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PROCEDURES IN MAGNETIC MEAsUR.Ti:PAENTS AT THE U .c. RADI4TION LABORATORY -

· R-o E. Rich&.rdscm 

Fields. Which -Are Constant or Vary Slowly l'fi th Time . . \ 

I. 

l. FLUXMETER 

.&. OORODUC,..ION 
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The instrument used in. these measurements is tile Qeneral El~otrib light-beam type 
nuxmeter, Catal.og No. 32C2.47G6. For description and theory of operation of this mater, 
references 1, 2 and 3 listed at the end of this article should be ·_consulted. ·The air
cui t used 1s shown 1n ~ock form in Figure 1 and in FigUre 7. The , cirmti t components 
are discussed indiVidually in the .following pages. . \ . · -

For protection or the fluxmeter mowment the armature should be kept short-eirciui ted 
when the metESr is not in use, especially .when the meter is to be movede Ea.oh nwaneter 
which is normally used at this Laborato~ is ·provided with a double'""P¢le1 double-throw 
switch~_-.: which c~ntrols the light source, and automat1oal.ly sho.rt-circuits the fluxmeter 
movement when the switch is in the "Off" position. Fl.UD~eters not so equipped should be 

. short-e1rcui ted with a clip lead at the junction box or with a shorting plug in the flux-
meter lead. · . . 

2. PiiX'ADE RESISTOBS 

The ®oade resistors, R. and.~~ are non-inductive resistors. 'l'h.eir purpose is to 
act as e. voltage•dividing network s~ that thtr sensitivity of the measuring circU.it may be 
adjusted to match the voltage induced in the measured circuit. such a netnork is e.llowab;Le 
since the fluxmeter itself draws negligible current. It has been found empirically that 
the drift rate- of the nuxmeter is more stable when R1, which is _a direct shunt across the 
fluxmeter and EMF boJ~:, -is kept greater than three hundred ohms. For maximum sensitivity 
of the flm:aneter, RJ. 1s made infinite. Then ~ should be made smallc, This is because the 

. maximum recommended external circuit resistance tor the fluxmeter is 1900 ohms. The effect 
of increased resistance !n the circuit is to-make the meter slUggish, so that there is a 
peroept~'ble time lag between receipt of the impulse and cessati<m of rlu.xmete.r motion • 

.3. EMF BOX-

The EMF box is the f'lt;xmeter control circuit. GoE. provides a control box with the 
meter, but it has been found that the box used a.t this Laboratory is more satisfactory both 
1n ease of operation and fineness of control. The circuit and arrangement of the EMF box 
ue shown in Figure 3. The sensitivity control rheostat increases the effect of the other 
controls when it is turned counterclockwise; i.e., when the resistance ls decreased. For 
maximum life or the flashlight cell used as a voltage source, the sensitS,vity control should 
be kept as far oloekwise as is feasible dUring nonts.l operations. The drU't control'rheo
stats are for the purpose of balancing out any thermal emf's which My be present in the· ; 
cirauit. In ordGr that the zero-set controls may be symmetrical in their operation•" it u . 
advisable that the drift controls be operated as near the center of their ranges e.s possible~ 
The zero-set controls are for the purpose of setting the hairline to a given point on the 
scale before a reading is takeno ' 
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• -4. FLUX STANDARD 

The flux standard is a device 1'1hioh will give. e. knmtll flux• linkage change to be 
used as a oa.libration. Sinco the sensitivity of the circuit is changed by adjusting 
~ and ~~ and since the resistance in the circuit may be temperatura-dependent, it 

y is imperative that a calibration be made during each run" It 1s advisable to make cali• · 
brations periodioa.lly during a series of readings. ·-

• < 

At the Radiation Laboratory, two types of flux standards Si"e used, a stationary ttpe 
and a portable type. The stationary standard (Figure 8) is one in which a flip coU 1s 
rotated· through a known angle in the gap of a a-shaped pe~nt magnet havmg Alnico .· 
poles. The coU is secrurad to a lever which rotates about an axis normal to the :f.'iald of 
the magnet. The angle is made· reproducible by the use of brass stops secured at the ends 
of the lever throw. Stops s.re provided on the standard to give several different throws 
ranging from 15° to 180° for qalibrat1on of circuits of various sensitivities. The engle 
is measured from the PilSition in which the call is linking the maximUm nux. An advantage 
or this type of standard is that there are no switching contacts to introduce thermal voltages. 
Since a long lever must be provided in ·order that the angle may be reprodUcible to the desir
ed accuracy, it is difficult to make a portable stande.l-d or this type. 

The portable flux standards are of a.· modified "Hibbert-type" in which a permanent 
magnet is moved with respect to a coil. In the original Hibbert standards a coU was 
dropped o'fSr a magnet. It was found .difficUlt to make a coil which would take the punish
ment given by repeated dropping and the ao.oompanying sudden stops. At the Radiation Ia.bora
tory the modification which has been introduced is to fix the coil e.nd drop the magnet. In 
order that the magnet wUl suffer no 111 effects due to dropp.~g, 1 t is dropped into an oU 
aup which stops the magnet at a fi,nite rate instead of with a ·,3ar. The oU level should be 
checked periodically to make certain the magnet does not jar when it is dropped. · 

