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a15199 1.1 neraamasgu Ithnszuaassazanuidweslsamadangy

Absolute National Other national standards apparatus
reference primary
standards standards
Diessethorst Volt ratio box
polentio.nmetcr Voltage dividers Power measurement
(1in10%)
Josephson-junction Standard cells Cell comparator D.C/A.C. thermal Electrostatic wattmeter
(1in10") (3in 10%) (1in10%) transfer
Electrostatic Dynamometer wattmeters
voltameter
Inductive dividers Calibrated loads
Standard 1 Q Wheatstone bridge High-current bridge  Electronic sources and
resistors (1 in10")  (1in 10%) Amplifiers

Current comparator

High-resistance
bridge

Rotary generators

(1in10*)
Build-up resistors Potentionmeter Reference-measurement
(2in 10%) Current-comparator ~ Transformers
: potentionmeter
Standard resistors Standard resistors Transformer-meansurement
Systems
Campbell mutual inductor Inductance bridge Magnetic measuremetn
10mH (1 in 10*) Standard inductors Permeameters
1 uHto I0H (2in 10°) Vibrating-coil magnetometer
Current balance Phase-angle standards Magnetic measurement
forL,Cand R Balance
Epstein-square magnetic-loss
System
. Capacitance bridge Local-loss tester
Calculator capacitors Standard capacitors  Standard capacitors Standard capacitors ~ Magnetic-tape calibration
0.4 pF (2in10") 10pF(2in 10") 10pFto | nF 10nF to | pwF,
(5in10")
a 4 - v
MAITNN 1.2 llﬂﬂ\lU'MSj'luﬂﬂUﬂ’J'UJfI'JﬂQHﬁSU'lN'lUTﬂﬂ’Jﬂ
Quantity Method Frequency Level Uncertaimty
(GHz) (95% confidence)
Power in 14 mm coaxial ~ Twin calorimeter 0-8.5 10-100 mW 0.2-0.5%
line
Power in 7 mm coaxial Twin calorimeter 0-18 10-100 mW Under development
line
Power in WG16 Microcolorimeter
(WR90)
Power in WG18 Microcolorimeter
(WR62) .
Power in WG22 Microcolorimeter
(WR28)
Power in WG26 Twin calorimeter
(WR12)
Altenuation w.b.c.o. piston 0.0306 0-120 dB 0.002dB
Attenuation in 14 mm w.b.c.o. piston 0-8.5 0-30dB 0.001 dB/10 dB
coaxial line
Attenuation in
WG11A (WR229) Moduléated sub carrire 0-100 dB From 0.002 dB
WG15 (WRI112) Moduleated sub carrire 0-100 dB at low values
WG16 (WR90) Moduleated sub carrire 0-100dB up to 0.02 dB
WG18 (WR62) Moduleated sub carrire 0-1004dB at 100 dB, for
WG22 (WR28) Moduleated sub carrire 0-100 dB v.sw.r. < 1.05
WG26 (WRI12) Moduleated sub carrire 0-100dB
Impedance
Lumped conductance rf bridge 1x10? 10uS.-18 0.1%
Lumped capacitance rf bridge 1x10? 1pF-10 uF 0.1%
Coaxial caductance Woods bridge 5x107°-30x 107 0-40 mS 0.1% + 0.001 mS
: 30 x 107-200 x 10” 0.2% +0.001 mS
Coaxial capacitance Woods bridge 5x107? 0-40 pF 0.1% + 0.001 pS
K Abount 1.5 K. transfer



Noise temperature Therminal 1-2 10 standards calibrate to 100 K.

in 14 mm coaxial line Therminal 2.75.3.0,3.5 10*

in WG10 (WR284) Therminal 6.0, 7.0, 8.0 10

in WG16 (WR90) Therminal 9.0,10.0,11.2 10

in WG18 (WR62) Therminal : 13.5,15.0 ) 10¢

in WG22 (WR28) Therminal 35 10t

in WG11IA (WR229) Cryogenic 77 0.15 K transfer standards
in WG1S (WR112) Cryogenic 77 calibrate to 0.6 K.

MINA 1.2 uaaanasguaduanudinguazgu luInsiadues NPL(Steele et al.,1975)
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sulphate crystals Cadmium
Depolarizer suiphate crystals
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+ve wires —ve
gﬂﬁ 1.3 UIAUYAANTAUIIATYIY
A1 pH yosmsazmoviuezTrafuaiosamuesundonlniih dufusm pH iz ey
ficafio 1.4 0.2 (Froelich,1974) snmsthdantavestsenuys Buudaunn seildidhiia 13
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Vi = Vy—406x107(T -20)
-9.07x107 (T -20)" + 66 x 10 (T ~ 20’ (1.4)
- 15% 107°(T - 20)°
v, Asusundoulihweuwadiigungil Toc
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1.3.2 mInsdegeumdnyInivenssiuanaIgudieisvelawwduJosephson Effect)
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L bias
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Constant | :
current Hlr r1s.c
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To room-temperature
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° ' o ] o o a 5
rasesuduves levuldedeauysel _G’hummummiuuuﬂuma(Campbeu) ¥
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4ARIA(Rayner, 1967) 1o l9damiluniisauii fuuanuadusas(Cambell Bridge) g1t 1.6 928
aun1saugad o

R-r+(a* M, -M,)=0 (1.6)
tay

M,'R, = L-r | | (L.7)

