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Abstract

In the laboratory at Electrical Engim.:cring Department, King Mongkut's Institute of
Technology Ladkrabang, there have been studies of breakdown voltage between electrodes of
various shapes in air. The pressure used has been invariably one atmosphere. This thesis
concerns with the studies of uniform field breakdown in freeon, nitrogen, carbon dioxide,
helium and argon by plotting breakdown voltage against pd. ( p is the pressure and d is
the gapsetting) Because of lower pressures used we could obtain experimental points at low
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Ba 1.90-2.49 2.11
c 4.81 4.39
Ca 2.42-3.21 2.24
Cs 1.38-1.90 1.81
Cu 4.07-4.80 3.85-4.38
Fe 3.91-4.70 4.04-4.77
Li 2.282.42 )
Mg 2.15-3.75 ;
Ni 4.06-5.20 4.61-524
Rb ' 2.09-2.16 -
Ta 4.05-4.16 4.07-4.19
U | 3.63 3.27
w 4.35-4.60 4.52
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o
A51IN 3.1

UHAIMAIN A 11aZ B Y8R a%iiang 9 [3]

A B gves EP AR

fcl"lclf ’(cm—Torr)'l '\ cm-Torr).l ' (V/cm-torr)
Air 15 365 100-800

N, 12 342 100-600

H, 54 139 20-1000

He 3 34(25) 20-150(3-10)

Ne 4 100 100-400

Ar 14 180 ~100-600

co, - 20 466 500-1000

H,0 129 289 150-1000

o o H L. o~y A’ h'l
nauduUNUTawaNnsi 3.2 s 1ddunlseaniveans le T Tumsusiu

a

PAe -BPd/u

BPdlu

MF u=ub w14

1 1
[;] n (77

1 1
_;] n (7

PAd
| In(1/T +1)

[ BPd

 In (APd/ln(l/T+l))] 4
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avw  _ |_, B _ B _
d(pd) | In(Apd /In(1/T +1)) In(Apd /In(1/T+1))* |

S a Apd
Wufle In | ————
In(1/T +1)
uazeela (pd)min = [%} In (1/T+1)
v o B
ANUU u, = 2718 b} In(1/T +1) 3.5
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o ¢
3.3 leloluwsduuvuives (Yonization Chamber) [5]
M) 4 =) 9 ¥ @ a 9 d’ 1
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o a a a a 5
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3.3.2 ﬂuqtytymm (Rotary vane pumps) [7]
o 3 .o (24 4 1 4
HugagmaildiztiuTsasinuiiy Rotary vane pumps) Yunvuiierii Tassadrany
] o L 4 v
U1 32 sngdewnseeuismsihauvesiy 18 Tasluduus aurue s ideansi v
' LK) 2 dy ° YR 1A j’ o
qymaergnas lagviotheinn A develsshemalfigesiniiga B snuteagudlu
[] [] b 4
nszuenfigadezmyumuiirmeiuans 1 gadudasenhenugesguoiuiinelunszuengu
4 4 a LY - a a u‘/’ [ o o
windeunlusey q nszvenquiuiismadndudunnindaiuemasgnsansuiuiives
J ‘g 4 A P o d’ = 1 A0 o @ 4’ g 1
T E wezvubsguiziaouliiiya D Nigaitziiuns F idudadunuibegudsgaaea
3 o i : 4 4 [y 1Y) 4
nawssnmugthmhiitueimsa s afiya E gndasuilanudumnawenia 6 wgn
¥
dasonemaezihudestuiniunazesn ludwssmnanouen Tasiuve B dmiumsm
Af 2 o 1% v W o a aydv o
voanmwesguitiuee lfuemef Ifhiiludady  Turiaifidasnsgasmeseniigain
L4 vy v 3
annsoigyynage q IR uszoznmdu 9 susisuhaudssmsnesanlddmsuS @y

o ] [} ) 1]
fludr  seduaNUTUsITOUVUSR RS BAUESITEITUN UM

1] ' o
Ui 32 pusraslnssadeveslsmiTinuily

3.3.3 MINAUIEZNTEBNKLUBIIUA (Anode) tiazmlon (Cathode) [5] [8]
[} Ao o 1 = o LT o’: o
muﬂszﬂaunmﬂmﬁmwuwm1aTa‘lutwuuwmuasnﬂa msaenuunmamﬂiﬂm

-t : a dy ﬂ & o 9y a « <2 dy = v Aa a
‘KQ‘U'JﬂmﬂTﬂﬁ'ﬂu‘ﬂzl Uﬂ'J"/l'ﬂﬂlﬂﬂﬂ'lﬂUTﬂﬂTJu 111ﬂ’liﬁﬂH']Ni)zﬂﬂ'ﬂ'lll'ﬂﬂuﬂliumﬂﬂ'li'



32

o a o 3 a A 1 .’f 3 . g -~
wsaariluau ifhfiaiuaue  mzaiiuauy IihivSnusgnindton lasansadl
° <2 S a A yﬂ . a
aumiaye AN TadianlasanliniseonuuyIHLuIUY Reqowski seliauu

k4 H . t 4 [
WHhuShaszringdnalasanaiuaue @miuiadan lasafduurdussuuduurus sy
b 4 .
sefiou lfhuTnuveugannasinan naztsian Iasanduusussnununssnanozauy
1 v L d
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¢19aumsuns Maxwell lunsdinsiziuazfuiumigadey 489 Equipotential Surface IN®

L

' - Y 2 a PR 4
""lﬂ’ﬂuﬂ’]saﬂﬂlluu‘ﬂgﬂﬂﬂ\ulﬁm“u']zﬁu HITUNTITUDI Maxwell ﬂ1muﬂ‘liﬂﬂﬂlll|'ﬂuﬂ\1u

X = A(4 + e’cos?)
Y = A + e*sin¥)
A = a9 dIuYDITELYINTEM I Finite Plane A1 Infinite
Plane 8
¢ = dunssweseuliih

¥

X uar Y #o9a Coordinates Tu@ M1 9 581319 Finite Plane

Eqﬁipotential Surface

il Infinite Plane

INAUMIVDY  Maxwell  NiFlumsiraiosonuuudianlasa 159z auuAuaz
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= 02T uazf Y @Al Y = 08T) 1INMIMUIUAWTUNIVOL Maxwell 1 Y iR

b, 2D

qafie T2 [8]  HAIMAITODAUUY Rogowski Electrode wlim Y = @37 (8] Fasil
snmsth iy aumaiemar X, Y waztheh #1181 ndensenine Infinite Plane i
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g ) 1 = I-’l -4 T
azanlunsndiiugluashodemsaamldon msdnamm X, Y lumsesnuuy

Rogowski Electrode il

INTUNTITUDI Maxwell [8]

X A(g + e’cos¥)
Y = A(¥ + e’sin¥)

y
TumsesnuuutineMMUATLITHINTLNIN Finite Plane NU Infinite Plane IN1AY 40 mm

(a = 40 mm) Fami lanamsesnuuy fm P = 027 B 087 TRuaasliamaisiei 32 ta

3.7

¢ 50| -40|-30 {-20 }-15 |-1.0 { -0.5 0 05 10115

X (mm) |-63.5 |-50.6 -37.5 |-24.0 |-16.8 | -8.9 [-0.118 | -10.3 |-23.3 140.7 1-65.2

Y(mm) | 8.05| 8.13| '8.37 | 9.01 [9.66 [10.75| 12.53 | 15.48 | 20.38 |28.34{ 41.5

A WA 32 uEAImsmi X, Y lagmisaund Y = 027

X(mm) [-63.6(-50.8 [38.0 {-24.9 [18.2 |-11.3 |-3.97 | 3.97 | 12.85]| 23.24| 36.73

Y(mm) |16.08] 1622 |16.6 {17.63 |18.70]20.45 |23.34| 28.1Q0 35.96{ 48.91} 70.26

TN 33 uEAInImmm X, Y laosmaauud Y = 047
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b |50 |40 |30 |20 |15 10|05 |0 |05| 1.0 | 15
X(mm) |-63.66 |-50.92 }38.19] -25.4 }19.09|-12.73| -636 | 0 | 636 | 12.73 |19.09
Y(mm) | 20.08 |20.23 |20.63| 21.72 |22.84| 24.68| 27.72|32.73| 40.99 54.61 | 77.06

MInd 34 uﬂﬁamsmdn X, Y Tagmsauud Y = 0.5T

) 50| 40 | 30 | 20| -15{-1.0|-05 | 0 | 05|10 |15
X(mm) |-63.68 |-51.00|-38.39 |-25.99 19.97 |14.17|-8.75 {3.93 [-0.12{2.03 |1.46
Y(mm) | 24.08 | 24.22| 24.60 | 25.63 |26.70 |28.45| 31.34 |36.10| 43.96 56.91|78.26

a15ui 3.5 uamamsm X, v Taomsemid | = 0.6

¢ |-50 |40 |-30[-20]-15 |-10| 05|00 |05 [10 |15
X(mm) | -63.70| -51.04 [-38.51 |-26.32 [20.51 }15.07|-1022-6.36|-4.52 |4.57 |-9.43
Y(mm) | 26.87| 27.00 | 27.34 | 28.29 | 29.62 | 30.85 33.48) 37.81 44.97|56.77| 76.21

MINA 3.6 uAAINIIMA X, Y lasmsanuud Y = 0.677C
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¢ -50 | 40 30 | 20 | -15 |-1.0)| -05 0 05 1.0 1.5
X(mm {63.73{-51.11}-38.71 |-26.85 {21.39 [16.52| -12.61 {-10.30 [-10.61 }15.26| -27.06
Y(mm) |32.05]| 32.13(32.37 | 33.01 | 33.66 |34.75| 36.53| 39.48 | 44.33 | 52.34| 65.54

MINA 3.7 HARINITMIAT X, Y 1agmsaund Y = 08T

71U 3.3 gilueaan1sfmMuARIMNIZY 319 Finite Plane 1Y Infinite Plane
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V= 06nT

Y= 0491

= (0.5)TC

\
i ' !
@g= -50 -40 =30 -20-540-05 0 Q5 1O .S

U0 3.4 plugaaduuss Ifhuazidudndninfiveuves Finite Plane
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D2
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enegreeenetenagee

Electrode Surface

Infinite Plane

717 3.6 3UuaAINIIM Surface Profile Y84 Rogowski Electrode

D fie @uriguinanveinauiiiasInmanyafiya P seuununyu

1 4 —
D, A [URIAUINA1YBY Flat Central Poition
& 3 ' a < v o
Xo fiD TTUTHWIENINGA Q MU R 3 x, MIAvnauduiuives
Stoerk

y 15 A7WEIV0L P (MilD Infinite Plane

v } 4
Tumsesnuvuiiszdimualdsrozvssznimlnataze Iuavany 40 mm. da1iu

[ .Y A é’ a aq 9 4'
a 2D 20 mm. 1519zmgasuIRuveBan Tasa Taomsauudld h =101 mm. Hove

L 4
i (xg/a) snnsdanduRuTYea Stoerk 9218 (xy/a) = 1.7 KU x,=17x20 =
35 mm. lumsmga P mwdauTfavesdian Tasa sseanudn h 1iSes 9 (TaoiFuduen b

1 4 [)
10-! mm [8]) uazswzmia x Tdnnnsanudunuives Stwerk Tunisesnuuuiozisuau

v . . v
fl h=101mm D] h=50 mm #FIFMTme x amumsdeunlasves h 1duaasdail [5]
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auuA IR h = 25 mm

20 mm.

a

2lden a) (2.5/20) = 1.25x 10-1

o ¢ { o 1 v o o
WM @va) Adoula Tdma xa) vinesanuduius

921491 (x/a) 3.3

X = 3.3 *20 =66 mm.