There are two coils on each portable standard; a few.,;turns coU for high sensitivity work 
and a ~turns coil for low•sensitivity work. The magnet used is a cylindrical bar mag-
net of Alnico (Genco 78291•13) five inches in length and three•aighths of an inch in d1.amstef. 
The drop is f).ve inches, ~d -the coils are arranged eo that one ia around the center of the 
magnet a.t the beginning· of the drop and the other is around·· the center of the magnet at the 
end of the drop. ·Each coU has ten taps, to give a wide range or sensitivities. A switch• 
ing arrangement 1s buUt-in which inserts a resistance equal to that of the coil section 
removed when the sensitivity 1s changed. A circuit d.iagram is shown in Figure 5. ~ch tap 
exceeds the next smaller one by approximately 25~ in line--turns. There is overlapping 
between the values of the larger taps on the 11J" (Junior) coil and the smaller ones on the 
"S" (Senior) coil. .A change of tap will not introduce a change in sensitivity of the nux
meter circuit, since the resistance is the same for all taps of each coil~~ The fluxmeter 
circuit s~nsitivity will be changed, however, 1£ a change is made from one flux standard 

" coil to the other. 

5. JUNCTION BOX 

The junction box is shown in Figure 4, together with the <Sircuit diagram used in 
Figure 1. Leads from the Cannon plugs (U•lJ Chassis Connector, Female) are brought out 
to a "Jones" termina.l strip in order that polarities may be adjusted if necesse.ey. The 
circuit may be easily changed for special uses since all leads are visible. It is also 
possible to check the oircuit quickly. · 

6. . MEAStmED CIRCUITS 

Representative circuits which are measured with the fluxmeter are shown in Figure 2 



~ 

'i 

I( k- 21 

• and discussed below. Shielde'd, two conductor, microphone cable is used for all leads. The 
shield is connected to pin number one of the connectors.. It ts some times advisable to 
grOUnd .one side of the fluxmeter circuit when working near high voltages, 1n o;rder to 
provide personnel protection.,. When this is done, there should be only one ground connection 

• in the _entire circuit. otherwise ground clll"rents may flow and give faulty reading~. The 
shields should likewise be. grounded at only one point, preferably at the same point at 

I' 

i 

which the circuit is groundedo Iaads subjected to magnetic fields are of 1/28, Formvar-coated 
copper wire, uniformly and tightly twisted and encased in Transflex tubing. 

B. OAWULATIONS 

l. BASIC FLUX FORlrutA 

The basic formula used in .all fluxmeter· measurements is: 

(a) 

wherst 

Ps is the strength of tru; flux standard in me:xwell•turns. 

da ie the flwalieter def.lection dua to the nux standard. 

~is the fluxmeter derlection_due to the measured circuit. 

¢x ·is, the strength or tm) unknOl'IZl nux in maxweu ... turns. 
. . 

2 • MAGNETIZATION 

This is the measurement of the .absolute strength of a magnetic field. ·The flux measured 

(b) \ 
I;. .. 

where a 

(c) 

is 
is 

'· 

B is the unknown flux density in gauss 

A is the "areatt of the coil in turns•em,2 

Solving for B, using the bas1CI flux fol'mUl.ac (a~ 

i l 
B 'f . dx 

A x 2 for 1800 flip · ~~ 

(; ,, 
" 

\ 

\ 

\ihen several Jl1$asurements are made with the same sensitivity, the braoketed e:J:CPression. 
computed and used as a factor in calculation of the fields. A representative data sheet 
inclUded in this paper, and called DATA SHEET til. .\ 

UNIFORMITY MF..ASUR.EMENT .\ . 
\\ 

This is the meas~trement or the ohange in nux density from point to point in a rM.gnetic 
field. The nux measured iss 

" ' 



. (d) 

where a 

6B is the change in flux density t'rot,!t a point in the field chosen as the reference 
point. · . · . , . · . · · · 

A is the "area" or the search coU in turns-em. 2 

This may be solved for 6 B, using the basix nux formula, to give a 

(e) IJ B ;. ~ ! dx 
.ds A .. • ~ ' ..... '~, 

~· 

\ 

' 
i 

...... 

It is often desirable to plot the variation of the field in ~rme or .the field at the 
reference point, which is called 1~ fieldo In a field of cylindrical n~try1 such as 
a cyclotron field, the field at the axis o£ symmetry is usually chosen as ~ 1~ f'ieldo 
To convert the calculation to percent, the increment or field., B is divided, by Brer and 
multiplied by 1001 . . ' . ·. ·. 

': ,, 

(f) . ~ change ln field "AB: 100 =t \ ,': ' 

As 1n ma.gnet17.a.t1on, the bracketed expression is usually computed and used.;~~s a. ra.otor. 
A representative data sheet is included and called DATA Sl!E:E"f 1/2. ·;'\ >. 

I ' 

FLUX STMIDARD CALIBRATION 
\ !\ ... 

