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Fislds Which.Are Constant or Vary Slomly With Time

1. [leasurements Using a Flwmeter | .
. . . ’ '\ : !
A. INTRODUCTION S

:
1. FLUXMETER o I S

’ » _ Y \! . . .
The instrument used in. these measurements is the Gensral Elsctric light-beam type
flwmeter, Catalog No. 320247G6. For description and theory of operation of this meter,
references 1, 2 and 3 listed at the end of this article should be consulted, The eire
cuit used is shown in block form in Figure 1 end in Figure 7. The.circuit components
are discusgsed indi?idually_in the following pages. = W S

For protection of the fluxmeter movement the armature should be kept short-circuited
when the meter is not in use, especially when the meter is to be moved., Each fluxmeter
which is normally used at this laboratory is provided with a double~pols, double=throw
- switch' - .. vhich controls the light source, and automaticglly shortecireuits the fluxmeter
movement when the ‘switch is in the "Off" position. Flummeters not so equipped should bs
.Sh::t~§:rcu1ted with a clip lead at the junction box or with a shorting plug in the flux-
- meter lsad, . . : :

2, DECADE RESISTORS

The decade resistors, and R,, are non-inductive resistors., Their purpose is to
act as & voltage«dividing network sG that the sensitivity of the measuring cirecult may be
adjusted to matoch the voltage Induced in the measured circuit. Buch a network is ellowable
gsince the fluxmeler itself draws negligible current. It has been found empirically that
the drift rate of the fluxmeter is more stable when Ry, which is a direct shunt across the
fluxmeter and EMF box, is kept greater than three hundred ohms., For maximum sensitivity
of the fluxmeter, Ry is made infinite. Then Ry should be made small, This is because the
. maximum recommended external circuit resistance for the fluxmeter is 1900 ohms. The effect
of increased resistance in the cireuit is to-make the meter sluggish, so that there is a
parceptible time lag between receipt of the impulse and cessation of flummeter motion.

3. EMP BOX . .

: The EMF box is the fluxmeter control cireuit. G.BE. provides a control box with the
meter, but it has been found that the box used at this laboratory is more eatlsfactory both
in eagse of operation and fineness of control. The circuit and arrangsment of the EMF box
are shown 4in Figure 3. The sensitivity control rheostat incremses the effect of the other
controls when it is turned counterclockwise; i.e., when the resistance is decreased. For
maximm 1ife of the flashlight cell used as & voltage sourcs, the sensitivity control should
be kept as far clockwise as 4s feasible during normal operations. The drift control rheo-
stats are for the purpose of balancing out any thermel emf's which may be presgent in the .
cirouit. In order that the gzero-set controls may be symmetrical in their operation, it is
advissble that the drift controls be operated as near the center of their ranges as possible.
The mero-set controls are for the purpose of setting the hairline to a given point on the
scele before a reading is taken, ' o ' .

i

i
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. 4%e FLUX STANDARD

The flux stendard is a device which will give a known fluxelinkage change to be
used as a calibration. Since the sensitivity of the eircuit is changed by adjusting
El and R,, and since the resistance in the circult may be temperaturs-dependent, it

15 imperdtive that a calibration bs made during each run, It is advisable to make cali~
brations periodically during a serles of readings, - : .

At the Rediation Laboratory, two types of flux standards are used, a stationary typs
and a portsble type. The stationary standard (Figure 8) is ome in which a flip coil is
rotated through a known angle in the gap of a C-shaped permenent magnet having Alnico
poles. The coil is secured to a lever which rotates about an axis normal to the fleld of
the magnet. The angle is made reproducible by the use of brasgs stops secured at the ends
of the lever throw. Stops are provided on the standard to give several different throws
renging from 15° to 180% for calibration of circuits of various sensitivities. The angle
is measured from the pqsition in which the coil is linking the maximum flux, An advantage
of this type of standard is that there are tio switching contacts to introduce thermal voltages.
Since a long lever must be provided in order that the angle may be reproducible to the desire-
ed accuracy, it is difficult to make a portable standard of this type,

The portable flux standards are of & modified "Hibbert-type"™ in which a permanent
magnet is moved with respect to a coil. In the original Hibbert stendards a coil was _
dropped oyer a magnet, 1t was found difficult to make a coil which would take the punish-
ment given by repsated dropping and the accompanying sudden stops. At the Radiation labora-
tory the modification which has been introduced iz to fix the coil and drop the magnet, In
order that the magnet will suffer no 111 effects dus to dropping, it is dropped into an oil
cup which stops the magnet at a finlte rate instead of with a Jar. The oil level should be
checked periodically to make certain the magnet doss not jar when it is dropped.

