISTIVE RO

E‘Um‘wﬁl o-¢) Resistive "T" network Attenuators
Coaxial Resistive Attenuation Usgnausieurisuidaedeu
Rade Fitm Tangl4i0u Center Conductor Attenuator wuudl vieuadefunuu Coaxial
Transmission Line & Lossy Center Conductor.
The Lossy-Line Coaxial Attenuator 1#lugnunnadigeuszana 3
GHz fwrhananuriswdundeu film Tane@wadus attenuation Ay ndas

gﬂmwﬁ - High-Frequency Attenuator with Film Coated Center Rod
(AS-4 Attenuation Set)

AS-4 Attenuation Set Usgnauniy Coaxial Attenuator Yn
wilaUszneudien Attenuation. nanee Jasianunsatuisedi Wewinen Attenuation.
Fusnlé e Input Impedance 483 AS-4 i1 50 Ohms. AS-4 Havflunu Catibration Card
Reaundae euenin Attenuation usiarsadiAnviils
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isesinmaiiand WueSosiaiiAsdestuTunamaemenin suldun gamai
A AunAR ALduEzTey we 07 use uae Wes S0 wardmsnsivaveadomas

Tunsduadeisuusn wdesdudilifriostn dusutelunsdumnin mse
fndufinunseninlunisiastadunismseiiveaedosdy Tanusasgluainield win
ﬁﬂﬁ]%ﬁ@aﬁamm"lﬁﬂaa 9 ﬁuLﬁaqmmﬂLﬂ%qauﬁﬁmmammﬁ s?fqmmmauimdmmﬂ
miamLaammmuﬁumumwaaau ﬁ]\‘ﬁ/l’ﬂmﬂﬂLL‘U’JWJWNﬂ@IHﬂ’ﬁﬂi”m&lﬁmiaxﬂGWIR]’]L‘Uuﬂm
LW@LLammﬁwmmaﬁ UULﬂi@\‘iEJUWU@\‘iLﬂi@QUu LU Lmaamammmmﬂs uangu
iSesinnuiuvesitunded wesinsasnsinavendewmas wissinseunisey
yoanTesus insesinussgavideussln iudu msviheveuaiesinluszuuiniesud o
Hushuandlitndu vethmnuiaussousvenaiomasniaifiedesusivhemy
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undu Ly m‘%aﬁmmmga wiestannugy wn3asiaw nslaa raenaudnsinisidues
w3osdu Wudu wissduluewaniuvwaliuitesfisaiinsdulslnatu wiauTuaIndLay
wazBuldmnmaeinia dsluannemariiindusiuduedeiniasinfignios wiugunnds
nanléiin edesinidudsdfyfigndniuindu festeduiniesduliduldnuanudeanis
agalanne

dieliiAnaudloogneing 9 lundnmsidesduvenaiosianenalnlii

Laglezesianeiland asldnanissruundn q Ssldlunsgeu-uiuifisuanasgiu wodsa
o
Al

ollo 46 (Dimensional)

Hagiu nMawaunTudngUnsal maenaunsten ade Faulasdudiusig
feaondenisinfiusiudy uagidumnsgiuientu aruianainiesnniaiesinlale
1SR 919t Bsmnugadeegien wgdtudugunsaifiiausgney
dunugadsldanansaussneuldunuiuly uieldldaiin dewilmdesanaiuay
sutlszana vide dnlufudiugunsaliiddnann arufianaindosuinentazneliin
ANUEENERBITUUNSYINUYRIgUNsal n3R0M3naliingURLuele 39IN1IN1eERvY
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ool aUnsalinviasrvazidaauiunany %ﬁﬂaam%amaqamahmﬁm
1INNTIUVVLIN AD @1UIT081UT DAY Laamiﬂm 0.000 17 Inglany zgUnIalunaYiln
Wy Indicator az8uldaziBeniivo.oooe 11 feguasasinustAnilaud Vernier
Caliper, Vernier Height Gage, Micrometer Wag Dial Indicator