221d9a q wils awunuluwna Infinite plane (U 66 mm.

mmmﬁ' h 5.0 mm.

a 20 mm.

913 @/a) (5.0/20) = 2.5 x 10-1

oo o

e @va) Anaald Tdmdr ova) mnnsianudunus

wldfl (x/a) = 35
X = 35%20=70 mm

1490 9 nite aumnuluin Infinite plane 14 70 mm

avuald ho =5 fam

a = 20 mm.

vwldd /a) = (7.520) = 3.76 x 10!
i @a) Armonld W o) vnnsmanuduiug
oz 1df (x/a) = 38
X = 3.8%20=76mn.

921494 9 nils awnnuluui Infinite plane 154 76 mm

AuUuAIY h = 100 mm.
a = 20 mm.
wldm @ma) = (10.0/20) = 5x 1071
WA (/a) Aguonld T (x/a) NNATIMANUFURUT

wldi xa) = 38



X = 38 *%20=76mnm.

221899 q nita amunuluuu Infinite plane W4 76 mm

aunA 1y h 12.5 mm.

a = 20 mm.

wldm ava) (12.5/20) = 625x 1071
o 1 c‘o LY 1 v w o
I (h/a) ‘nmmtu% 11]11'1?1'] (x/a) i]'\ﬂﬂi'lﬂﬂ’ﬂi]’dlmuﬁ
wldf (xa) = 38
Xx = 38*20=76 mm.

&
221390 9 ni19 awunuluuud Infinite plane 4 76 mm

auua i h = 15 ‘mm.

a = 20 mm.

wlde ma) (1520) = 7.5 x 10°1

1hm ava) idanld Tdma @) snnsidanuduiug

4.

22 1891 (x/a)

X 4 * 20 = 80 mm.

. 92 183a q wily amunuluuw Infinite plane (U 80 mm

fmuﬁlﬁ’ h 17.5 mm.

a = 20 mm.

wldm @va) (17.5/20) = 8.75 x 10-1
o t ei o 9 t v e o
111 (/a) At mna1d Tdwmid (va) snnsanudunius

9214m1 (x/a) 3.9

3.9 * 20 = 78 mm.

It

X

221432 q nila amunuluud Infinite plage 15U 78 mm
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auuAld h = 20 mm
a = 20 mm

(20/20) = 1

‘D‘.‘:'lﬁyfi‘l h/a)
e @) Admnald T x/a) AR NNENTUS
owldd xa) = 38
X = 38%20=76mm.
221%9m 9 nils A luuu Infinite plae 4 76 mm

auudald h 225 mm.

a = 20 mm.

wldi (a) (22.520) = 1.125
vhe ) ifwaald T ova) nnsanLduLS

22 1dm1 (x/a) 37

3.7 * 20 =74 mm.

X

92 189@ 9 nila amunu i Infinite plane (94 74 mm

auald h = 30 mm
a = 20 mm.
s;ﬁ'lé'fh M/a) = (30/20) = 15
1he /) s 1d v ey 210 indiug
wldh xa) = 37
X = 37%*20=74 mm.

2
92 149a 9 nils muuauluiyd Infinite plane (4 74 mm

ﬁunﬁ‘lﬁ' h = 25 mm.
a = 20 mm.
18 ma) = (25/20) = 1.25

A (va) Asnald Tdman /) mnasanuduius
Idm va) = 38
‘X = 38%*20=76mm.
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92149a 9 nils amunulunu? Infinite plane Wy 76 mm

Al h 27.5 mm.

20 mm.

a

(27.5/20) = 1.375

I

wlden mva)
M Mva) ffanld Tdma (vz2) swnasanuduwus

awwldm (x/a) 37

X 3.7 * 20 = 74 mm.

&
92143a q #ila awunuluuua Infinite plane 111 74 mm

Ay v h 32.5 mm.

a = 20 mm.

wlde @va) (32.5/20) = 1.625

1Wm (/a) dnald T @/a) snnsanuduius

221891 (/a) 3.5
x/ 49735 % 20470 mm:

2 1d9@ 9 w113 awnnu Ui Infinite plane (94 70 mm

auuﬁ“lv’i' h = 40 mm.

$g/= 20“ mm.

wldm @va) (40/20) = 2.0
e dva) fiswanld T ) nasmiaduRL

22 1dA1 (x/a) 35

X 3.5 %20 =70 mm.

921498 q wils auunuluuu? Infinite plane 1Y 70 mm

ﬁuuﬁ"lﬁ' h = 35 mm.
a = 20 mm.
¢18m @) = (35120) = 1.75

e (va) Ndnld Tuma ea) snnslanuduiug



2z 1da (x/a) 3.7

X 3.7*%20 = 74 mm.

2 189@ 9 nile muunuluuw) Infinite plane U 74 mm

auuald h 375 mm.

]

20 mm.

a

wldd @ya)

(37.5/20) = 1875
e @/a) NAaald Tdwa ova) snnsianudunus

92 1A91 (x/a) 3.55

X 3.55 *20 = 71 mm.

21dge q nils awunuluina Infinite plane U 71 mm

auudld h 42.5 mm.

a = 20 mm.

wldm /) (42.5/20) = 2.125
9 1 J o 9/ 0 LY o L4
UM (h/a) ‘Ylﬂ'm'ml‘lﬂ 1].""'1?11 (x/a) 'Il"lﬂﬂi']ﬂﬂ'ﬂll’duwuﬁ

921891 (x/a) 35

X 3.5 * 20 =70 mm.

92 189@ 9 nils aunu Uil Infinite plane {4 70 mm

auuald h = 45 mm.
a = 20 mm.

9218 my/a)

(45/20) = 225

i ava) Aduaald Twmen ava) snnsdaudunug

22188 (x/2) 35

X 35*%20 = 70 mm.

4
v 1dgm q nita awunuluuu? Infinite plane 154 70 mm

auudald h 475 mm.

a = 20 mm.



22 1df1 (/a) = (47.5/20) = 2375

e @va) N ld Tl va) mnasdanuduius

v 131 (x/a) 33
X = 33%20=66mm. -

921438 9 nils muunuluing Infinite plane Wy 66 mm

auuA i h = 50 mm.
a = 20 mm.
wldan (/) (50120) = 2.5
vhe (b/a) Asnald e oa) snnsma g
wlde ) = 32

X = 32%*20=64mm.

92149 9 nils awunuhuund Infinite plane My 64 mm
NNMIMUIUMA X NAAUTIEINIona D 1ldengy

D2 = Dy/2 - %y + X

o
!

= Dg - 2x5 + 2x

v}
!

= Dg + 2(x-X,)

L4
alu mrnsamdudurigudnan @) 14 Taounus x, xo, D, MINMIBBANILY

o lden \J = @2/3)T 921d Profile #11} Flat Central Portion (MAY 120 mm. 1A Straight
Portion YY1 120 iy Electrode 910 Profile |/ = (23)T sufiamsiusanninasanans
vesdian Imaneuaue  diuveuiitiudiulfvestan lnsaveilauw MiuRatuitoonia

- P 1 a (4?’ a d’
UINIUATINANN 13Jlﬂﬂﬂ‘lil'l]7ﬂﬂ“l’)u1m1]'il’lmu



45

P
MINN 38

AT NUTAINIINT Diameter ‘Uﬂ@ﬂﬂ?h\i 9 UU Profile Nosnuuy

h h/a x/d X X-X,| 2(X-Xyp | 2(X-Xy) +
mm. mm. mm. D,=D mm.
25 | 125%10° | 33 66 - | 31 62 132
5.0 0.25 3.5 70 35 70 140
7.5 0.37 3.8 76 41 82 152
10 0.5 3.8 76 41 82 152
12.5 0.62 3.8 76 41 82 152
15.0 0.75 4 80 45 90 160
17.5 0.87 3.9 78 43 86 156
20 1 3.8 76 41 82 152
22.5 1.12 3.7 74 39 78 148
30 1.5 3.7 74 39 78 148
25 1.25 3.8 76 41 82 152
275 1.37 3.7 74 39 78 148
32.5 1.62 35 70 35 70 140
40 2. 35 70 35 70 140
35 1.75 3.7 74 39 78 148
375 1.87 3.5 71 36 72 142
42.5 2.12 3.5 70 35 70 140
45 2.25 35 | 70 35 70 140
47.5 2.37 3.3 66 31 62 132
50 25 32 64 29 58 128
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o1 Tuauaza loaszgaimumazeen IMifhugyl Rogowski (gueglumanuan n) o1Tua

1 4
-4 o a

flszvhenegiiifivn (ALUMINUM-ALLOY) fiimuuuiunisia iwedada ldudulufigngu &

1] b d } 4
= At oA o as =2

o
siguanddnadethiminun Jugllfae MldiAGouua: Wiligngunioresomealuile

4
H

2 1 a @ . 1 1 4
sgidlon1ddw  MuSnuasinmavesdionTuaszgamiliug 49 3 Teoudazgaeiidurigud
:: v et 1 o . a a
pan 1wy, nazgianuaszeglunnanifidurquinan 2 sy, e1luaszgniadanie
b4 v 2
infgIRABYN U Anode Bushing HazAnnfuAvesm laadmiugme 49 3 iagiszasdiie
flusedlisdgans I lenadewin llannsenuiifivesmlon  eldifanszuaiSunsndo)
3 v d' s LY dy 9/ .’,' d’
mToAez@angun  Cathode Supportor ilfuszdudiu-atldamnadadiusees 4 2. aload
.
Lfinnnneundes asenanuius Ul Flat Central Protion MU 120 mm. uasiidu
1 [ Y 9 o Ay ] 1
AIgUEnAIAY 155 mm. Catnode Supportor 9z¥hININMANMTLY (SS-41) WuFududn
y [ ) [] 1
sonuuvduiediudsesfumlon FausoosandoumloaldTastuidordunmantha
t 4 b4
YBUWUIUDT Cathode Supportor HILAAMIBYUY Adjusting Screns $7UU 3 3 Uaziafan1a

