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FUEL RESEARCH INSTITUTE OF SOUTH AFRIC!_. 

REPORT NO. 6 OF 1966. 

MEASUREMENT OF T1H:E M.AGNETIC PROPERTIES OF MAGNETITE 

ACCORDING TO THE TWIN ISTHMUS METHOD. 

1. INTRODUCTION. 

If one wants to study the magnetic properties of 
magnetite such as coercive force, remanence, saturation mag­
netisation and suscepti bi.li ty, 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. 

From 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 

unstable 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 OF METHOD. 

For these measurements the twin is t hmus method 

according to V . H. Gottschaik and C. Vv. Davis1 is used. Two 
identical capsules (See Figure 2, 3 and 4), one empty and one 
containing the magnetite powder to be measured, are inserted 
parallel to one another into a gap of the iron. core of an 
electromagnet (See Yigure 1 and 2), so that the powder forms 
a closed magnetic circuit with the iron core of the electro-

magnet, Both capsules are provided wi t h identical secondary 

windings .•• / 
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windings. The primary windings are those of the electromagnet. 

When the field strength is changed suddenly from one 
value to another, the resulting change of induction can be 
measured 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 
strength which is the magnetisation. 

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 so as to increase the galvanometer throw. 

For the measurement of the ballistic galvanometer 
constant Ka mutual induction standard was used. 

3. DESCRIPTION OF THE TWIN ISTHMUS APPARATUS . 

(a) The Electroma~et . 

The two capsules {Figure 3 a!,ld 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 f!~Ee 2) constructed from 
the same transformer plates used for the core of the electro­

magnet (containing 57 transformer laminations each 0.89 mm thick). 

To ensure that the capsules are always kept in the 
same 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 plate. Simul­
taneously this plate has the function of keeping the length .of 
the air gap constant . 

* This means that the induced voltages .are opposed. 
** This means that the induced voltages are added. 

The .. . / 
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The common bottom plate of the two capsules is sup­
plied with an adjusting rod (See Figure 3) which must touch 
the o:ljusting plate. This serves to position the capsules in­
side the air gap, Capsule No. 2 opposite the adjusting rod is 
always placed at the top to prevent the cooling oil (see later) 
from penetrating into this capsule. For this reason this 
No. 2 capsule is selected to contain the magnetite powder. 

The windings of the two coils of the electromagnet 
are designed in such a way so that with an exciting current of 
4.5A a field strength of approximately 3350 oersteds is ob­
tained without overdue heating of the magnet (approximately 
980 windings of 16 gauge wire on each coil). 

Because the heat generated by the electromagnet 
affects the exciting current, the magnet was placed in trans­
former oil (Fi~~~) which is c~oled by passing water through 
a copper spiral. 

(b) Primary Current Circuit . 

In Figu~-2 the primary current circuit is shown. 
Two heavy motor car batteries in series, each of 12 volt, are 
the current source. The exciting current can be rapidly 
changed from one fixed value to another by the following means: 
fixed resistances R2 to R10 are connected in series and 10 single 
throw knife switches serve to short-circuit the resistances as 
desired. The current can thus be increased or reduced step by 
step. R1 is variable and is used to rsadjust the c:,.;.rrent when 
necessary. In Table Al the special specifications and current 
intensities used are tabulated, 

Table Al ••. / 
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TABLE_Al. 

SPECIFICATION OF RESISTOR§_ANTI CURRENTS 
USED IN PRIMARY CURRENT CIRCUIT. 