The flux measured to be put in the basic nux formula is the flux in the stan~rd 
mutual inductance. · - · · 

\' . ' 

(g) ¢x ; M I x 108 (x 2 for current reversal) 

wharec 

1A is the standard mutual inductance in henries /. 
. I 

·;~: is the current flowing in the standard ~tua.l inductance before 1the switch 
b ~e~d .r 

Solving (~) and (a) ror ~s' it 18 found that the strength or the nux standatd :in 
maxwell•turns is given byi . . ·. 1• ·, 

(h) 

• \ t 

I • 

. s \ . (~a •It <x 2 for ~nt renntaJ.l d.. ,.·. 
; .\ 
·,\: 

\ \ 

t" \ ,·, 

In the actual calibration of a flux standard the usual procedure is to take fluxmeter·': 
readings for ·sewral. values o£ eurrept in the standard mutual inductance • 'l'ha eurre!ft· is 

f edju.sted so that the defiections due. to the mutual ·inductance bracket the deflection due 
to the flux standard tap being calibrated. ct. is calculated from equation (g) and plott,ed 
against dx• ¢ is then read from the curve at the abscissa corresponding t..o de • A , 
variation whicR saves time in computations is to plot I against dz and read. ot't the l : 
which \'7ouJ,d correspond to ds: Then ~8 may be calculated from equation (g)o 
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0. PRQOEDURE 

lo GENtRAL 

If the approxima:te va.lue of the quantity to be measured is known., the appropriate 
-l formula is used "backwards" to determine the proper sensitivity, and the proper flux standard 

tap, tQ be used in the measurement. Sensitivity should be such that the maximum value 
measured gives approximately f'ull•sca.le deflection. In this way one sensitivity may be 
_used for a t"ange of measured values. If' the approximate value is not lmown, the sensitivity 
may be- e.d.justed by trial. 

Choice of' search coil area should be such that the maximum deflection will be within 
range 2_f the. e.va:Uable flux standard. For example, 1f the ava~ble flux stan~e.rd is 
3 _x lOU maxwell•tu)"ila, one would choose a ooil of approximately 1000 turns-em. to measure 
a field of 1500 gauss with a 1S0° flip. 

When the fluxmeter and the me~sured field are so separated that communication between 
operators by normal voice is not possible, communication is provided by a two-channel audio 
amplifier located in the "Gauss-House" Ylith outlets for speaker and microphone in appro
pria:te placej)~ For locations in whi-ah ~o amplifier outlets are provided, sorind•powered 
~phones may be used. · 

Whet1.proper sensitivity has been chosen, and the proper circuit completed, the flux• 
meter drti't ie adjusted to zero tmd the set-up is ready for measurement. It is advantageous, 
in .t.erms or time necessary in interpretation and calcule.tion1 to use a cardinal marker 
at the low-numbered end of the scale as, the beginning reading. 

' 'if 

a. . Permanent Magnet or Stable Electroinagnet 
A stable electromagnet is one in :whioh the current may be kept constant while the 

·measurement is made. Magnets with a'llrl'ent•regule.ted power supplies fall in this category. 
Model magneta, without current-regulated sUpplies, in which there is not excessive heating 
may also be so cl~ssed. 

This mea.sU'J..'Iernent x-equiras two personsJ one to operate the fluxmeter and one to operate 
the search cail and flux stafl4ard. Drift is adjusted and the fluxmeter set to one end of 
the scale, vit-b the coU linking maximum nux 1n the unkncmn field. The coil is rotated 
through lBOO about an axis normal to the direction .of the field and the reading of the 
fluxmeter is noted. The ooU is then immediately returned to 1 ts original poai tion. If 
the f'luma-ter .does not return to its original reading; and if it is known that the fluxmeter 
is properly cotnpGnsa:ted, then the drift has not been properly adjusted. Drift should be 
eheoked and the measurement should be ~peated. In an . electroma-- this procedure is 
repeated at each QUI'I'9nt at rrhich a determination of field strength is required .. 

b. Pulsed Magnet . 
When the o0oling requirements are such that it is not possible to operate an 

electromagnet continuously, the ootl is fixed in the gap with itS axis pa.~allel to the 
field and t'lie 01tl'Tent :5.G turned on an4 off for eaeh reading. 

Two persona are required. One ·person reads the nuxmeter 8J'ld tha other operates the 
current so~. After the sensiti-vity and drift have belen aet, the magnet currant is 

. turned on. When a steady ourrent is reached, the nu:xme~r and aurrent are read and the 
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current is then turned off • Too entire sequence should take about ten seconds. It the 
flwaneter .does. not return to its· original position when the magnet current switch is opened, 
the drift should be adjusted and the measurement should be repeated.. V;lhen a measurement 
has been mads at one value of current, the current souroe should be set to other values 
ot current which ere or :intaraat.a.nd the field measll.!'Od a.t each o'l.l.rrent. 

This mea~urement gives ·only the difference beimeen the field at the ourrent of . 
interest and that at no current (residual field). In order that the true value of field 
may be determined, it is desirable to take a 100° flip at zero current to measure the 
residual field. 

;3. mn;FOR1UTY MEASUREMENT 

Requires three persons. {)Jla person operates tb.e flwanetor, one person operates the 
search eoilt and one person monitors the cur1'Snt. In a current-regulated magnet it is 
SOTJletimes possible to dispense with the monitoring of the current. . ·. , 

.'mum the field varlation which is to be d~tected is a small percentage of the total 
f~ld,.laek ot<o~nt regulation wUl introduce appreciable errors into the results., To 
cor;!'ect for this_, a bl"oking coil is introduced into the circuit. This is a coil !lith an 
area. larger tharJ. that of the search ooU. It is placed i.n the gap near the center, with 
e. polarity opposite to the polarity of the search coil. A voltage-dividing ne_twork 
is nsed to ~e its effeetiw area equal to that ot the search aoll. Whan this is done, 
variation in the absolu.te·w.lw~ of the field wUl gi"M no deflection o£ the n1lxmeter. 
When a bucking coil is u.sed11 the error 1n A B is . of the same percentage as the percentage 
f'lu.ct.uation in B dus to otll"l'ent fluctuation. Without the bucking ooll1 the error in .. A B 
would be equal 1.n gauss to the nuctua.tion of B. It is apparent, from volts.ge-d~vider 
equations., that the effective area of' the bucking coil is given ·ey, 

RA is the shunt resistance 

Ra is the series resistance 

~rr ~ :aA 
~+Rs+Rc 

1lc is the . r-e~istanoe of the bucking ooU 

A is the area. of' the bucking coil. 