oo gUnsaldnvilaneaziBengs Wuedesinfiewldsuaudemnnnii o.ooce
53%14% Tawn Clinometer, Electronic Height Gage, Supermicrometer, Master plug
Lae Ring Gage

oo gunsaliiduninsguludesUfjidnis  Hueiosin Alsianudy
11ASFIUENIN 17U Optical flat FalsiAuuaiugngsils o.oooood 17 n3e Gage Block
WAAYTLAU Usl Gage block ¥ind wariinnuusiugge Asuuy AAABlock ek
LL%JIUET’]Ejjﬂa\‘l 0.000006 5’3

e.en 1159 (Force)

MnngMsadeuieive b vesiiu wsadufulsiiezivuamsadeuiivesing
fhannsamuauusild Azauaunisiedouivesingld inanansadouaunisindeuiives
FnglalusUvesnudiiussewing usstuamnsslunsiedoudilaidu
_ma

T

3o F = usefinszyidedng
m = 1aYeYing
a = ANYLIYNINY
Sofussnserindetng 019wyl ingiuiizing wiovwadsuluainiiy
wnvidetiastusgfuruiaresusiiingsi uarandivesingiifieudaveulaoauysaiay
ansanduAudanmidulinevdminidnusnseyin uidagilifianudaveuias azdsy
anwlunnidulasiluudringransegsas duingdaneuanysalneluveulundaveu
(Elastic limit) §nAuandniluné axliannsofuganmidals
ﬁumzﬁﬁl,mﬂisﬁwiai’mqﬁ?u Lmﬁﬂszﬁwzmzmalﬂﬁaﬁuﬁwﬁwﬁmaﬁmq
ShsrdruvasuavesLssfinssvhraiiuiinigin ety aamidu (Stress) Fadivianany
Fuluuuadaann wagaadududa nsdfiusansgyirengduusedn isdonaududn
(Compressive stress) #11% F unuussiinsgvindiotng A Huituiivindavesing wee fe
AMILAY azTsuauduiuslady

Streﬁs:E
A

R B — e
.AL e -
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[ 1w

UMY a-o WSLAUNNTEVINFRInG

q

)= | Gl

nsaindusINsEyiainguas Mliingisusie vievuadsuluanniay 1

=

395Us190U AuLASen (Strain)

Y

Sen nT1dUTENINUIN WiesUsnwWisuliuaun v
Fadeuluguvesnnuduiusiondu
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AL

n

> = muAsea (Strain)

AL = anemiiaesuly
L = AINENLAY

Y =

Q Ll =
[ J—F

SUNMTN - usaesEANsEYIcing

nAuaNTRfNa1IteY gunsalnldlunisiauseasgnesniuulilidiunisin
wssfiszAuAMUAUIInIweulndangu lunisldnuidndudesseiniainisleulnan
(Load) limslifudasnimuansizasyilvigunsallunisiausufanisidemela dmsu
Taguilanis q ArdaTdiuveinnuAIeaiuANUAY AvilAA SenAaaniin luadaves
~ | A o o s = v
Anudangu e Tugda (Young’s modulus) dadguleiiu
F/A

T AL/L
FelL
Ae AL
o ¥ = dalugda
F = usefinszii
A = fufinthde
AL = anuemiiuasuly
L = ALY

1Y

1 aaa 1 1J & 1 iy wa v A 1 1
A ddnaeluvounnanis1eldn nauURwaItl 0 LsINSIUA1Y8IlATIASIS

