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MEASUREMENT OFf THE MAGNETIC PROPERTIES_OF MAGNETITE
ACCORDING TO THE TWIN ISTHMUS METHOD.

1. INTRCDUCTION.

If one wants to study the magnetic properties of
magnetite such as coercive force, remanence, saturation mag-
netisation and susceptibility, the hysteresis loop and the
normal magnetisation curve have to be determined, These
properties determine the behaviour of magnetite materials

such as the powder used in heavy medium coal washers.,

The susceptibility and the magnetite content of
magnetite samples are the properties that determine the at-
tractive force necessary to recover the magnetite at the

plant separator.

Prom the coercive force the magnetic hardness can
be derived on which the ease or difficulty of magnetisation
and demagnetisation of these powders in the washing plant
depends. The first aspect will make collection in the mag-
netic separator more difficult, and the apparatus may behave
as if it were overloaded. The last aspect could cause an
unstsble suspension in the washer.

A knowledge of the coercive force, which is propor-
tional to the specific surface of the magnetite powder, per-
mits conclusions regarding the mean grain size of the powder,

2. DESCRIPTION COF METHOD.

For these measurements the twin isthmus method
according to V,H, Gottschalk and C,W. Davis® is used, Two
identical capsules (See Figure 2, 3 and 4}, one empty and omne

containing the magnetite powder to be measured, are inserted
parallel to one another into a gap of the iron core of an
electromagnet (See Figure 1 and 2), so that the powder forms

a cloged magnetic circuit with the iron core of the electro-
magnet, Both capsules are provided with identical secondary

windings.../



windings. The primary windings are those of the slectromagnet.

When the field strength is changed suddenly from one
value to another, the resulting change of induction can be
meagured by means of the deflection of a ballistic galvanometer
connected to one of the secondary windings. The galvanometer
throw caused by the secondary windings of the empty capsule is
proportional to the field strength of the air gap, the throw
caused by the windings of the filled capsule is proportional
to the magnetic induction of the magnetite. When the two
secondary windings are connected in series and opposed*, the
throw gives the difference between the induction and the field

gtrength which is the magnetiszation.

For calibrating the field strength in the air gap
against the exciting current of the electromagnet, the secondary
windings of the two empty capsules are connected in series and
added** 50 as 1o increase the galvanometer throw,

For the measurement of the balligtic galvanometer
constant ¥ a mutual induction standard was used,

3. DESCRIPTION OF THE TWIN ISTHMUS APPARATUS.

(a) The Electromagnet.

The two capsules (Figure % and 4) can be inserted into
the air gap of the electromagnet (See Figure 1 and 2) and kept
in place by means of two wedges (See Figure 2) constructed from

the same transformer plates used for the core of the electro-
magnet (containing 57 transformer lsminations each 0.89 mm thick).

To ensure that the capsules are always kept in the
game position an adjusting plate (made from non-magnetic
material) is fastened beneath the air gap (See Figure 1 and 2),

The common bottom plate (made of soft iron) of the two capsules
(Figure 2 and 3) and the two wedges rest on this rlate, Simul-

taneously this plate has the function of keeping the length of
the air gap constant.

The. ../

¥ This means that the induced voltages are opposed,

*¥* This means thet the induced voltages zare added.
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this was only the case each day at the beginning of the magne-
tic measurements, The beginning of the magnetic measurements
each day 1s the determination of the galvanometer constant,

The asymmetry of the galvanometer throw is here 0,6%
to the left which is commonly the case with all tests.

mABLES B2.

In these two tables a and b calibrations of the
isthmus apparatus for hysteresis loops after renewing the two
wedges are given, Although there are small discrepancies in
the exciting current of the respective measuring points.
(column 1) the respective resulting field strengths (column 10)
of the two tzbles can be compared and their differences are
tabulated as precentages in column 11 of Table B2z, Column 11
shows good agreement between the two calibration measurements

excepting naturally the very small values.

The gazlvanometer constant and the asymmetry of the
galvanometer are also given, The lztter changes from measuring

geries to measuring series.

The mean of th 3e two calibration curves ias plotted

in Figure 8,

TABLES B3.

In the two tables a and b calibrations of the isthmus
apparatus for normal magnetisation curves after renewing the
wedges are given, The percentages of the differences between
the respective field strengths (column 9) of the two measuring
geries are shown in column 10 of Table B3a, The values of this

column are satisfactoril small.

The mean of these two calibration curves 18 plotted
in Figure 3.

The Tables B2a (hysteris loop) and B3a (normal magne-
tisation curve) belong to the same measuring series, having the
game galvanometer cdnstant. The same applies in the case of
Tableg B2b and B3b. In both cases the hysteresis loop values
of field strength (column 1 ' at the highest exciting current
(column 1) used, are 0.5% snd 1.1% smaller than the respective
normael magnetisation values (column 9). These values should
coincide but this is never the case in all the measurements.

ABLES B4,

In the two tat es a and b the hysteris loops of
Gladstone magnetite (intermediate size) are given,

TABLES B5.../
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curve, the factor % must be iniroduced into the formula.

On page 63 the galvanometer gonstant K' is equal to
0.0174 microcoulomb/cm = 0,01740 x 10 coulomb/cm [%%]. By
multiplying K' with the critical damping resistance of the
galvanometer circuit D = 239%24 , the galvanometer constant
K = 416,42 x 10° maxwell/cm is obtained, By introducing this
value of K, my= 95 and q = 2 3,46, the vzlue of F' = 31,67
oersted/cm is obtained, the same value as in Table 20 in Dean

and Davis,

w.T,E. VON WOLFF,.
Principal Research Officer.

I1,T.M, KESSLER.
Researc Officer.

