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A Study on the Cathodic Protection of a Steel Strip
in the Water by the Double Insoluble Anodes
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Abstract

There are two ways on corrosion protection for the metal structures in the water. One
is the impressed current method and the other the galvanic anode method. The former
has been more used than the latter in the larger metal structures.

In case of protecting a steel strip in the water with the single insoluble anode by the
impressed current method, the polarization potential distribution, the influence of the
anode location affecting the potential distribution and the required minimum electric
power for corrosion protection etc. have been already investigated by Jeon ef al. But the
protection method using the double insoluble anodes has not been studied sufficiently
in the theoretical aspect- ‘

The authors have investigated the polarization potential distribution and the influence
of the anode location on the minimum electric power for corrosion protection in theore-

tical and cxperimental aspects in case of protecting the metal strip in  the water with
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double insoluble anodes. And the results of this work are as follows;
1) The general formulas for the calculating of cathodic polarization potential on the
steel strip between two anodes is given as
E.=E, cosha(l—x)/cosha!l
=E, cosh{(v/mgp,/mt/+R YU—x)}/coshli(v/msp,/mt/ VR )

g 053 336
00— (logssh)o. 5774 (35h)0. 5417

VR X103=(3.0192+0. 406)x+ (274. 612184, 98)
Where, when the anode height rate is 0.29~0.57, the accuracy of calculated potential

approaches approximately to the measured values.
2) The required voltage of power source for the cathodic protection can be determined by
Vo=I,(0.73340.069 log(lh])ox107¢4-1.7
Iy=4igmel X 10™¢=1ym,LX107*
3) The required power for cathodic protection can be determined by
P=V I,=I,2(0.7334-0.069 log(/A))px107¢41.71,

4) The larger the specific resistance of water is, the greater becomes the effect of
anode location on the required minimum power for cathodic protection. But when /%
range is 0.5714~0.6286, the required power is minimum with the specific resistance.
And considering the required minimum powers and accuracy of calculated potentials,
it is generally desirable that % value is about 0.57, which corresponds approximately
to the result of research by Jeon et al.
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Fig. 1. Experimental equipment
(@ Fresh water tank @ Electric power source
® Test piece ® Reference electrode(SCE)
® Pb-Ag insoluble electrode ® Potentiometer.
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V—A meter: HINOKI 5L 64 tester
(3) Arstbi g : &M (Pb—4A) Bl
10 mm¥RFE AR BlE
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Table 1. Qualities of fresh water used for the experiments

ater temp. Total Total . Specific e
v P pH hardness alkalinity Ché:)r(l:({? resistance Spec;fxc
°C ppm CaCQs ppm CaCO; pp Q—cm gravity
27 5.8 700 J 8 l 58.5 2210 1. 0024
2.3 XBHZE

o] B HBA T Kl BESt A% 2HAM-S A SRl BHRWE 100mA/m*2 ki
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Fig. 2. Polarization potential on the strip

protected by cathodic protection
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PPN (IR SN N RN S Sl T N M VAN N S
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. th(cm) 5 10 20 40
—900 @) Current Densitys 26 0.4 mA/mi=i,
Vi(Vy 3.83 3.93 4.0 403
Water Temp.: 25.1°C
Symbol ® X ' L
-850 P~
—800 Protective

—700

Polarization Potential, E.(mV, SCE)

—650

Potential; —770mV(SCE)

Corrosion Potential; —650mV(SCE)

i 1 i L 4 1 1 1 i 1 1 1 1 Ll

15 25 35 45 55 65 70
Distance from the DrainPoint, x(cm)

65 55 45 35 25 15 5 0 5

Fig. 4. Cathodic polarization potentials on a steel strip in the water
(Fig.1. Reference)
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Fig. 4 Cathodic polarization potentials on a steel strip(Continued)
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Fig. 5. Relation of x to v R, when i,=312.5 mA/m?
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Table 2. Cathodic polarization potentials (4/=140cm 4,=312.5mA/m?)