‘ There are two coils on each portable standard; a few=turns coil for high sensitivity work
and a many=turns coil for lowe=sensitivity work. The magnet used is a cylindrical bar mag-

net of Alnico (Cenco 78291«B) five inches in length and three-eighths of an inch in diametef,
The drop i8 five inches, &nd the coils are arranged so that one is around the center of the
magnet at the beginning of the drop and the other is asround the center of the magnet at the
end of the drop, Each coil has ten taps, to give a wide range of eénsitivities, A switche
ing arrangement is bullt-in which inserts a resistance egual to that of the coil section
removed when the sensitivity is changed., A circuit diagram is shown in Figure 5, Each tep
exceeds the next smaller one by approximately 25% in line-turns, There is overlapping

between the values of the larger taps on the *J% (Junior) coil and the smaller ones on the

ugn (Senior) coil. A change of tap will not introduse a change in sensitivity of the flux-
meter circuit, since the resistance is the same for all taps of each coil, The fluxmeter
circuit sensitivity will be changed, however, 4f a change 1s made from one flux standard

coil to the other, ’ ' '

5.  JUNCTION BOX |
The junction box is shown in Flgure 4, together with the circuit diagram used in

Figure 1. Leads from the Cannon plugs {X3-13 Chassis Connector, Female) are brought out

to & "Jones' terminal strip in order that polarities may be adjusted if necessary. The

circuit mey be easily changed for special uses since all leads are visible. It 1s also
possible to check the eircuit quickly. t

6. -VEASURED CIRCUITS |
Representative circuite which are measured with the fluxmeter are shown in Figure 2
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3=
and discussed below, Shielded, two conductor, microphone cable is used for all leads. The
shield is connected to pin number one of the connectors, It is sometimes advisable to
ground one side of the fluxmeter cireuit when working near high voltages, in order te
provide personnel protection. When this 1s done, there should be only one ground conneetion
in the entire cirouit., Otherwise ground currents may flow and give faulty readings. The
shields should likewise be. grounded at only one point, preferably at the same point at :
which the circult is grounded. Leads subjected to magnetic fields are of #28, Formvar~coa'bed

copper wire, uniformly and tightly twisted and encased in Transflex tubing,
B, CALCULATIONS

1. BASTC FLUX FORIULA
The basic formnla used in all fluxmeter measurements iss
(a) | ifx ¢
| 8
wheres _ ,
f, is the strength of the flux standard in mexwelleturns.
8, ie the flwmeter deflection dus to the flux standard, -
d, is the fluxmeter deflsctlon due to the measured oircuit.
B, 1is the strength of th® unknown flux in maxwell-turns,
2.  MAGNETIZATION | |
This is the measurement of the absolute strength of & magnetic field. The flux measured
iss. . | '
(b) ( §_= Ba(x 2 for 180° £1ip) | o
where ' | N
g is the unknown flux density in gauss
A is the Marea® of the coil in turnsmcm,2
Solving for B, using the basidy flux formulas (a)

(e) A B:‘}ég 1 1 l‘f
A (x 2 for 1800 flipd[ Eeh \

When several measurements are made with the same sensitivity, the bracketed expression

s ccmputad and used as a factor in caslculation of the fields. A representative ddta sheet

is included in this paper, and called DATA SHEET #1. . o )

3. DUNIFORMITY MEASUREMENT ‘ 3 EQA
This 1s the measurement of the change in flux density from point to point in a magnetic

_field. The flux measured iss

y
i
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A representative data sheet is included and called DATA SHERT #2.
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ST R | A%zma

AB 1s the change in flux density from & point in the field chosen as the reference
point,

2

A is the %"area® of the search coil 1n turns-cn
This mey be solved for AB, using the basix flux formula, to givet

(o) "~ aBs __9&1 dx S S
» e - |

It is often desirable to plot the variation of the field in terme of the field at the
reference point, which is called 100% field. In a field of cylindrical #ymmetry, such as
a cyclotron field, the field at the axis of symmetry is usually chosen as the 100% field,
To convert the calculation to percent, the inerement of field, B is divided by Bror and
nultiplied by 100t '

(£) N % change in field = AB X 100 & ."}_93 a N'

DR
v
T

B
As in magnetization, the bracketed expréssion is usually computed and ueed as a faotor.

