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EHpected Error on Coil Resistance when Determined by Short Sample 
Measurments 

I haue done a simple error analysis for the calculated resistance 
of a coil using as input the short sample measurement for the 
resistance per foot of coble. The eHpression used ·to calculate 
the resistance of o cured coil is: .·--
((R+dR)*( 1 +(CO+dC)•(OelT +dT)))*(l +dl) 

where R is the resistance/foot of coble, Dell is the 
difference between the temperature at which the short sample 
measurement wos mode and 68°F, (the 
temperature of the compensated Uolhollo measurments), CO is the 
constant which relates resistance to temperature, L is the length 
of the coil, and dR, dC, dT and dl ore the associated errors on these 

- uolues. If we eHpond the aboue eHpression and keep terms only to 
first order we obtain the following for the error term: 

Dell"'L *R*dC + R*dl + CO*DelT*R*dl + L *dR + co•DelT*L *dR + CO*L *R*dT 

Typical ualues for the oboue uoriobles are: 

L=- 2570 ft (the length of o long coil) 
dL=lOft 
R= O. 7250 (resistance/foot for outer coble) 
dR= 0.017 
CO= 0.0019 
dC= 0.0003 
Dell= 7°F 
dT= 2°F 

where dR is obtained from round-off error in the Q.C. determination of 
R, dC is the difference between the constant used by the Q.C. 
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-

department and what I ·found in my Fundamentals of Physics book by 

Halliday and Resnick*, and dT is a guess at how well the thermometers 
are calibrated relotiue to each other. Putting these uolues into the 
error equation I get a ualue for the error of 62 mn. This ualue is 
dominated by the round-off error, dR. This analysis is uery 
conseruatiue and it is .unlikely that we will euer see discrepancies 
between the measured resistance of o coil and that calculated from 
short sample measurements of 60 mn, howeuer it_ does suggest that 
the discrepancies of 25 mn which we are obseruing ore not 
unreasonable. I recommend that we place limits on the difference 
between the measured resistance of the coil and that eHpected from 
calculations based on short sample measurments of 50 mn, a deuiotion 
outside this limit requiring o physicist sign off. This could probably be 
tightened up if someone were to toke the time to go ouer the 
procedure used by the Q.C. deportment when they make their short 
sample measurement to see if it could be improued. It would be nice if 
we could reduce this error to less than 35 mn since we would then 
olwoys be able to detect a dead short between turns (a dead short 
giues a drop in resistance of about 70mQ). Once a coil resistance has 
been established by direct measurement we should put o limit on 
deuiations from this ualue of 1 omn. This ualue is obtained by 
assuming a difference between the Ualhalla temperature compensator 
probe and the true temperature of the coil of 2.5°F at 78°F and 
placement of the lettds on the coil with an accuracy of 1 ft from the 
designated position. It seems reasonable that these criterion can be 
met, especially if the temperature compensator probe is embedded in 
a heat sink so that it does not respond to fluctuations in the air 
temperature. Finally, once a pair of inner or outer coils has been 
designated for a maget, we should require that their resistance match 
to within 1 O mn at all times. This assumes that the same coble was 
used in both coils, a temperature difference between the coils of 1 °F 
at 78°F and a difference in length in coble used of less than 1 O feet~ 

*(I houe not found anyone who knows eHoctly where the uolue of CO 
the Q. C. department is using comes from but it appears to be historical. 
My guess is that it was empirically determined for the coble used in 
the Sauer magnets.) 
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Memo to: 
From: 

D. Tinsley 
W. Koska 

Subject: Tolerances on Electrical Measurements in Coil Inspection and Coil Prep 
Travelers. 

Don, 
I am sending a note in which I propose (and justify) tolerances for the resistance 

measurements made on coils which are called out in the Coil Inspection and Coil Prep 
Travelers. After reviewing the most recent data I would like to relax one of these 
tolerances from (1 O mo to 15 mo) until we place the temperature compensating probe 
in a heat sink. To summarize, the tolerances are: 

Measured coil resistance should be within ± 50 mo of the predicted value from short 
sample measurements. 

Once a measured value of coil resistance has been established and accepted (i.e. the value 
established in the Coil Inspection Traveler) all subsequent measurements of that coil 
should be within± 15 mo of that value. 