=3 o o ' - b 4
L ﬂaQﬂﬂ'J‘lul“uU')u"‘llagR ABATTIUATUNIUY

Datector

O

U7 1.6 nansuAAFYAT(Cambell bridge)
auns (1.6) aunsldiman R 18 Tumivmamenuaznaluszuy st Tavdan
daveammdnmuves R war » mldvamatauiad dnhudiannsodnng - WWed
auysel Fafimanufanaia 2 dwlu 10° daumadendulumstnamduysavesloy
fu Taoldmsinnumlisynihid2033ves  Thompson and Lampard , 1956 ARaszylviih

) o 2] [Y a9
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Favziivoadnereniet Iifufivaios 91033 Thompson and Lampard uaaaldituanuduwus

yoalszg Ifvhawensdeniionueves C, uay C, faunisho

exp(—- ”gc‘) + exp(—- /:Cz) = 1 (1.8)
Y 0

{9991 C, = C, wazanuyszy idinandeuas (¢) midu

&, log, 2

C F/m ' (1.9)
2
- by o Y
walnaNuE W ¢ WM
2 1
¢t = (1.10)
Eokho
F o ul
VINgUN 1.7 (0) wazaums (1.10) #1 g4 fe I 2d dmauswennuFuem ¢

szannsefuannug Iifhdemasvesdadsey Ivh 1 SAuviady 1.953548 pF/m

ningld 170w deumsnda vty Sedumisvesdadandnannsodnnnld 1in3s
AISABAUNIANIUA(Optical intererence) 9evh1ifanuAsundasvesssey ihfiannse
e WRednanysel msnnudasfindnamsanioudioudsy manuszy e
dalsey Ifhwasg fie 10 pF ﬁ'ufuzﬂ‘?i 1.7 (1) aunsasasmauyssivesTeruTaoiin

wiudt 1 aulu 10’
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2.1 xmaaumﬂuu'u‘uﬂa’mmaaunmn‘luammmmﬁnm‘n
4 A o 4 P v g Y o J S

inIsalisdauvuvaadtamdounnieluauinuiinanons  sxldudnmsnuguniesiiodn
LI 4 A A J o & o A g o W
fdanszua’liifves DArsonval Fuflumsindeuiivesvamia  Tasdildtuiniestioamds

3 ti o o o
nszna Iihuuudugauasadng nTesiufinnvuduuazuuuuasgansil Tean snguit 2.1 o2
% . ‘ A A‘ . 1 ] :l' o
uamemisadaniosllonvuvaatmnaeuil  TasnszuaIifhezgndauvaaiafivheinneuns
~ a a A o [] n'n' P P 9 é o Y a 1

nioogiifion Faiusguunsevnwmglndmasuiui emldifausaminnszudlvaiu ve
aafenanizindoufiogsznindundnsounazunuvssauuittanansivnnnYagnilus
d3gq 19U Columax, Alcomax #ae Alnico lasussiafufinninufnsviseninnszueiihuay

r o d b Y - 4 o o * ° Ao
AUILMNAN DTATUAVUIINIVANYDIYTY Haaf39Aana129119In phosphor-bormze NudnYmE
uunvsediu dmiugIHseesuu91In sapphirc jewels, silver steel, stainless steel. M3
act é’. o d' A ar = J ar
FEmsdufensuvIuAwNIASARIIUR 2.1(b) Seezudausuoaniuszuingusesiunazifey

L " ~ . 1 dy: ar '] = J 1

uso199z larenuduniu91Ams shock loading daudindiudnesviniiugvesawiiadegda
funszan teaanuAanaia lunssmmuazion fisnsega useda (7)) mArnndfnin

] 1 9 ] od ] o A
5zmnnszuﬁ"lﬂﬁ1 ) uazmumumuu‘ummwmuumaﬂ'luﬁmmmman (B) Av

T,=N-B-h-b-i @1

P = i ° & ° Y a . 2 o o Y P a oA
1B A UDE b BNUNFANINUDIVARIANIUIU N 72U %Q%:‘ﬂﬂ‘mﬂﬂui\ivﬂ(ﬂ) fasatuiunayse As

T = k& (2.2)
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Spring % Pointer Scale
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Counterweight Mirror

z e,

Coil and~"" 1 Permanent
former & magnet

Pivot and
bearing n)

Flald—]
{flux density B}

Suspension band

i

\\\:\\\ Movingcollz //4

HR s
NE 4 Ve 7
NE X A LE 7
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YEN ) Ui
N 2.2 ZBARY
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NE 2 ) s8
NN 7 A

A pointer i hed i
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(V) STUVHYIULDUAS

N -B-h-b-i_
k

g S-i (2.3)
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s Aeanuliveunieie
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T, = J-d,&+D-d—g+k9 2.49)
dar dt

J fsusunoyvessyuumelimisnyu

D fisA1naivedn1snuag
k Aemnanvpaalsa
AITMHNNININNTATUYRIDIMA  HFBMIInUIveInszua lnauiifanisdasauves

Al 1asiletuaneeInIsusn f?m?nmiwﬁwnsz'lnmu fv

N 1 '

D = hzszz (T'}'-R—' (25)
%

R ABAIUATUNIUYDIUAAIA

R, ADAMUATUNIUVDINARIATINUIBY

o : & o W ' P o ar 1 o o A -~
muumsawamnm'mzuﬂan‘vumuTauauﬂuwaaa f19

9y (k/J)S
i(s) s*+(D)J)s+(k/J)

A a4 o 4 o o d L e ﬂ'
WanFouiouaddudwlouauns (2.6) fumasguiladdudioTousudunians aums2.7) e

4

G(s) (2.6)