PRETORIA.
13th July, 1966,
























CALIBRATION O

HYSTIERESIS

(THE BALLISTIC GALVA

1 2 3 4 5 6 7
GALVANOMETER THROW IN cm
SESEEANG | MULTIPLIER
IN A :

LEFT | RIGHT | LEFT | RIGHT | MEA.
4,42 13 17.80 1 17.65 | 17.75 @ 17.75 | 17.°
3.25 33 10.05 | 9,90 10.15 10.05 | 10.!
2.19 33 10.50 | 10.50 | 10.55 ; 10.50 | 10.!
1.54 33 16.50  16.55 16.50 | 16.50 | 16."
0.83 5 13.55  13.50  13.45  13.50  13.!
0.40 33 8.80 8.75 8.80 8.85, 8.
0.141 33 2.65 | 2,55 2,60 2.60 | 2.¢
0.062 13 2,15, 2,10, 2.20 2.10| 2.
0.0376 2 15,10 | 15.10 | 15.05 | 15.15 | 15.1
0.0108 2 6.00 | 6.15| 6.10 6.05 6.
0
0
0.0108 2 6.05 | 6,05 6.05 6.10 6.C
0.0376 2 15.05 | 15.05 | 15,15 | 15.05 | 15,(
0.062 13 2,151 2,15 2,20 2.10| 2.1
0.142 33 2.80 | 2.45 2,75 2.55  2.¢
0.40 33 8.80 | 8.75| 8.701 8.75 8.7
0.831 33 13,50 | 13,50 | 13.45 i 13.60 | 13.°
1.54 33 16.65 16.60  16.55  16.55 16,5
2.20 33 10.50 10,50 | 10,50 | 10.55 | 10.5
3,27 33 10.25 | 10.30 | 10.35 | 10.30  10.3
4,42 13 18.55  18.75  18.50 18.65 18.€

307.40 206.85 207.35 207.25
Asymmetry of throws* 6??5 6?30
- = 0.27% = 0.05%

*Difference between columns 3 and 4 or 5 and 6 respecti



o

BLE B2a.

HE TISTHMUS CAFSULES FOR

P _(SECONDARIES ADDED).

STER CONSTANT IS K = 2392,16)

8 9 | 10 | 11
PERCENTAGE
DIFFERENCE
CALCULATED BETWEEN
R THE TR0
nox MEAN ) P B ey SINGLE
. jRgéﬁD MEASUREMENTS
OF TABLE B2a
AND B2b
(COLUMN 10)
230.62 2356.76 3451.9 0.1%
331,32 2126.14 3114.1 : 0.1%
346.83 1794 .82 2628.8 0.4%
544,83 1447.99 2120.8 0.3%
445,50 903.16 1322.8 0.04%
290.40 457.66 670.3 0.5%
85.80 167.26 244.9 0.1%
27.82 - 81.46 119.3 0.8%
30.20 53.64 78.3 1.3%
12.15 2%.44 B 2'.9%
11.29 16.5 ~ 2.9%
12.12 ~-0.83 =i 95.1%
30.15 -30,98 -45.3 1.1%
27.95 ~-58.93 -86.3 0.6%
87.12 -146.05 -213.9 0.5%
288.75 ~-434.80 -636.8 0.08%
445,83 ~-880.6% -1289.8 0.2%
547.47 ~-1428.10 -2091.7 0.2%
346.83 -1774.93 -2599,7 0.3%
339.90 -2114.8% -3097.5 0.3%
241.9% -2356.,76 -3451.9 0:1%

1715 .52



REPETITIONL

T
OF_THE

CAPSULLS FOR HYSTERE

(THE BALLISTIC GALVANO

1 2 3 4 5
gﬁgéﬁéﬁG e GALVANOMETER TH
IN A L T I e
LEFT | RIGHT | LEPT

4.34 13 17.85 | 17.85 | 17.80
3.20 33 10.20  10.50 ! 10.35
2.12 33 10.35 | 10.40 | 10.30
1.51 33 16.30 | 16.35 | 16.3%0
0.82 33 13.40 | 13.40 1 13.30
0.398 33 8.85 8.90 8.85
0.141 33 2.70| 2.65| 2.70
0.062 13 2,201 2,20 2.15
0.0375 2 15.20 1 15.00 i 15.25
0.0108 2 6.201 6,15 6.20
0
0
0.0108 2 6,10 6.15 6.10
0.0376 2 15.05 | 15.05 | 15.05
0.062 1% 2.15 1 2.20i 2.15
0.142 33 2,60 2.751 2.70
0.399 33 8.75  8.75 8.70
0.822 33 13.45 | 13.45 | 13.45
1952 33 16.60 | 16.55 | 16.55
2.13" 33 10.40 | 10.45 | 10.45
CA s 33 10.70 { 10.70 | 10.70
4,37 13 18,05 17.95 | 18.20

Asymmetry of throws*

207.10 207.40 207.25
4

\

8

Lol oh
= 0.14%

*Difference between columns % and 4 or 5 gz



AT

ABLE B2b.

OCALIRRATION OF THYE ISTHMUS

SIS LOOP (SECONDARIES ADDED).
WETER CONSTANT IS K = 23%86.54).