3 Y =

[y |

Tnqueazviln Audveslvanditeuliiuing asvilisianunsomannuenideauuld
LAZAINASNNIIAINATILED ?NLﬂuﬁmﬁuaqqﬂﬂﬁﬂiﬁ'}ﬁﬁgﬁuaqm%ﬁmLm WUURNG 9 LU

al.an.o GUS (Spring) 01BN138A M3enafIvedaUss durusiuussnandeusefied
Uouliiuauss

lanlo 29U (Ring) Wusinfildndnnsvesusefinszvisasaumu vl
2wnudasusuiely Fasngiamiiasundasiufelalasiines wdnhluwieuiou
UANTNATIVHDULITIUIATIIY

o.an.en ALATULND (Strain Gage) Lﬂuqﬂﬂiﬁﬁa%ﬁﬂﬁuﬁﬁﬂﬂiimig photographic
AdefuMITh U suilduTe nsBidnnsednd Tasnsaruansfifinnuiumiugs 1wy
Nicron  niinidfuauiu ildamsuinafidnuasmiieusidunuiiwisuaildniunis
Wasuudamesruen wissaansatienansunaluindfuiunuiisdosnismnsud
nsvhuuiutngu usede, wssan luniserudussannsaviildlastharanudunud
Wasuluil luSadeaasusnduiaiud (Bridge Balance) wasdewdnmisianunsaiild
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Usgnautdu load cell Wsldiniminunn 9 nasnauiniosduden Trauisasuusslaniu
fsum WY torque wrench 1Hu@u

o.a k33Un (Torque)

nanldimaiedeuiivnuuuiifidnuurvesmsviu axdeainsadaduniades
shoiaue lidezdumsaidntszy madavin Mamyulia-Adandr saenaunsiuinaen
dieliAnnsmyu W Feandiinasgruesdunnuddyly usdads q udr FesdiAe
laiddnyd orvrelhAngRimedadinld Tnswmelumelulafasulml ssuugnlsunaaiding
qedesilsdaiosioininn msdutenfmisdmiueiestulnamyu fduuiuauluae
yilsiuseinszvirdedadenuinifuveuivndangu o1avilitioaunni1n wiownle usid
Fuifenvaruly ietianisvay e1aailifendes 9 aarefarnindersungald
wwiesduidsdusguidnuga erlsasiAntu fufubuvaluladviuasiounifiedda A
aviBuniiomssiidosnsfiannwiitu indesdodmiuinmuiinaiifsdesisiondeie
16 uazusiugme gunsalildiarusedn 19U Torque Wrench Fsflegdnefunansuuy
PIARILA o B9 booo Uaud-ia (Pound-in.) Tuld

e
) 0 -
' % . & 2 9
‘Fl ¢F2
. Force of 20 N Force of 10 N

SUN T o-en useDndinszyinsiodag

naun1T T = FxL
dermua T = usedn (Torque) winefe Newton-Meter (N-M)

F = uwsafinszh (Force) wiaefa Newton (N)

L = szpeieminangamauludauuins miiefe Meter (M)
Faths T, = 20 Nx 0.5 m = 10 Nem

T,=10Nx1m=10Nm

Ti=T,

@E (=

TA'\__;/ Rt TT l

JUN AN - 1n3aailoltinusedn
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Tunsdlild Adapter  Guvirlkqavyulsildogiudnavaevesuszuatausedn (TT)
suduiiadesdunaineiusidnfiiniuideminanuen (A) fidugie
dloruunlst
F = usefinszii (Force) mihefo Newton (N)
IT = AnNevelselainunssdn niieme Meter (m)
A = ameTEILiRNTY waeie Meter (m)
L=1IT+IA
TA = usedndafnfiduiioniiudu wiaeie Newton-Meter (N+m)
TA = ussDndainanUszuainussda wirefo Newton-Meter (N-m)
Auaalaan

TA=FxLuag TT = F x IA
FoJTA_TT

L 1A
_ TTxL
1A
gunsalinusediauuseandu o wia

..o aUnIalInusainyling1ua (Indication Torque Tools)

TA

w.€.0.0 Torsion or Fixion Bar Torque Wrench dnwaznnsusnidu
A Id 1 dydll a do 4
LUUAIUATBLUULUY T LLﬁﬂQNﬁI@EJLGUNGUV]Q']LLiﬂ‘UﬂVnﬂlﬂ

T

E‘Uﬁ e-& Torsion or Fixion Bar Torque Wrench
o.€.0.lo Dial Type Torque Wrench SnwEAgUaNUULUUATY
wanswavuntdalaeidudnasednninla