T 1 . x(cm)i
r=1ijt, | B/l @ YR (ariemy | | 0 10 20 30 35
! M. C j
i ;
oM 230 130 100 95 90
0. 14285 15.3 80 |
! ] C 230, 000 222,999 222, 999 222,998 222, 997
]
o e A B
M 170 130 120 115 110
0. 28571 11.3 69.8 \
CC 170.000  169.999  169.998  169.998  169.997
i
R _
; M 140 130 125 120 115
0.571 ¢ 9.3 62.5
‘ e 140.000  139.999 139.998  139.998 139,997
- L D R -
M 140 135 130 125 120
0. 857 9.0 62
| 1 c 140.000  139.999  139.998  139.998  159. 997

* M: Measured potential(mV)  C: Calculated potential(mV) {rom the Formula(3—20)
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Fig. 6. Relations of @ and b to A
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Fig. 8. Relations of log35k and log(log35k) to p and k
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Vo= TR o X 108 1, e ee i e e e e e e e ee e e et aeaas G-
2P MERER Ry(QE G-DRAA
Roy=[(Vo=T1.7) /I X 108 e eeenniiiriieriiii et et e e s et (5—2)

A BB T B 2ol Ak ABFMEH Lo(=4igmd X 10~mA)e| o she] FHERRE Vor
Table 35} Rtemz o] % (5—2)Rell RASH] LPFMEBKEN Ryt 71 FHESE Rstw Table 4
S} 7ol =,
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Fig.9%= Table 4% B33 Aclw. Fig.9 93t Rey logllh) (k)= 1he] #4fi, 8 /S em
A Hfste

Rop=(B+Clog(1h]1)021=B0s;+Coyrlog({h)=D+Elog[Ih] «++erveenneen. 5—3)
G-k D, Eg Table 4] Mike] SIshol {oEFkez Jrzar
D=162. 1666 E=15, 3484
Table 3 Relations of V, to Ik and I,
I,(mA
T 12.5 15 17.5 20 h
lh=H(cm) ™~
5 3.83 4.3 4.78 5.18 0. 1428
10 3.93 4.35 4.83 5.23 0. 2857
20 4.0 4.42 4.90 5.32 0.571
40 4.03 4.5 5.02 5. 46 1. 143

Table 4. Relations of R,y to Ik and I,

I,(mA)
\ 12.5 i 15 17.5 20 mea“QR"" log(th)
Ih=H(cm) ! ’ @
5 170. 4 173 176 174 173 0. 699
10 178. 4 176 178.8 176 177.3 1. 000
20 184 181 182 181 182 1. 301
40 187 186 189 188 187 1. 602
190 |-
185 [~
é: 180 |-
5
R
-]
g
=
175 p—
170 | i 1
0.5 L0 1.5

%ﬂlog h
Fig. 9. Relations of mean R,y to log(lh)
B=D/py;=162.166/2210=0. 733X 1071 +rrereerrrrereecrmrerrrrrerersrvueerrrens (5—4)

C=E/py1==15.3484/2210=0. 089 X 10=1 +++-srrreeereerrarereeersssrnreaneesssn (5—5)

(5—4), G—5RE (5—DRl RAIE BfEKEY LEH Ry o= EEERETY 29 i
EH(Q—cm))=

Rop==(0.733+0. 06910g[/A]) X0 X 1071, (£1) «++eevrrenrreereimmmiirrserarennaass (5—6)
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Bole) R Mol o 3 Aoh @A) [hfkiaol =he BB (15)
(G-6)RE (B—1&Ke [CATH PTEER Ve
Vo=1,(0.73340. 0691og [ LZ )0 X 1074 41.7, (V) eereerimminininiiienns (G=7)
G-DLoz HaEe 3 gillfiel AT %= Wk I8 Table Cb 3t
Table Coll ¢35t (5—-7)0¢] FEMEHLS BafEel sl Mt B Lol BH&RGI] £1.0% Li

el KIS Zherh

5.2 Bigc| MEENS REX

Bhfikell FREEE = L P (5Tl A
P=I1V,=I200.733+0.0691cg({h3Dox1074+1. 715, (mW) ~evveveenn G-
(5—7)&elt B—8) Kol 4 Tz FTEHEHE Y ool &S (O Tobd o i el el
fUEEG S HIREE S = kA FA S ogleh
Jom=4ightgl X L0 THCIA) v veeerreeermre e in st 5—9