--------·-----~,----,:~---- ' 
, MAXIMUM j RESISTANCE 

RESISTORS CURRENT! USED IN TYPE OF 
RES IS TOR 

RHEUSTAT 

t 

ADJUSTABLE! 
WIRE WOUND 
RESISTORS 

( 

Rl 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RlO 

l 
) 
J 

8.5A 

8.5A 

8.5A 

1.4A 

1.4A 

1.4A 

l.lA 

! OHMS 

6.0 

3.75 

14.0 

12.0 

33.5 

104 

200 

250 

2050 

CURRENT 
USED IN A 

2.1 

1.45 

0.82 

0.40 

0.14 

0.063 

0.038 

0.011 

In Figure 5 MP represents the primary windings of the 
electromagnet and R the primary windings of the mutual induc-p . 
tion standard which is used for measuring the ballistic galvan-
ometer constant. The mercury change-over switch S serves to 
switch the electromagnet on for magnetic measurements or the 
mutual induction standard for standardising. The mercury 
commutator K is used to reverse the current in the electromag­
net. This switch can be operated by a motor with a switching 
period of 6-7 commutations/sec., specially for demagnetisation 
purposes before measuring normal magnetisation curves. It was 
tried to suppress the vigorous sparking during switching by 

connecting condensers across the switch, but no success was 
achieved. Therefore, no suppression for the sparking was used. 
Gottschalk and Davis2 found no difference in galvanometer de­
flections with or without the condensers. 

To demagnetise the samples the electrolytic variable 
resistance N must be connected by means of the switch T. The 
resistance N consists of 5 glass cylinders each containing one 

litre •.• / 
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litre of an electrolyte with one copper electrode at the bottom 

and a movable one. By increasing the distance between them, 
the resistance is increased. The first cylinder contains a 
saturated NaCl solution, the second about 30%, the third 10%, 
the fourth 3% NaCl and the fifth distilled water. 

Ey means of this facility it is possible to reduce 

the exciting current while reversing from 5 to 0,00003A, 
This current must often be checked and if necessary the solu­
tions in the first four cylinders must be diluted and the 

distilled water of the fifth renewed. 

The current is measured with a Multizet amperemeter 
(Siemens, VA..n.-meter), using the following ranges: 10, 3, 1 , 

0.3 and O,lA, 

( c) Twi!!_I sthmus_Q.~psules_. 

The capsules are shown in Fi~E.~£.J.._3_and_±, They 
are built according _to Figure 24 in Dean a.nd Davis's publica­
tion3, The construction of these capsules guarantee that 
the volume of the contained mineral powder is invariable and 
known to within a fraction of 1 percent from the geometrical 
dimensions. The internal dimensions of the two capsules used, 

are tabulated in Table A2. 

TABLE A2. 

THE INTERNAL DIMENSIONS OF THE TWO CAPSULES. 

CAPSULE 
NO. 

DIAMETER j HEIGHT 
(cm) I (cm) 

VOLUME! 
(cc) USED PURPOSE 

--·-----------' -----1---·•--;-------1----~ 

1 

2 

1.618 

1.626 

1.394 

1.393 

2.87 1 empty 

2,89 filled 

field 
strenght 
induction 

All figures tabled were obtained by measurements 
which were repeated 10 times by means of a micrometer. The 
knowledge of the volumina is necessary for the determination 
of the packing densities of the powder samples. The common 
bottom plate and the two top lids are made of soft iron and 
the cylinders of brass. Because a common bottom plate is 
used for the two capsules it is easier to adjust the capsules 
in the yoke of the electromagnet as described above. Repeti-

. magnetic . 
tions of tneAmeasurements after removing and replacing the 
capsules gave good agr~ement. See column 11 of Table E4a , 

column 10 •.• / 
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column 10 of Table B5a, column 11 , 12 and 13 of Table B6a and 
their descriptions on pages 17 and 18. 

The external dimensions and the number of windings of 
the secondary coils which are necessary for the calculation of 
the magnetisations of the powder samples and of the field 

strength are tabulated in Table A3. 

P'l 
0 

~ 
l:Q 

I ;3 
H 
0 

µq 0 
::r:1 
E-4 f;1 
R <G z R 
<G :z; 

t-("\ 0 
~ ~ 0 

r:il 

~ 0 w 
H 

l:Q U2 r.:i:l 
<G :z; ::r:: 
8 µ-~ E-! 