6 | 1 g 9 10
ROW IN om S CARE L
RIGHT | MEAN H = 75
17.45 | 17.74 | 230.62 2357.39 34447
10.60 | 10.41 343.20 2126.77 3167.7
10.35  10.35  341.55 1783.57 2606.2.
16.20 | 16.29 | 537.57 144202 2107.1
13.35 | 13.36  440.88 904 .45 1321.6
8.75 | 8.84  291.72 463.57 677.4
2,70 2.69  88.77 171.85 251.1
2,15 2.18  28.28 83.08 121.4
15.15  15.15 30.%0 54.80 80.1
6.10 | 6.16 12,32 24.50 35..8
' 12.18 17.8
6.05  6.10 12.20 -0.02 -0.03
15.05 | 15,05 30,10 ~30.12 ~44.0
2,20 | 2.18| 28.28 ~58.40 -85.%
2.80 | 2,71 89.43 ~147.83% ~216.0
8.80  8.75 288.75 ~436.58 ~637.9
13.40 | 13.44  443.52 -880.10 | -1286.0
16.35 | 16.51 | 544.83 | -1424.93 | -2082.2
10.35  10.41 | 343.20 | -1768.13 | -2583.6
10.75  10.71 | 353.43 | -2121.56 | -3100.1
18.35  18.14 | 235.82 | -2357.38 | -3444.7
4714 .77
206.90
~ —
55
L1179

nd 6 respectively.,



CALIBRATION OF THE ISTHMUS CAPSULES I

(THE BALLISTIC GALV

1 2 3 4 5 6 |
GALVANOMETER THROW ON REVERSAI
: OF CURRENT IN cm
EXCITING .
CURRENT MULTgPLILR
IN A

IEFT | RIGHT | LEFT | RIGHT . ME/
0.0108 2 10.95 | 11.00 | 11.00 | 11.00 | 10
0.0376 11 7,151 7,10 7.15 0 7.15 7T
0.062 13 10.25 | 10.40 1 10,30 10,30 ¢ 10
0.141 33 9.40 1 9.30 1 9.351 9.45 9
0.825 97 18.35 | 18.35 18,30 | 16.30 | 18
525 128 23,75 | 23,90 | 23,75 | 23.85 ; 23

2,18 481 7.60 Te45 7.30 7.70
Bied 481 8.80 8.85 8.80 8.90 8
4,38 481 9.90 9.85 9.85 9.80 9

124,00 124,15 123%.70 124.35

o 7\ J

7 Y
Asymmetry of throws* -0.15 0.35
= 0.12% 0.28% .

*Difference between columns 3 and 4 or 5 and 6 respec



1 o5 I

ABLE_B3a.

NORMAL MAGNETISATION CURVE (SECONDARIES ADDED).

OMETER CONSTANT IS K = 2392.16).

10

PERCENTAGE
DIFFERENCE
BETWEEN
MEAN AND
THE TWO
SINGLE
MEASUREMENTS
OF TABLE B3a
AND B3b
(COLUMN 9)

8 9
CALCULATED
FIELD
| n x MEAN | STRENGTH
=7 I OERSTED
H=7F'TF
21.98 16.1
78.54 S thnS
134.03% 98.2
%309.38 226.6
877.10 642.%
) LA S 1301.8
2881.01 2109.9
3612 .%1 2645 ,4
4252 ,04 %3113.9
4737 .85 %469,7

0.03%
0,02%
0.05%
0.4%
0.9%
0.2%
0.3%
0.6%
0.2%
0.2%

ely.




REFETITION OF THE CALIB
CAPSULES FOR NORMAL MAGNETISATI
(THE_BALLISTIC GALVANOMETER

1 2 3 4 5
GALVANOMETER THROW
EXCITING f OF CURRENT IN

STERERT MULP%PLIER
I A LEFT | RIGHT LEFT
0.0108 2 11.00 | 11.05 | 11.00
0.0378 11 7.201 7.15| 7.20
0.062 13 10.%30 | 10.40 | 10.30
0.141 33 9.30 9.35 9.30
0.40 49 18.10 | 18.25 | 18.35
0.828 97 18.25 | 18.25 | 18.35
118855 121 23,70 23,75 1 23,75
5,18 481 7.50 7.40 7.45
3.26 481 8.85  8.95 | 8.90
442 481 9.85 | 9.95  9.95
124.05 124.50 124.55
Asymmetry of throws* -0.45

0
= 0,36% =0

*Difference between columns 3 and 4 or 5 a



ATION OF THE ISTHMUS
N CURVE (SECONDARIES ADDED) .
CONSTANT IS K = 2386.54).

6 7 8 9
ON REVERSAL CATCUTATED
- n x MEAN SgégﬁgTH
RIGHT | MEAN ik INHOERg?%P
11,05 | 11.03 | 22.05 16.1
7.10 | 7.16| 78.76 57.5
10.30 | 10.33 | 134.23 98.1
9.35 | 9.33 307.73 224.8
18,35 | 18.26 | 894.74 653 .7
18.35 | 18.30 | 1789.52 1307.5
23.75 | 23,74 | 2872.54 2098.7
7.40 | T.44 | 3578.64 2614.6
§.90 | 8.90 @ 4280.90 3127.7
9.90 | 9.91  4766.71 3482,6
124.45.
“,""—"""'"J
10
08%

1d 6 respectively.



MEASUREMENTS FOR_THE HYSTERESIS L

WEIGHT OF MAGNETITE :

7.5

(THE BALLISTIC GALVANOMET!]

1 2 3 4 5 6
GALVANOMETER THROW IN cm
EXCITING | MULTIPLIER
CURRENT n
IN A

LEFT | RIGHT | LEFT | RIGHT | ME,
4,20 1 3.45 1 3,301 3.40 . 3.35 . 3
3,18 1 6.80 6.75 6.75 | 6.70 6
2.18 1 11.75 | 11.65 { 11.70§ 11.70 | 11.
1,50 2 19.95  19.75 1 19,90 ; 19.85 | 19.
0.788 13 6.85 1 6.75 6,80 6.80 6.
0.392 13 11.45  11.45 | 11.40  11.35 11
0.141 13 6.15 6.15! 6,15 6,10} 6,
0.064 2 16.00 | 16.05 | 16,00 | 16,10  16.
0.03%82 2 20.25 { 20,20 | 20,20 | 20.25 | 20.
0.0111 2 9.30 . 9.25 i 9.35 9.20 9.
0
0
0.011 2 10.25 { 10.20 | 10.20  10.20 | 10.
0,0382 11 SRR BN B CEIP50 1) S E50), [ e
0,064 11 4.55 1 4.50 1 4.50 | 4.45 4.
0,141 13 8.60 1 8.50 8.65 . 8.55 8.
0.392 13 15 o oA A S E0) B 01258 (65 || Sl
0.793 13 7o YO RNACION BT O LR 05
1.51 13 3.35 | 3.30] 3.301 3.35] 3.
2,20 1 12,0 SO T2 LU RSl il 2 /o | e
3.20 1 HE25 10 o 25MS 20N 7 SloMl T
4.20 1 o1 [T RRCHET R I (oI S v T -