E‘Um‘wﬁ - Dial Type Torque Wrench

a

o.<.0.m Digital Type Torque Wrench wansrussdadudiavnaia

g‘dmwﬁl - Digital Type Torque Wrench
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o.€.0.€ Dial Type Torque Screwdriver LansalaeidudNALsdnninla

*

gﬂm‘wﬁ o-c Dial Type Torque Screwdriver

Y

o.<.0.€ Digital Type Torque Screwdriver Lansaussindusiaviaa

g‘tlmwﬁ o Digital Type Torque Screwdriver
o.<l gUnsaiinussdnuiinfedn (SETTING TORQUE TOOLS)
o.&o.0 Graduated Torque Wrench asnsatdonssrussdnfideanis
Iemnuanussansvedly

SUNMAN o-e0 Graduated Torque Wrench
o..b.lo Non-Graduated Torque Wrench A145IUANIAUALULDUNN

INAKER

S T —

'gﬂmwﬁ o-e&® Non-Graduated Torque Wrench
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o.c. .o Graduated Torque Screwdriver @1u15aLdNAIANLTITAT
AR IlAnINAINADINTVRIE LY

SUN AN o-elo Graduated Torque Screwdriver
o.<.o.€ Non-Graduated Torque Screwdriver ALLSIUANIRUALLUDU

UIRNENER
'g‘dmwﬁl o-ee Non-Graduated Torque Screwdriver
15297 -0 LLamﬂuaULﬂumﬁaaﬂﬁqﬂmaﬁi’mLLiaﬁmﬂm‘wm@ﬂ,ﬁ
wilo 19151 Permissible RERULIEY f1ununssiiia
ASME 4% 20%, 60%, 100% on A3
Dial ISO 4% 20%, 60%, 100% & A%
JIS 3% Min., 1/3, 2/3.max. -
Wrench 4% 2
ASME 20%, 60%, 100% on AN
Driver 6%
Graduate Wrench 4% 2
ISO : 20%, 60%, 100% & AN
Driver 6%
JIS 3% Min., 1/3, 2/3.max. o AT
Wrench 4% , ¥
ASME Setting Torque o ATY
Driver 6%
Non-graduate Wrench 4% , z
1ISO Setting Torque ®0 A
Driver 6%
JIs 3% Setting Torque o A5
Clockwise 1% ¥
N ASME : 20%, 60%, 100% o A9
Digital Counterclockwise 1.5%
ISO 4% 20%, 60%, 100% &A%Y
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o.& guugll (Temperature)

oaumgil Tuindumievesuiinauyagiu AanuddnunegmniduiFeaves
JEUUAIUAL ﬁgaﬁt,ﬁmmﬂﬂmamﬁ’ﬁﬁum amiziwimyj%LLU%LU?&MI‘ULﬁaﬁmim?ﬁmwaﬂ
PUNNH YIDTLAUVDINGNUAIUTOU muuaﬂﬂiaﬁ wiesdle wdesiase q Aldluszuy
mu@mqmLﬂumawmsmuauqmmﬂwagiuamazﬁmw%ﬁmi{mémﬁmum lagiane
o81989gUnsaliildlukesufjuAnisuinsgiu Sududesiinisarvguaamgiilsldniy
smsgruanaiinivun Welvigunsalimdrduausoldonuldessdivssansaingsgn
iwsesleltingumnliivansvia udasviinerdndnnsiasuulasmnadfianizvesans
dmsuirdosingamaifnuldanuin q lulsun

wosluiiwesuuuvaunailunasauiiUa (Thermometer) ldndnnisvenasa
LaznAfYes veamal Wevoumadlduanudeuszvei wagnaduileldiuninuiy
woslufiwesuuuiinasindunaosufudniiaats vanetrmilda Sndravdadunsaug
ussgueamal FalaulisienisiuAsundasgamgll veunadlidenld 1dun Uson uay
woanesed Tedrfnvouneslufinesuuuil fo 1Hldnavasgungiis 4 dldfunista
oaumgiigs q azvinlivasauiuan Anuiuldmly 1iud wesTufiesdmiuianuldna
lsmeunamesludwesdmivingamaiivesonniea Wusu