A 
'. 
'' '' r 

:I 
'I 
f; I • ·~· 

\ " 

,\ 

~ 

After 'sensitivity and drift hava been adjusted, the fluxmeter is set to one end or 
the scaleo The coU is moved in jumps along the path over which the uniformity plot is. 
desired. It is held stationary at -each position long enough for the nuxmeter to be 
read, then moved quickly to the next position.. At the and of the run the ooU is returr;ed 
to the original position, and the error in nuxmeter "zero-return" is reoord.ed. Since J.t 
is difficult to set the drift adjustment so exactly that the:re will be no drift during an 
extended run, the run is repeated several times, and tha results o.f the several runs are 

' averaged. In o1•der the.t the proper total deflection from. beginning to end of the run 
.may be known. "zips" are taken, in whieh the cGU is moved from' the beginni;ng to the 
end of the run·and back rapidly, thus eliminating appreciable effect of drift. The indi• 
vidual ru.nS\ are corrected for drift by pro-rating the drift along the run before the runs 

. are averaged. The ma.ximu:m. total·run time is limited by drift oonsideratio~.. It should 

,. 



be such thB,t the _drift :ts not exeessiv"'' during the run. The spacing of the positions is 
determined by the .detail <lesired in the un1formtty plot. In a large magnet, l n or 2" 
jumps are sufficient. In ~ scale models, l/4tt • l/13"• or even l/l6tt jumps may be 
requiredo - · · 

In some models; the heating raw is so great that it is not possible to maintain the cur· 
rant long enoue;h f'or thE) meter to be read directly during e. runo If an attempt were made 
to -read the meter directly, the seareh eoU resistance would be so changed due to heating 
that the circuit sensitivity would be changed during the run if the nuxmater is shunted. 
Thus, the flux ste.ndard rea4i,ng would not hold for the entire run. To speed up raadi~ 
in this aase, and thus minimize heating, the nuxme-ter is photographed with the coU at 
each position of the run. This is done with a Sept camera using a. solenoid tripper 
1Figure 9). The_ coU _moving mechanism is so constructed that the camera is tripped whUe 
too ooU is otati.onary at ea.oh position. Thie 'is done, on sw\11-seale models, with a. ra.ek 
(Figure l.O) having reota.ngu.lsr slots evenly spaced ~it-h. the spacing desired between posi• 
tia~ns. The ra.ok is moved in jumps by using e. speoial "pinion~ (Figure ll). This is a shaft c 
of di8JT!Ster eql.li\l to the spacing desired. A secrt.ion is out out of the shaft, and a pin is 
inse~, parallel to the! axis, a.t the circumference of the shaft. During one he.lf ... ttJ.rn of 
this s..l-ta:ft t.ha pin engages n slot in the ~ck and mows the rack fon1ard one position. 
DurL"'lg the other he.lr- t:urn the pin is free of the shaft. At this time a cam attached to 
one end of the shaft makes oontact with a microswitoh which onerg1.zee the ca1.11era-tripping 
solenoid (Figure 12). Thus the camera is tripped and the picture taken whUe the coil 1s 
stationary in a. known position.. · , 

4. FLUX S':L?iUJDARD CALIB.~TION 

The ourrent flO\'fing in the standard mutual inductance is furnished by a bank of 
storage batteries kept in a eabinet in the "Gauss-House". For sta11dard calibration the 
batteries are placed 1n serie13 by closing the knife switches, in the metal control box on 
the north wall in the naauss•Housen 1 to the "Series" position as indicated by stencilling 
on the switches. The current is then controlled by the wira-wou.nd rheostats mounted on a 
table next to the battery cabinet. These should be used in order, completely removing 
the resistance from one rheostat bafore beginning to vary the setting of the next rheostat 
having lom~r resistance windings. As protection for the rheostats, it is very important 
that tha rheostats be removed in order of deorea.sing resistance so that no one of them 
w:Ul bavs its current rating exceeded. The ourrent 1s fed to the standard mutual induc
tance through a two-oonductor cable whioh leaves the bottom of the metal control box and is 
coiled b9neath the rheostat tabla. 

The current is se~ to the e.pproxim.ate value desired 'Qy referring to an ammeter included 
1n the circuit on the rheostat table. For accurate measurement or the current, a type 
K•2 I&N Potentiometer is used. :tnstructions for ita use may be found in the instruction 
book included with ito Instruction books are kept in the equipment log-book with the 
sheets for the corresponding: meters and equipment. The standard shunt for use with the 
potentiomate;r is placed in the oircui t preceding the shunt for the ammeter. 

This m&asurement requires two persons,. One person operates the fluxmater and the 
control for the, ourrent in the mutual inductance. The other operates the potentiometer .. 