Asymmetry of throws*

188.65 187.80 188.25 188.00

v N
0085 0.25
= 0.45% = 0.13%

*Difference between columns 3 and 4 or 5 and 6 respect



S|

IABLE B4a.

X_OF GLADESTONE MAGNETITE (INTERMEDIATE SIZE).

34g MIXED WITH 0.7794g A1,

0. (COARSE).
~

1 CONSTANT IS K

= 2372.62 MAXYELL/cm) .

11

8 9 10

__HXWM§§£;ﬁﬁflmﬁkM$
I =7Pp

8 3.38 526.51 2456.,1
5 6.75 523.13 2440.,3
0 11.70 516.38 2408.8
6 39.72 504.68 2354 .2
0 88.40 464,96 2168.,9
1 148,33 376.56 1756.6
4 79.82 228.23 1064.7
4 32.08 148.41 692.3
5 40.45 116.33 542,17
8 18.55 15.88 353.9
57.33 267.4

1 20.42 36.91 172.2
5 57.86 -20.95 -97.7
) 49.50 -70.45 -328.6
3 111.48 -181.93 -848.7
L 178.23 -360.16 -1680.1
3 899.18 -459.94 -2145.5
3 43,23 ~-503.17 -2347,2
3 12.38 -515.55 -2404.9
> 1.25 -522.,80 -2438.8
L 3.71 -526.51 -2456.1

1053.02

PERCENTAGE
DIFFERENCE
BETWEEN
MEAN AND
THE TWO
SINGLE :
MEASUREMENTS
OF TABLE B4a
AND B4b
(CoLUMN 10)

ely.

0.1%
0.1%
0.1%
0.1%
0.2%
0.1%
0.2%
0.4%
0.6%
0.9%
1.1%

2.1%
2.0%
0.8%
© 0.2%
0.2%
0,1%
0.1%
0.1%
0.1%
0,1%




MEASUREMENTS FOR Tt
MAGNETITE (INTERMEL
SAMPLE WAS TAKEN OUT OI
(THE_BALLISTIC GALVANOMETT

1 2 3 4 ;
E%ﬁ%%ﬁ%G e GATVANOMETER
T n LEFT | RIGHT | LEE
4.25 1 3.45 3.35 3,
3,22 1 6.75 6.80 .6.
2,22 1 11.60 | 11.70 11,
1.51 2 19.70 | 19.80 | 19,
0.797 13 6.80 6.90 6.
0.394 1% 11.55 | 11.55  11.
0.142 13 6.15 6.20 6.
0.064 2 16.05 | 16.00 @ 16.
0.0384 2 20.15 | 20.30 @ 20.
0,0112 2 9.25 9.40 9.
0
0
0,0112 2 10.20 | 10.3%0 | 10.
0.0384 11 5.25  5.25 | 5.
0.064 11 4.55 | 4.55 | 4.,
0.142 13 8.45  8.60 8.
0,395 13 13.75 | 13.85 | 13.
0.8 13 7.65 | 7.70 7.
1.53 13 ST S W TR M
2.20 1 12.25 | 12.25 | 12.
3,22 1 7.30 1 7.25 7.
4.26 1 3.80 0 3.75 3.
188.00 188,80 188.
L N
Asymmetry of throws* ~-0.80

= 0.43% =

*Difference between columns 3 and 4 or 5



4BLE_B4D.

HYSTERESIS LOOP OF GLADES TONE

TE SIZE) REPEATED, AFTER THE

APSULE, MIXED AND REPILLED AGAIN.

CONSTANT IS K = 2372.62 MAXWELL/cm).

6 7 8 9 10
ROW IN cm L CALCULATED
RIGHT K Mpany | D X MEAN Bn:xg;ig%— MAgﬁEgi%égION
I =Fg
1| 3.40 ] 3.40 3.40 527.89 2462.5
) 6.75 ] 6.78 6.78 524 .49 2446.6
11.70 | 11.66 11.66 517.71 2415.0
19.75 | 19.75 39.50 506,05 2360.6
6.85 | 6,85 89,05 466.55 2176.4
)1 11.50 | 11.55 | 150.15 377.50 1760.9
) 6.15 | 6.18 80.28 227.35 1060.5
)1 16.10 | 16.04 32,08 147.07 686,1
)1 20,25  20.23 40.45 114.99 536.4
)1 9.35 9.33 18.65 74.54 347 .7
55.89 260.7
10.25 | 10.25 20,50 35.39 165.1
)| 5.15 | 5.21 57.31 -21.92 ~102,3
)| 4.45  4.51 49.61 ~71.53 -333,7
)| 8.55| 8.53 110,83 ~182.%6 ~844 ,2
)1 13.80 | 13.80 | 179.40 -361.76 -1687.5
)| 7.60|. 7.66 | 99.58 —461.%4 ~2152.1
)| 3.35 0 3.3% 43,23 ~504.,57 -2353 .7
112,25 | 12,24 12,24 -516.81 -2410,8
L 7.30 0 7.%1 7.31 ~524,12 ~2444.9
| 3.701 3.76 3,76 -527.88 ~2462,5
1055.77
1188.20.
N
.20
11%

nd 6 respectively.