; v\ .' -~
1 -
. .

4o  FLUX STANDARD CALIBRATION | - | o

R
.‘,-

The flux measured to be put in the basic flux formula is the flux in the standard
mutual inductance, . : : _ .o

(e) V fo=uIx 10° (i 2 for currant reversal)
where : . o ;i
M 45 the standard mutusl inductance in henrles o 4,1 S

‘I is the current flowing in tha standard mutusl 1nductanca hefore the suitch
is opened :

‘\

Solving (g) and (a) for ps, it 18 found that the atrength of the flux standard in
maxwelleturns is given by: _ _ el

In the actual calibration of a flux standard the usual procedurs is to take fluxmeter
readings for seversl. values of current in the standard mutual inductance, The current ia
adjusted so thet the deflesctions due to the mutual inductance bracket the deflection due
to the flux standard tap being ealidrated, is caloulated from squation (g) and plotted
against dy. @ is then read from tha curve at the abscisss corresponding to A 3
variation which saves time in computations is to plot I sgainst d, and read of “the T
which would correspond to 45" Then fiy may be calculated from equation (2)o
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v C. PROCEDURES
1, GENERAL

If the approximate value of the cuantity to be measured is known, the appropriate
formuls is used "backwards" to determine the proper semsitivity, and the proper flux standard
tap, to be used in the measurement. Sensitivity should bs such that the maximum value
measured gives approximately full-scale deflection. In this way one sensitivity may be
used for a range of measured values, If the approximate value is not known, the sensitivity
‘may be. adiusted by trial.

_ Choiee of search coil area shauld be such that the maximum defleetion will be within
- range of the available flux standard. TFor example, if the availgble flux stanfard is

- 3 % 10” naxwell-tu¥ns, one wnuld choogse a coil of epproximately 1000 turns-cm.~ to measure
a fisld of 1500 gauss with a 180° flip.

. When the fluxmeter and the messured field sre s6 separated that communication bestween
operators by normal volce is not possible, commnication is provided by & two-chennel audio
amplifier located in the "Gauss-Housé" with outlets for speaker and microphone in appro=
priate pleceg, For locations in which no amplifier outlets are provided, soundepowered
Yphones may be used,

ﬁhen.proper gsensitivity has been chosen, and the proper circuit completed, the flux-
meter drift is adjusted to zero and the seteup is ready for measurement. It is advantageous,
in terms of time necessary in interpretation and eslculation; o use a cardinal marker
at the low-numbered end of the ‘secale as the beginning reading,

2..‘ MAGHETIZATION

8o . Pormenent Megnet or Stable Electramagnet
A stable electromagnet is ons in which the current may be kept constant while the
measurenent is made, Megnets with surrenteregulated power supplies fall in this category.
Model magnets, without current»regulated supplies, in which there is not excessive heating
mey also be so classed,

- This msasurement requires two persons; one to operate the fluxmeter and one to operate
the search coil and flux standard, Drift is adjusted and the fluxmeter set to one end of
the seale, with the codl linking maximum flux in the unknown field., The coil is rotated
through 180° about an axis normal to the direction of the field and the reading of the
fluxmeter 15 noted, The coil is then immediately returned to its original position. If
the fluxmeter does not return to its original reading; and 1f it is known that the fluxmeter
is properly compsnsated, then the drift has not been properly adjusted. Drift should be
checked and the measurement should be repeated. In an electromngmst this procedure is
repeated at each current at which a determination of field strength is required,

be Pulsed Magnet ' '
When the ceoling requiraments are such that it is not possible to operate an

* " slectromagnet continuously, the coil is fixed in the gap with its axis parallsl to the.

field and the aﬂrrent iz turned on and off for each reading.