) L 4 t 4
fiu 120 8aen e Itud S uszozvasm loa ¥ Tuasnmiads [5]

3.8.4 MIIARNUAIUMUI? (Leakage Resistance)

Mydaanudumus szmiesniiu 2 asdineszniner Tuanudideazailaady
v aiu ddyd
fate aungiialu 2 nIdiliae

1. dudaanudmmuiisniue luanumdeenhldinadsemod (Spark)

»
senine luatuAI9anToNa Corona 53113 Corona  Shield fUG09U 14
2. dufaanudumusiszyinemloanuaise i luawnsodanseuald

4 v

wazi I launsamendulseansveams lela Tuvu) 18 9nnns

LY 1 s/ Y 1 I o W o ud \J 1 o 14 Q
NATDUIARAINITUAUMUTIENINST LUANUAIDITUAUNIAY 3 x 10

tazanuumuseninm laadusidsiiduiny 1014 Q Fudlusmn

¥ '
gunaniunszuas Inaszuine luauazm loadudaddalidnisoinn

3.3.5 mInageumsiannuaulvieleluatuuyuves
Y o o 1 o A
vaushusuueignilueimeeenlas  Rotary Vane Vacuum Pump AATWAUITULTA
v . .
1 Y3507M8 (1 atm) ANMANITAAauToy q Wwonawull  Turnusnvesnisiluanuduse

) y
AAMIBENTIATURZITADY q aAaEINT 9  Wenmuintunaveansnaaey lduaasls



1 [ L4
mums1eh 3.9 Taoasuah 3.9 swnaasnnususunawensthudiuduni

=
ATHN 39

uarasmausumoluusuued funaweims tuduiuh

nmﬁmﬁ) 0 10 20 30 40 SO 60 70 80 90 100 110

ANUAU(Torr)| 760 460 302 218 150 102 80 60 44 40 34 30

A135713% 3.9 (79)

naGuUN) 120 130 140 150

ANAY (Torr) | 24 22 20 20

uazdiodiAiaunined 3.9 Tndeansmez ldnsidaugyn 38
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3.3.6 MmielagywIna
[} ~ [ A ay o Ao
miwil¥iamanuduquanae s sen Mercury Inch),  Hadasvenisen
7 ¢ o & S 2 a o s v
(mm.Hg), 1107 (Tor), 11§ (bar), thama @a)  aviulurnenidadianusuiuiiozdounlas
[ é d' 3 a =2 ai o ]
mizoieildifaanuazanlumsinyaisad 310 ssugasmsnSsuoumitouazas

wasumingveinuau

<
MINN 3.10

o 1 d' 1 as
AN msfSoumouniay wazmsnldsumilsanuau 9]

thana n{ | fadnd|  ned AR
| UTTOINA

(Pascal) (bar) (m bar) (Torr) (atm)
1 pa = 1 N/m? 1 1x10 001 | 7.500x10-3| 9.8692x10-6
1 bar = 10 N/cm? 1x10° 1 103 750.062 0.986923
1 mbar=1 N/dm? 100 10-3 1 0750062 | 9.8692x10~+
1. Torr=1mm-Hg 1333324 {1.333x10-3 | 1.33322. 1 1.316x10-3
1 atm=1 kp/cm? 1.013x10° | 1.01325 | 1013.25 760 1

dmumsulauilumiiedy : [10)

1 atm = 14.7 lbsfin?
R = 10.33 mHyo
1 micron = 10-3 mmHg (O° c)

1 bar = 1 dyne/sq.cm
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8.3.7 mydauseauluyesinsznnadianlasafidunsenan
1 ar L'd ¥ a P = 9/
Mg IEEC 52 TRuamsussdumsanniszniudonlasafidiunsanauii 1y
Aumnasiguiigungd 20°C wozilszozrusznindion1asann 0.05 51 60 cm VMRV
' o g Y= S - v y o
Wurgudnanvemsanaviilffiviedud 2 81 200 em  TwiadeilezuanimsnfSoy
= o ¢ a - P ' o = '
Houussdusamnivesdianlasafilunsinanitidurgudnan 25 cm  uasiiszozvn
senidnlasann 1.0 8 60 cm figaungll 31°C (Quuginwludemaasy #ildlu
» ]
el Auusuusaaiamunasign EEC 52 hidenlasaliduriguénes 25 cm oz

=Y

fiszoznsznindoalasann 1.0 & 60 cm TAgungd 20°C efnyigiwssdiuiugg
L4 1 1 4 a 4 o v a 4
avnlszldounlaslhinadeoun Imuliegungfinfouly @ miudanlasaiutiunsanaw)
P 1 ar 4 1A & oo aa dv
MINA 311 ssuaaeiussduusaniszninden lasaiiunsenavida 1dTuanidoi
4 1 [ 4 1. a 4
MINN 312 znannussuusan s iedian lasaiidlunssnaumanasigiu EC

52 uaziiobmmunsed 3.11 wae 3.2 hiwdeans ez Idnsmiawgla 39

MINn 3.1

mMIuaaTzrz s enIndian Insafitdunsenauduussdusaand o kv

1¥a ldluemefianuAuLssnne (1 atm) figamgll 31°C

d (cm) 1.0 12 14 15 16 1.8 20 22 24

Ub (V)| 285 321 378 402 423 480 534 594 6438

13199 3.11 (Ap)

d (cm) 26 28 30 35 40 45 50 5.5 6.0

Ub (kV) | 693 741 801 900 102.6 1140 1260 139.5 1485
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AT 3.12

aTnaaszez e daa lasanitunsananduussusaand oy kv)

AR TIEC 52 NAMUAUUSIEINA (1 atm) Aguuqil 20°C

dem) | 10 12 14 15 16 18 20 22 24
Ub (V) | 317 374 429 455 481 535 590 645 700
aMsnd 3.12 GE)
d(cm) | 26 28 30 35 40 45 50 55 60
UbkV) | 755 810 860 990 112 125 137 149 161
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uni 4

1
o

msnnaaamuseﬁuﬁtsmﬁﬂn1smsﬂmw‘uazﬂﬂuﬁﬂwamﬁmmﬁﬂﬁu

4.1 MINaaRImIsIaURSHRanIsIuTAA1IN
ad e A v oA a o’ [ a ] d’ o
FHMMInaaeuRoM LT IANRTMAAMTIUTAATIN INMYYiiaan q HiIsesims
naaodlag _
o =t & 9 s
1. wguemaeennauruwesidunm 40 i eldanudu
omeaneluuruuesanaunies 5.8%10-1 mbar
» .
2. Wase High Voltage 413 30 ur# o liiadius
b 4 v
3. AesTuzvINITTuINdan lasamuanasIms
4. wuied Idmeluuruey WMSausunudoems
5. ussuuasnszuavazimInaandezgnialag Galvanometer
v y : s
man1Flunisnaaesiszneudismansesu  malulasion Maasueulaoonlad ma

al o <y 4
glavy uaznyo1Inou

411 gaEuliamamgmniazmaniveamailflunnaass

h.

o o o/ % oA '
Mad@donsiaerinou [uiwdes (nert gases) muasusgeeaglunyfi 8 aa-
asen ldyd P [N} s - g ot A L]
amiAvedsg luniiine sinstasedIvedmaasouuenganTy 8 71 @niudidoud
=t <4 o ] = P =i ldyu
Blanaseunuengaifivs 2 41 Selehilluanmitezasuatosuazsig lumyiiduiiy
. & = b 4 <2 N &' |.=y a
Monoatomic Aagfion il Tumnavzyszneudioniliezasuviniu @mqlunyiluanimindsy
=4 2 A o oo a A A " . & =& . b 4 ' =
{Huf Fefiadufwsiadunidlu Diatomic Aenillumnaszisznoudlsorasuananimils
» v 3
szapuma@idounaziaons nouililufemludd iingu Wisa  udunwduelans u
I-PAR [ o A ] aaa -]
omiafiegieuiiufainosdedfnseuniiun
24 b 4 Pt & ot o
faluTassuszsznoudvezaouueang lulasioudsiezaoy  ImIsaiSsadives
< 9 o 1 veial [24 o ted a A 1
BlanasouNUengamal  awmsungezeglumihiduiei Tilig ufladu  Tuda v
1 a 1 a ] v J g 1 3 aaa
TiluRvuaz hisuiia duelan: uemedeguinndiufai lildedfasvuaineldanay
Un@
o s 1% ' ) ¢ & v e
maasuen lasen ladezeglugvesmsisenoveenlad Feezdsznoudls miveu

2 a A 4 o ¢ 7 o q
NUIDLADUUAL DONFITUTDIDSADUNITINUYUYDIMFAITLDU vlﬂ't)'t)ﬂ "lcm"lum'smmﬁi)zmin
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= :; o P}
gungilvesussnmeageusuiadulingmsieunszen
MarTeou szeglugilvesansiseasunasiuiiumsszneviiinainaaeiu yaoeTu
v [ ¥
nasasven  ansmariiszt lifenadudedunadeuuazitiudinaesuussoma e