MEASUREMENTS FOR THE NORMAL MAGNETISATION

WEIGHT OF MAGNETITE = 7.523

(THE BALLISTIC GALVANOMETER

1 2 3 4 5. 6 7
GATLVANOMETER THROW
X ' ON REVERSAL CURRENT IN cm
EXCITING e
CURRENT MULT;PLILR
IN A
IEFT | RIGHT | LEFT | RIGHT | MEAI
0.0ll 2 12050 1204‘0 12050 12.55 120Z
0.0385 allils 9.70 1 9.65: 9.751 9.70 . 9.’
0.064 yEil 16.90 | 17.00 | 16.90 i 17.05 | 16.¢
0.143% 33 11.60 i 11,70 ! 11.65 { 11.70 1 11 .¢
0.3%94 33 22,10 22.15 | 22,15 i 22.15 ; 22.°
0.798 49 18,85 | 18.85 | 18.80 | 18.90 | 18.!
1.51 65 15.45 { 15,60 i 15.50 ; 15.55 | 15.!
2.20 97 10.65 i 10.70 | 10.65 10.65 { 10.
3,20 97 10.85  10.80 1 10,85 | 10.85 @ 10,
4,20 97 10.85  10.95 | 10.85  10.95 | 10,
139.45 139.80 139.60 140.05
\ - I\ o g
Asymmetry of throws* -0.35 ~-0.45
= 0,25% = 0,32%

*Difference between columns 3 and 4 or 5 and 6 respect



Lok |

[ABLE B5a.

CURVE OF GLADESTONE MAGHETITE (INTERMEDIATE SIZE).

lg MIXED WITH 0.7794g A1293 (COARSE).

CONSTANT IS K = 2372.62 MAXWELL/cm).

8 9
CALCULATED
n x MEAB MAGNETISATION
— =3 IN GAUSS
I =73
) 24,98 58.73%
)1 106.70 248,9
51 186.56 435.1
51 384.78 897.5
1 730.62 1704.1
51 923,65 2154.3
3 11009.13 2353,
5 1034.02 2411.8
41 1051.48 2452.5
D ; 1057.30 2466,1

vely.

10

PERCENTAGE
DIFFERENCE
BETWEEN
MEAN AND
THE TWO
SINGLE
MEASUREMENTS
OF TABLE Bba
AND B5h
(coLuMn 9)

0.4%
0.4%
0.5%
0.1%
0.3%
03:2%
0.3%
0.2%
0:2%
0.2%




TABL

REPETITION OF THE MEASUREMEN

CURVE OF GLADESTONE MAGNETIT

SAMPLE WAS TAKEN OUT OF THE C

(THE BALLISTIC GALVANOMETER CON

1 2 3 4 5
s MULTTPLIER GAI&Agggggg% e
N 4 LI LEFT | RIGHT | LEF
0.0112 2 12,55 | 12.55 | 12,
0.0389 11 9.75 @ 9.85 | 9,
0,064 11 17.05 | 17.10 | 17,
0.144 33 11.65  11.75  11.
0.400 33 22.25 | 22,35 | 22,
0.81 49 18.85 18.95 | 18,
1.54 65 15.60 | 15.60 | 15,
2.22 97 10,70 | 10.70 | 10.
3.23 97 10.85 | 10,90 | 10.
4.28 97 10,90 11.00 | 10.
140.15 140.75 140,
v

Asymmetry of throws* -0.60

= 0,43% =

*Difference between column 3 and 4 or 5



4 30/1=

BSh.

FOR_THE NORMAL MAGNETISATION
(INTERMEDIATE SIZE) AFTER THE

SULE, MIXED AND REFILLED AGAIN.
ANT IS K = 2372.62 MAXWELL/cm).

6 7 8 9
' ON REVERSAL CALCULATED
1 MAGNETISATION
n x MEAN | IN GAUSS
RIGHT | MEAN = B I=7F"'B
12.65 | 12.60 | 25.20 58.8
1 9.80 9.78 | 107.53 250.8
| 17.20 17.11 | 188.21 438.9
11,70 | 11.69 | 385,77 899.8
22,35 1 22.28 | 735.08 1714 .5
1 18.95  18.91 | 926.59 2161,2
1 15.65  15.61 | 1014.65 2366.6
10.70 | 10.71 | 1038.87 2423.1
10.95 | 10.89 | 1056.33 2463.8
10.95  10.94  1061.18 2475.1
140.90
_\v,...___....z
.65
.46%

d 6 respectively.



MEASUREMENTS FOR THE HYSTERES.

WEIGHT OF MAGNETITE

(THE BALLISTIC GALVANOME'

1 2 3 4 5 6 7
GALVANOMETER THROW IN cm
g§g§%§¥G MULTIPLIER i}
IN A n ;
LEFT | RIGHT | LEFT | RIGHT | MEAN

4.20 1 5.40 1 3.75 | 3.45 | 3.70 3.58
3,20 1 7.10 1 6.55| 7.20| 6.50 | 6.84
2.20 1 13.35 1 13.70 | 13.45 | 13.65 | 13.54
1.54 2 21.55 | 22.25 | 21.65 | 22,05 21.88
0.83 13 7.750 7.95] 7,80 7.95| 7.86]| -
0.398 13 12.55 | 12.55 | 12.55 | 12,50 | 12.54 | -
0.142 13 .90 6.55! 6.75| 6.65 | 6.71
0.063 11 3.20 | 3.20] 3,25 3,15 3.00
0.0382 11 5.951 3.65| 3.85 | 3,75 3.80
0.0109 2 11.3510.85 | 11.25 | 10.95 | 11.10
. .
0.0109 2 12.15 1 11.60 | 12.05 | 11.75 | 11.89
0.0382 11 5.60) 5.70| 5.65| 5.65 | s5.65|
0.063 11 4.55 1 4,50 4,50 4.55 4.53 ‘
0.142 13 8.40 9.05  8.50! 9.00 8.74 | 1.
0.396 13 14,551 14.60 1 14.60 | 14.60 | 14.59 | 1
0.830 13 8.65) 8.70 8.70] 8.75!| s.70| 13
1.54 13 3.501 3.35 | 3.45| 3.40] 3.4% /
2,22 1 14.25 115,95 1 14.15 | 14.05 | 14,10 | 1
3,22 1 7.95 ) 17.60, 7.85| 7.65 | 7.76
4.20 1 4.10 1 4,60 4.25] 4.45 4,35