= < 2.
ols) s* +28w,5 + &} @7

ANud T TUMAvaNATeNens w,=/(k/J) wazdasimsminde &= D/2+(Jk)
& D*Y4r. w8y £)1 szuusiu Overdamped ltEHanBUANBIABATZIE 1

a o < ¥
sunnuuudu luvaizh r=0 9214

6(t)=Ss .1{1_21____ ‘19:243[-4*416-15}”~‘+f_—______ \ (é’:z—lje['f' ¢t ]‘”"} (2.8)
24/¢%-1 2.J(e2-1)

$1 D? =4kJ. udr £=1 szuvezdu Critical damped LAZWOABUTUBIADOUNN

» )
nuuty Tuvaisi =0 a2la

6()S - 1[1-(1+o,1)e "] 2.9)
1 D? (4kJ.u87 ¢(1 szuveziifu Underdamped taznanauausineduynuuudy
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0(1}=S~/-). l —%sm\.(l—f yw, r+{p]

vi=g

gf (2.10)
J

b

ee g=cos’ ¢
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Deflection 8

Time

1Y% 2.2 uanInana BTz UUSUAUTBA() Overdamped; (V) Critcally; (A) underdamped

2. 1 1 MIvEanim (Rang Extension)

Tunfoadsuuuveadamdsuiniusdstounsaua ihfifinnudsuuuiuicg Ful-
scale deflection-FSD) ¥91auna1UTRAR 10 w4, 89 20 ma dmiuIWfnszuansafiiifndaven
wileaInil szdeadenudTunIuAAI Yimiedu (Shun) Faguf 2.3 @) Famawa s, ves

a r'd a '
HANTIADTHUUTUN AD

g p
S, = = ——.§ 2.11)

R, Aeanumumuvetus

- Y Y a1 a
R, fI8ATUAIUMIUYBIVAAIA(R) HAZAIINATUMU (R ) NABiueen |y

- A MY vy
s faanuhvssniundou wavas lyldaeddumusuiy

a P o g q’ L]
ueudineiNnszualWihqe 4 928 FSD 15 md. vazdmivanudiumuiiezinn yuu
=2 o 7 ° ' =] 9 v v v 2 ° —- 4 o <

wiatuiazdmnusunamilea mldusedn Tdhanasousuay 0.075 Trad uaslisdegadoin
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mmﬁm‘mu%muﬂsxmm 0.0751 199



Current-carrying terminals
A Four-terminal shunt
P _—

Y

_— ~
= == Q{{_--)“‘Z‘(P CF

/
—

Voltage terminals

51 2.3 (n) nSeadedanszuailduaatmndoud

() w3osiioausanun ldvaalamasun

A5 2.1 uansiidanisgadolunnudumusnudmivdiunseuania

NITLT (A) fdagando (W)
1 0.075
2 0.150
5 0.375
10 0.75
20 1.50
50 3.75
100 7.50
200 15.00
500 37.50
1000 75.00

S o I L4 o 2 = I o
dmsuTiaalwasuuuNTzuansINIaAIaeg U 2.3 (1) wiianul (S,) nv
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fiu 100000 /v Aniu haalineinlanudumudunngzdesiinssuaddmiy Fsp
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Moving-coil

instrument \

] \

Z

\_Rectifiers

Voltmeter

\

kS

Ammeter

JU 2.4 uraundeslions anszuauazussau Idhnszuaady

TavledSsanszuadiuuaaiamnioud

[, = %ﬂi[(z)l-dz (2.13)

Lm:.’?‘h ms ﬁa

I ,
I, = \/[?L ! (t)-dt] (2.14)

uazfinuurames 30U (Form Factor, FF) dmiy jundunszuaiihie

- \H(I/T) LT 1*(r)-ar }

Lo (T [ ()]

- -
T aA1uLIavedInauy

3
|
|

(2.15)

Sinusoid [(¢) = [l.sinax (2.16)
Arms Ao [/v2  Aundoduysal de 2//x

F43 FF §m30 Sinusoid Hudeguldi 2.4 TawnseaiieSvanszuaezuans 1.11 7, dmsy

L d
s

nsdigUndun luly Sinusiodal lumsiTeenseuaaziiasiing

ANMuAANAIA = (M) x 100 % (2.17)
FF

910317 2.5 uamsgndunawiduuuwieuiy FF uazanufanamaveanisuaas Ty
L4 aa q’: a dy o @ a [ Ja 4
uilmees jiRawataiussifaduiumsIanssumuazussau ihnszuaadudio Tantimes

cuuftaea 3el¥msisveninnssud i adudunsaua Iifms
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d" = ar v o' T é el d‘
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Percantage error in
Waveshape Form Factor measurement using
mean wnsing-rms
indicating
instruments

QUQU% . .

ANYAN

1.57 -20

NN a0
A

1 +11.1

K1 =K}
«l
x T

%\/[ : ] J222y1k01 k21 - 1]x 100

44 4 - K] o A
U7 2.5 nanarameiUnuuvesglndunazanuAanatadmiuinisele

) Closed d.e. N

QuY Closed d.c. & 1

) [ glcm ac

e o Qs) Closed 8.