wniiu lluazfanToouseim IMiRamsiidluiudognnlar InSedudaduia Tanzihfou

4.2 anuAanmanioIanavu
42.1 ANuRanaiaiieInnliame -
dy o o s 9/ o A a dy
Tumsnasestinssquusaaiiszgninlagld Galvanometer ANNAANMIARDIRINATY
v ) ] } 4
ﬂ:tﬁmmmnﬂ?wudw%’mm:ﬁmﬁ‘nﬂamLﬁausaﬂmsmﬂﬂmsmSﬂmaﬁqﬁuuazawmn
a'l ) T @ e o
11552 1MavsensTUasEN I High Voltage Bushing (Brass Tube) AUMSIUBIUINILDT BRI
v v ar ar ' ) 3 1
AMUMUTTNTI High Voltage Bushing Audinedfisntesnisialnavesnszuanozlisnnn  usq
Y] d‘u y 4 & 1 e ; k)
quniald AaslisAanaaunnIudiy
422 ANUAANAIANIBININANUAY
s @ a A pa (] o 9 o @ d'o as
amﬂmsmua:mmaﬂuﬂﬂ:ﬂuag‘luuwmaiﬂztﬁuuamnﬁ‘nmﬂﬂuj YOITTUUGYY-
L4 Y a o a' P} = (] :l’ ° d'ﬁ
nWmw“luuwmasmswmaﬂs1mssma:aqmaﬂunagmﬂumzmiﬂsmiﬂn (Rotary Pump)
o yci s lo' as o o‘: P-1 v a X o 9 s
Juomisesn Idnanuau lidunmin dasimsFssinadennuaune 1z ldanuaunielu
v 4 A 4 4 o WL IN v AW v M1 Ao agya
Tupaiszvauisos q mudamsia seeidvasinaassniuauss luasivh ItiAaanu
a d'l L] d' d' ; d'l de 9 (dy o
AANAIAIT DI INAINAUT I I uvaiziinaassvutaziiiosnnemeansan  luursuwes ez
/ey P 1 o ar o 9 o s oy 9 o a2
Tmafegnislunsuues dunveimamlvanuuTgnivesmaaaresnl  anuAanaanee
A J 4'1 1 & A’ -4 u.z < ] cz 3/ a n'.v -
mutuiieannany liuTaniveshasaniuddnnusuiluiivedesandainmsiias Taemsda
9/ 1 1 St
audonsa q 4a
) ¥
423 anuAanaIAiBINMIAITTeT s INdanlasa
¥
srezvinsznivdian lnsamusadauazasssozv ldodwazidoauaygndes  Taold
P o o a o 14 ' o a & ' P
nesiiles Fnesiilsilizgndadagidudvswsuloianudanataninnsasszozianie
[ 1 a dy 9/ S/ w LY -} 3/ d'l - d' (] Y ]
miarzozvenwiaiuld  Seinuzlumstaniemsldiniecdionligndes sy
» ¥
senindanlasaaunsodtlduauge 1 dadwas uazatldniega 4.00 wudms
42.4 anuAanatatoninay liadvausvssauiy Wi
¥
mseenuuuddian Insalilglsdnyusdhuiny  Rogowsk  amnsoanadyla

1 y L 4
aduavevesmn Iihusnuveudianlateadldld  AuiudadehwSnaudmihvestidian-
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unil 5

wansnaassluiamilsy

5.1 wamsmaasalumaniesy (CClgFg)

o a v da a L' -4 - a
Tl'lﬂﬂﬁﬂ'ﬁﬂﬂaaﬂ'ﬂ1muﬂ'ﬁ']ﬂll?‘iﬁuﬂﬁlﬂﬂﬂﬂ’\ﬂﬂiﬂﬂ'nu 1um°1fﬂ‘i'aau‘nﬂ’nuﬂu

100, 200 1AL 300 torr HATTTOTHNIEHINDOATATA 03 cm 0939 cm gaMglvaziIMg

a o a ar o o
Lz 1A 310 C (QUUNQUIDIDIMATOY 9 UBUIVBT, Qﬂlﬂfjﬂﬁﬂ@) DATINITIIVUSMINMINAAD

27 torr AwAuemAmeluuses nowduie (Mafilflunsnanes) 5.8 * 10-1 mbar
namsnaaesild Tdiansimmmsed 5.1 dethwanmsnaaedii 147 ndeansm

e l@nswidafiuansmugft 511 war 512 ng‘?] 5.1.1 HunsmussdufiGufansiuse

arl  fufluiliiduveszoznsznhedionlara @  gUi 512 dunsvuaausedud

Fuiiamausaaminduilinuvewanuvesnnuaunuszeeinsznindian asa (pd)



a
ATNN 5.1.1
] T oA o v 44 a L4 a o
ll’dﬂsﬁSUZH‘NSS‘H’JNﬂlﬁﬂIﬂ'iﬂﬂl.luﬂﬂu‘mimﬂﬂﬂ’]imiﬂﬂ’l’l‘u (lﬂu kV)'fI’Jﬂvlmu

MaToouiinnuau ({u Tom d q @uungivalzymanaass 31° )

d (cm) 030 | 0.60 0.90 .20 1.50 1.80

P=100 510 | 9.5 13.80 | 1776 | 2220 | 26.40
P=200 9.00 16.56 | 2385 | 3135 | 3900 | 4620
P=300 12.60 2370 | 35.10 | 47.10 | 5655 | 64.14

A5 1N 5.1.1 (A9)

d (cm) 2.10 | 240 | 2.70 | 3.00 {330 |3.60 3.90
P=100 30.60 | 33.90 | 36.00 | 3930 |[42.60 | 4740 |50.40
=200 50.70 |54.60 | 57.60 | 62.10 }65.25 | 67.80 |70.65

=300 69.75 |76.65 | 82.35| 86.70 }90.00 | 90.60 |91.20
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5.2 wamanaaedlumalulasiou (Ng)

- @ v da a < o o @
NARaNMINAaedi 14 lumsTaussduiuRansusaal i lulasouninnudy
100, 200 uAZ 300 torr UATTEOLMNIENINDOATATA 03 cm D139 cem  guupivazh
Lad A(
MINAABY 27° C (QuuliveseIMIATeY q usNies, gungiives) anuuTqnivesfw

{ [ o ° o I 4
1111915&‘0“7!11’5’ 99.99 % DATINTIIVUSIINMINAQN. 2.7 torr ﬂ']'ll]ﬂlm'lﬁ'lﬁﬂ'lﬂiuuiﬁ.lﬂ]ﬂ?

Aowdnfy Faiidlumenanse) 58 * 101 mbar

wamaneaediild Tduaaa Bawmsnd 521 devwaniimaceddiidiluwdenns
wldnsmdsfuanmuplil 5210z 522 Ui 521 SunsissuiGudanswsn.
amifiiduilefiuvosssozinseniudionlase @ R 522 dunsudaussiuiicy

damsiwsaninduiiuvesmaguvesnnudususzesvinssnhedionlasa pd)
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A1519N 5.2.1
] ] a ar a d' A' a ' 'd d' o
uarmssusnsenndan InsatuusedunsuRamswsaa ey kvimia'ld

TualuTasisuiinawdu @y Tor) a1 q @uuglvazimsnaass 27° )

d (cm) 0.30 0.60 0.90 1.20 1.50 1.80
P=100 2.70 4.44 5.88 7.69 9.24 | 10.65
P=200 4.38 7.38 10.14 12.54 1542 | 17.88
P=300 594 10.14 14.04 17.76 21.60 | 25.14

A15199 5.2.1 (7D)

d (cm) 210 {240 {270 |3.00 330 3.60 3.90
P=100 12.00 | 13.74 |15.00 | 16.74 |18.00 | 1938 | 2040
P=200 20.55 |22.80 {25.20 | 27.75 [29.40 | 31.14 |32.40

P=300 28.20 | 31.59 [35.10 | 38.55 |[41.10 | 42.75 |45.00
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5.3 waminaasdumemiverlasenleq (COg)

e s . w da a o [24 el
sinraniInaaedi i lumsiaussdunsuiansusannilumams lneen laannau
dU 100, 200 LaT 300 torr UAZTTUTYNTTHINBIAATATA 0.3 cm T4 3.9 cm gUUQNVULIN
a ' a a
msnaaes 29° C  (@uugilveseminsey q uvmwes, guugiiver) arwuTgnivesta

ﬂ']gﬂﬂuvlﬂﬂﬂﬂ‘l"lfﬁ’ ﬁll‘lsf’ 998 %  HATINMTIVUSTIIMINAADY 2.7 torr  ANVAUDINA

<3 a o o o 311 11
mulusmwesnowduie (Manldlunisnaasy) 5.8%10°1 mbar
] . . " " Y
wamsnaaesiild  uaasBawasd 531 dishwaninanesi 181l ndeansv
L { J { LY 'ﬂ' o
s midsfuaaanmglil 530 uar 532 it 531 dussmlussduiiSuiianisiusa

arl Aduileanduvesszosinsenivdanlasa @  3Uf 532 Wunsmluamusduiicy

Aanmsusaaminduilindfuremanuvsinnuauiuszes sz lasa (pd)



AN 5.3.1

t 1 a a v dAA a L4 o o 14
ll’dﬂsﬁzﬂz'ﬂNS:W’JN'ﬂmﬂiﬂiﬂﬂUlli\iﬂu'miillﬂﬂﬂ'l‘il.‘USﬂﬂT)‘N (lﬂu kV) mﬂvﬁum%

miueulasen ladnianudu @i Tor) A1 9 @unglivazihmimases 29° ©)

d (cm) 0.30 0.60 0.90 1.20 1.50 1.80
P=100 2.55 4.20 5.55 6.60 7.80 9.48,
P=200 3.99 6.48 9.06 1128 | 1326 | 15.63
P=300 540 8.64 11.76 15.30 1794 20.79

@179 5.3.1 (A9)

d (cm) 210 | 240 } 2.70 3.00 3.30 3.60 3.90
P=100 10.62 | 11.85 | 13.17 | 1452 | 15.54| 16.71 18.00
P=200 17.76 | 19.80 | 2196 | 24.18 | 2586 | 27.45 | 28.50
P=300 2385 126.52 | 2970 | 32.46 | 3540 3690 | 38.28
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5.4 manmisnaasslumsdiaey (He)
du v o v da a 79 o aa o o
nonamInaasnla  lumsiausaunGsunansiusaav lumadaeunanuday 100,
200 uar 300 torr MAzITOTYNIzveBeAlaTe 03 cm T939cm  guuglvuzhing
 a a
naasy 30.5° C (Quupiivesninasey q uruues, gungives) AnuuTgnivesiadidoy

99.99 % DRIINMIIIVULMININAAGY 2.7 torr ﬂ'nuﬁummﬁms'lummma{fiamﬁuﬁ'w

e lflumnaas) 5.8 * 101 mbar

v
v v

* - H A °
nanisnaaod 1] lduaas3nmased 541 diodwanisnaassi 1ait lwdeansiv
wldnswiddfinaasmwglf s41uar 542 Uit 541 dunsmussuiiduiianisusa.
7. o J o 1 1A P v aa
al udluilanduvesszosrinszuindianlasa @ 3R 542 dunsuanusiduiisy

- /o v v @ v 1 a
lﬂﬂﬂ'lil‘Uiﬂﬂ’l’JuﬁlﬂuWGﬂW'\lOQNﬁﬂﬂl‘UiNﬂ’TliJﬂuﬂUiStJ:ﬁ’NitH’]NﬂlﬁﬂTﬂiﬂ (pd)
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&
MINN 54.1

uaraeszuzvesen et Insaduusedunsuinanmsiusaad ailu kvy e

1R uma@douiinnidu (fu Tor) de q unglivazinismaast 30.5° ¢)

d (cm) 0.30 0.60 0.90 1.20 1.50 1.80
P=100 0.30 0.51 0.66 0.84 1.02 1.20
P=200 0.48 0.60 0.78 0.99 1.20 1.41
P=300 0.54 0.78 1.05 1.35 1.62 1.95