? P 114

Asymmetry of throws*

\}74.80 174.6

SK}Z4.9O 174.70}

Ve —\
0.15 0.20
= 0.09% = 0,11%

*Difference between column 3 and 4 or 5 and 6 respectively,
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TABLE Bbe.

LOOP OF ALANWOOD MAGNETITE -270 +325 MESH.
7-.5220g MIXED WITH 0.2669g A1293.
CONSTANT IS K = 2340.29 MAXWELL/cm).

11

PERCENTAGE DIFFERENCE BETWEEN MEAN
AND THE TWO SINGLE MEASUREMENTS OF

TABLE B6b
AND TABLE
.Bé6e
(COLUMN 10)

TABLE B6a
AND TABLE
- Bée

(COLUMN 10)

8 e | 10
wEAw | B = % SUM- ‘Miéﬁgg%éfﬁ?om e
7| n ox MBAN I§ gAg§s e e
=B B6D
(COLUMN 10)
3.58 571,09 2628,2 ' 0.1%
6.84 567.51 2611.8 0.1%
3.54 560.67 2580,3 0.08%
T 547.13 2517.9 0.1%
2,18 503.38 2316.6 0.3%%
3.02 401.20 1846.4 1.0%
7.23 238,18 1096.1 0.9%
5.20 150.95 . 694.7 1.0%
1.80 115.75 532.7 1.2%
2.20 7%.95 340.3 0,9%
51.75 238,2 1.2%
3.78 27.97 128.7 3.4%
2.15 -3%4.,18 -157.3 0.6%
9.78 -8%.,96 ~386.4 1.8%
3.62 -197.58 ~-909,3 1.2%
9.67 ~387.25 -1782.2 0.6%
3,10 ~500.35 -2%02,7 0.3%
4.5% -544.88 -2507.6 0.1%
4.10 ~558.98 ~2572.5 0.1%
7.76 -566.74 ~2608,2 0.1%
4,35 | ~571.09 -2628,2 0.1%

D
-
@

&gz

0.2%
0,2%
0.2%
0.2%
0.1%
0.05%
0,04%
0.5%
0.5%
2.,0%
0.6%

0.4%
0.6%
0.1%
0.2%
0.1%
0.1%
0.2%
0.2%
0.2%
0.2%

0.3%
0.3%
0.3%
0.3%
0.4%
0,6%
0.9%
1.5%
1.6%
2.2%
2.3%

3.8%
1.3%
1.7%
1.4%
0.8%
0.4%
0.3%
0,3%
0.3%
0.3%




I

REPETITION OF THRE MEASUR

ALANWOOD MAGNETITE -270 +3

OUT OF THE CAPSULE OR THE

THE ELECTRO-MAGNET

WEIGHT OF SAMPLE 7.52

(THE BALLISTIC GALVANOMETER

1 2 3 4 5
g§§§%§gG MULT;PLIER GALVANOMETER TH
T LEFT | RIGHT | LEFT
4,20 1 3.30 | 3.55 | 3.35
RN 1 6,85 T7.30 6.95
2,22 i 12.95 | 13.15 | 12.95
1.55 2 20.4% | 21.10 | 20.35
0.838 13 7.601 T.751 7.65
0.40 13 12.55 | 12.50 | 12.5¢C
0.144 13 6.95  6.50 6.9C
0.064 11 3,351 3.05  3.25
0.0387 11 4.15 3.90 | 4.1C
0,011 2 10.60  10.35  10.55

0

0

0,01 2 11.45  11.40  11.5¢
0.0386 11 5,70 5.95  5.7°
0.064 11 4.60 | 4.80 4.6
0.144 13 8.50  9.15 | 8.5°
0.40 13 14.55 | 14.50 | 14.5¢
0,84 13 8,501 8.40 8.5
1.55 13 3,401 3.25 3.3
2.25 1 1%,90  14.05 | 13.9
3,26 1 7.60 | 7.35 7.5
4,27 1 4.05 3.65 4.0

L

171.00 171.65 170.8

J\

\f
-0.65

-

Asymmetry of throws*

xDifference between columns 3 and 4 or 5
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ABLE B6b.

EMENTS FOR THE HYSTERESIS LOOP OF

25 MESH WITHOUT REMOVING THE SAMPLE

CAPSULE OUT OF THE AIR GAP; ONLY

WAS SWITCHED OFF FOR A TIME.

20g MIXED WITH 0.2669g Al,0.

CONSTANT IS K = 2356,12 MAXWELL/cm).