IR ey, Closed d.e. V

Mu®d Closed a.c. V 30V & sbave
$u2d Closed 1 X §

“eéd Closed 53 X 100
431y Closed 3 X 10k X ing
K1® Clowdl X
B19 Clowd 01 X 1 only

4D Closed of!
(10 1t
esPrinted remsior ) Clomd of

i AQG » Adjust an catibration
vy w @ waijn
o e ?
Al e @
[ LE K

u.o'n a8t Voltage Voitage
Corrent module! module } module 2
Printed shunt™ ™ tueme "8130-192  6180-183

EEH e E ‘gr#
HEE

e WA

BE 1Al W8 s waea Was Tod K0 s B3 av  '30v 100V 800V 1000V
-1 e {de de

511 2.6 uamaiadiimes
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uaz MinTaalionlmdigaves FSD iy 10 V. delfidiuTadtinesaiuuysiuveslaToath
4 Y 3 Y v * a v a v a A da
annseu ldemhoinanuhaegungiiseus Timusofezeenuuuliniesiieniinay

o939 1 1Wosiwuaues FSD 910 50 Hz. 94 10 KHz. 14

2.14 ﬁaaﬁma; (Multimeters)
Hugnsalfifivaroina Multirange) flfinToadonvvvaarsndeui lumnuuiminas
4 o o o o 4
Fahaunsodanszuaihase nszuauazusaiudfinszuaady anwduniu nesie
a o P S P o °o
yiiaf 19w nfigariianilsfio AVO Model 8 Mark 6 (Thorn-EMI) 91n15W# 2.2 uaasdediia
a4 a - 4 a4 a a 4 aw
Youn3eile uazgUii 2.6 uaasiies Tasmundeudinugusziinnufivauuduiig (Full-scale
» v
deflection, FSD) 114 50 A. sniwnTesdlevsiinainludu 20000 /v, lusidausssiuifnszua
ase U 3 Afavesnnuimumuiiiadlsmsdanszuad lvarumdennudunu Taold
) 1 4 ] ¥
unassousein ihinszuansesinuuameimelu  wenviniimsaiuquiiyaguiuuitamari
9 9 o’: [ A‘ & [ d' ar o q' A
nsevi1 Taoldlarudifaveuniasiounz fumedalees aunsavawsdmiumsnfavuusanion
Idhveaumas neludoijuiliy

Q17197 2.2 naasdeimuaves Taatines

D.C. voltaye
8 ranges:
100 mV, 3, 10, 30, 100, 300, 600 V,
1kY

D.C. current

7 rangces:

SOuA, 300 uA, 1,10, 100mA, T A

and 10A
A.C. voltage

7 ranges:

3, 10, 30, 100, 300. 600 V., 1 kV
A.C. current

4 ranges:

10mA, 100mA, 1 A and 10A
Resistance

3 ranges:

x 1:0-2k0)

% 100:0-200 k2

x 10k:0-20 M2

Source for resistance

measuremaent
One 15V type B121 battery
(for x 10k range)
One 1.5V 1ype SP2 single cell
{(for x1, x 100 range)

A
ceurasy D.C. +1%fsd
A.C. (150Hz) £ 2% fsd
Resistance = 3 ¢, centre scale

Sensitivity
D.C. 200000/V all ranges
A.C. 100Q/V 3V range '
1000€}/V 10V range
2000£Y/V all other canges

QOverload protection
High spced clectromechanical cut-out
with a fuse on the two lower
resistance ranges

Decibels
— 10 to + 55 using a.c. voltage scale

Voltage drop at

rerminals
D.C. 100mYV on 50 uA range, approx.
400 mYV on other ranges
A.C. less than 450mV at 10OA

Frequency response

a.c. voltage range

(up to 300 V)
- 4+ 3%, discrepancy between SO Hz
reading and readings taken between
1SHz and 15kHz




a3

a dou aa d
2.1.5 alaaniaHnaianiined (Electronic Multimeters)

input v
Zero sat
t
|
|
i
|
I
)
;
1nput ! d.c.
sttenustor ampittier
Voltage measurement
v d.c./s.c.
attenustor
Rectifier
.6 and
Current i mesn/pesk - -
: dc Moving
o coll
] A, | l t/n‘ b 4 d.e. smplifisr instrument
]
RAesistance
messurement
I Q;
LA I

- o - Y - - - - ) ° a o
U7 2.7 uamsdidanseiindliaalines (n) 2aesdidanseindBunn (v) usumaihauyesdian

aa

nsenunduaAtInes

A15397 2.3 uanavef MuAvdUNIDILD(Hewlett-Packard HP 410C General Purpose Multi-

Function Voltmeter)

D.C. voltmeter )
Voliage ranges: £ 15mV to £ 1500V full scale in 15, 50
sequence (11 ranges)

Accuracy: +2%, of full scale on any range

Input resistance: 100 M2+ 194 on 500 mV range and above,
IOMQ+3% on 150mYV range and below

AC voltmeter

Voltage ranges: 0.5 V to 300 V full scale in 0.5, 1.5, 5 sequence
(7 ranges)

Frequency range: 20 Hz to 700 MHz

Accuracy: + 3% of full scale at 400 Hz for sinusoidal voltages
from 0.5V-300V rms. The a.c. probe responds to the
positive pcak—-above-average value of the applied signal. The
mecter is calibrated in nns

Frequency response: +:2% from 100 Hz to 50 MHz (400 Hz
ref.): O to —4% from S50 MHz to 100 MHz; +10% from
20 Hz to 100 Hz and from 100 MHz to 700 MHz

Input impedance: input capacitance 1.5 pF, input resistance
> 10 MQ at low frequencies. At high (requencies, impedance
drops off duc to dielectric loss

Safety: the probe body is grounded to chassis at all times for
safety. Allu.c. measurements are referenced to chassis ground

D.C. ammeter

Current ranges: £ 1.5uA to £+ 150mA full scale in 1.5, 5
sequence (I ranges)

Accuracy: +3°%%, of full scale on any range

Input resistance: decreasing from 9k on 1.5 uA range to
approximatcly 0.3 QQ on the 150mA range