Two persons are required. One perason reads the fluxmeter snd the other operates the
current soureé, After the sensitivity and drift have been set, tho magnet current is
.turned on, When a asteady current 1s reached, the fluxmeter and current are read and the
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current i3 then turned off. The entire sequence should take sbout ten seconds, If the
fluxmeter does not return to ite original position when the magnet current switch is opened,
the drift should be adjusted and the measurement should be repeated. Then a measurement
hes been made at one value of current, the current source should be set to other values

of current which are of interest and the Pleld measured at each curront,

This meagurement gives only the difference between the fleld et the currvent of .
interest and that st no current (residual field), In order that the true wvalue of field
mey be determined, it is desirable to take a 180° flip at zero current to measure the
residual field, _ ‘ : ’

3»  UNJIFORMITY MEASUREMENT

Reguires threa'persons.“ One person oﬁerat@s the flumetoer, one person operates tﬁa
search coll, and one person monitors the current, In a current~regulated magmet 4t is
sopetimes possible to dispense with the monitoring of the current, R :

- When the field variation which is to be detected 1s a small percentage of the total
f£ibld, lask of turrent regulation will Aintroduce appreciable errors into the results, To
gorrect for this, s Wicking coil is introduced into the ecircult. This is 2 coil with an
area larger than that of the search coil, It is placed in the gap near the center, with
& polarity opposite to the polarity of the search coil. A voltage~-dividing network
is used to meke its effective avea equal to thet of the seareh ccil., When this is done,
veriation in the absolute value of the field will give no deflection of the fluxmeter,
When & bucking coll is usedy the error in AB is of the same percentage as the percentage
fluctuation in B dus to current fluetustion., Without the bucking coil, the error in A B
would be equal in gause %o the fluctustion of B, It is apparent, from voltage-divider
equations, that the effective area of the bucking coil is given bys

hopr = Ry
By ¥ Bg ¥ Ry

7/ .
» . ;

whexres
RA ia the shuni raeistahce | '_ | , o
RB is the serlss resie;tance~
R, is the resistance of the bucking coil
A is the érea of the bucking coil.

After sensitivity and drift have been adjusted, the fluwmeter is set to one end of
the geale. The coil is moved in jumps along the path over which the uniformity plot is
desired, 7Tt is held stabionary at each position long enough for the fluxmeter to be
read, then moved quickly to the next position., At the end of the rum the coil is returned
to the original position, and the error in fluwxmetsr "zero=return" is recorded. Since it
is difficult to set the drift adjustment so exactly that there will be no drift during an
extended run, the run is repeated seversl times, and the results of the several runs are
¢ averaged, In order thet the proper total deflection from beginning to end of the run
may be known, "zipa" are baken, in which the coil is movéd from the beginning to the ‘
end of the run-and back repidly, thus slimineting appreciable effect of drift. The indi-
vidual runs are corrected for drift by pro~rating the drift along the run before the runs
_are averaged, The maximum total run time is limited by drift considerations. It should
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be such that the drift ls not excessive during the run. The spacing of the positions is
determined by the detail desired in the uniformity plot. In a large magnet, 1" or 2"
Jumps are sufficlent. In small seale models, 1/4%, 1/8", or even 1/16" jumps may be
required, T o ;

In some models, the heating rate Is so great that it is not possible to maintain the cur-
rent long enough for the meter to be read directly during a run, If an attempt were made -
to read the meter direectly, the search coil resistance would be so chenged due to heating
that the circuit sensitivity would he chenged during the run if the fluxmeter is shunted,
Thus, the flux standard reading would not hold for the entire run, To speed up readings
in this cese, and thus minimize heating, the fluxmeter is photographed with the coil at
each position of the run. This is done with a Sept camera using a solenoid tripper
(Figurs 9), The ¢oil moving mechanism is so constructed that the camers is tripped while
the eoil 1s otationary at each position, Thie 1s done, on small~scale models, with & rack
(Figure 10) baving rectangular slots evenly spaced with the spacing desired between posi~
tions. The tack is moved in jumps by using a epecisl "pinion" (Figure 11). This 1is a shaft «
of diamster equal to the spacing desired. A section is cut out of the shaft; end a pin is
inserted, parallel to the axis, at the clrcunference of the shaft. During one halfeturn of
this chaft the pin engages a slot in the rack and movés the rack forwerd one position,