5.3 RBMMEY
(3—20)ell A x=1 wf  E=Eiflel Pz oifioE Ok

Ei=Ey/coshly/mgp./mi [ v/ R) sevemvsrame it (5—10)
U—d)Lell x=1-5 fLAS

VR X108 (3. 019h+0.406) L+ (274, 6/ -84 98 cv - vvvverevmirurinininns (5—11)
(4—6)8¢ 2 &

E,= 0.5321, BT H O H W W R (5--12)

(loé%h)“’m 1 (3500 5417
(5—10)~(5—12) Rl A do=/ 10T ket G=DKAA [oE K vhdel (5--8) Kol P=/

(hy, 0Y% Fh,

P . \ L o 29/ = v S
bl L =09 Gk A h=f00E RIEE A LT AL A B s
[e
Bohiel (03 Aoh sleh o) shel Vool LE fobe sl MRl BoRs I diadike] 2 7

o] e},
BlmA A frgmel pls g G 8 Zheh
m=5cm, #,=23cm, t=0,3cm, [/=35cm, 1):13.JX10’6(Q~cm)°1 s el Al T Ry B ]

fegedte] Bhesh 7ol 120mV La4rkid ) ok el I,

b/ Egg=—T70—( —B50) = —120m Vo erereronn e (5—-13)
wpeba B P R (G- <av9>x~fa A
P=(1.689-+0. 159l0g! 357101 X 107740, O81Gig ++erremeernirisesscns (B 14

(5—10) ~ (5—13).81 A
6. 3158(log35/)0-#7%

:225.6COShB(10g35/l>0‘b"“—‘r A 7(55]1)"‘“” ..................... (5__15)
3 = 581081916;16-1@9 g e s (5—16)

9o T S8 o9 hghe (AT PU, el Bie A [l G 2 WA LURSH
m Fig. 105} ek o] zgel &3t &4 ”L,’HTL p7t & AT B RELE kY @EME
Ba S PCh, o)oll 4ebsl Al o % wE G fekeh el HRdtel A Aol Aol »f;‘/ﬁlﬂ]
2o AR oA A e ¢ 4 9ok e KRB Y BMES —Bmew o ik
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(16) 19704 35 EBient AeH Tk Hig
B ool oA FEEBES Eol® ksl 0.5714~0.6286°) @AY =lolth. olAL @A R
Mo BT e M .Rle]l BIRASE h=0.5625~0.6875"%} T —Bdch, 2umz B
WE F A THEMEEEoD MY o T FEMEEERD S Ake FAt 5 Fal BEe
g E e H - RSl Hke FASH 24

Vi
140}~
130}~
120 |~
U h=0.5714C200m)
ol H
)
]
t
i
|
100}~ |
t
t
,
o 1
3w '
= 1
3 1
»
J 4
80 b= Ll
|
|
|
'
0
! h=0. 57140200m)
]
0 b i 4=0.TI4C20cm)
i
'
]
]
50 j= I
1
'
: . 2=10000-cm
w0 f i 2
1« h=0.5714(20cm)
1
30 ¥ h=0.6000(21em)
! =0, 6000(21cm)
o=250uem
| h=0.6286(22cm)
i 1 ! i 1 1 1 L
10 2 2 © 50 6 7 80 Ihiom)

(0.2857) (0.5714) (0.8571) (1.1529) (1.4286) (1.7143) €2.000) (2.2857)

Fig. 10. Relations p and k to P(o, h)

6. ¥ &

TS AEE BEA o KdEE Bt BT DL B thed ke a9
D |#me 200 A@tE BEo s FiMe o 7 B BOMEEMNE deRos HEd £
A2, 2 BELE BEEE 27l 0.29~0.579) W4 Er}.
E.=E,cosha(I—x)/coshal
=Eqcosh{(v/ mgp,/mit /v RY((U=x)} /coshl(v/ mep,Jmi /+/R), (mV)

— 0. 532 3.36
"= Clog 35k (35 Jyosar » (mV)
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Aol RAE BhEol 9w kohgasel (Rl b gPR