Special current ranges: + 1.5, £5 and *!15uA may be
measured on the 15, 50 and 150mV ranges using the d.c.
voltmeter probe. with + 5%, accuracy and 10 MQ input
resistance

Ohmmeter
Resistance range: resistance from 10 £2 to 10 ML centre scale
(7 ranges)

Accuracy: zero to midscale: +5% of reading or +£29 of
midscale, whichever is greater; + 7% from midscale to scale
value of 2; 4 8Y/ from scale value of 2 to 3; £ 9% from scale
value of 3 10 5. £10% from scale value of 5to 10 |
Maximum input: D.C.: 100V on 15, 50 and 150mV ranges.
SO0V on 0.51t0 15V ranges, 1600V on higher ranges. A.C.:
100 times (ull scale or 450 V p, whichever is less
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2.2 InFaaudIauuutinantfadln (Moving-iron Instruments)
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ny ' o 3 " a da bY 4 - 4
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] . b 4 1
finipaiions 2 yiineziinsalia 7, AifavinmsAsganieniswdn Ao
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max
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3% -digit multimeter

U i X
SA dlgl_t multimeter

(Fluke 8026 B) (Thurlby 1905A)

g% -digit Standards
DVM(Solartron7081)

D.C.voltage ranges

Typical accuracy

199.9mV-1000V 210.000mV-1100.00V

* (0.1%R+1digit) *(0.015%R+0.0015%

S+2digits)

0.1V-1000V
Short-term stability

*+ (1.2ppmR+0.3ppmS)

Input impedance 10M Q on all ranges >1G Q on lowest two >10G Q on 3 lowest ranges
ranges 10M Q on 10M Q on remainder
remainder

A.C.voltage ranges 199.9mV-750rms 210.00mV-750rms 0.1V-1000Vrms

Type

Typical accuracy
Frequency range

input impedance

True rms sensing crest Mean sensing/rms calib-

factor 3:1 rated for sinusoid
* (1%R+3digits) * (2%R+10digits)

45Hz-10kHz 45Hz-20kHz
10M Q //100pF 1OMQ //47pF

True rms sensing crest fac-
tor 5:1 short-term stability
+ (0.05%R+0.03%S)
10Hz-100kHz

10M Q //150pF

D.C.current ranges

Typical accuracy

Voltage burden

1.999mA-1.999A 210.000uA-2100.00mA

* (0.75%R+1digit) +(0.1%R+0.0015%S+2
digits)

0.3Vmax on all ranges 0.25Vmax.on all ranges

except 1.999A range.  Except 2]100mA range.

Max.burden on1.999A Max.burden on 2100mA

range 0.9V range 0.75V

Not applicable

A.C.current ranges

Type

Typical accuracy
Frequency range

Voltage burden

1.999mA-1.999A 210.000uA-2100.00mA

True rms sensing crest Mean sensing/rms calib-

factor 3:1 rated for sinusoid
* (1.5%R+2digit) + (0.3%R+3digits)
45Hz-1kHz 45Hz-500kHz

0.3Vmax on all ranges  0.25Vmax.on all ranges

except 1.999A range.  Except 2100mA range.

Max.burden on1.999A Max.burden on 2100mA

range 0.9 V range 0.75 V

Not applicable
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Resistance ranges 199.9Q -19.99MV

Tvpical accuracy *+ (0.1%R+1digit)

Current employed Max.current 0.35mA

on 199.9Q range

210.000€2-21.000M Q
+(0.04%R+0.0015%
S+2digits)
Max.current ImA on

210.000 Q range

0.1Q-1000M Q2

Short-term stability(2ppm
R+0.4ppmS)
Max.current ImA on 0.1

1 and 10k Q ranges

3 per second

100 per second to 1 per
51.2s

Speed of reading
Common-mode >100dB at d.c. 50Hz
rejection ratio and 60Hz with 1k Q

unbalance for d.c.

ranges

Series mode rejection >60dB at SOHz or

60Hz

>120dB at d.c. or 50Hz

>60dB at 50Hz

EffectiveCMR[CMR+SMR]
with 1k © unbalance
5%-8%digit> 140dB at
50(60)Hz >120dB at 400Hz

for a.c. measurement >40dB

at 50(60)Hz

s Y/ -3 ¥, digits

>70dB at 50(60) or 400Hz
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R =+—"—"= (4.26)
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4.2 MITAAMNFINY
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Gear train
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139
‘le = IZZHZJI
1ZJ|
LZ, =42, + L2, - LZ,
(5.19)
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Maxwell
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Owen

L, = C,R,.R,
1 1
G, =—= .C
VTR, T CR,
a o ] Yo o o o o o °
v3adsasidiulddunulssgarddunumnasgiudmiviaeynsuaiuniionih
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1 R4 3
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Maxwell-Wien
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Schering
C
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2
R
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3

Hoaunstszyna lduvesuiad fe1unasuennlSny191n Hague a2 Foord(1971)

5.3.1 Stray Impedance Tuu3adnszuaady
] v o » ] - Y
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o 4 a Y a o ' et r . 4 .
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HAAIINTANYAIWNISUYAY stray capacitance (U admittance  fianasouaRItUAINIYRY

U3AT  UMaItIoUazAIAsIIA TALTAT stray admittance NANATBUUMAIIUATAIATITATY
(=] a a - a

anzauqase WikaRan1zaugausausad lumey admittance YoINIAUEIT LIaTadmittance

[l ¥
YN stray capacitance mnﬂsanmmuﬂzﬁmuﬂ‘lﬁ"iﬂu

(Yl + YAB)(Ya + Yco) = (y; + YAD)(Y2 + ch) (5.20)
dm3uaetn
Y = ne _Y%
Y+ Y, +Y.+Y, 4 (5.21)