During the other halfe turn the pin is free of the shaft, At this time & cam attached to
one end of the shaft makes contact with a microswitch which energizes the camera-tripping
solenold {Figure 12), Thus the camera is tripped and the picture taken while the coil 1s
stationary in & known position, - : _

4o  FLUX STANDARD CALIBRATION
The current flowing in the standard mutual inductance is furnished by a bank of
slorage batteries kept in a cabinet in the "Gauss~House". For standard calibration the
tatieries are placed in series by closing the knife switches, in the metal control box on
- the north wall in the "Gmuss=House®; to the "Series" position es indicated by stencilling
on the switches. The ocurrent iz then controlled by the wire=wound rheostats mounted on a
table next to the battery csbinet. These should be used in order, completely removing
the resistance from éne rheostet before beginning to very the setting of the next rheostat
having lower resistance windings. As protection for the rhecstats, it is wery important
that the rheostats be removed in order of decrsasing resistance so that no one of them
vill have itg current rating excesded. The current is fed to the stendard mutual induce
tance through a two-conductor cable whioch leaves the bottom of the metel control box and is
coilsd beneath the rhecstat table, )

The current is set to the approximete value desired by referring to an ammeter imcluded
in the circuit on the rheostat table, For accurate measurement of the current, a type
K=2 1&N Potentiometer 1s used, Instructions for its use may be found in the instruction
book included with it, Instruotion books are kept in the squipment log-book with the
sheets for the corresponding metérs and squipment, The standard shunt for use with the
potentiometer is placed in the elrcuit preceding the shunt for the ammeter.

This measurement requires two persons. One person operates the fluxmeter and the
control for the current in the mudual inductance., The other operates the potentiometer.
. After the gensitivity and drift have been adjusted, the current is turned on’and set to
an appropriete value., When the potentiometer has been set to a reading correpponding
to the exact current, the flummeter is read and the current is turned off or reversed,
- “whichever 1s appropriate as distussed below. The fluxmeter is then read again, Several reads
ings are taken which bracket the deflection produced by the flux stenderd being calibrated.
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The current in the standerd mutual inductance should not exceed 0.3 amp.
(the rating is 0.l amp. continuous), When the current required to give sufficient deflec-
tion is greater than this, the current is raversed after ths first readings are taken. The
potentiometer is then quickly balanced after the reversal, The current used in the celcu~
lation is the sum of that before reversal and that after reversal, It is important that
the gurrent is not switched while the potentiomster buttons are depressed. Damage to the
ghandard cell end the galvenometer may resulb. It 1s also extremely importent o observe
Yhe proper polarities whop making comnections to the potentiometer.

The switching of the current in this procedure is done by remote~-controlled solenoids,
which are operated from the small bakelite switching box attached to a multi-conductor,
rubber covered cable which also comes from the bottom of the metal control box. The
switehesimarked "Remote Current® and “Remote Reverse® are the onegs used in flux standard
calibration,

II, Meagurements Using g Galyvanometer or Balddstic Galvenomater
| A. IHIRODUCTION

l. GALVANOUETHR. -

The instrument used is a Leeds and Northrup Type "R" Galvanometer {Cetalog No. 2500-F).
The oontrol oircuit used is shown in Pigure 6, This circuit is inciuded in the same box
with compensating circuits which were used when the gelvanometers were formerly used es
fluwsmeters. The compensating oircuits ars not used in measurements for which the galvano-
meters are now used, The labels on the plugs and switches are also carry-overs from the
days when the instruments were used as fluxmeters, At present, the only measurement for
which & meter of this sensitivity is used in the magnet group is the determination of the
effective "area" of search coils,

~ The meter is hbused in & brass box atop e steel column adjacent to the fluxmeter
4able, The scale is stored on a shelf above the meter. When measurements are to be
made, the scale is mounted in a holder on the model magnet table. This gives a 1ight
bean "arm" of approximately two meters. The meter should be kept shorited when measurements
are not belng mede, The armature should aelso be kept clamped by use of the clamping device
provided on the meter, ‘ ‘