~ 
H P'l 
R 0 

H if] 

~ C, 
:z; 

~ 
H 

§ 8 
l><q H 
r:il ts: 

R 
::r:: 
8 

~ 
R r:q 
O<G 
:z; ,=i ~ 
<GZ::r:: 
800 
U)O 
Hpqi2; 
U:HI) H 
fi:1 
p:;j p:.j 

0 
H•••--•HH>oH,oH-H•H-• •••••••H 

p:.j 
0 

~~ 
.p :>; 

!~ 
w. 

~ rz 
'OR 

H ~:>; 

~ ?j 

C\J Li\ . 
C\J C\J 
~ ~ 

LC\ -.,;;t-
ro co 
rl rl 

H 
~ 

---1···· ............. - ............................................... , ..... .. 

p:;j 

~ 'O fi:1 
i::;:>; 

p:;j ~j 

..-.t- tj-
C\I C\J 
rl rl 

fi:1 ••••••••••••«-••••••••-••• ••'-''"" ' '< 

l:Q 
-+---............................................................... . 

~ p:;j 
p +'f'il 
:z; UJ :>; 

rlj 

U) 

rz w o:: o:: U)_ 

fi:1 w. R fi:1 ~'i:1 0 
8 p'.j § :>; p:;j P-; 
r:<:l jHH~ 
~ P=l H ~ f3 
-::t: H A 
H ~"'i :>; ~ [:r.j H 
ROO O!s= 

c4 

C\J N 
\.0 \.0 

O'\ t-
0 0 

• 
r-l rl 
C\J C\J 

(\J 0 
rl rl 
• • 

0 0 
C\I C\J 

co 
0 

rl 
C\I 

. 
0 
C\J 

............. -----·•·-····-·-··-····---···-·- ................. ,_,.,_, ........... ., .................................. . 

rl C\J 

. ......................... - - ..L-.---

The diam~ters were measured 6 times by means of 
sliding callipers. To obtain the mean area of the windings 
of the two capsules the mean external area of the two brass 
cylinders (3.176 cm2 ) and the mean area of the two cylinders 
plus the 4 layers of windings on each cylinder (3.490 cm2)' 

were calculated. The mean area value of the windings must be 

between ... / 
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between these two values and near to the mean (3.333 cm2) of 
these ve.lues . 

(d) Secondary Currant Circuit . 

shown. 
used of 
Zonen) , 

In E'igur£_§_ the circuit of the secondary current is 

G = 300..a is the internal resistance of the one coil 
the "Double Coil· Galvanometer" Type: Kc (Kipp and 
which has a time of indication of 7 sec8nds in the case 

of critical damping and a critical damping resistance 
D = 19900..n.. This resistance D was adjusted by means of two 
magnetic shunts supplied with the instrument. 

The sensitivity of the galvanometer can be reduced 
to 1/n by means of a variable shunt Sand the variable resis-· 
tance E, so that the critical damping resistance D of the 
galvanometer is maintained . Gottschalk and Davis4 stated the 
following formulae: 

E = (D - G - R)-(C + r)/n and 
S = (C + r) (n - 1) 

R is a fixed resistance of 10000 ..r.. , r is the sum of the resis­
tances of the two secondary windings T of the capsules e~ual to 
64.7..n. (See Table A3) and C is a variable resistance chosen so 
that C + r = 9600 .n and may be kept constant by using seconda­
ries of different resistances. 

In Table A4 settings of Sand E for a desired multi­
plier n of the galvanometer throw are tabulated. 

TABLE_!1,. 

SETTINGS FOR MULTIPLIER . ---

-~-H E 
i 
i 
I 
I ---, 

1 CX) 0 
2 9600 4800 

3 4800 6400 
11 960 8727 
13 800 8861 
25 400 9226 

33 300 9309 
49 200 9404 
65 150 9452 
97 100 9501 

121 80 9520 
241 40 9560 
481 20 

958~ 
961 10 9590 

The ••• / 
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The galvanometer G can be protected by means of the 
switch K1 when changing the setting of the primary current. 