4=Y,+ 1 +Y. +Y,
warfianzauqadivualay

(v¥,-1¥)
1 (5.22)
""Z(YnYch +YY,Y, - EEY, LY, Y,) =0
&1 stray capacitance WiiHaflannzangaduiuszimuaie
YY, =YY, (5.23)
wazimenfinesesannzaugaziuguimiiodentsumaaiiy
v, ¥ . Y ¥ I
A=t oy Bl 5.24
LYY, L, 4, .24

g w a - o . 1« A od
AuimqTin stray impedance TdsAnss hifinahanizaugad admittance guilsiiagass

fuduvesganafumiisasduiioniudiy admittance yosgisdianivuuiy
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Cs Vs Detector
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51/ 5.12 () stray capacitance TuuSasnszuaaduduyy

(v) WosAUYAUBIVSASNTTUAAAURUYUAY stray admittance
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MsAaI0AIAUAIUMENNITYBY Wagner anadagUdi 5.13 fiya D uaz B sziffugaauga
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JUM 5.13 MsTaa1uaduves Wagner

1Y, = 1,¥, (529)
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Y,(Y, +7.)=Y(Y, +7,) (526)
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For an ideal transformer
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U 5.16 Nesauyaveitulioutas
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gasauvesnuAanannmiuganadued n/m, Humsilsznumaal

nz(R,+jaJL,)—n,(Rz+ja)L2)(_l_+ 1

_ x 100% (5.27)
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AP s BTV A (5.29)
d' <4 Q@ a 3 9/ 3/ ’ U o o
‘HQL%Uﬂ]iﬁi:U']mﬂ'ﬁlﬁﬂJauﬂﬂﬂ'ﬂl‘ﬂﬂﬂa’m ﬂ'\ﬁﬂJﬂ“ﬂaQﬂizﬂ@Uﬂ?ﬂllﬂﬁq%’]U“i\iﬂuﬂu

wwymsvAuaug TnglddmdmnumionhHduuazanudunugavaadn sz mmsamis

s a A o ; o &’ - .;
@nasiazmaveu yndvitaudusganiaulasdisdidniunansenuain Inanseiisdmdo



86

=1 Y oa a o s [ ’ s ° s
vziinldiBuyndufinaudveagavaniannundanie lWnszuaadugnsmua Tavivesnity

- o < ' o < 'Y
Mo NNVBIYATAAIA(TNT YY) HATAIUTIANUA NI (FIozgedumiTounu)

ﬁ )

¢ # 0.4516 V;,

f

ouv

i

V., 0164V, K

001 turns/tap 10 turny/tsp

< o '
11 5.17 nlendamanduseunuudnnidiu

mnigal 10 dhweandeulassandauiegluguil 5.17 seldyavanintu q Fuwnesn
wnidazunuALTe UM TeTInuAT LM Ry dmFundoutasduniynnatounudalufy
sevasndusnemiynd Ui gadvitulaoeswganidusey dmiugavaadauu
unuivatudsnauduseudamsoi imnzay fo sududeaiimsnyus ey NABITHYU
Wasfinaeaiedurey ua:ﬁmuu'ueqsaumamfa‘xzﬂ‘iaqan'hﬁmami’luﬁw"lmj Tausia )
msanasaandeufem InszninsauvsmainuiaziwINFussLLUINLAY)
5.4.1 JUTUVYIAd

b4 . [] ¥ [] )
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ZZ 2 .
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;2" = Z =n (5.31)
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L znm 4 (5.34
L, zZnm z," o

o
Z,=m'Zy; |z|=nnlz,| wer «z,= 22z, (5.35)

t L4 - o 1 4 4
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- a o @ LYY o '
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C, = nT(TTTbE)CS (5.36)
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Lu p = ’ = (5.38)

f1ves C oz R, Wumssmualiluaunisduuu dwes o duniudfigniden wu lunagu
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Tnsesnednde wissnmuasiinruisinsaiidsundasnszuamodnsiaunsaiu(Hugill |
1983 ; Neubert 1975)

S

22
——— 3
——

Detector

119 5.20 WaNIENUYBA stray impedance YUTNTITIUAD

L] o T ¥ a J
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a ¢ tey o o ' < dy 1a o
viadez lilinansenunn Z,, vashgnsidiuved v, 83 v, lillnansznuen Inaafiuuulay
4 s 2w 4o ow ‘14 o 1 o o’: T
unuaugadvendeutlasnssuaindndiiuguduas liflussdunnasenyauaain uazdaiuly:
¥y
fnszuaivan z,, z,, Johldlilinensenudeanauga mszaziuuiadeziia stay
“y a o [y d aw 3 o
impedance  Aumaiiviatidinontszaoulu sin Hdensanludenendsznonlutees lums
wa §

a a o I o ] a da
Uraddufiuaugismiynusandoutiasusaduiin z, uazudeutasnszue H8uRuauguym