.• i.fter the sensitivity and drift have been adjusted, the ctll'rent is turned 6n' and set to 
an appropriate value. 'iVhan the potentiometer ha.s been sat to a reading oorreFJponding 

.t to the exact (lU.l"rent~ the fluxma~r is read a.nd the current is turned off or reversed, 
- ·whichever 1e appropriate as disbussed below. The fluxmeter is then read again., Several read· 

1ngs nre taken which bracket the deflection produced 'Qy the flux standard being calibratedo. 



• 

· The current- in the standard mutual inductance s~ould not exceed 0.3 amp. 
(the rating is 0.1 amp co continuous) o ifb.en the current required to ~ive sufficient deflec• 
tion is greater than this, the current is reversed after the first ·readings are taken. The 
potentiometer is then quickly balanced after the re•.rersal. The current used in the calcu• 
lation is the sum of that before :rewrsal and that after reversal. ,ll j& .!mportant ~ 
~·. ctg-rep,:t. !§. not switched whilq, !ha Ri?:iantiometet, buttons are depresstd• ga.rnaga ~ :!me 
~rl.iapdm;d ~ r41d the galvanomgter ~ msult. ·.!!! 12. iW!2, extremlx 1nmor:Ymt .!:9. obsem 
lh! proper pgl~titt§p ~ maktni conn&ctions ~ ~ potentiometer. 

T11e switching of the currant in this procedure is done by remote•controllad solenoids, 
which are operated from tl'l.S' small bakelite switching box attached to a multi·conduator, 
rubber covered cable which also comes from the bottom of the metal control box. The 
switches marked naemote Ourrent11 and "Remote Reversen are the ones used in flux standard ... 
calibration. 

tt. Measurements ~ A Galvanornete;: Q.t B§li.istig Ga;J:vapometer 

A. nn'RODUC '!ION 

l. GALVANotlETER· 

'l1ba instl"'lment used is a leads and Northrun Type "R" Galvanometer ~Catalog No., 2500 ... F). 
The oontrol oit'CUi.t used is shown in Figure 6. "This circuit is included in the same box 
with compon.'3ating circuits which ';1ere used when the galvanometers were formerly used as 
fl\.lXI!leters. The compensating circuits are not used in measurements for which the galvano• 
meters are now used. The labels on the plugs and switches are also aarry•ovars from the 
days when· the instruments were used as nuxmeters. At present, the only measurement for 
which a meter of this sensitivity is used in the magnet group is the determination of the 
effective "area" or se~reh coils. 

. The mete~ is Bbused in a brass box atop a steel coltmn adjacent· to the fluxmeter 
tableo The seale is stored on a. Shelf above the meter. When measurements are to be 
made, the scale is mounted in a holder on the modal magnet table. This gives a. light 
beam "arm" of approximately two meters. The mater should be kept shorted when measurements 
are not being mn.de. The armature should also be kept clamped by use of the clamping device 
prGvided on tlle meter. · 

2. · c mcurr cm;porn;;rrrs 

The purpose of the 1\.yrton shu11t is. to vary the effective sensitivity of the galv&mo
meter without changing its period or damping oharaoteristios. Sinoe t.he total oircui.t 
resistance is not critical in the measurement of search coil area, the 11Rasistance 11 socket 
is normally kept short•cirauited by keeping its switch in the "Out11 position. The 
"Z..stande.rd" sooket is used to reoe.:1.ve the plug from the stationary coil.. One "Input" 
socket is used to. receive the rotating coil, and the other is normally shorted by inserting 
a shorting plug. · 

B. PROCEDURF'..S 

The coil of unknown area is compared with a standard coil of known area. A coil is 
considered standard if its area may be calculated with high precision from consideration 
of the dimenGiorw of. the coil.. Standard coils are discussed under calculations, below. 
The m.ethOd of comparison is as follows t 



Beth coils are plaoed in the gap of an eleotro!'l.e.gnet whose field is uniform to a wry 
h.ie}). degree over a region extending beyond the positi.ona occupied by the two colla. The 
coil ot smaller area is placed in a e~tionary holder with its axis parallel to the direc• 
tio». of the flu..""t lines in the gap. The other coil !a mounted upon a shaft which is .normal 
to the direction of the field l~es, 'l"he shaft may be rotated about its longi tuf1ins1 
axis, nnd cmrrias upon the outer end s protractor with which the angle of rotation may be 
meas'l.lred vdthin one seoond of arc (Figure 13). The axis of the coil is normal to the axis 
of the shaft. The 'tv1o oo1ls are connected in series by use of tha oontrol box. The revers
ing switches are adjusted so that the coils are of opposite polarity. 

The lcy'rton shunt is ·placed in the circuit to protect the galvanometer during the rough 
setting of the prote.etor. 'l'1w mo~el magnet is oonneoted to the batteries by throwing the 
upper three double knife switches·~ in a metal control box on the north sida of the 11 Gauss• 
Housen,. to the '•P,.rallel" position. Current is then turned on and off by use of the "Model 
r~gnet11 switoh on the small bakelite control box. This controls a de-ion breaker in the 
metal control boxo 