By means of the switch K3 the secondary coils TT of 
the two capsules can be replaced by the secondary windings of 
the mutual induction standard R

8 
for measuring the ballistic 

galvanometer constant , Because the toggle switch K3 caused 
trouble during the measurements, it was removed and the switch­
ing is now done by simply disconnecting and connecting by 
means of clamping the respective sec0ndaries to the resistance 

C. See AEEendix 1. 

4. CALIBRATION OF THE APPARATUS . 

(a) Measurement of the Ballistic Galvanometer Constant . 

~ Mutual Induction 8tandard , 

The method used is described by~. Jellinghaus5• The 
mutual induction standard (Hartmann and Braun) used has a 
mutual inductivity L of 0,01 henry, each of the two coils a 
resistance of 7A and can take a maximum current of lA. 
Because C + r must be equal to 9600 ..n. , C = 9600 - 7 = 9593..n.. 

The measuring circuit is obtained by connecting the 
two coils of th~ mutual induction. R (Fi~ure 5) and R , p - s 
(Figure 6) into the primary as well as the secondary circuit 
by means of the 
respectively. 

switches S (Figure 5) and K3 (]:igure 6) 
~1 i th this arrangcmen t the critical damping 

resistance Dis maintained . 

The galvanometer throw~ in cm is produced in one 
direction or in the other by either opening or closing the 
primary current by means of the mercury switch Sin Figure 5. 
With this procedure the ballistic galvanometer constant K can 
be calculated by means of the formula: 

K = Li [maxwell] 
n~ cm 

i = 0 , 061A is the primary current, measured by means 
+ .,, of the Multizet with an accuracy of - lo/<,. It was felt that 

a higher accuracy was not necessary , i must be adjusted 
during calibration by means of the resistance (~ ( Fie,ure 5) 

while the knife switches Sup to s7 must be open. n is the 
multiplier . 

The light beam of the galvanometer has a length of 
3 m and a maximum deflection of 25 cm. Consequently no cor­
rection for the tangent of the deflection angle is necessary . 

In ..• / 
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In Table Bl an example is given of the measurement 
of K, ~ is in general about 13 cm. The accuracy of the 
reading of the galvanometer throw of 13 cm is about 0.05 cm. 
The stF.l.ndard deviation of the mean is :!: 0,13:%. Because the 
time of indication of 7 seconds is independent of the magnetude 
of the throw, its absolute accuracy decreases with increasing 
size. With a m~ximum throw of 25 cm, the accuracy is only 
:!: 0.15 mm. 

~..L.§.tnnda.rd Solenoid 

The standard solenoid built by the Institute consists 
of the prim2ry coil of 90.0 cm length 0nd 897 windings of 
enamelled copper wire of 20 gauge wound over a marble cylinder 
of 31.97 mm diameter; the secondary coil of 6.00 cm length wound 
in the middle of the primary coil over n CJ..rdboard cover of 
34,48 mm diameter, Enamelled copper wire of No. 42 S.W.G. 
gauge was used. The coil consists of two layers of 424 and· 
416 windings respectively . The outside diameter of the coil 
is 34.99 mm and its resistance is equ~l to 187.9.n.. From 
these figures the mean area of the windings equal to q = 

9.477 cm2 wns calculated. 

The procedure for measuring the ballistic galvano­
meter constant K is the same as for the mutu2.l induction 
standard which was replaced by the standard solenoid only end 
C is the equal to 9600 - 188 = • 9412 .A. , 

The formulae for the calculation of K were taken 
from F. Kohlrausch6 

H = 

being valid f or the middle of a long coil, and 

From these two formulae K ' can be evaluated . 