Once a pair of coils (inner or outer) have been assembled for a magnet, the difference in 
resistance should be established and this difference should not vary by more than ± 10 
mo from measurement to measurement. 

In addition, I would like to establish the following values for the measurements of 
inductance and Q made in these travelers. The values I propose for inductance, obtained 
from averaging the values obtained in the coils to date and using approximately 3 std as 
the acceptable limits, are: 

Ls (inner coil) -
Ls (outer coil) -

3.00±0.03 mH 
8.05±0.1 mH 

The values for Q have somewhat larger tolerances since they are dependent on resistance: 

a (inner coil) -
a (outer coil) -

2 .1±0.2 
3 .3±0.2 

Once these tolerances are incorporated into the travelers the requirement that a 
physicist sign off on these electrical measurements can be removed, except In the case in 
which a measurement falls outside of the range. 

Wayne Koska 

------ - -·---- - - --- - - --



Electrical Insp Data 

A B I c D E F ~ H I --~~§~~t~,.~~~~*~~-it-~~~m~~~$i~~~~m~~~W:m~t.~~~::;:u~~~~**~~feW.~*~§1~ 

.... - **~~%lt~~i~~~f~ cou msoection Loo1k~@im~~t.i$.t*il 
~l~~t~t~~t~~tt:~W:$i~~~4.~~~~~~~..1..~~~~~S~t~*j;_~~I~~~~~i~t~~it;~t~~jl}.~~ 

' 
' Have er Coil Num IP.t ~n (nred1cted im(measun>.1 Rm-lln Ls (}'m H 0 (I'm Hz) Date 

•ree .:::01 ns 1 n 1171 I /I 0 .• \ 2 '""'·Anr 
•ree .:.::01 ns · 1 TL 111• } I 4 .a -, 4-Mav 
"ree1 ... 01 ns 1 :r~ 11111 11 I -1 ;QI .1 ?l .l>Aav 
"ree ... 01 ns 1 14 llUl 1 ~, . -

.-l i:J un 
t--tee ~01 ns 1 I"\ 1110 1 :) .') 1.rn 2. 17 10-Jun 
Rree -01 ns 1 lfi 1118 1 1ti -A 2.IJ~ .1 14-Jun 
•ree .:.::01 ns 1 7 
•ree .:.::01 ns 11 IX 

"ree ~01 ns 11 IY 

"tee I ~01 ns 11 lU 
~tee 01 ns 1 11 
•ree "'01 ns 1 1 
-ree vOI ns 1 1 
-ree vOl ns 1 1• I 

•ree ... 01 ns 1 l' 
Rree '.;01 ns 1 1 
•ree 01 ns 1 1 
•ree ~Ol ns 1 1 

:' •ree vOI ns I 1 
•ree ... 01 ns 1 f.l.I I 
•ree 01 ns 1 121 
"ree ~Ol ns 1 !')_')_ 

"ree ... 01 ns 1 rLi 

Free ... 01 ns 1 r24 
•ree ~01 ns }I 25 
•ree ~OI ns 1 ()(, 

"fee ~m ns 1 ,,.. 
•ree ~01 ns 1 L~ 

' •ree 0111ns Hm 
•ree ~ml Ins }IHll 

Ave 2.'J'JZlbb07 
~)"lUHV 0.1xJ825fil1 
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Electrical Insp Data 

J K L M N 0 P 0 

' Iraveler ' oil Num e1 <mCmeasured Km-Kn Ls 0·1.11 Hzl O 117.Cl Hzl Date 
..;oil l'TeD 11 1 BR.do 5 '2,llll 2 ~-Mav 
-01 TP.n I 11'<7 4 2,llM I.9 16-Mav 

201 ~n } -}IJ9\} 
201 -'rP.n 1 u 1099 1 3.01 2.llh 8-Jun 

1 .... 01 ~o 1 :i 1079 -11 -r.a1 -z.n6 1-Z-Jun 
.... 01 eo 1 ~ n lll7X ·~ 2.1 17-Jun 
..,oiJtTeD 1 KJ7 