Actual measureme!lt is conducted as follows 1 The eurrent fa turned on and off 1 the 
direction of deflection of the galvanomet-er being noted. The moving coil is then rotated 
t~.rough a sme.ll angle e.nd the op~ration repeated. Thir, is conti.nued until a null· deflec• 
t1on is ·noted. The Ayrton shUnt is removed and the balru1c1llg completedo When a true 
bele.nee is obta.inedt the meter may deflect momentarily v:hen the current is t.n:t•ned on or 
off, but it will return immediately to its null position. The momentary deflection L~ due 
to the fact that the field does not rise at exactly the smne rate throughout the magnet 
untll the eddy currents in the pole pieQes have been established. The reading of the pro
traot-or '!I' hen a. true balance has boen obtained is recorded on the data sheet as eBucle' 

The stationary coil is then removed .from the oiroui t. Closing of ·t.he shorting switch is 
not sufficient. The plug must actually be removed from t:b.e s~kat because of the finite 
resistance of the switch. *!'he rotatiri.g coil is then turned untU it 1in.1ts no flux. The 
detemination of zero flux ... linr...ages is deterrdned by the same null method as above. The 
reading. of the protactor is then known as the zero angle and is recorded as e0• The differ
e:ooe between these two angles is known as A e, and is the angle used in the caLculations. 

' . . . 

·.At the time the calibration is made, tha resistance is measured on the Type "S" Set. 
The temperature :i.s also recorded $0 that the proper resistance at any temperatura tn.'iy be 
calculated. t'!ith this x-eoord, an idea as to whether a ooU may have been damaged is 
provided bY a measuret'lE.'.mt of ita resistance. A sample data sheet is i..'lcluded with this 
paper and caUod Data Sheet /fJ. • 

o. CALGU!u\?IONS 

l. COIL CALIBRA?ION 

When a coil is inclined with ~-aspect to a given direction, its effective area in 
that direction is g;.ven by: 

(j) 

where J 

Aett ~A sin 8 

• 
A is the a~a of the coil in turns•amo2 

e is the angle at which the axis .of the coil is inclined td th reapect 
to the given direot'-on 
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When the rotating oo11 is in thO balance position, its effective erea is equal to the area 
of' the fixed ooU .. · Tho relationship between the two areas is given by& 

• (k) 

A is the area of the stationary coU ste.t 
"\ Arot is tl:>.e ~a. of the rotating coil 

A& is the angle of rotation of the rotating coU, as discussed under 
If Procedures"• 

2 • STAJIDAP,D GOIW 

The standa.x·d coUa are single-layer. coils wound upon <:pools of known diameter. The 
dia.Iooter of the spools and the diameter of the "ira used are measured very accurately., The 
turns nro lai<il cs close together as possible j.n order that the ver .. tor representing the ~.rea 
tiill coincide ~th the axis of' the coil. The area of such a standard coil is given byt 

(l) A ..:. TrN {lt, + Q.l1 t s!) 
. 4 2 3 

' 
wherer 

A io the a:t"ea of the standard coll in turns ... em. 2 

N is the number.of turns 

D is the spool diameter in cmo 

dis the.wire diameter in om. 

This equation is der:tvad in reference 4• . '.l?hs:t paper is excellently written, and the. :reader 
is referred to it for a summary o£ methods, theories, and expected aeouraoies in the cal1-
bl•ation of search coils. 

3. COIL fu"";CORD 

A record of search ooil &4"aas and calibrations is kept in the 11~ttss-House". A record 
of each coil is 1-'...ept on e. separate sheet in the coil record book. A complete history of 
each coil is kept., i."tcludin.g ealch calibration., A copy of the coil record sheet is included, 
and called Data Sheet ff4. 

III. TUE 13A.t'ne OF STORAGE BATTERIES 

1., USE OF Tiim BATTIDUES 

A bank of ty:alve, six volt atora.b,-te {a:ut.omobil¢) batteries is kept in a. cupboard in 
the northwest corner of the G3.uss•Houseo The cttpboa.rd is vented to the outside to provide 
a.ir circulation for oool:I,ng withcrut introducing su.lf'uric s.old ftillles into tho building. 
!n the center of the north wall is a steel control box wh1ch houses de-ion breakers, circuit• 
selecting knife tmitohss, and £'uses.. The fuses e.re L"O ampere fuses. Too batteries are 
arranged in three groups of four batteries · esoh. The leads from each gJ."'oup are carried into 
the metal control box whare each set terminates on the ble.des of a double•pole, double-
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throw lmife switch. W:lth these switches the zroups mc.y ba placed ei t.ber in series or 1n 
parallel. For coil calibration the switoheo are put to the parallel position to give an 
output volt.:<tge of 24 volts a·t the termL?'lals in the oentar ot the Gau.~s-Houaa ceiling, 
from ~hich leads go to the model magnet. The currant may be varied by use of knif.e 
switches and .fixed resistors mounted on ~;he north ?ra.ll n9:-.."t to th0. OO.ttor-1 cupboard. 
For flux stmtda.rd cftli.bration the groupo are placed. in series and tho Oi7itch at tho lower 
righ.t in the metal control bo~ j_s thrown .to the 11Series1' position. The current is then 
eontrolled by the rheos-tat bank on thG table ootween the batter-J cupboard and the metal 
control box. CUrrent is taken .fro:n the lends aorJing from the bottom. of the ~etal control 
box. 