µo n1 n2 i q µo n1 n2 r 2 n i 
[VsJ K' = = ~11/ 1 (2r/ ~lv' 1 (2 r) 2 cm 

+ + . 1 1 

For simplicity, K' is the ballistic gQlvanometer constant 
V expressed inc! and K the constant expressed in maxwell/cm 

K = 108 
• , ./ 
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[~ell] 
cm 

This formula differs by the factor½ from the formula; given 
by Kohlrausch7, because we did not revGrse but only switched 
the primary current on and off, 

Bo = 

µo = 

n1 = 

n2 = 

i = 
q = 
~ = 
1 = 

2r = 

The symbols have the following meaning:­

Induction in [.g_J 
cm g Vs 

Magnetic field constant= 4~ x 10- Acm 
Number of windings of primary coil (= 897 windings) 
Number of windings of sec_ondary coil ( =840 windings) 
Primary current (=0.619A) 
winding surface of secondary coil (9.477 cm2 ) 
Galvanometer throw (in cm) 
Length of primary coil (90,00 cm) 
Diameter of primary coil (3.299 cm) 

When introducing these values 

K = 9.9631 x 10-
4

~ ['
8

] = 9.9631 x 10+
4

~ maxwell/cm 
t-' cm i-' 

By comparing the galvanometer constant K1 obtained by 
means of the mutual induction standard, and the constant K2 ob­
tained by the standard solGnoid, the ratio K1/ K~ = 0.909, 
which means that K2 is 9,99% higher than K1 • This can be 
caused by the presence of same ferro- or po,rG-mo.gnetic material 
in the marble core of the solenoid standard , which is not taken 
in account in the formulG. It was notic~d that the core is 
not pure white but contains grey spots . Therefore , it was 
decided to use only the mutual induction standard of Hartmann 
and Braun for measuring the galvanometer constant. 

(b) Calibration of the Twin :sthmus AEE~Eatu~. 

For measuring the magnetic field strength inside· 

the isthmus capsules as a function of the exciting current the 
coils of the capsules were added (See page2) to double the 
galvanometer throw and with both capsules empty. 

·:rhe exciting current was measured with a multi-range 
amperemeter (Mul tizet, already mentioned). Therefore, the 
current for the ten switch positions (See E1:.Eure 5) must be 
determined before the magnetic measurements could be started, 
because it is impossible to change from one range to another 
without interrupting the exciting current. During these 
determinations the galvanometer was short-circuited. 
(Switch K1 • Figure 6). 

a) Calibration ... / 
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a) Calibration for Hysteresis Loop . 

After measuring the exciting current for the 10 switch 
positions the following procedure was followed. The 10 switches 
were closed (Fig~_2) and then successively opened, starting 
with S1 and thereafter successively closed, starting with Sw• 
This was repeated about 10 times with the galvanometer short­
circuited. 

The procedure for the measurement of the hysteresis 
loop is as follows: Before starting with the measurement the 
reversing switch K (Figure 5) is positioned in such a way that 
the ge.lvanometer throw when reducing the current is always to 
the left. This measurement is started with the highest possible 
current of about 4.5A. All knife switches are closed. By_open­
ing the knife switch S1 , a sudden reduction of the exciting 
current and, therefore, of the field strength takes place and 
the resulting galvanometer throw is measured. 
peated until all the switches are open. Then 
reversed to keep the galvanometer throw to the 

the switches successively starting with ~o• 

This is re­
switch K is 
left when closing 

However, since the galvanometer is not absolktely 
symmetrical ( See page 16 and Table Bl), the whole measuring series 

is repeated with galvanometer throws to the right . During 

measurements the multiplier n has to be decreased and increased 
again; so that a maximum advantage of the galvanometer throw on 
the galvanometer scale is obtained. 

In Table B2a and B2b and Fi~ure 7 (mean of the two 
tables) the more recent calibration of the isthmus capsules for 
the hysteresis loop after renewal of the two wedges (See Fi~ure 2) 

is given as an example . 