o.&.0 Wasluilnafuuuarudiuni (Platinum Resistance) #3eflioniy
RTD (Resistance Temperature Detector) l¥ndnnnsfiinanuduniuvesainlaneay
Wasuuasugamgd Fslaevtiluudimadenassiielivhmesluiimesuuuid dnidonans
Fstimnulaernufeuiivilvimnusumuasugs wazanmsisenui Wuan
warfvnausaldidudinarsingungiild %a&iamlé’mmaL“ﬂum%aaﬁai’mammgﬁ
LWsvany LLaJLGUL‘LJumiaamammmumﬂahmimammm AawAgaLdefaveInandiau fe
-182.96 °C fis 1,500 °C

o.& WmasluAula (Thermocouple) Lﬂumiama’mammmﬂwaﬂmivm
Lmauwaamiawu o 1 Trielavsssiafusnideuteuaefiasuiidety d1Uaneqn
rotansdigumgdanaiy ssfnnszualriilyalursandumaiiass Teasudsundasly
Punaf1avesgungiivategane wazdlavareqasdediunilsoan avvilsiiAa
wsnadeuliihduiivareda Seineenunldiiuiadlied uasannsouwasoonuidusamls
wosluduilauvunnsgruildfuegivarsvinmetu ielimuzaufunisldeu Tu
Fnwaizang q 1w mesluduillauuy K (Type K Fadulanguuu Chromel-Alumel Tngdl
anguaniinannlavenauszvinaliialasiflounazatsavinainlansnanssning
Tifa-ezaiiillon wnania uazddneu Tdiunisingumgligunn 9 wWu eumglivievieves
\3eseud LAesTuTeiinuieugs 530 °F 9 2,300 °F wesluduilauuy J (Type J) lron-
Constantan @18uINTNMBImaN waza1sauyinee constantan Fadulansrauszning
yosun-Iifia Miunmsingangiifiliasin fus 530 °F ¢ 1,400 °F WWudu
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RIUNBIUAY

HWNDIUAY

O

Reference qﬁmlﬁd'imh
Junction (0°C) aomni

JUNMA w-e& NM35NW Reference Junction fguLdsUIaNs
igareguatluiudnowidigunsalsrumanngll e liusuadoulniag
9 inarnnsingamgiiifieuiv 0 °C 93 9 usdSmnzdmsuluiesujuiainis