VR X108=(3.019/+0. 406) 1 4 (274. 64484, 98), (Q'em)

2) BEfuBi Rl EEgES] RS e o s ok sl

Vo=1,(0.7334-0. 069 log(/hox10"¢+1.7, (V)
Ty=4igml X 1074 =im, L X 10", (mA)

3) Batwbhifhe] PrEEN S hReR kT 4 gk

P=V,I,=1,2(0.73340.0691og[ {210 x 10~*4+1.71,, (mW)

4) £ W] 55 BiEe] WEME (D WEMSEST BT a2 4

o, JeEde] Ao A%l avhA G8e wAd gheh 2Eu LIRS e B BT 4
hiz pol WelA 0.5714~0.6286¢] W iolvh. melme RO LS ML K

Wiz o) K A= 0,575 7t 4 st

(\J'—a

—_—
—_ O

© XN e ¢ e ow

2 E X

. G. L. Daly; Bk, Vol 15, No.8, p.372(1963).

H. H. Uhlig; Corrosion and Couusmn Coentrol, John Wiley, p.195(1965).
BAKE @ bt B, B MG, @bt A8 fml IR, p. 87(1975).
TR B el o ST, ML BEE, pp. 133~134(1967).

R. Pope; Uhlig’s Corrosion Handbook, John Wiley, p.942(1963).

S 4ekd, Vol 45, No.8, 7 24, p. 16(1975)
J. H. Morgan; Corrosion, Vol.15, August, NACE, pp. 417~422(1954).
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. D. A. Jones; Shreir's Corrosion—2, pp. 11--13~17(1976).
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Mgk [ XEEMRL RBX FE

GB-1DR 2 G-1ORE MadA B

JRX108 = 5 W6XU—2) s U—1

os [ By (5) 1 |
A—=DFEell —F o} —& ATAA B xodl A E9 HEiEs RASS RE Fslz ©hA of
Rz} Fo7) hote] BiRE j?%}“% —& T R —BR& K + dvh d7dA 2=l H$
vRY g HiE Rsted A 5 goB=2 22 I ®Es] st Aor Y4std /R e
Kt =
Fig.5% o] B4l 9 ste] & AT x9} VRX10°9) BRE ket ERT Aolvh o] zddlA
& hel Aol x9t VRX10% BRI E#el 22 ol —Kol Wzt
«/RX]Osﬁax-Fb .............................................................................. @
a2yuz QR & AT xol A VRX10%] HAME RAS] BIERESE RAOBE B
wteh, {0 ax+bol A VRX10%9) B bE U—DRell x=0& RAHA ksl Table 59 3ol
5=
(1) h=0.14285(H=5cm)*} 7 --
P/ R X103, x)=(10a+114.3—120)*+(20a+114. 30—132)2
+(30a+114.3—142)*+(35a-+114. 3—145)2
aP/aa~O°l ) 2625a=2317 ..a=0. 881
. /By X 10%8=0, 881x+114 o RO oo T ®
(2) h=0. 28571(H=100m)4
@9 A+ & %ﬁiii

W RaX103=1.1782%+177.6 +ecerereerseaciiiiiiuiiiiiiiiiiiiiniieiiinieieieaenen, 6
(3) h=0.5714(H=20cm)<] A%

«/R3X103=2-2174x+238. D eetretttetiiitre e isesatetseteaestetttrateeruresecnnans @
(4) h=0.8571(H=30cm)<] 7

W RXI03=2, 9744319, 6e-vvrererereuiiiitiiiiiiiaie e e 6)

@~@Re) a, bF #MeH Table 59 2 o] & @RS Fig.69) (1), (2)s 2k
Table 5. Relations of @ and b to &

h 0.14 0.29 0.57 0. 857
{h(cm) 5 10 20 30

a 0. 881 1.1782 2.217 2.974

b 114.3 177.6 238.5 319.6

Fig.5¢] °13le & —HKol mazdtet.
a_—_-_-ch+d ....................................................................................... @
L i o A T N @
©®, @Rl Table 59 BtE CAS] D FIRELRZ c9 d D e} fE Plirsr 4 9ot
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2Rz OX ©/,