'2 • CAR.~ OF 1'UE BATTEHIES 

The lUeatronico Mai..!ltena.nce department is cb.D.rged with care of the batteries. Howover, 
it is the dut:,r of tho magnet group to tiln~nts.in tha eharge of the bat.tarias v;hell they c.re 
used frequently, The speoific gl"f\v!ty should be checked occasionnlly with a hydrometer, 
When it drops b<".Jloo 1.,2001 the .batteries should be placed on charge until tho spocific 
gravity reaclws 1.250 or 1.275. To place the:m on charge, put tho groups in series and 
thl"OW the swi'cch in ·t.ha lower right cornor of the metal control box to "Charge". The 
re.ctifier is located atop th!3 batta:cy cabinet.. ll!Jiill'e _aura that its plug i3 firmly in the 
socket and that both knobs are tu...-rned counterclockwise untU they hit stope. N011 t.urn 
on the "Battery Ohar&')r11 breaker dn the circuit-breaker panel next to the Gauss House rtoor.. 
To pro·ooct the Tungar rectifier tube; this switch should never be turned on or off unless 
the re¢ti.fier is turnt:f'd off with the lr..nobs on its front, While chareing, it :ts a good 
practice to place rrJ)o not turn orr•• not1.oee on the "Battery Charger" breaker and the r&a.in 
Breakor. To stm•t charging current, turn too knobs on the ract:i..fier to the· right until 
tha tube begins to glow. Than adjust the c:rurrent to between four and aix amperes" The 
current ID?Y be laft on overnight if the condition of the batteries requires it. Avoid 
overch..e.rg:ing the batteries.. If corrosion of the leads becomes ap!'S-rent, or if the batteries 
·need wa:tGr, noti:'y Elaetronioo i:&d.ntena.'lce. · 

I 



KK-27 
-12-

References 

l. Instrugtiomh L&ght-B!am IlP.! .FJ.u.xmet.r: GEI-184llA 

2. •m.otandum .an Fluxmeter Theory; Gene~ Electric FN-412 

3. Wilson M. Powell, a:be. QeMral EJ.ectrie nwsneter; Index Noo BP-28 

4. J. DePangher., Hammond 1 Seegmlllet-, An¥ .Bt Sef£Ch ~' Index No. Magnet Special 11 

R,L.-27.b .. fl 

.• 



KK-27 

( -13-

, 
y--------, 

!Pece4cle 
! Re~istar 
~_j 

l . 
I 

L ___ -·------·--·-··-----

Bloclc Dia.f,r&m of the Ci.rc ui t Used in 

Flux i:ileaimrem.ents 

Figure 1., 



-14· . 

1{; agn e t i z at ion 
.. 

t 

~--···-·····-

UQJWU!J~ -5tat1~ard Muiu~l 
clndt.~ctC~Ytce 50-100 rnh .. 

. '·.·. 

I 

FJ.ux Standard C al.ibr(;. t.i.on 

"l.:easurcd Cir-cui ts11 

0ircu.i ts u~ed in conjunction vli th the ulock diagre.m 
shov.~ in Figur~ 1. 

Figure 2. 



M' c r-i:l $w;.+c: h~s 
N~rr.,aHj :opOl.n. · 

71 ,-,·.~~~"' 1-,1· ·n-ol·.,t· .'>•o 1 I'!J·~ ,.,...,~~ t .. 
i. ,.- ..J.-.:-.....•v '\;;:.~... \J _1,. '~ ~ ~ .... _... ''"" 'J.. 

(&.S BO"'/.) 

I I 00 A 
l 

l 
! 

I! < 
, S S"ooo.r-D 

I t 1.0 v. ~. . I 
l -~----~" 

so..n. 

t~lf _:-- -'-
1 . "'r rrwr -r . 

~~-1 .. ~-~, 

?: 

c·ircl:.~L t Diag~u: 

Figure 3. 

2oo.n-_, 

' 
Coav-se. 

~ Sa n51 ri v i+y 
1 of' EMr9ox 

f 
Fl\'lL 

i 
I 

1 
t 

7rJ 1 -, 
i I. 

: I 

l 
I 

I 

.. (~ ·r.-( (_ ~ 
/ \ ) '· Jl, . ..__...,/' ....___,._ ........ ..../ 

Ze..-Q Set 

·Lef+ · Ri;~ht 

<!>· e E) (;) 

. 
! 

J 
t 
I 

I 
' 

1 
l 

f 
l 

l 
I 

~ 

~ c~;r pt~·r . ; I 
! . 

I 
\ I 

r=tts t Slew Slow F~s+ · foutpui_ 

1 
I 

ll ··-· . ' _,J 
~~--~------~ _ ... ---- --· 7 -··----- --1 

'fop Vi·:n-; 

I 
~ 
\.fl 
I 

.1"-.· 

Q ... 
~ 



QJ 

~ 
c 
~ 
Q.l 

k 
\..''· 

'; .~ 
~ 

-;.J 
f!i ,... 
~ 

~ 
0 

u .,. 
~·/'< ;s ,,,_.. 

- <II 
a. ~" 

~ s:: ..(;. 
oU 
s:: 
s: ('() 
0 I 
u M 

X 

. 
l 
f 
L __ 

-16-

~, ......... ,..,_ 

X 
0 
in 
c::j ,., 
'-' 

•r-i 
.p 
0 
q 
:;:$ 

t-J 

f"~ 
0 
0 

r--1 
,D 

Q) '--,.c! • ""-+>rl 

'' , ...... (]) 

+J f.wt 
•rl ::.:~ 

~':">- b .. 1 ,;> 

•r1 
l:l tl:{ 1> 

0 o;;ll 
•.-i q 
.j.) .c.; m 
0 ~ c:: G ;:j 
::t•;; ~ tj4) 

···~ 0 ...-! 
~~ ,.. . .( ' -p:~ .1>-c ..... --« 
0 r;'}; 

0 
~: 

~1/;i} 
•M ~ 

WJ 
G) ~o;) 
0)·.-1 
:;u 

$...j 
0 

f>., 



... 