AT 1N 5.4.1 (AD)

d (cm) 2.10 | 240 | 2.70 3.00 3.30 3.60 3.90
P=100 1.41 1.65 | 1.86 2.19 246 276 | 3.00
P=200 1.65 195 | 2.25 2.58 2.88 324 | 354
P=300 2.19 252 | 282 3.15 348 3.84 | 4.14
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d
5.5 Nan1INARBAlNMIweI1SNBU (Ar)
neamnaaiild  lumstauseduiGuRanisiusaaini lufeordnouniaudu
100,200 UAZ 300 torr HAZTEELYNIEMINBEATATA 0.3 cm D3 3.9cm gunlvULINg
fo) a o = g -~ AI [ L4
NARRY 27° C (QUUNUVBILINIATOL 9 UFNILBT, QUUHUNBI) ATNUTANTYBIN IS NOU

7119 99.993 % HATINTTVULINININAADY 2.7 torr  ANUAUDINAN UYL AOUIRY

ey (ﬁvnﬁ“l%”lumsmam) 5.8 * 10"l mbar

ramsnaaesiild IduaesBammsiad 551 Weviwammanediidilundeans
1 l¥nsmidsinaaemuglit ss1uay 552 gt ssa dlunsmussdufiduRensiuse-
amifiduiaiduvesszoziusznhedianlase @ 9 552 dunsmiaaarsduiicy

ﬁﬂmimiﬂmmfﬁtﬂumﬁ%’uvmwaﬂtu'umﬂ'Jmﬁ'uﬁ'mzuzﬁwszwhqamﬂTmﬂ (pd)
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ATNA 551

uaasTzozv Iz INdea lasaduussauisuiamswsaannd ¢iu kv) fiva

Talumserdneuiinnudu ffu Tom a1 9 @uugivazinisnaaes 27° ¢

d (cm) 0.30 0.60 0.90 1.20 1.50 1.80
P=100 0.75 1.20 1.65 2.10 2.64 3.00

=200 1.20 2.04 2.70 3.36 4.02 4.65
P=300 1.59 2.49 3.33 4.20 5.04 5.76

@139 5.5.1 (70)

d (cm) 210 | 240 | 270 3.00 330 | 3.60 3.90
P=100 :3.48 3.84 4.29 474 | 5.16 5.70 6.12
P=200 5.22 573 6.45 7.08 | 7.62 8.34 8.85
P=300 6.15 732 7.89 8.70 | 9.60 | 10.26 | 10.95
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5.6 mInfSaumsunanisnasedumamiuiunanisnaasslueinis
& L] = 4 s <3 P [y - A
ehwamsmaaesi 1d lufaaniyuulSsuifsusunanisnaaesii 1dluenmie
<t 4 o j2J s A o 1Y o sy
nyghmumiEnsiuaun Ivthvesfwaiydodoufuoms swiinuenialumniy
sudihiigenmdodndenin mawi 5.6.1 szuanssosiesznedian lnsafus sy

nFuRamswsaay ol kv) nialdluenefiauduep) d q

o
AN 5.6.1
waadszezssnivdion lnsafuussduiisinianisiwsaamy oy kv) 1ia1dlu

oImeanauau @y Torr) A1 9 QuugNYNLINITNAAs 30° C)

d (cm) 0.30 0.60 0.90 1.20 1.50 1.80
P=100 2.28 393 5.52 7.08 8.52 9.93
P=200 3.93 6.90 9.45 12.30 1476 | 17.10
P=300 5.43 9.45 13.20 16.98 20.94 | 2448

ATNA 5.6.1 (AD)

d (cm) 2.10 | 240 270 | 3.00 3.30 3.60 3.90
P=100 11.52 | 1290 1440 [ 1590 { 17.19| 1824 | 19.20
P=200 19.80 |. 2241|2499 | 2724 | 28.80| 30.06 | 30.51
P=300 2730 | 30.78| 3435 | 36.60 | 38.34| 40.20 | 43.20
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y v B
TumsnfSsuisuiivenSoumounnnuau (p) MAY 100 Torr HATITHZHNITNIN

danlasa (d) MAY 1.80 1AL 3.00 cm AWAITNA 5.6.2

AN 5.6.2
mraasmsnTouifivuranisnaassvesiaa iy unanisnaasiuedeIniad

ANUAUIINY 100 Torr UASTEHLHNTLNINDAA IATANVIAY 1.80 1AL 3.00 cm.

JLUTUNTEVINDIAATATA (cm) 1.80 3.00
USIRULTAAIT KV) 26.40 39.30
TumaSeou
UIPUTAATIY (KV) 0.65 16.74
Tumalulasiou
UsRUIUsAAY (KV) 9.48 14.52

Tumamsveulasen lad

USIEUILTAAINT V) 1.20 2.19
Tumad G

UsIUIIsAAI N KV) 3.00 474
Tumxeisnou

USRUILTAATIT (KV) 9.93 15.90

Tuems
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c; = s :‘ ] 1 = [ Y v o a
1IN 5.6.2 smmu Idhiszes sz iedon Tasarhfy 1.80 4z 3.00 cm USIAUNTY
» 1 4
wamsusannilufasiae 9 duezunnmasugall
ussRunSuAansusam N lufan souziifiy 26.40 uaz 39.30 kv
MUY
o :i a' a o’ o 1 A
usaunTunansusaa i lune lu Tnsouesidy 10.65 uas 16.74
kV audinu
v da a fq o o P s
UsIAUNTMINAMSITAA I lumamsueu laoon ledsziviiy 9.48 oy
14.52 kV awdau
Y] d' n’ a I (4 ot o (Y]
UIAUNTUNANSIUTAATI IUMAFReuIsAY 1.20 tas 2.19 kv

[

ANAIAY

ussunGuRanswIaa Il lufwe1sneneziy 3.00 tay 4.74 kv
ANAIAY
useRunFuRansusaa i luenweviiy 9.93 1132 15.90 KV a1y
NAy

=1 Y1 o [ 0 a 1 @ o &aA a &t []
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1NN 571 N pd WY 60, 180 waT 360 Tomem AWTIRULIAATNT
1 t 4 [] ]
nldluanASotlozondy 441, 1031 ez 1834 kv awdidy wazennsg# 572 # pd
Wiy 60, 180 uaz 360 Tomem AwsEHwIAMRoW IRNINnI M TAotssananzin
AU 430, 1000 waz 17.50 kv awddy (mnomaiguugiiuandaiy 3 - 4°C eyl
& ¢ & -] d v A o 1 v da a P ' o
HIRUVIAAIUIURGNANTDY)  uazilothamusAuiTuAansUsAAIIIA pd a1 q fu

Hun@oudumsees 18muh 5.7.1

15190 5.7.1

] v da a Ly 24 %
ﬂ'li'Nll’cTﬂQﬂ'lillﬁU‘Ul‘ﬂUUllNﬂuﬂﬁﬁmﬂﬂ'ﬁlﬂiﬂﬂ'ﬁuiu ﬂ]‘lf‘hl Tasieu

v
a o

AT dSeiifuluan@seiiuand pd 9y 60, 180, 360 Torr.cm

pd.(Torr.cm) 60 180 240
ar o Y
usuusaau luma lulasiou 4.41 10.31 18.34
Malaluanddoil
Y] o <y
usaausaa1d e lulasou 4.30 10.00 17.50
¥a 1Al 3 s R **

dlusunfovewssfuisuiansiusaninid pd iy

« [ Hulalszinaildnnnissmnsl 14

A of Vi (Y v da a ¢ a @
NNAITNN 5.7.1 ﬂzmu"lmm pd Wl'lﬂullﬂﬂumimﬂﬂﬂ']ilﬂ?ﬂﬂ']']ﬂﬂtﬂﬂﬂﬂ&ﬂﬂiﬂ‘H



5.8 msifSsungunanisnaasaazranismulIalunmIMaside
A o o = o 1AWy a a ° 1%
dioviwamsnaasannlioudsudiuaii 1dnnmsfduau@asilflunsdunues 14
gasmuaumsi 3.4 ) NANUAY 100, 200 AL 300 Torr uasliTzuzvNIZTHTNDAATATATIN
03 81 39 cm A ldnnmssuia lduaas imumaan 581 uazdimbanlaninms
¥ ) ) ]
fnuilluwdeanslienSoudioudunsmifildnnnsmaaes  eldnsawglf 582
-1 -] o o [ o a [ P a A ] 1
annszituldhfisfilndifesdu @miulumanldlunimaeasasiiady  Tawnsanian

yownuu) 183e lutimsnfSeudio)

P
AN 5.8.1
AT NLAAITTIZ NI T I Insatuussuitiansiusan ity kv)

o 9/ [ - - — a 1
n1dnnmssnnulufedifouinnuaueiu Tor) a4 q

d (cm) 0.30 0.60 0.90 1.20 1.50 1.80
P=100 0.25 0.41 0.55 0.69 0.82 0.94
P=200 041 0.69 0.94 1.19 1.42 1.65
P=300 0.66 0.94 1.31 1.65 1.98 2.30

M3 NN 5.8.1 (AD)

d (cm) 210 | 240 | 2.70 3.00 330 | 3.60 3.90
P=100 1.10 116 | 1.31 1.42 1.54 1.65 1.75
=200 1.87 209 | 230 2.51 272 293 | 313
P=300 2.62 293 | 3.23 3.53 3.83 412 | 441
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uni 6
- d

unajiuaziosal

.
a

ar o 4' o L'y [+ (<4
MnramInaasiauswuisuanisiusaa i lufaTesu (cclLF,) Malulasiou

o o o & A o @ ey o
(Ny) famiveulasenled (Coy) Madifoude) uaziasrineu(an inuau 100, 200
as 300 Torr tacdiszozvsenidmnlase 03 cm 84 39 cm  ANUANOINIANWULYY

wednoufivzAumanlfluminaasatly 5.8* 101 mbar 8951013557 6 Tor/¥. MINMG
a [24 &’ a = = v o [y 24 7o
mInaaod I®lufania 5 via  AlFlumsfaumunhianuduvesmamelunruweim
o ia a ° 4 a [ 4 - °
usawufiduRamswsaamiesd  wazdieiuanuduvesmanielunsueinniussiinari
Y a cié o Y a iu’;’ d’ o s T 1 =3
MWussuiisuihlfifamsusaanbiuegeiuawhlds - dmsuszozviusznindionlasa
o 1 o A a ° 9 a P 1 1 a 9/ v oA -
siimadaussdunuhidfitansiusaamifnonssesvisznindan lnsmisoussnuiisuna
'd Y d'l 1 1 a d.l d’ LY d‘n’ ] Y a
nmsisaadssles wanlieszorvnsyniedan Iasaliannniuusqaunsuiinnamnsiun
s ot A; 9
aaziifniuale
gi A 8 s [ .’J oy d', o
wafl Idnnmanaaeaennmnuaulialunsdiuauu Idihwesmaiy 5 siladioh
[y i a a o J LY o Y 1
uRduRSuRaMsTAnNN pd A1 9 MunnSoudouduauasedl 6.1 1IAmIRT 6.1
g Wy T @ [ a  w v da o qVa COU- SR RN
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(Tests with Direct Voltage)
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contamination) AefaNTANIAldusITTIY
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dy o o " &2 9 1 J
1n{1 IR in1INAane Performance tests anpaLituentatene 1
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR VOLTAGE MEASUREMENT
BY MEANS OF SPHERE-GAPS (ONE SPHERE EARTHED)

FOREWOK

1) The formal decisions or agreements of the LLE.C. on technical matters. prepared by Technical Committees on which all the
National Committees having a speciul interest therein are represented. oxpress. as acarly as possible. an international
consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for internationai use and they are accepted by the National Committees in that

sensé.
3) In order to promote this international unification. the 1.E.C. expresscs the wish gh:u 2ll National Commitices having as
vet no rational rules. when preparing such rules. should uss the [LE.C. recommendations as the fundamental busts for

these ruics in so far as natonal conditions wiil permit.