Tohel REbe Bikol o ok Ach#itrel phlmbighol - g (19)
B} @==3,019740, 406 «creerrrmrmamimrie ittt 6,
D==074, BRAFBA. OB covvrreimi e a2
P = AW N ]
VR X 103=(3.0194740. 406) x4 (274, 67--84, G8) «rrerrsrererrrmmmminerierniiiinnns 8

Mg 0. HERR2 FEE

Fig. 7¢ A& %<
& BT B o e

2 PR

v,

(1) h=0.14285(H=

% IZMM ;U:E%r‘ RE
0. 14285(H=5cm)2] #

BB Fg

Wozks B A dooh el AT By gobd MRS Aol
-l UM 5]
feAs) Rl R pE KU PEA b=

o) dl ¢ ohd

b E g o

aP/ap=0 <+

&y, AR

(15 fl— Aiko i

(2) h=0.28571(H=10cm) % 7%

(3) h=0.571(H=20cm)<] #

) h=

39 P(Ey, )7} ey in €7] slalal oP/ap=0F oP/ok=00] p7r% o] of

Sem)<l
P(E,, 1,)=(208. 3k—+p—150)%4(250. 4=+ p—195)?

4812, 5k+ p—245)2 L (416, Th=4p—3835)7 cerernareeniii @
382401 k1107, 9P=298180 « covrrerinais e e 3
B s v h=0.6599, p=—34.1 o]= %

FEy=10.6399 To—3du 1 rermm e 3
(D~ (e Bft
Fopm=0. 4021522, 5 +oereiuiereuii e i, )
A
g B R B PP 7
-1, 143(H=40cm) ¢} 4%
Epy==0, 40875 —11. 1 werverremtmmsmmiimtiii e 8

S~ Kot A kel g kS pel Bl donshd Table 65 I e

Table. 6. Relations of p and k to 352

h(Hem) 0. 14285(5) 0.28571(10) 0.571(20) 1. 143(40)
k 0. 6599 0. 402 0. 457 0. 4087
b —341 —22.5 —15.3 —11.1
logh —0. 84512 —0. 544075 —0. 243304 0. 058046
log35h 0. 6987 1 1.30103 ; 1. 60206
loglog3sh —0. 1554 0 0. 114287 | 0. 20468
logk —0. 180462 —0. 3080349 —0. 3400838 : —0. 38933
log(-—p) 15327544 1.3521825 L 184091 i 1. 045323




(20) 10794 3 @RI ASR Ik Bl
Table 6] BifRE Mmstd Fig. 83 o] Hlmz B89 BFEA Rz
1og(—p)==10gB—atl0g35/ «++++revrersseriemiirianiieiiiiiinenie et ®
logk_——_-logq—rloglog35h ............................................................ ()
OX % OR a X B, 2= g, rE RPYHARELZ K3l
log(— p)=log3. 36—0. 54l7log35h=log%§?‘,_w
3.36
b B o
logk=—0.2741—0. 5774 log(log35h)
=—{0.2741+0. 5774log(log35k) } = — {log1. 88--log(log35k)0-574}
=— {log. 88(log35h)® 574}
—logk=log1. 88(log35k)0 574

L —1.88(log3shyo- 571
he 052 @

a2z O} @44

—0.532¢ \\LLL.L: /7 OO
E, = (10g35h)°' 5744 (35/)0- 5417 ) ®
Mg 0. M &

Table A. The calenlated potentials and measured potentials(mV)

[ Protected area: 0.042m? ]
Length of strip : 1.40m

x(cm)
i(mA/m?) \ 0 10 20 30 35
k

0.14 134,82 97.35 79.28 73.9 74,88
(150) (80) 70) (60) (55)
208. 3 0.29 109.8 89.14 79,4 LAY 77.95
(110 (90) (70) (60) (60)
0.57 94.51 85. 08 80. 92 80. 19 80.75
(90) (85) (75) (70) (70)
1.143 84.4 80. 49 79.00 78.87 79. 16
(80) (80) (75) (75) (75)
0.14 169.8 122.61 99. 85 93.1 94,31
(200) (115) (90) (90) (70)