OH

EE‘IJ!' IUDTUAT
gamaii

aifTninuan

5UN97 o-e N33n11 Reference Junction fagaeasiniiuy Bridge

Willdanuiunuiuasuainiueumgil (Temperature Sensitive Resistor)
WU RTD %50 Themistor Aialiluaeas  Bridge iludiwnisegamgiviesfivlaeuly e
o = € 1 ' an vo ] o oA =
wsaadeulniigunsalenuArgaumniilasuazanan b diusiudu fie usanfeulniiain
weosluduila MAnnuadiisaungisenitsaunginizindugungiivies uay
= a v = 1o o ed
wsaadeulnihvasegmiivednIn RT Thermocouple AU WagAIUA1ANGH
wWasuulasisuivaamgiindeudenazase  Jalundenld wazdauisadalasiaue
Uszana —250°C v 1500°C vistifTusgiuadines Thermocouple Mg
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Positive | Hegative |Accuracy™*| Range°C :
Type Material [faterial Class 2 {extension) -
. zood at high temperatures, no
B
B Ft 30%Rh | Pt 6%REh }g;n’:jc Ergl :E 1339 reference junction compensation
' Y Irequired.
G
B W 5qRe | W, 26%Re : 4123 - Pﬂt?0283?105‘ Very high temperature use, brittle
- )
O+ W, 3%Re | W, 25%Re < 4123 - [EIEITUQEEJDS‘ Very high temperature use, brittle
, . 0.5% or =270 to 1000 |[General purpose, low and medium
k s IR ST {0to 2007  ftemperatures
o
G+ W W, 26%Re : 4123 - [EIEITUQEEJDS‘ Very high temperature use, brittle
.| 0.¥E%aor | -210to 12Ijlj High temperature, reducing
BL
J “ Bl 220 {010 2007  |environment
i G
K+ NI 10%Cr Ngl-l:sf.i;:lﬁl 0L755% or | -2701t0 1372 |General purpese high temperature,
e o ‘I;“:rSi 2.2°C {0to 80)  |owidizing environment
L e Fa Cu. 45%Mi 0.4% or 0 to 900 Similar to J fype. Ohsolete - not for
P 150 new designs
e+ Ni Ni, 18%Ho D';zf*c”r 5010 1410
M Mi, 14%Cr 4 'Eilf-_.-Si 0.75% or | -2701t0 1300 [Relatively new type as a superior
[T = e o ST
1.5%5i 0.1%Mg 2 (Oto 200} replacement far K Type.
- : : 8 A more stable but expensive
F Flatinel 1l | Platinel 1l 1.0% 0to 1385 substitute for K & N types
Ry -5 g
R | Pt 13%Rn Pt ”f;f‘cﬂr ”[?]tt”cllg?a Frecision, high temperature
Ry -5 :
s | Pt 10%RN Pt ”f;f‘cﬂr ”[?]tt”cllg?a Frecision, high temperature
| 0.75% or -270 10 400 |Sood general purpose, low
* B
T cu Cu, 45%MNi 1.0°C (-60to 100} ftermperature, talerant to moisture.
L cu Cu. 45%i (4% or 0 to 6500 Similarto T type. Ohsolete - not for
__________ S el g new designs

MINN o-o UansdsnnautRvesgUnsalingaumgiivesusiazyiin

o.&o.0 YUAVDI WasuAUUa (Thermocouple)
Thermocouple Hivaewiin (Type) uiag Type AilAMENUATILANATY

[

9

fupenly awlunisideniduiinres Thermocouple AAMUEIAY ns1gdoadenlimngiu

a dl v
YUAVDINUN Y

(@.) masluAUWawuy s (Thermocouple Type S)

- @EAUYINAINNARTL AN8UINYINANAVIEHEAL 90% YINATRALL

+ 10% VoIlsLhe

- Iumnilann -¢o - e,0o= DIFYATYA
- Touluanngdu Oxidizing wag Inert 1ad

- ladwmsngAvauindu Reducing , Vacuum waganimaudiiile

Yoelany



[9le]AN

(0.) wmasluAUWawuu R (Thermocouple Type R)
- @AUYINANNANRALY @18UINTINANLaNENEL 87% VBINAR T
+ 13% voilsifuy
- ’"J’mqmmﬁlﬁﬁﬁ -€0 - o,00% DIFLYALTYE
enluaniedidu Oxidizing Wa¥ Inert L9
g fuauiiiiu Reducing , Vacuum wazanimeudiile

- puantRmiloutu Type S Hounnegn uanafuiinm
ssfndiiinldazgenii Type S
(en.) WasluAUUawslia B (Thermocouple Type B)
- @aUVININWANRTIN 94% + LalREN 6% aNBUINVINANWAIRTIY
70% + L5iABy 30%