·~ ~01 PreD } :JK 

oil Pren 1 : Ill 
' ~il Pren I 10 

.... 01 ~n 1 11 

... 01 ~reo 11 1 
-01 en 11 

Cm "Ten 1 ,1~ 

1~01 "Teo 1 t> 
1~01 reo 11 1~ 1 

-01 l'P.n 1 1 
~01 "Ten 1 

1~01 "Teo 1 
1~01 reo 111z1 • 1 

1 .01 Pren 1 zl 
1:01 Preo 1 n 
Cm "Ten 1 r1. 
1_01 reo 1 w 

01 ren 1 -r 
-Ol 'ren 1 
-01 'reo 1 

1_m reo 1 
01 ren 1• 

-m 'ren 11 

Ave ~998 
ST DEV o.onmR4 
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Electrical Insp Data 

A B c D I 
j 

41 1 Traveler I Coil NumbeiRn (nredictedRm(measured Rm-
4z 1Free coil Inst 2oori---- 25751 ~~ 
4~ 1 Free COITTrisl ?.1 
aa t Free COillns1 ?.1 
45 I Free CoilinSl 20041 181\?.l lR'H 
4h I Free Coil lnSl 20051 n- 18551 1826 
47 I f<'ree Coil Ins! 20061 18451 IR?R 
48 !Free Coil lnSl 20071 18341 17Q? 
4Q IFree Coil Ins1 20081 I 1793 
.cm 1 Free Coil Ins! ?.1 

~ree Coil Ins1 201 
Pree Coil InSl 2011 

-;nFree Coil Insf 201 
54 I Free Coil InSI 201 
55 IFree Coil Inst 201• 

Free Coil Inst 201~ ( 

Free Coil InSl 2011 
..:R •Free Coil InSl 201 

Pree Coil Inst 201 
1111 1Free Coil lnSl 20li 
,. 1 1 Free Coil Insi 2020 • 

l<'ree Coil Ins! 2021 
Pree Coil Ins! ?O?.? 
Pree CoilTnSI ?O'H 
l<'ree Coil Ins1 2024 
l<'ree Coil Ins! 2112'! 

67 IFree Coil Insl ?0?1 
hM 1 Pree Coil Ins! ?O?' 
69 t Free Coil lnsl 202; 

;;-ree Coil lnsl 2n21 

Free Coil Ins1 ?.mo 

Ave -R~07'i 

ISTDEV 0.03891382 
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Electrical Insp Data 

J K L M N 0 P 0 

' • Iraveer ICmlNum ~11<rn(measuree1 Rm-Kn Lscl:mHz) UCl,,11Hzl Vate 
• _01 ren ,, -...: ... ~" 1 H.• ,., 2.4 'J:i-Mav 
• 01 "fen ·1 7.'iR'i 7.'iR' 8.01 2.4 Zi·Mav 
• -01 ~n L 1 C 
• .:n1 ren ~ 1 l'J I ~. n 3. s HJ ... un 
• ... 01 ren 1Jl I 11 1 ~ .1 3 ,"S 11- un 
• oa l'feo ·-• 1 ~ ·:£l 8. ,., 3. 17- un · 
• ~Ol !'fen 1 ' 1' 8. 1x 3. 19· un 
• -..Ol l'feD ·11 -l/~ 

'-E- Sys-te.~+,(. olfse.r e/11r-. lo 
v ... 11....., ,, ... C....c.. I I !o ,... .... .-1- t ~ • 

... oa ~ren L 

... oa ~reo z lU 
::::oa "reD 11 l 

• -Ol ren 11 
' ~01 "fen 1 

1 ~01 "fen l • 
1~01 "reD 11 I 
1..;01 ren 11 

' -01 ~n } 
• Cm ~n 1 

Cm :>ren 1 
1..;01 ~n 11 I 

'-Oll l'TeD 'Li 
l~Ol t'reD 

II 1..;01 t'reD 
1~0 .tTeD ~ 

-01 ~D L. I 

Cot ~n ·,1. 

I l~Ol "reD L 
COi ~n L.1 

1_01 ren L. 
1_01 ren L. I 

Ave S.1~crrrr .1 

:-..-• 1.-.:v u.1HtJ76'/'l"l 
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