2. CIRCUIT COMPONENIS

The purpose of the Ayrton shunt is.to vary the effective sensitivity of the galvano-
meter without changing its period or damping characteristics. Since the totel circuit
resistance is not eritical in the measurement of search coil erea, the "Resistance" socket
45 normally kept shortecircuited by keeping its switch in the "Out® position., The
"Zegtandard” socket is used to receive the plug from the stetionary coil. One "Tnput"
socket 1s used to receive the rotating coil, and the other is normally shorted by inserting
a shoriing plug. '

B, PROCZDURES

) The coil of unknovn ares is compered with a standard coil of known arsa. 4 coil is
considered standard if its area may be calculated with high precision from consideration
of the dimensions of the coil., Stendard coils ere discussed under esleulations, below.

The method of comparison is es followst

-
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Both coils ars placed in the gap of an electromegnet whose field is uniform to a very
high degres over a reglon extending beyond the positions occupied by the two coils, The
coll of smaller area is placed in a staiionary holder with its axis parallel to the direc-
tion of the flux lines in the gap. The other coil is mounted upon a shaft which is normal
to the direction of the field linea, The shafi may be rotated about its longitudinsl
axis, and e¢arries upon the outer end s protractor with which the angle of rotation may be
meagured within onme second of are (Figure 13), The axis of the coil is normael to the axis
of the shaft, The two coils are conneoted in series by use of tha control box. The revers-
ing switches are adjusted so that the coils are of opposite polarity.

The Ayrton shunt is placed 4in the circuit to protect the galvanometer during the rough
sotting of the protactor, The model magnet is connected to the batteries by throwing the
upper three double knife switches, in s metal control box on the north side of the "Gausse
House", te the “Parallel" position. Curfent is then turned on and off by use of the "Model
Magnet" switoh on the small bakelite control box., This controls a de~-ion breaker in the
metal control box, '

Actual measurement is conducted as followst The current is turned on and off; the
direction of deflection of the galvanometer being noted. The moving coil is then rotated
through e smell angle end the operation repeatad., This is continued until a null deflec-
tion is moted, The Ayrton shunt is removed end the balancing completed. When a true
balsnce 15 obteined; the meter may deflect momentarlly vhean the current is turned on or
off; but it will return immedistely to its null position. The momentary deflection is due
te the faet that the fleld does not rise st exaetly the same rate throughout the megnet
until the eddy currents in the pole pieces have been established. Ths reading of the pro~
tractor when & trus balance has been obtained is recorded on the data sheet as 85 ..

The stetionary coil is then removed from the circuit., Closing of the shorting switech is
not sufficient., The plug must actually be removed from the sdtket because of the finite
resistance of the switch, The rotating coil is then turned until it links no flux. The
determination of zero flux-linkages is deteruined by the same null method as above. The
reading of the protactor is then known as the zero angle end 1s recorded as €,, The differ-
ence hetween these two angles is known as A®, and 4s the angle used in the caioulations.

At the time the calibration is made, the resistance is measured on the Type "8% Set,
The temperature is slso recorded so that the proper resistance at any temperature may be
caleuluted., tith this record, an idea ms to whether a coil may have been damaged is
provided by a measurement of itg-r@aistance. A semple date sheet is included with this
- paper and called Data Sheet #3.

C. CALGULATTIONS
1. COIL CALIBRATION

When & coil is inclined with respeet to a given direction, its effective area in
that direction is gfven bys :

(3) Agpp = & sin 6.

- where:

-

A is the ares of the coil in»turnSucmoz

6 1 the angle at which the axis of the coil is inclined with respect
%o the given direction
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Whan the rotating coil is in the balsnce uasition, its effective erea is equal to the ares
of the fixed coil.” The relationship batween the two areas is given byu
® Astat = Ypot sinsne’
r;herei . _
Astat is the area of the stationary coil
A, 15 the hrea of the rotating coil

A8 1s the angls of rotetion of the rotating coll, az discussed under
¥Procedurea®,

2, STATDARD GOIL3

The standard coils are single~layer coils wound upon cpools of known diemeter, The
diemoter of the spools and the diameter of the wire used are msasured very accurately. The
twrns are laid es glose together as possible in ordsr that the vector representing the area
will coincide with the axis of the coil, The area of such & standard coil ie given by:

(1)  a= w{zﬁm‘rd}

wheres

A iz the area of the standard coil in tumswm.z

N is the number. of turns
- D ia the spool diamﬂter in om,
d 15 the wire diameter in cm. o | ‘

This equation is derived in referenee Le  That peper 13 excellently written, and the reader
is referred to it for a summary of nethods, theories, and expected accuracies in the cali-
bration of search coils, -

3.  COIL RECORD

A record of search aoil areas and eallbrations ie kept in the "Gauss-House". A record
of each coil is kept on a separate sheet in the coil record book. A complete history of
each coil iz kept, including esch calibrationu A copy of the coil record sheet is included,
and ealled Data Sheet Blow

III. THE BANK OF STORAGE BATTERIES
i SE OF THIE BATTERIES

, A bank of twelve, six volt storage (sutomobile) batteries is kept in a cupboard in

_ the northwest corner of the Ga,ss~House, The cupboard is vented to the outside to provide
adr circulation for cooling without introducing sulfuric aeid fumes into the building.

In the center of the north well is a steel control box which houses de-ion breakers, circuit-
selecting kmife switohss, and fuses, The fuses are 40 ampere fuses. The batteries are
arranged in three groups of Tour batteries’ each. The leads from each group are carried into
the metal control box where each set terminates on the blades of a doubls-pole, double-
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throw lmife gwitch. %Hith thesse switches the groups may be placed either in gseries or in
parallel, For coll callbration the switehes are put to the parallel position to give en
ouiput voltage of 24 volts at the terminals in the center of the Gauss~House ceiling,
from which leads go to the model magnet, The current may be varied by use of knife
switehes and fixed resistors mounted on the north well next to the battery cuphoard,

For flux stendard calibration the groups are placed in seriss and the switeh at the lower
right in the metal control box is thrown to the "Series" position., The current is then
controlled by the rheostat bank on the table botween the battery cupboard and the mstal
contrel box, Current ig taken from the leads coning from the bottom of the metal conirol
box.

2. CARS OF THE BATTERIRS

The Eleetronics Maintenance department is charged with care of the hdtiteries., Howaever,
it is the duty of the magnet group to maintain the echarge of the battsries when they are
used frequently, The specific grayity should be checked ocecasionally with & hydrometer.
When 1t drops below 1,200, the batieries should be placed on charge until the spocifie
gravity reaclies 14250 or 1,275. To place them on charge, put the groups in series and
throw the sulitch in the lower right corner of the metal control box to "Charge®. The
rectifler is located atop the batlery cabinet. Make sure that its plug iz firmly in the
socket and that both kmobs are turned counterclockwise until they hit stops. Now turn
on the "Battery Chargor® breaker dn the circuit-breaker panel next to the Gauss House door,
To protect the Tungar rectifier tube, this switch should never be turned on or off unless
the re¢tifier is turndd off with the knobs on ite front, %hile charging, 1t is a googd
practice to place "Do not turn off" notices on the "Battery Charger" breaker and the Main
Breaker, To start charging current, turn the knobs on the rectifier to the right until
thae tube begins to glow. Thon adjust the current to bstween four and six amperes., Thse
current may be loft on overnight if the condition of the batteries requires it., JAvoid
overcharging the betteries. If corrosion of the lsads becomes apnarent, or if the batteries
‘need water, notlly Elsctronies Maintenance,
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\ Figure 9
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t-up for photographing fluxmeteér reasdings. The connection
to the solenoid tripper is through the string coming out of the box
next to the Sept camera. The micro-switch is for testing the trip-
ping mechanigm, The lense on the fluxmeter case is for the purpose
of collecting the light beam and sending the light to the camera lens.
To minimize vibration due to the solenoid, there is included in the

?yipping gtring a spring which smooths out the pull.
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Figure 10

Set-up for unlformLfy measurement in the gap of a model
magnet, The search coil is seen mounted on the special rack
deseribed in paaagraph X6 3
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Figure 11

Close-up of the coil=moving mechanism for field
uniformity measurement,
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MAG .313‘

Figure 12

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 switch on and off and
for manual tripping of the camera solenoid,
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Figure 13 °

Coil-rotatiné mechanism for coil calibration.
A standard coil is seen mounted on the mechanism,
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