'
a I

- YUMTINgUNYIRLN ¢o - o,clbo BIFTALTYA
- Weonildangamnlias Tuangiidu Oxiding vde Inert
-l fuanu Reducing 3o Vacuum wazaiuiiloveslans
wazelane [WUREINU Type R uag S
(<) wasluaulawsiia J (Thermocouple Type J)
Wesnnandtiisngs dnmsmsmdugunii mesluduida
iy wian e sy
- gguINYMIBLuan Lazaneauyingae Constantan (60% ¥89
NDILAY + 40% Uifa)
- 4195 ¥ngamaiiegi -oeo — eboo BimTALTYE
- mngAvauiigumgiligannin 1dleluaguamidy
Vacuum, Oxiding, Reducing #38 Inert
- himmzﬁm'mﬁqmwgﬁﬁ’md’l o LATMUNIEINIT oo
BNGARGIGHEE
(&) woslusgudlavia K (Thermocouple Type K)
Wanananie ) Wurdaninsldiuegsunivansanniian
Wz PrnTianitazausaialalunaisaninuindes
- @neuinyinaniliia 10% + lasillen 90% avauvinanniiia
95% + odlllsuuusnalazganau 5%
- $1M5Ingamiog -ono — e,malo BIETAITYE
- THldRauaguamiilu Oxidizing ua Inert agunmitfiossu
QUPITARAEICHIPN
~ldwanfuauiifu Reducing , sufifleves daues wazeiu
ﬁLﬂu Vacuum
(0.) wasluaulawiia E (Thermocouple Type E)
Waweeu1a1n Type J Jadlanantananeiu Type J, K



@0

- @eulnyinan tekleey 90% + Tiia 10% @1gauvinann

Constantan(60% Upnadbag + 40% ULNA)

- 91N Tingaun ey “oro - 0,000 BIALTALTYA
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Termocouples at High Temperatures
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o.ob.0 AMTAUFLYTA] (Absolute Humidity) Faanefi wa vidoUTinamedle
ihlunflomheuiinasvesenna

welle AMUTUEUWNS (Relative Humidity) vuneds Sns1dIuveIAINTY
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(%

o RH = ANy udunus

% RH = x 100

Abs. = Armiuawysal
Cap. = arwivlusimaiisulfisiui vioruguedlethlueinia
mwmeumlaﬂf'nﬁuﬁ mnaﬁq laf'ﬂ,ummﬂﬁm:mmﬂéﬁﬁuﬁ FaTodu
e ausln Annueiasnsadsunasls 3 ﬁuunuammm wazAUNABINIA UnTalld
Tuns¥aauduluenne fdeuldlaun ndesinanudunuunsuiuizude nsszden
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9aunadl m‘fﬁm Lﬂ%ﬁmmm%uuwﬂalﬂ (Mechanical  Hygrometer) Faldlunns
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Fregaunf Tenuvasnutuduning fo sanduvesaudugosale MAntuluasuay
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Relative humidity, R.H. (I)) = % B V—V
9 pg Vg
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m, R, 0622F,
W=—"=0622— =
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Tneit o fmhediu ke/kg vasernausia luennauiaiulailom fady
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lunsuSuemadnsuresildneuiinmes rnnutuiunit vo % RH.
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Y
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anuiainle Ieenn Sedeuldvieinlu insu (Grain)

#,000 LATU o Uaua
o&.c NTU = o N3U
S v . al o Y v [y a
..o 9AUIA (Dew point, Tdp) WeamAgnilmduasniglanlusiunsi
lounlueniesuatumiy Tufe gaumiignindAne Tules
Tdp = T 8 ANUAUAIH
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QUNNINTTUIZUIAY Uag AUIANY

q U
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gaungiinaziizlion uas gauhdng
Tugguum omaneluiesiivangaudmiuawily fe dosaruiu
dU9WS 30 - 35 % gl 22 - 26 C
lugefeu omafwnyaufodosdaududuivg 4550 % gungd

24 - 26 C°
0.2 AMUKLA (Viscosity)

mnuvile WunuauTRlonzves veslva Wueadu anuidu mnueien was
Tugdavesmnudangu TuFesesingins vievesuds erafelsin anuvila Wuenu
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nsluaau (Turbulent Flow) w3enanilain anuniiaiduladeimunminueindevesnis
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Sandiumeseamilaauysaldenmmunntuveswesiua (Fluid) Fslureamarvyilen uls
Aulaensaivgaumgiusluing (Gas) aenseiudiy
dwdueesiionldlumsindwmin A4y Tiun inTesinmnumilauuumu
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sofngiirndadusgfemnuidsresnisdu uenanidedusdiudimesian viefiSeniauss
3 (6) Whundwase
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