4)  The desirability is recognized of extending internationai m.rccmmt on these matiers through an endeavou.' to harmonize
national standurdization ruies with these recommendations in so far as nationa! conditions will cermit. The National
Committees pledge their influcnce towards that cnd.

.

—

fhe work of revising the first edition of 1.E.C. lication 32. which was issued in 1935, was com-
menced before the War., but was not resunic d uatil ]954 when a-draft prepared in 1939 was discussed at
4 meeting held in London of Sub-Committec 36-3: High Voltage Tests.

As a result of this meeting a'new draft was circuiated which was discussed in Paris in 1955. Work
was then takén over by the newlv-formed Technical Committes No. 42: High Voitage Testing Techniques.
and successive drafts were discussed 2t Munich in 1936 and Sicckhelm in 1958, The Stockhoim meeting
resulted in a final draft being submitied te tae Nationzl Committes for approval under the Six Months”
Rule in Decembper 1958. o

The following National Committess voted explicitly in favour of publication:

Austria Norway

Belgium Poiand

Canada Sweden

Czechoslovakia Switzerland

Denmark Turkey

Finland Union of Sovict Socialist Republics
France United Kingdom '

Germany United States of America

Ttaly Yugoslavia

Netherfands
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As cxplained in Appendix B, the present Pubiication is a compromise which has Seen accepted by
almost all National Cemmittees and is a truly international Publication on the measurement of voltages by
means of s'phcrc-gaps. However, the tables are based on calibrations made under conditions wizich were
not always recorded in detail and which may sometimes have departed significantiy from those specified in
this Publication. The National Committces are therefore asked to verify the calibrations under the
conditions laid down in this document so as to provide information which can be taken into accoun: in any
revision of the tables.
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RECOMMENDATIONS FOR YOLTAGE MEASUREMENT
BY MEANS OF SPHERE-GAPS (ONE SPHERE EARTHED)

1. Scope AND OBJECT

These recommendations concern the construction and use of sphere-gaps {or voltage measurement.
The rules apply to the measurement of the peak value of:

a) alternating voltages

b) full standard impulses as defined in 1.E.C. Publication £0 and impulses with longer tails

) direct voltages.

The peak vaiues of the disruptive voltages in air for various spacings between the-spherei are given
in two tables.

Appendix A gives the limits of voltage and frequency over which the tables have been derived from
experiments and can be presumed-to be accurate within the tolerances specified in Clause 5.2.

Appendix B gives the procedure by which the values in ihe tabies have been derived from previous
National Standards and other sources.

2. STANDARD SPHERE-GAP

The standard sphere-gap is 2 peak voltage measuring device constructed and arranged in accordance
with the rules in this documen:. It consists of two metal spheres of the same diameter ( D) with their shanks.
operating gear. insulating supports. supporting frame and leads for connection to the point at which the
voltage is to he measured. Standard values of Dare 2 -5-6.25~10- 125315~ 35-30-75-100-
150 and 200 cm. The spacing between the spheres is designated S.

The points on the two spheres which are closest to each other are called the sparking poiats. In
practice the disruptive discharge may occur between cther neighbouring points.

Figures | and 2 show two arrangements. one of which is typical of sphere-gaps with a vertical axis
and the other of sphere-gaps with a horizontal axis.

2.1 Reguirements for the spheres

2.1.1 Tolerances on size and shagpe
The spheres shall be carcfully made so that their surfaces are smooth and their curvature is as uniform
as possiblie. :
he requirements on their shapes are as follows:
General Shape

The diameter of cach sphere shall nowhere ditfer by more-than 24 from the nominal value.
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Freedom from surface irregularities in the region of the sparking point

The spheres shall be reasonably free from surface irrcgularities in the region of the sparking point.
This region is defined by a circle such as would be drawn on the spheres by a pair of div .dcrs set to an
opemng of0.3- D and centred on the sparking point.

The freedom from surface irregularities is checked by a spherometer of which the feet are between
0.125 D and 0.25 D apart.

The spherometer measures the distance / of its central point from the plane passing through the
three feet of the instrument, which form an equilateral triangle of side a.

When the three feet and the central point are in contact with a perfectly spherical surface of radius 3

the following value is obtained for A:

D 1]!', 4

h=——-V D*— -
2 2 3
or. with adequate accuracy.
Dl ,ay® 1,a}
= fsh =50
3 D 3D

The measured vaives may differ from the above. When the feet of the spherometer are placed in
various positions in the region defined zbove, the difference between the measured values of /1 and the
value given in the formula shail nowhers exceed:

G.17, of the diameter (D) if this is less than or equal tc 100 cm

0.2 of the diameter ( D) if this is greater than 100 cm.

If a spherometer is not avaitable. flat circular gauges may be used for an approximate evaluation of

irregularities of the surface.

Note: The tolerances on size and shape eed usually enly be checked in the manner described above when the spheres are
first suppiied. [t will normaliy be sufficient to make subsequent examinations by feeling the spheres or inspecting them

visually.

2 State of the surfaces

The surfaces of the spheres in the neighbourhood of the sparking points shall be frec from any trace
of varnish, grease. or other protective coating.  They shall be clezn anc dry but need not be poiished. If
the spheres become excessively roughened or pitted in use they shall be re-burnished or replaced.

Note: If the relative humidity of the air excesds about 90 ', moisture may condense on the surface and the meusurements
wiil then cease 0 be accurate.

2.2 Construction of the shanks of the spieres

2.2.1 Vertical gap

When the spheres are arranged vertically. the shank of the high-voltage sphere shall be free from
sharp edges or corners and the diameter of the shank shall not excesd 0.2 D over a length D. This
requirement is made in order to reduce the influence of the high-voltage shank on the disruptive discharge
voltage.  Ifa stress distributor is used at the end of the shank its greatest dimension, perpendicular to the
axis of the spheres. shall not exceed 0.5 D.  Such stress distributors shall be at least 2 D from the sparking

point of the high-voltage sphere.
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The earthed shank and the operating gear have a smalier cffect and their dimensions are thercfore

> &

less important.
Figure 1 (page 36) gives the limits of sizc of the components of a typical vertical spherc-gap.

2.2.2 Horizontal gap
When the spheres are arranged horizontally the limiting dimensions of a typical sphere-gap arc given
in Figure 2 (page 37). They are the same for both sides of the gap.

Note: The sphere shanks shall be reasonably in line. whichever arrangement of gap be used.

2.3 Height of the spheres above the horizontal earth plane

The sphere-gap should be used above 2 horizontal carth plane such as a conducting network in or
on the floor of the laboratory or a conducting surface on the support on which the sphere-gap is placed.
The height A of the sparking point of the high-voltage sphere above such an carth plane shall be within
the limits given in the table of Clausc 2.5. This requirement appiies both to vertical and horizontal gaps.

If the sphere-gap is mounted with the earthed sphere nearest to the ceiling and i other surfaces such
as walls and the floor are at a considerably greater distance. then the cziling may be regarded as the hori-
zontal plane, from which the distance A is measured dewnwards.

2.4 Clearance reund the spheres

The distance from the sparking point of the high-voltage sphere to any extrancous objects (such as
walls, ceilings. transformer tanks. bushings. imnulse generators. cic.k and ulso to the supporting frame-
work for the spheres if this is made of conducting material. shall not be less than the value of B in the
table of Ciausc 2.5. Except as permitted beiow. B shouid not be fess thun 2 D, regardless of the value
of S. .

Supporting frameworks for the spheres made of insulating materiai arc exempt from this stipulation
provided that they are clean and dry and that the spheres are used for the mecasurement of 2 tgrnating or
impulse voltages only. Tii: distancz B betwesn the sparking point ot the high-vostage sphere and the
framework may then be lese than is prescrived in the table of Clause 2.3, but it must asot be below 1.6 D.

2.5 Clearance round the spheres (table)

Spherz Minimem Maximum Minimum
_diameter value of valug of vaiue of
Dem - A A B

up to 625 - 7 D 9D 145

10-135 6 D S D 25
23 s D 7D 108
S0 4 D 6D §S
73 4 D 60 3S
100 350 sD 75
150 3 D 4D - &S
200 3 D 4D 68

Note I. The reguircments in the above table relate o approved sphere-gaps within the meaning of these recommendations.
Sometimes. however. the test conditivns render it impossible to make the values of A and & comply with the
minimum requirements of the tabie.

Such spherc-gaps may zlso be regarded as approved if it can be demonstrated Juring systematic tests in the actual
testing plant and under the actual test conditions that the disruptive voltages do not signifieantly deviate fron
those in these recommendations.
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Note 2. At small spherc-gap spacings carthed objects of small size in the neighbourhood of the gap affect the results insig-
nificantly. but at greater spacings the presence of large areas such as walls, even at the distance 5. have an important
effect.  The sphere-gap should therefore be erected in an open laborztory with not more than one wail at the
distance 8 and the other walls at greater distances.  The calibrations given in Tables | and Il have bean based on
experiments made under these conditions and they will be seriously in error if the spherc-gap is placed. say, in a-
cylindrical container of radius B, except when the spacing is very small.

ANore 3. For the measurement of very high voltages it may be necessary to increase 4 and B above the minimum values given
in the table of Clause 2.5, as these arc not always sufficient to prevent disruptive discharge to earthed objects,

especially those with sharp edges or corners.