260. 4 0.29 137.5 111. 62 . 99.52 96.5 97.6
(145) (120) 110 (105) (90)
0.57 118. 32 106.79 101. 31 100. 40 101. 10
(115) (115) (110) (105) (100)
1.143 105. 05 100. 25 98.34 98.17 98.53
(120) (115) (110) (105) (100)
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20

0.14 206. 54 149. 11 121. 44 113.22 114.72
(245) (130) (100) (95) (90)
312.5 0.29 165. 32 134. 19 119. 66 116. 1 117.37
(175) (130) (120) (115) (110)
0.57 141.12 127.06 120. 83 119.75 120. 58
(125) (130) (128) (120) (11%)
1. 143 126. 16 120. 40 118. 10 117.90 118. 33
(140) (135) (130) (125) (120)
0.14 273. 62 107.57 160. €0 1£0. 66 151. €7
(335) (170) (130) (130) (120)
416.7 0.29 220.74 179. 20 159.78 155. 02 156.72
(245) (175 (150) (140) (130)
0.57 189. 74 170.79 162. 43 160. 9 162. 09
(195) (175) (170) (165) (160)
1. 143 168. 39 150, 71 157. 63 157.37 157. 94
(160) (155) (155) (150) (150)
*( ): Measured potentials
Calculated Potential . e ¢ Protected area: 0.042m?
Table B. " Measured Potential X005 \ Length of strip: 1.40m }
~_ xlcm)
i(mA/m?) T 0 10 20 30 35
0. 14 l 89. 8 121.6 113. 2 123.1 136.1
0.29 99.8 99.3 113.4 128. 3 129.8
208.
0. 57 105.0 120.0 107. 8 114. 2 89.7
1. 143 105.5 100. 6 105.3 105.0 105. 5
0. 14 I 89. 26 i05.6 110.9 163. 4 134.7
0. 2¢ : 94.8 2.6 9G. 45 S1.9 108. 4
260
0.37 102. 8 22,8 92.0 G3.2 101, 1
1. 143 87.9 86. 9 89.3 93. 4 98.5
0.14 84. 3 113.8 121. 4 118.1 127.4
0.29 04, 4 103.2 99.6 100. 9 106. 6
312,
0.957 112. 89 97.6 96. 6 99.7 104.3
1,143 90.1 88.8 90.7 04. 32 98. 58
0.14 81.4 116.2 123.0 115.3 124.9
0.29 90.0 102.2 105.9 110.7 120.5
416.
0.57 96. 92 87.5 95.5 97.5 105. 2
1. 143 105. 2 103. 2 101. 6 104. 9 105. 2
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Table C. (Calculated voltage(Vyc)/Measured voltage(Voy)] and the ratio
\I o(mA)
12.5 15 17.5 20
h - N
\ Voc/Vou % Voc/Vou % Voc/Vou % Voc/Vou %
Ih=H(cm)
3.85 4.28 - 4.72 5.15
0.14 5 3783 100. 5 13 99.5 i7" 98.7 5,18 99. 4
3.91 4.358 4. 80 5.24
0.29 10 3,03 99.4 135 100. 1 —i83" 99.3 533 100.1
3.97 4.427 4.88 5. 33
0.57 20 0 99.2 i1 100.1 L0 99.6 = 35 100.1
4.031 4.496 4.96 5.43
1.143 40 203 100.0 5 99.9 502 98.8 TE A 99.5
Mt$g V. Programming
PANAFACOM UMOS/D E004 FORTRAN Vo01/L05 —760101—
ISM STNO. SOURCE STATEMENT
CALCULATION OF FUNCTION
1 REAL 10
2 40 READ(7,10) RHO
3 10 FORMAT(F6.0)