- P a A o o &
z,, TauoanuAanarauuinissiloiaues Z, axtlszunufe



90

(Z”' Ze 100%
+ x 100% (5.39)
Zshl Z:hZ

5.4.3 mlaamilsniudeudevindluaniiyiauqga
) 1 v ' ¥
o « o & ’ o LY o 4 a
annzaugaludmiivnihiiFeudeusasfednsieimiudiugud  anulvesniade:
o o ’ b 4 t b 4 1 o b 4 P
Husdmuaemiynmuldaniziauga nazanmzaugaansodumianuuiuir 14 lugldi
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Uszg91n29933 lsuudiundeutlanszua nazdmivanuadinianute Tsuwusiuanls
a d o 4 4 - a o ad o
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¥ ]
uaz L, Tuasoanasiinildewvesmsaanaulias (Neubert, 1975)
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zdn
det Detector
VOUt
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X
Voltage transformer Current transformer
zOUl
—
| S A
2 zdm Vouv. Equivalent circuit
\
Vl 2’out
Vg 1Z,-2))
Voltage transformer _——— 2,12,
2 (Z,+2))
c f 2Vs 12, — 2 2,022, + 2, 22
urrent transtormer
(Zy+ 2, +2,2,/2,) Ve T e

Zc=jwle: L is inductance of ratio arms
L.=M, mutual inductance of ratio arms

P o P ° 4 ' a da ]
917 5.21 AmdleninFeudeysasnaniag auqa
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Current transformer
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Vour = I/}o,,, sin(a)t +¢) (5.42)
uaz
Y, =G, +jB, (5.43)
n 17V, ny 1
G = =2 _oul - B .z_z—___ﬂ‘_ : )
TRy, 0 By, o (5.44)
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3

it Z, =oo  output gives conductance and susceptance of unknown impedance Zu

if 2l ¥ e output gives deviation of conductance and susceptance from
the values of the standard impedance Z,
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6.1 ANNDAINBA HATNMTIAY MV

myiadaudandaumnd mafuand $ranmtuiisinains uazdalsznemiuee
1Hinnadin msﬂmmnﬁ‘iﬂaaffugm"v’il?imﬁuﬁnmsi’mamm sEUY SI Yaananzimualy
F2ATY 9 192 631 770 YBIMTUATIFNITAHIM TENTNF =4, m =0 Uaz F=3, m =0 I¥fuf
HUNMILSUANIULNINAYDIBYMIA caesium-133 Tﬂuwﬁauﬁsﬂuﬂ?aﬁ"mﬁm?{wmﬁmmaumﬂ
Caesium enszduludmas Caesium mwldnisgadus lnuuudfuanusuiuiidesnisdarim
vnurdsnioluTasad  mstleunduiudainsdidguesnastieluTasinfinuds Touund
seuy ST ezduiusfualiuiueussndn 1 dauly 10° woz 10* Tavnesgud 2 feldiva
M rubidium AYUANAINGAS Tenuudnieldinan quartz MkdA rubidium 1deyan3 Taumuus
fifinadenuinanvesdandn quarz Taomidengy sefiiafusnmlusaefiduendodu 100
Surfidenin) vea 5 daulu 10° waziadusamlugriiuiuves 1 daulu 10" dedon Fndaild
Han quartz inuee Wifle luanasgd 2 sfindusnmiugaiiduanioiu 1 Surfideny) ves
5 dalu 107 wazadosnmlugniivmiind 1 lulo*Aedou swazdraveauaznimd
wnsg s eAunuiud 141 Hewlett Packard (1974)

ATHN 6.1 1IAINTATSVUITUIVOIAHTI¥OIUINAT

GBR 16 kH= rudiated from Rughy (S2°22'13° N 01'10°25° W)
Power: ERP 65kW
Transmission modes: Al, FSK (16.00 and 15.95kHz} and MSK {(futurc)

Time signals: Schedule {UTC)
: 0255 to 0300
0855 to 0900
1455 to 1500
2055 1o 2100
There is an interruption for maintenance from 1000 to 1400
every Tuesday
MSF 60 kH: radiared from Rughy
Power: ERP 27kW
Schedule (UTC)

Continyous except for an interruption for
maintenance from 1000 to 1400 on the firsy
Tuesday in each month

Form of the time signals

Al type second pulses lasting 100 ms. lengthened 1o 500 ms at
the minute

The reference point is the start of carrier rise
Uninterrupted carrier is transmitted for 24 (rom 54 m 30s
and from Om 62

DUTI1:CCIR code by double pulses

Form of the time signals

Interruptions of the carrier of 100 ms for the second pulses
and of 500 ms for the minute pulses. The epoch is given by the
beginning of the interruption

BCD NRZ code, 100 bits/s {month, day of month. hour,
minute), during minute interruptions

BCD PWM code. 1bit/s (year, month, day of month, day of
week, hour, minute) from seconds 17 to 59 in cach minute
DUT!:CCIR codec by double pulses

MSF 2.5. 5 and 10 MH: sudwited from Rughy (service ends 1988)

ERP 1kW  Schedule (UTC)

Between minutes Oand S, 10and 15, 20and 25,
30 and 35. 40 and 45, 50 and 55

Form of the time signals

Second pulses of S cycles of 1 kHz modulation
Minute pulses are prolonged

DUTI:.CCIR code by double pulses

The MSF and GBR transmissions are controlled by a caesium beam frequency standard. Accuracy +2x 107 "
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. 107 _+10” L]
" Gating time  ~ t,  n (64)
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MUl T, veanaudunmezdumsdmonnn

1 Gating period n,. x107

fi  Number of cycles of input waveform ~ n,

1

T =

(6.5)
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ti ) T.
jResolutionof f, _ \TE _ | gelative TBE

* 7 ‘.

uasAuissasIduRUENuYeIns Ianu fmualay

+ Re squt;on of T =+ TtE =+ Relative TBE

¢ g

4 L : o \ 3 o
717 6.3 naaunaiiamsldnarluganadug uadasdaunauimsia

(6.8)