Column 1 gives the values of the exciting current, 
column 2 the multiplier used . The measuring cycle including 
the galvanometer throws to the left (column 3) and to the right 
(column 4) was repeated once (column 5 and 6). The mean of 
these 4 measurements (column 7) mcltiplied with the multiplier 
n (column 2) gives the true galvanometer deflection (column 8). 
~ (column 9) is obtained by subtracting the respective true 
deflection (column 8) from half the sum of the whole column 8 . 
. The required fie l d strength Hin oersted (column 10) is obtained 
by multiplying the values of column 9 with the standardisa tion 
factor F, which is calculated according to the formula 

H :::::: • • ./ 
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H ~ Kl '/3 
[ A -: 1 Q9 K'@ 

[;mJ 
4n 1 Q9 K'@ Jersted == = cmJ = -x = 10 X -x µo µo n2 q 4n n2q 4n n2 g_ 

-
~ ll -H = 108 X = = F~ Oersted n2q_ n2 q_ 

the formula was used already for calibration of the galvanometer 
constant K by means of the standard solenoid ( See page 9 and 
F. Kohlrausch8 ). The field strength His obtained in oersted 
if K is introduced in maxwell/cm and q in cm2 • 

By introducing n2 = 245 (number of windings of one 
of the isthmus coils,(Table A3, page '), q = 2 x 3.333 = 

6.666 cm2 (twice the mean area of the secondary winding, be­
cause t he s econdaries are added, see page (; ), 

K 
= =2..,..4 ,_5 x_,2".,...x...,.3.-. ..,,,3"""3..,,..3 = 163~. 24 oersted/cm 

K must be determined every day before starting with 
the magnetic measurement . 

In the standard step by step method of determining 
hysteresis loops the error is cumulative; the test for accuracy 
is the sum of the mean throws, which should be t he same as the 
normal induction throw obtained with the maximum magnetising 
current. 

From Table B2a and B2b it can be seen that there is a 
bigger difference in the two first and the t wo last throws of 
each column (column 3 to 8). 

This is due to the remanence of the iron core of the 
electromagnet. After having produced the maximum field strength 
(3450 Oersted), a magnetic field of 17 oersted still periods 
in the air gap and the empty capsule when the current is switched 
off. This field is only annihilated when an- opposing current 
of 0.0104A is passed through the magnet coils (see Figure 8). 

As shown in appendix 2 this method of calibration was 
checked by measuring the field strength by me ans of a Bismuth 
spiral. 

§) Calibra tion for Normal Magnetisa tion Curve. 

After determination of the current for the different 
switch positions, the core of the electrom~gnet, the common 
bottom plate and the two lids of the capsules (See Figure 1) 
were demagnetised by using the electrolytic varia•.t-e resistance 
N (See Figure 5). To use a demagnetisation current of about 

5. 5A ... / 
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5.5A, which is higher than the current of ~bout 4.5A used later 
on for measurements an additional 6 V car battery was connected 
to the 24 V batteries normally used. The demagnetisation was 

done by increasing the electrolytic resistance and reversing the 
current by means of the motor-driven switch K (Figure 5). 
During the demagnetisation the galvanometer must be short-cir­

cuited (switch K1' Eigure 6). 

After demagnetisation and r emoval of the additional 
battery, the calibration was started using the lowest current by 
closing only the knife switch S10 (Figure 5). After 10-20 re­
versals (switch K, Figure 5) the galvanometer throw was mea-
sured twice in ea ch direction. This procedure was repeated by 
increasing the current, which is accomplish ed by closing one 
switch after the other ( S9 ••••• Si_ , Figure 5) • Each observation 
must be preceded with the 10-20 reversals. 
ments the multiplier n h&d to be increased, 

During the measure-

An example for the more recent calibration of the 
isthmus capsules for normal magnetisation curves after renewal 
of the two wedges is given in Table B3a and B3b, Up to column 
8 the columns are the same as in Table B2a and B2b, The re­
quired field strength Hin oersted (column 9) is obtained by 
multiplying the values ~ of column 8 vvi th the standardisation 
factor F1 • Because here the method of r eversals is used, when 
measuring the normal magnetisation cur ve, the factor F 1 is half 
that of factor F used for the calibrat ion of t he hysteresis loop . 

1 K K 
¥' = 2 F = 2xl633.24 = ~:4S oersted/cm 

See appendix 3. 