3. CONNECTION OF THZ SPHERE-GAP

3.1 Earthing

One sphere shall preferably be connected directiv to carth. but may be connected through a resistor
P 3 3 g
for special purposes. In the interests of personal safety. however. such resistors should be of very low

values.

3.2 High-voltage conductor

The high-voltage conductor. including any series resistor not in the shank itselfl. shull be connected
to a point on the shank at least 2 D away from the sparking point of the high-voltage sphere.

Within the region where the distancs (o the sparxing point of the high-voltage sphere is less than B,
the live conductor (including the series resistor if any) must not pass through the piane norma! to the axis
of the sphere-gap and situated at a distance 2 D from the sparking point of the high-veltage sphera: ses
Figures 1 and 2 where the plane i$ shown.

3.3 Protective series resistance in the measurement of aiternating and direct voitages

Precautions should be taken to minimize pitting of the spheres and to prevent supcrimposed osciila-
tions which may cause erratic disruptive discharges. For this purpose a resistance of 100 000 ohms tor
one megohm should be inserted in serics with the sphere-gap. This range of resistance values applies
to measurements of direct voltages and of alternating voltages aipower frequencies.  For alternating
veltages of higher frequencies. where the effect of the voltage drop in the resistance duc to the charging
current of the gap may become appreciable. this resistance should be suitably reduced.

Th~ resistor is to be placed as near as possibic to the gup. usuaily in scries with the high-voltage
sphere. It should not be placed in the common connection from the voltage source to the spherc-gap and

to the test object.

When brush discharges are present in the test circuit. scries resistance is specially important in order
to reduce the cffect of the consequent transient over-voltage on the operation of the sphere-gap. When
these discharges are not present cither in the test circuit or in the test speeimen. the resistance may be
reduced to a valuc fixed by the permissible burning of the spheres by disruptive discharges.
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3.4 Protective series resistance in the measurement of impuise voltages

The purposc of the series resistance when measuring impulse voltages is to reduce the rate of voltage
chopping. which may introduce undesirable stresses in the test object. Ancther purposc which is especiaily
applicable to spheres of large diameters i§ to, climinate oscillations in the sphere-gap circuit which may
causc a higher voltage to occur between the spheres than on the test specimen. For spheres of smailer

diameter this phenomenon is generaily of minor impertance.

The value of the resistance should not excead 500 ohms. 1t is essential for the reduction of oscilla-
tions that it should be of low inductance (not more than 30:H). For the position of the resistor in the
circuit sce Clause 3.3,

4. THE USE OF THE SPHERE-GAP

4.1 Irradiation

The disruptive discharge voltage of a sphere-gap is affected by the icnization in the gap betwesn the
spheres at the moment of application of the voliage

£
ke
£
s

The values given in the tables apply to measurements made without irradiation. t from any
random ionization alrcady present. except in

a) the measurement of voitages below 30 kV peak. whatever the sphere diameter:
&) the measurement of voltages with spheres of 12.5 cm die® “ster and less. whatever the voitage.

For measurements under conditions o) and #) cxtra irradiaiion is recommiended and is sometimes
essential if accurate and consisient results arz to be obtained. This is of special importance in the meusu-
rement of impulse voltages and for all types of voltages when very small spacings are used.

The irradiation may be obtained by a capsule containing radio-active material having an activity
of not less than 0.2 miilicuric and preferably of about 0.6 miilicuric inserted in the high-veltags spher
near the sparking point.  Another method is the irradiation of the gap by a q.xa"tz. tube mercurv-vapour
lamp having a minimum ruting of 353 waits and & currcm of'at least one ampere.  The lamp should te placed
at about the distance B ziven in the tabte of Clavse 2.5 and the light should faii on tiic sparking coints ef

the spiweres.

(2]

In the measurement of impulse voitages. the irradiation provided by the discharge in the gaps of the
impulse generator has also been found satisfactory.

Note 1. The usual precautions should be taken in handling radic-uctive muaieriais. wiich should be kept=ina
except when in actual use.

Note 2. One curie is detined as the activity of one gramme of radium, which is equivalentte 3.7 . 10 disintegrated atoms
per sccond.

4.2 Voltage measurcments

The procedure usually consists in cstablishing a relation between a high voltage. as measured by the
epherc-eap. and the indication of a voltmeter, an oscillograph or otiter device connected in the control
p gap g

circuit of the cquipment.

Unless the contrary can be shown. this relation ceases to be valid if the circuitis altered in any
respect other than a slight change of the spacing of the spheres. The voltags measured by the sphere-gap

is derived from the spacing.
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e procedure in estaclishing the relation varies with the type of voltage to be measured. as follows:

4.2.1 Measurcmcent of direct und alternating roltages

The voltage shall be applied with an amplitude low cnough not to cause disruptive discharge during

the switching transient and it is then raised sufiicienty slowly for the low-voltage indicator to be read
accurately at the instant of disruptive discharge of the gap.

Alternatively. a constant voitage may be appiicd across the gap and tiic spacing between the spheres
slowly reduced until disruptive discharge occurs.

material in the air, numerous low and crratic disruptive discharges may

If there is dust or fibrous :
-y out a large

occur, especially when direct voltages are being measured, and it may be necessary te «
number of tests before consisicnt results can be obtained.
The final measurement should he the mean of three successive readings agreeing within 3 %4,

4.2.2 Measurement of impuise voliazes
In order to obtain the ‘0?:; disruptive discharge voliage of a
gencrator. shall be adjusted in steps corresponding to not more than

sphere-gap. the’ spacnﬂ of the e gap,or

the charging voltage of the impuise gen
27 of the expected disruptive discharze value.  Six applications o!' the impuise shell be made at each
shall not be fess than § seconds,  The value giving 30%, probabiiity

step. The interval between applications

of disruptive discharge is prefera h_\ obtained by interpolation bctwcc at least two gap or voltage
t

settings. .one resuliing in two disruptive discharzes or less. and the other in four disruptive discharges

or more.
Another. less 2ccurate. method is 1o adjust the settings until 4 to 6 disruptive

in a series of 10 successive appiicuations.

discharges are obtained

5. SPHERE-GAP DISRUPTIVE DISCH{ARGE VOLTAGES
3.1 Numerical values in the tables

The disruptive discharge voltages for varicus spucings betwesn the spheres are ziven in Tables I

and 1.

Table | gives disruptive voltages (307 values in impuise tests) in kilovolts peak for:

alternating voitages

direct voitages of both polarities

full negative standard impulses as defined in [LE.C. Publication 60 and negative impulses
with longer tails.

This table is not valid fer the measurement of impulses below about {0 kV.

Table I gives 30 disruptive discharge voltages in Kilovelts peak for full positive standard impulses

as defined above and positive impulses with longer tails.

Note I. Appendix A gives the range of voltazes over which the tables have been derived from exreriment and can be pre-
sumed to be accurate within the fimits given in Clause 5.2,
Vore 2. The tables may also be used without appreciabic additional errer for the measurement of impulses kaving longer

than the standard frent times,
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-

5.2  Accurcey of the tables

3.2.1 Alternating and impuise voltages

For spacings up to 0.5 D the tables arc considered to be accurate within = 3%, Vaiues in the tables
for spacings betwesn 0.5 D and 0.75 D are regarded as of doubtful accuracy and for that reason are put in
brackets.
Note: As it may be dilficult to measure and adjust the gap with sufficient accuracy if the ratio of spacing to diamcter is very

small, it is rccommended that the spacing should not be less than 0.05 D.
5.2.2 Direct voltages

he measurement of direct voltages is generally subject to larger errors than that of alternating or

impulse voitages. Such errors are usually caused by dust or fibres in the air. There is also a tendency for
abnormaily low disruptive discharge values to be obtained if the voltage is maintained for a long time.

It is considered that in the absence of excessive dust the results will be accurate within = 5% provided
that the spacing is not greater than about 0.4 D.

Nore: As it may be difficult to measure and adjust the gan with sufficient accuracy if the ratio of spacing i iiameter is very
smali. it is rccommended that the spacing should not be less tharr 0.05 D.

5.3 Influence of atmospheric conditions

5.3.1 Atmospheric conaitions valid for the tabulated vaives

The tabuiated values are valid for:
— an ambient temperature of 20°C

— an zimospheric pressure of | 013 millibars (760 mm Hg at 0°C)

5.3.2 Correcrion for air density

Disruptive discharge voltages corresponding to a given spacing under atmospheric conditions other
thua those specified ahove are obtained by multipiying the values in Tables T and II by a correction fac-

tor k. This factor is a function of the relative air density d, defined by:
b 273+ 20
= P = 0.289 ¥ ——
1013 273 L ¢t 273+t

where b is the atmospheric pressure in millibars. and ¢ the temperature in degrees Centigrade.

iIf & is given in mm Hg at G°C. the formula is replaced by:

‘:( LA
I 2733 b
d= — % = oo = 0.386 X -
760 © 273 — ¢ e

The relation between the air deasity and the correction factor is given in the table of Clause
5.3.3. The correction {actor is equal to the relative air density (i.c. & == /) lor valucs of « between 0.93
and 1.05.
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3.3.3 Air density cerrection factor fiable

f

; Redative air Corraciion
i density & factor &

!

!

; 0.70 72
0.75 0.77

; 0.80 0.82 )
i 0.85 0.36

1 0.90 0.9!

2 0.95 0.95

! 1.00 .00

| [.03 1.05

; 1.10 1.09

; Lis 113

f

|

5.3.4 Hunidity

humidity of the air. The
or 35; over the rangeof

ISR

The disruptive discharge voltage of a sphere-
numerical value of the effect is uncertain dut it

increases with increasin

aap
s uniikeiy to be more than
Bt

ng
-

humidities nermally encountered in laberatories. savse of this uncertainty. ne correction fuctor for
humidity can be given 2t preseat.  In any case. the iumidity of the air in the various laboratories whers

F )
the experimental calibrations were made was not usuxily ricorded.

See Clause 2.1.2 for a note on the danger from condensation of moisture on the

e:'

ces of the
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APPENDIX .