Eole Rt B 99 Achgme Kl 2w IR

v

0.14 206. 54 149. 11 121.44 113.22 114.72
(245) (130) (100) (95) 90)
312.5 0.29 165. 32 134. 19 119. 66 116. 1 117.37
(175) (130) (120) (115) (110)
0.57 | 141. 12 127.06 120. 83 119.75 120. 58
& (125) (130) (125 (120) (115)
1. 143 ‘ 126. 16 120. 40 118. 10 117.90 118. 33
t (140 (135) (130 (125) (120
0.14 273. 62 197.57 160. 20 1£0. 66 151. 97
(335) (170) (130) (130) (120)
416.7 0.29 220.74 179. 20 159. 78 155. 02 156. 72
(245) (175) (156) (140) (130)
0.57 189. 74 170.79 162. 43 160. 9 162. 09
(195) (175) (170 (165) (160)
1. 143 168. 39 160. 71 157.63 157. 37 157. 94
% (160 (155) (155) (150) (150)
*( ): Measured potentials
Calculated Potential - v Protected area: 0.042m?
Table B. “"Measured Potential X100¢%5) { Length of strip: 1.40m ]l
~_ #(em)
i(mA/m*) e 0 10 20 30 35
h
0. 14 89. 8 121.6 113.2 123.1 136. 1
0.29 Y. 8 99.3 113. 4 128.3 129. 8
208.3
0. 57 105. 0 100. 0 107. 8 114.2 89.7
1.143 105.5 100. 6 105.3 105.0 105.5
0 14 1 89. 3¢ 105. 6 110.9 162. 4 134.7
|
0. 2¢ ' 94. & G2.9 90. 45 1.9 108, 4
260. 4 L
0. 57 { 102. 8 02,38 g2.0 65.2 101. 1
1. 143 87.9 86.9 849.3 93.4 98.5
0.14 84.3 113.8 121.4 119.1 127.4
0.29 g4, 4 103. 2 99. 60 100, 9 106. 6
312.5
0,57 112.89 97. 6 96. 6 99.7 104. 3
1. 143 90.1 88.8 90.7 04. 32 98. 58
0.14 81.4 116.2 123.0 115.3 124.9
0.29 90.0 102.2 105.9 110.7 120. 5
416.7
0.57 96. 92 97.5 93.5 7.5 105.2
1. 143 105. 2 103.2 101.6 104.9 105. 2
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Table C. [Calculated voltage(Vyc) /Measured voltage(Vos)] and the ratio
Iy(mA)
\ 12.5 15 17.5 20
h - N
\ Voc/Vou % l Voc/Vou % Voc/Vou % Voc/Vou %
lh=H(cm)
0.14 5 g’: gg 100. 5 =28 995 — T2 g7 2 9.4
0.29 10 —% 99.4 j ggg 100. 1 ‘:%?3 99. 3 _g_2§_ 100. 1
0.57 20 2 37 99.2 i ig’] 100.1 i gg 99.6 ;g_g— 100. 1
1.143 40 i ggl 100.0 i 396 99.9 ; gg 98. 8 %% 99.5
Mgk V. Programming
PANAFACOM UMOS/D Eo004 FORTRAN Vo1/L05 —760101—
ISM STNO. SOURCE STATEMENT
CALCULATION OF FUNCTION
1 REAL Io
2 40 READ(7,10) RHO
3 10 FORMAT(FS6.0)
4 WRITE(S, 100)
5 100 FORMAT(5X, 1HIL 5X, 5H RHO, 7X, 5H BETA, 9X, 2HIO, 9%,
2HHI, 9X, 1HP)
6 IF(RHO—0. 0)50, 50, 60
7 60 DO 30 J=1,80
8 H=1.0*FLOAT(])
9 H1=H/35.
10 BETA=181. 86(380. 27*H1+99. 19)
11 X=(EXP(BETA) +EXP(—BETA))/2.
12 Y =ALOG10(35. *H1)
13 10=225. 6*X*¥Y**0, 57744-6. 3168* Y **Q, 5774/(35. *H1)**0. 5417
14 P=(1.68940. 159*ALOG10(35. *H1)*RHO*I0**2%1, 0E—07+0. 0816%10
15 WRITE(S,20)J, RHO, BETA, 10,Hi1,P
16 20 FORMAT(5X, I2, 5(2X, F10. 4))
17 30 CONTINUE
18 GO TO 40
19 50 STOP
20 END
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