6 7 '8 9 10
RO eel o % umay | B = % SUM- HAGNBRTSATTON
"n x MEAN IN GAUSS
RIGHT | MEAN I =7Fp
3.50 | 3.43 3.43 568.26 2632.4
7.05 1 7.06 7.06 564 .83 26165
13,20 | 13.06 13406 557.77 2583.8
21,05 | 20.74 41.48 544,71 Aorbits
7.70 | 7.68 99.78 503,23 2331.2
12.50 | 12.51  162.63 403.45 1868.9
6.65  6.75 87.75 240,82 1115.6
3.15 1 3.20 35.20 15307 709.1
3.95  4.03 44,28 117.87 5460
10,40 | 10.48 20.95 7359 340.9
52.64 243.9
11.50 | 11.48 22.95 29.69 137.5
5.90 | 5.83 64,08 -34.39 -159.3
4.85 | 4.73 51.98 -86,37 -400:1
9.10 | 8.83 | 114.73 -201.10 -931.6
14.50 | 14.51  188.63% = =389.73 -1805.4
8.45  8.46 | 109.98 -499.71 -2314.8
3,30 | 3.33 43.23 -542.94 -2515,1
14.00 | 13.98 13.98 -556.92 -2579.9
7.40 | 7.48 7.48 -564.40 -2614.5
3.75 | 3.86 3.86_| -568.26 -2632.4
1136.52
171.91
Y_____}
.06
.04%

nd 6 respectively.




REPETITION OF THE MEA
ALANWOOD MAGNETITE =270
FROM THE CAPSULE,

WEIGHT OF SAMPLE 1

(THE BALLISTIC GALVANOMET.

1 2 3 4
g§g§§§¥G MULT&PLIER GALVANOMETERJ
N A IEFT | RIGHT | LE]
4.20 il 3.30] 3.65( 3,
3,21 1 6.80 | 7.30 6,
2,22 1 12,90 | 13.35 | 12,
1.55 2 20.90 | 21,40 | 20.
0.842 13 7.70 | 7.85 1 7.
0.40 13 12.60 | 12.55 | 12.
0.145 13 6.90 | 6.40 | 6.
0,065 11 3.35 3.15| 3.
0.039 11 3.75 | 3.90 ] 3,
0.011 2 11.90 | 11.55 | 11.
. |
0
0.011 2 11.90 | 11.65 | 11.
0.039 11 5.70 | 6.05 | 5.
0.064 11 4,55 | 4.80 ] 4,
0.145 13 8,65 9.20! 8,
0.40 13 14.65 | 14.55 | 14,
0.845 13 8.55 | 8.45 8.
1.55 13 3.55 | 3,30 ”
2,22 1 13.95 13,95 | 13.
3,20 1 7.651 7,251 17..
4.20 1 4,00 3,75 4.
&173.25\}74.05ﬂ173°f
Asymmetry of throws* -0.80
= 0.,46% =

*Difference between columns 3 and 4 or 5
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TABLE B6c.

REMENTS FOR THE HYSTERESIS LOOP OF

325 MESH, AFTER REMOVING THE SAMPIE

[IXING AND REFILLING IT AGAIN.

220g MIXED WITH 0.2669g Al

9.

_CONSTANT IS K = 2347.96 MAXWELL/cm)

6 7 8 9 10 .
' n x MEAN IN GAUSS
' RIGHT | MEAN I =FB
5. 3,60 3.48 3.48 572.24 2641,7
51 7.40| 7.06 7.06 568.76 2625,6
5 113,25 | 13,11 13.11 561.70 2592.9
51 21.40 | 21,14 42,28 548.59 253%2,5
5. 7.80 ) 7.78 101.08 506,31 2337.3
51 12.55  12.56 . 163.28 405.23 1870.7
5 6.65 6.68 86.78 241,95 1116.9
0 3.25 3,26 35,86 155,17 716.3
5. 3.90 3.85 42,35 119.31 550.8
5111.65 § 11.74 23.48 76.96 355.3
5%.48 246.9
011,60 11.76 23,52 29.96 138.3
0 6,00 5.89 64.79 -34.,83 ~160,8
51 4.75 1 4.69 51.59 -86.,42 -398,9
5 9.10, 8.93 116.03 -202.45 -9%4 .6
0 14.65 | 14.59 | 189.67 SO ~1810,2
0! 8.50 8.50, 110.50 -502.62 ~2320.3
5 SEZL BN %= AT B ~546,95 -2524.9
5.13.90  13.94 1%.94 -560.89 -2589,3
51 T.40  T7.44 7  7.44 -568.3% -2623,6
0 3.85 | 3.90 3,90 ~572,2% -2641.6
j 1144 .47
0 174.55
v i
-1.55
0.90%

and 6 respectively,




!

MEASUREMENTS FOR THE HYSTERESIS LOOP (

- (THE BALLISTIC GALVANOMETER

4

1 2 3 5
§§§§£§§G MULTiPLIER GALVANOMETER TI
S LEFT | RIGHT | LEFT
4.20 1 0 1.90| 0.4f
3.18 1 0.80}| 1,20 0.7¢
2.20 1 RO LT s 1Y X0 B S (B
L35 1 1.30{ 1.60] 1.3
0.828 1 L2610 [ Sl 2E Tl
0.397 1 1.751 0.85 ! 0.7
0,143 1 0.35| 0.25] 0,3
0.063 1 1.80| 0 0.7t
0.0385 1 0 0 0
0.0112 1 0.75 | -1.45 | 1,0
0
0
0.0109 1 0 1.25 | -0.7
0.0383 1 0 0.15; 0
0.063 1 0.15{ 0,15, ©
0.143 1 0.451 0.35! 0
0.397 1 “1.15{ 0.90; 0,9
0,83 1 Ty O RO e A
1.54 1 1.55| 1.25| 1.4
2.20 1 i AT B S S0 S BT
3,20 i 1.25{ 0.70} 1.3
4,22 1 1.40 | 0.45] 1,0




ABLE BT

F_THE TWO EMPTY

CAPSULES (SECONDARIES OPPOSED).

CONSTANT IS K = 2355.20 MAXWELL/cm).