RANGE OF EXPERIMENTAL CALIBRATIONS

Tables I and II are partly derived from experiments reported in the references listed below. There
is no experimentai proof of their accuracy at voitages higher thun ihe values given in the list.
Experimental calibrations of the sphere-gap

Highest
Kind of veltage voltage Reference
kV peak
Alternating voi:age of power frequency 1 700 Transaciions A.LLE.E. Vol. 71 (1952),
Part 111, page 435
Alrernaring voliage of power frequency 1400 J.LLE.E. Vol. 82, (1938), page 655
Direct volrage — $S00 1 Zeit. techn. Phys. 18 (1937), '
Direct voltage — 13001 page 209
Impulse voitage -- 23801 Transacticns A.LLE.E. Vol. 71 (1952)
Impulse voltage — 2410 Part 11, page 453
Aliernuting voiicg~ of hich frequency E.T.Z. Voi. 60 (1939). page 92 (sce Note | below)
Undamped alternating volieze of high frequency Sce Note 2 JAJLE.E. Vol. 46 (1927). page ! 314
below . Arch. Elektr. Vol. 14 (1923), page 49!
Arch. Elektr. Vol. 24 (1930). page 525
Arch. Elektr. Vol. 25 (1931). page 322
X Arch. Ziektr. Vol. 26 (1932), page 123
Damped alternating voltaze of high [requency idem Ann. Phys. 19 11906), page { 0i€
Arch. Elektr. Vol..16 (1925). page 496
Arch. Elektr. Vol. 20 (1928). page 99

Note I. This reference contzias 2 summary of the czlibrutions with damped and undamped high-irequency voitages made over
a range of veitages aad frequencics urp to 1939, The other references in the dist give the details of most of these indi-

vidual calibrations.

Notwe

2 From the informatiza in the reforcnces. which is incomplete uand sometimes confiicting, it appears ihat Table [

can be used without serious crror for the measurement of undamped alternating voltages at frequenciss up to

20 kHztke s). but o::i_\: up to about 13 XV peak. At higher frequencies this voltage is reduced.

The references also show that Table [ can be used for the measurement of damped aifternating voltages at frequencies

up to 500 kHz(kc s:. but again with the restriction that the voltage should not excesd {35 kV peak.
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APPENDIX B

PROCEDURE BY WHICH THE VALUES IN TABLES 1 AND Il
HAVE BEEN DERIVED FROM NATIONAL STANDARDS AND OTHER SOURCES

At the meeting of Technical Committee No. 42 in Munich in 1936, it was agreed that new tables
should be prepared which could be accepted internationally.

Apart from certain exceptions which are noted below, the ldisruptive discharge voltages in the new
tables were to be the mean of:

1) the values which were accepted by the LE.C. in July 1959;

2) the values in A.S.A. Standard C 68.1 (1953) (after adjustment for temperature).

The calculation of the mean resulted in a few anomalies; in particular the disruptive discharge
voltages of small gaps varied rather irregularly as the sphere diameter was increased.

These anomalies have been removed as far as was possible without introducing other 2aomalies.

The exceptions mentioned above are listed below:

1) No data are given in the AS.A. Standard for 2. 5, 10 and 15 cm spheres.

The LE.C. ficures of 1939 for 5. 10 and 15 cm spheres have therefore been included in the present
tables without any changes other than the minor adjustments referred o above.

2) The figures for 2 cm spheres in the I.E.C. document of 1939. which were not applicable to positive
impulses. were later found to be inaccurate at spacings up to i cm. A new calibration has
therefore been inserted. based on J.LE.E.. vol. 95 ’(1948). Part [1. page 303, but the vaiues are
not applicabie to the measurement of impulses of either polarity below 10 kV. Sec Proc.
LE.E.. Part 1i. Vol. 101, (1954). page 438. for evidence on this iatter point.

3) The L.E.C. data of 1939 for voltages above 1400 kV arc regarded as being less reliable than the
most recently measured values in the U.S.A. and these latter have therefore been adopted (sce

L R L

AS.A. C 68.1, 1953 and Transactions A.L.E.E.. vol. 71 {1952), Part [II, page 433).

The figures in the tables have been rounded off as follows:

up to 30 kV to the nearest 0.1 kv

over 50 and up to 100 kV to the nearesi 0.3 l"«:‘ -
over 100 and up 10 500 kV to the nearest 1 KV
over.500 and up to 1 000 kV to the nezrest 5 KV

over 1 000 kV to the nearesi 10 kV
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TABLE 1

SPHERE-GAP WITH ONE. SPHERE EARTHED

Peak values of disruptive discharge volfages ia kilovoits

(50% values for impulse tests):

Valid for: — alternating voltages

Atmospheric reference conditions: 20°C and 1 013 millibars (760 mm Hg at 0°C).

— full negative standard impulses and impulses with longer tails

— direct voitages of either polarity.

Note i.

Note 2.

The tbles are not valid for the nicasuren:

The figures in brackets. whi

ent of impulse voltages beiow about 0 XV,

<h are for spacings of mere than 0.5 2. are of doubtfui accuracy.

Sphere Sphere diameter
gap cm
spacing :
cm 2 § 6.25 10 TR N X 15 SO . 75 i 100 | 150 200
i i é |
0.05 23
0.:0 4.7
0.15 6.4
0.2 8.0 8.0
0.25 9.6 9.6
0.30 11.2 1.2
0.40 12.4 4.3 14.2
0.50 17.4 17.4 17.2 16.8 16.8 16.8
0.60 20.4 204 20.2 19.9 19.9 19.9
0.70 232 5.4 - 4 23.0 23.0 5.0
0.30 2588 26.3 26.2 36.0 26.0 26.0
0.90 28.3 29.2 29.1 239 289 289
1.0 30.7 52.0 319 31.7 317 0 317 317
1.2 (35.1) 37.6 37.3 374 374 374 374
1.4 (38.5) 42.9 42.9 329 429 42. 429
1.5 (40.0) 5.5 45.3 43.5 45.5 45,3 455
1.6 28.1 8.1 43.1 48.1 4s.1 48.1
1.8 §3.0 333 33.3 3.3 533 53.5
2.0 57.3 58.5 39.0 59.0 58.0 39.0 39.0 39.0
2.2 61.5 63.0 645 64.5 A&LS 64.5 64.5 6.3
2. 65.5 67.5 69.3 70.0 70.0 70.0 70.0 70.0
2.6 (69.0) 72.0 7.3 75.0 75.5 75.5 75.5 753
2.8 (72.5) 76.0 7.5 $0.0 80.5 . §1.0 81.0 81.0
3.0 (75.5) 79.5 85.0 §5.0 §s.5 $6.0 $6.0 86.0 $6.0
3.5 (82.5) : (87.5) 95.0 97.0 + 93.0 99.0 99.0 9%.0 99.0
4.0 LS8y (950 105 108 110 12 12 1z 12
4.5 (1C1) IS 119 122 125 125 12§ 123
5.0 (107) 123 129 133 137 138 138 {38 138
5.5 (2. 138 143 14 151 531 151 151
6.0 (138) 146 is2 161 164 164 164 16+
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TABLE 1 Zcontinued)

7

Sphere diameter

Spherc
gap . cm
spacing _ _ o
cm s, 6 Co1g . 125 1s . 2 50 75 1 100 1 150 200
i : ! K
£} i !
6.5 sy sy 16t 173 0177 7L 17T 17T
7.0 (150)  (161) 169 184 @ 189 190 | 190 190
7.5 (155)  (168) 177 ¢ 195 . 202 203 | 203 203
8.0 (1749 (85 . 206 | 214 215 ¢ 215 215
9.0 sy (193 ; 226 : 239 240 | 241 241
! !
’ !
10 (199 (209 244 263 265 266 266 206
11 (219) 1 26l 286 290 292 292 292
12 (229) } 275 309 315 318 318 318
13 P8y 331 339 ¢ 342 342 342
4 (302) ¢ 353 363 | 366 366 366
15 (313 373 387 390 390 390
6 G2 391 410 414 414 314
17 | (337) 411 332 438 438 438
13 (347) .. 42 453 462 362 462
19 { (357) 45 473 436 456 186
0 | (366) 460 492 S10 510 510
22 489 $30 555 560- 560
24 5135 565 395 610 610
2 (540) 660 635 655 660
ph {565) 635 675 7 705
g} (555) 665 710 745 730
32 (603) 695 74 790 795
34 (625) 725 780 835 $40
36 (620) 750 §15 875 885
33 (665)  (775) 845 915 930
<0 (670)  (800) 875 955 9758
45 ! {850) g55 1050 1080
50 ($95) 1oro 1130 1180
55 (935) (1060) 1210 1260
60 | (970) (1110) 1280 1340
65 ' (1160) 1340 14
70 (1200 1390 1480
"I (1230) 140 1540
20 : (L490) 1600
85 (1540) 1660
%0 (1580) 172
100 (1660) - 1840
110 (1730) (1940)
12 ! (1800) (2020)
30 | (2100)
[0 (2 IR0)
(2250)
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TABLL B
SPHERE-GAP WITH ONE SPHERE EARTHED

Peak vaiues of disruptive discharge voltages in Lilovolts (5€ % values)

Valid for full positive standard impulses and impulses with longer tails.

Atmospheric reference conditions: 20°C and 1 013 millibars (760 mm Hg at 0°C).

Sphere diameter

Spiere
g2 cm
SpAcing j e ... e ——— e e e e
! ! !
' i
cm 2 § 0 628 10 125 15 28 50 | 75 100 150

cvooo
113 = v’
NO O W

0.30 1.2 1.2

0.50 144 143 152

0.50 17.4 174 172 16.8 16.8 16.5
0.60 204 2e.L X3 19.9 19.9 1929
0.70 3.2 5 23.2 20 I 23.0

0.80 © 255 263 261 260 260 250
0.90 28.3 9.2 2. 28.9 289 289
1.0 30.7 ki) K 3 3.7 31.7 317
.2 (35.) 378 37.8 374 374 37.4 37.4
14 (38.5) 433 3.2 429 129 229 229
LS a00) 262 459 253 435 253 45.5
1.6 | 39.0 484 48504 8.1 28,1 481
s i 54.3 340 §3.3 35 535 335
20, 9.2 9.8 $9.0 59.0 9.0 9.0 39.0 $9.0
2 | 640 62D 645 LS 645 645 645 645
2.4 ] 9.0 70.0 0.0 70.0 70.0 70.0 70.0
26 73.0; 755 733 755 755 75.5 75.5
28 T 30.3 0.5 %0.3 1.0 $1.0 21.0
30 1510y 820 §3.3 $5.5 §5.3 $6.0 56.0 §6.0 86.0
35 (O00—(91.5)  97.5 9R.0 98.5 99.0 99.0 99.0 99.0
1
4.0 } 1675 (i0D) 109 1o 1 12 12 12 iz
45 L108) 120 122 124 125 125 125 i2s
50 (15 130 134 136 133 138 138 138 138
55 (139) 145 447 151 151 151 is1 i51
60 ! (148) 155 138 163 164 16 164 164

177 77 7 177

“S(" (i(’-‘) |6S 175 Vel 177 177
(163) (173) i78 187 184 190 190 190

7.5 (170} (18 187 199 202 2035 03 203
8.0 (189) (196) 211 cls 218 MR 215
(203) (212 233 239 24 ) 4

Naote: The figures in prackets, which are for spacings of more than 0.5 D, are of doubtful accuracy.
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