'· 

-1?-

- ,~~"'t'"' '1~"I' 'n• :.r· '"":.(alf.:trf'P~~l..:'''~~·il~~-="f· .. •:-~l· 
Q------~ ! ~ h 0 ~ ~ .!> • 

0 <tfpu.t s -------~----~~---·~·-:·-:----:..~-~ .. -·--.. 1-
o---'~------· .. ·· --- ------·-- ...... ----.~-------~_---'--~·"•·-· ....... ---, ----~·--. '1 

J. l b . ~-- b .. ry.,. .. Mf{N~:Y.rvTT• .. T, N1~N1~ 
. . . 

( 

... -·~~-· -, ... --.... 'f~ ........ ~-~""'1"~--~ ....... ......_~;- ~-., .... ·~~ ~ ........... - ... - ··-----· 

Giraui t Dl~gram. o.f' ~'~Hibbert ... type" 
:Forta:ble ·Flux- Stana.<'..:.rd. 

Figure~ 5 .. 
,• 

( . . 

"··"". 



# 

-1e-

I 
' i 
1 
l 
~
l 

I 
·t 

i 
·-------·-----·- ----- -· .. ·- ----- .... ___ _j 

Circuit for tL.e· Oon.trol Box Used 

wi tb :rype "It" Galvanometer 

Figure 6. 



-19 .. 

.. 

I 
,, 

Elock Dingrsl.I!l of the Circuit Used:. 

in 1nux Mee:.su:rements 

Figure 7o 



• 

\ 

- --~ 

Figure 8 

Stationary Flux Standard 

KK-27 

"; ( 



•. 
) . 

, 

J 
,~ 

-21-
.. 

• ~ . 

KK-27 

,-·, ' 

,.... , Figure 9 , 
' .. ~.... - ; ~: '\ 

I I l 

fat-up for photogr~phing fluxme,~r reapi~gs.. The connection 
to the solenoid trippe-r is through th~ string coming out of the', box 
next to the Sept camera. The micro-switch is for testing the trip
ping mechanism. The lanse on the fluxmeter ,ease ·, is for the purpose 
of collecting the light beam and sending the' ligh~ to the camera lens. 
To minimize vibration due ta 'the solenoid, t here ~s included in the 
tripping string a sjt'ing which smooths out the pulL 
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Figure 10 

Set-up for uni.formi ty measurement in the gap of a model 
magnet. The search coil is seen mounted on the special rack 

described in pazagraph I C 3 • 
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Figure 11 

Close-up or the coil-moving mechanism for field 
uniformity maasuremant. 

\ 
I 

, KK.;.27 

I' 



KK•27 

. -24-

Figure l2 

Control for coil-moving mechanism. The midro-switch 
at the top is tripped by a cam on the handle when the coil 
is stationary. The switches in the foreground are for the 

'·purposes of turning the cam-operated sw~tch on and off and 
.for manual tripping of the camera solenoid. 
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Figure 13 -

Coil-rotating mechanism for coil aalibrationo 
A standard coil is ween mounted on the .. mechanismo 
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:MAGNETIUTION 

Date -------------- Job No. 

_____ __;Magnet Code No, 

Ceil 
No. .Measurement by ---------
Area -----

Std. No. Std. Lines Std. DefL --------

-· 

H/cm = ~---~~S~t~d~·~L~in~e~,sr-~~-~~ 
Area x Std. Defl. (x 2 for flip) 

Pos. Amps. Read. Read. De fl. H 
--

-

-

-
... 

OTHER CONDITIONS 

Tank -------
Shim -------
Coils ---------

= = g~uss/cm ------------------
Pos. Amps. Read. Read. Defl. 

, . 

Gap at Center --------

J.Vr..iscellaneous ------------

H --

-

--

-
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·--------)i:agnet 

Job No. 

Code No. 

~~asurement by -----------------

H "3t :Jenter lV'J.Cgn~:~t Current --------
Seerch Coil 1'o. 

Seerch Coil Ar __ e_a ________________ ems. 

ST!'K No. SFK Lines------- SFK Defl. 

%/em SWK x 100 = -------:: -------'%/em H x A :x: SFK Defl. 
% !l.dded -----

CORR. CORR. COHRJ AVE. TOTJ\L 
1-'vQ.e...-REJll:!. DEFL. n~ READ 12~E.EL. READ. DEJ!'L. DEFL DF.FL ~ % 

--- --

f -~-· 
I' 

·- .. 

- --- I--

-
1. 

I 

OTHER. CONDITIONS 

Tank -------------Shim --------------
Coils----------

····-~--

( 

Gep at Center-----------

Misc. 

I 
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3E.ARCH COIL c~li..IE.MTION 

Jate Coil No. Angle Known Area Measured ~\rea .i:tesistEmce By 

Rotating Fixed g 0 ~tating Fixed ::btat:ir.g Fixed Value Temp. 
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COIL AREA 

Record of Calibration Checks 

Coil ·---
Calibr-a:tei By Date Area Resistance Temp. Remarks Against . -
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