6 7 8 9 10

ROW IN om o el

n x uBAN | P = % SUN= | STRENGTH

RIGHT | MEAN INHOER%%ED
1 0,85 0.80 0.80 7.26 362"
1 1.15 | 0.98 0,98 6.46 29,91
)| 1.40} 1.24 1.24 5,48 25,38
1 1.65 1 1.45 1.45 4.24 19.63
1 1.251 1.30 1.30 2.79 12.92
;1 0.85] 1.05 1.05 1.49 6.90
5 1 0.25 1 0.29 0.29 0.44 2,04
)| 0.50] 0.75 0.75 0.15 - 0.69
0.20 ! 0,05 0.05 -0.60 ~2.78
5 | =1.50 | -1.15 -1.15 -0.65 -3,01
+0.50 +2,32

1.45 | 0.50 0.50 0 0
0.10 ] 0.06 0.06 -0.06 -0.28
0,05 | 0,09 0.09 -0.15 -0.69
0.30 | 0.28 0.28 -0.43 -1.99
51 0,90, 0,98 0.98 -1.41 -6.53
)| 1.15 ] 1.34 1.34 ~2.75 X\
)| 1.25 1 1.36 1.36 -4.11 -19.03
D)1 1.10 1 1.26 1.26 o -24,87
D! 0.90 | 1.04 1.04 -6.41 -29.68
)1 0,501 0,84 0.84 SUSaE -33,57
y 14.51




ERMELO (WET MILLED) =325 1

WEIGHT OF SAMPLE =

7.523]

MEASUREMENTS FOR THE NORMAL MAGNETISAT!

(THE BALLISTIC GALVANOMETER

1 2 3 4 5‘ 6 i
GATLVANOMETER THROW
ON REVERSAL CURRENT IN cm
EXCITING
CURRENT MULTiPLIER
IN A
LEFT RIGHT | LEFT RIGHT | MEAN
i 0.0109 2 6.80 6.75 6.75 6.80 6.7¢
0.038 11 5.10 5.05 51 30 5.05 5 . 0
0.063 11 9.70 9.70 9f70 9.70 9.7t
0.142 33 8.80 8.80 8.85 8.80 8.8.
0.39 49 12.85 112,70 12.85 | 12.75 | 12.7!
0.81 49 16.80 | 16,801 16.90 | 16.95 | 16.8t
1.54 65 14,25 | 14,20 | 14,25 | 14.15 | 14.2:
ARG 0] 97 9.85 9.80 9.85 975 9.8.
3.30 a7 9,90 9.80} 9.85 | 9.80 9.8
4,40 97 9.85: 9,801} 9.85 9.85 9.8
10%.90 103,40 10%,95 103,60
\ N J
Y v
Asymmetry of throws* 0.50 0.35
' = 0.48% = 0,34%

*Difference between columns 3 and 4 or 5 and 6 respecti



S9N

J BBa.

PRESSED INTO A PILL AT 25 TONS.
TXED WITH 1.0015z DENTAL CEMENT.
CURVE STARTING WITH THE LOWEST CURRENT FLOW.
STANT K = 2394.04 MAXWELL/cm.).

8 S 10
PERCENTAGE
DIFFERENCE
BETWEEN
CALCULATED MEAN AND
L D_/I_EAN MAGNETISATION THE TWO
=B IN GAUS §_ SINGLE
I =7F'B ' MEASUREMEN TS
OF TABLE BS8a
AND B8b
( COLUMN 9 )
1%.55 31.9 1.5%
55.83 131.4 0.8%
106.70 251.1 0.2%
290.73 684 ,2 0.1%
626.71 1474.9 0.5%
826.14 1944 .3 0.03%
92%,65 2173%.8 ' 0.6%
951.57 223%9.5 0.5%
954 .48 2246.3 0.5%
954 .48 2246.,3 0.6%




TAB:

ERMBELO (WET MILLED) -325 MES]
WEIGHT OF SAMPLE = 7.5237g M:
MEASUREMENTS FOR THE_NORMAL
WITH THE HIGHEST CURRENT PI(
DECREASE OF Tt

(ZHE_BALLISTIC GALVANOMETER COl

1 2 3 4 | e
e LEFT | RIGHT | LEF
4,52 97 9.90-1 10,15 | 10,
3,37 97 9.75 | 9.70] o9,
2,28 97 9.85| 9,70 | 9.
1.57 65 14.05 | 14,05 | 14.
0.825 49 16.85 | 16,85 | 16.
0.398 49 12.95 | 12,90 | 12,
0.144 33 8.85 | 8.80| 8.1
0.064 11 9.75 | 9.75| 9.
0.039 11 5.20 | 5.15| 5,
0.0112 2 6.90 | 6.95 | 6.¢
\;04.og\io4.ooﬂi94.<
Asymmetry of throws* 0.

05
= 0.05%

]

*Difference between columns 3 and 4 or 5
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38b .

RESSED INTO A PILL AT 25 TONS.
D WITH 1,0015g DENTAL CEMENT.
siNETISATION CURVE STARTING

AND DEMAGNETISING AFTER EACH
SURRENT FLOW.

ANT IS K = 2392,16 MAXWELL/cm).

6 7 8 9
) _ CALCULATED
ggg %ﬁ iﬁ" | n x MEAN | MAGNETTSATION
=3 IN GAUSS
RIGHT | MEAN I=F'g
9.85 9.85 967.58 2275 .4
9.75 | 9.75| 944.78 2221.8
9.65 | 9.71| 941.87 2214.9
14.05{ 14.06 | 91%.90 2149.1
16.85 | 16,86 | 826.14 1942.8
12.85 | 12,93 | 633,33 1489.4
8.85 | 8.84 ) 291,72 686.0
9.75 1 9.75| 107.25 252,92
5.10 | 5.14| 56,54 1%32,9
6,95, 6.93| 13.85 32.6
103.65
"ID
.34%

nd 6 respectively.
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