(6.9)

m3nd 6.3 Hugudnuuzdnsniunamasdaivig liveseynsuii 200 MHz (Racal-

dana 9902/9904/9906)

A5 NT 6.2 AUANHUTAINDANINNGN quartz

Stability ugainst Uncompensated Temperature

Oven
compensated stabillzed
Ageing: /24h na. na. <S5x 1010
/month , <5x10~7 <1x10°? <1x10-*
[year - <5x10™* <5x 10”7 <7.5%10°%
Temperature: 0-50°C ref. to +23°C <ix10~3 <1x10"% <5x10°°
Change in measuring and supply mode:
line/int. battery/ext. D.C. 12-26 V <3x10-7 <5x10~¢ <3x10"?
Line voltage: +10% <1x10~8 <Ix107? <5x10-10
Warm-up time o reach within 10~7 of final value n.a. n.a. <{5min

* ARer 48 h of continuous operution,
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M51N 6.3 Yo muammIzIaIRITUNAT Lz inseatiuiag T

MEASURING FUNCTIONS
Modes of operation

Frequency

Single and multiple period

Single and multiple ratio

Single and double-line time interval
Single and double-line time interval averaging
Single and multiple totalizing

FREQUENCY MEASUREMENT

Input
Coupling
Frequency range

Accuracy
Gate times (9%XN) and 9902)

Channel A

ac.ordc.

d.c. to 50 MHz (9902 and 9904)

HF d.c. to 30MHz

VHF 10 MHz to 200 MHz pre-scaled by 4 (9906)

+1 count +timebase accuracy

Manual: I msto 100s

Automatic: gate times up to | s are selected automatically to avoid overspill
Hysteresis avoids undesirable range changing for small frequency changes
I ms to 100s in decade steps (9904)

HF: Imsto 100s

VHF: 4ms to 400s

SINGLE- AND MULTIPLE-PERIOD MEASUREMENT

Input
Range

Clock unit
Coupling
Periods averaged
Resolution

Accuracy

Bandwidth

Channel A
1 us to ! s single period 100ns to 1's multiple period (9902 and 9904)
1 us to 100s single period 100ns to 100s multiple period (9906)
Tus
ac. ordc.
1 10 10° in decade steps
10 ps maximum
+0.3%
Number of periods averaged +count £ timebase accuracy
(measured at SOmV rms input with 40dB S/N ratio)

Automatically reduced 10 10 MHz (3 dB) when period selected

TIME INTERVAL SINGLE AND DOUBLE INPUT

Input

Time range

Accuracy

Clock units

Start/stop signals
Manual start/stop
Trigger slope selection
Manual start/stop (9900)

Trigger slope selection (9900)

Bounce protection (99(0)

Single input: channel B
Double input: start channel B
stop channe] A
100ns to 10*s (2.8 h approx.) {9902)
100ns to 10°s (28 h approx.) (9904)
100 ns to 10°s (280 h approx.) (9906)
+ 1 count + trigger crror +timebase accuracy

Trigger 5
error =

ns
Signal slope at the trigger point (V/us)

100 ns to 10 ms in decade steps

Electrical or contact

By single push button on front panel

Positive or negative slope can be selected on both start and stop

By single push button on front panel

N.B. Input socket automatically biased for contact operation (I mA current sink)
Electrical-positive or negative slopes can be selected on both start and stop signals
Contact-opening or closure can be sclected on both start and stop signals

A 10ms dead time is automatically included when contact operation is selected

Amntimsn ~
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TIME-INTERVAL AVERAGING SINGLE AND DOUBLE INPUT

Input Single input: channel B
Double input: Start channel B _
Stop channel A
Time range 150ns to 100 ms (9902)
150ns to 15 9904)
150ns to 10s (9906)

Dead time between intervals 150ns

Clock unit 100 ns

Time intervals averuged 1 to 10° in decade steps

Resolution 100ns to 1 ps’

Accuracy + Timebase accuracy 1 system error +averaging error

System error: 10 ns per input channel. This is the difference in delays between start and stop
signals and can be minimized by matching externally
Trigger error 4 100 '

Averaging error= —————————ns
gne J(Intervals averaged)

5

Trigger error =
- Signal slope at the trigger point (V/pa)

RATIO

Higher-frequency input Channel A

Higher-frequency range 10 Hz to 30 MHz (9900)
d.c. 10 50 MHz (9902, 99504)

Lower-frequency input Channel B

Lower-frequency range reads d.c. to I0OMHz

Frequency A
—————xn
Frequency B

Mulsiplier n 1 to 10® in decade steps
p + I count ttrigger error on Channel B
ccurac
curacy No. of gated periods
Trigger error 5 s
= n
b Signal slope at the trigger point (V/us)
TOTALIZING
Input Channcl A (I0MHz max.)
Max. rate 10" events per second
Pulse width 50 ns minimum at trigger points
Pre-scaling Events can be pre-scaled in decade multiples (n) from 110 10°
Reads No. of input events +1 count—0
n
Manual siari/siop By single push button on front panel

Electrical start/stop By electrical signal applied 1o Channel B
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Channet A Display
Input A Input and B
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circuitry
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6.1.2 AUNDYUDIFIIN
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T=nT, ' (6.10)
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%3 F Mogizning 1 uag 0 gasuguainmisiaginaninunasgiumsidouuugagauy

nmsysemnmna fie T, / 2VN) TavmsYauuul¥dgyguiRn1 10 MHz fianwandea 10 ps
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Resolutionof T TE  SE .
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