5. MAGN.ETIC MEASUREMENTS OF MAGNETITE POWDERS . 

For me a suring the hysteresis loop 2nd the normal mag­
netisation curve of magnetite powder, the powder is filled into 
one of the two capsules (capsule No . 2 was always used, see 
page 3). The filling must be done in such a way that the grains 
cannot turn when reversing the magnetic field during measurements . 
For this purpose the powder is packed and compressed with a rod 
in small quantaties at a time until the capsule is filled and 
the surface is then smoothed by tapping. 

Because the specific magnetis~tion is a function of 
the packing density, special care must be taken to obtain. the 
same density. To achieve a definite packing density for fine 
as well as coarse powders, a non-magnetic m2..terial such as 
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Al2 03 must be added, its amount depending on the fineness of 
the magnetite, 

The procedure is as follows; according to the in­
variable volume of the capsule (see page 5) the respective weight 
of magnetite is filled into it and then Al2 03 is added until 
the lid fits tightly·. Then the capsule is emptied and its con-

tent weighed snd mixed . The weighing is done to determine the 

amount of Al2 03 necessary for a specific density and grain size. 
Al2 03 from :Sri tish Drughouse (Lanora tory Reagent) was used ( for 

+ 270 mesh me,gneti te powder the coarse Al2 ¼ for steel analysis 

and for -270 mesh powder the fine calcined Al2 03 ). 

The measuring procedure is the Sc!.me as in the case of 

calibration except that the secondaries are opposed. 

There is, however, a differenc·e in the evaluation: 

the formula 

is applied, which with some alteration is also used for the cali­
bration of the capsules. But in this case ~mis the area of 
cross section of the column of powder in the capsule and not 
twice the mean area of a secondary winding. In this case 
I is the me,gnetisation,. using the following definition: 

where the induction Band the magnetisation I are measured in 
Vt and the field strength in .JL. In this case, because the 
cur cm 
windings of the filled and those of the empty capsules are 

opposed, I is measured. 

The internal diameter d , the area of cross section 

qm and the standardisation factor 

f = _lL_ gauss/cm 
~qm 

for hysteresis loop measurements for capsules No. 1 and No. 2 
are given in Table A5, For the measurement of the normal mag­
netisation curve the standardisation factor f 1 = ~ f ,. because 
here the measurement was done by means of reversals, is also 

included in Table A5 . 

Table A5 ... / 
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TABLE A5. 

DIAMETER AND SURFACE AREA OF W.!A.GNETITE ------
POvVDER AND STANDARDISATION FACTORS. ----

In the tables B4a, B4b, B5a, B5b, B6a, B61 and their 
descriptions on pages 17-18 examples are given for the measurements 
of hy~teresis loops and normal magnetisation curves. From 
the tables it can be seen that the galvanometer throws to the 
left and to the right are not symmetrical. 

Measure~ents of magnetites were also done with the 
secondaries added and opposed. The difference between galvano­
meter throws of added and opposed secondaries is eQual to a 

throw of secondaries added but with empty capsules. 

(B + µo H + µo H) - (B + µo H - µo H) = ( 2µ 0 H) 
--....../ 

; ,,,,..-_,, 
---~ ,·,--1 

Added Opposed Empty Capsules 
Added 

"---.. -~/ / 

One Capsule filled During calibration 

Comparing the results obtained by the measurements of 
added and opposed secondaries with the results during calibration, 
differences in the throws of about 1-3% were found, which shows 
that the method used gives satisfactory results. 

6. RESUL'.11S OF CALIBRATION AND MEASUREMENTS OF MAGNETITE POWDERS. 

In the following tables some examples are given to 
show actual figures of measurements, accuracy and reproduci­
bility when measurements were repeated. 

Table Bl, •. / 
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TABLE Bl. 

BALLISTIC GALVANOMETER CONSTANT. ---- • 

STANDARDISATION BY MEANS OF THE ·------- -
MUTUAL INDUCTION STANDARn. 

I READING ~TION ! READING I DEFLEC'rION READING 
l LEFT i IN cm ZERO IN cm RIGHT 
L-- ! !-
j 

13.25 12.75 26.00 j 

26.05 
! 12.70 38.75 ! 

13.40 12 .. 70 26.10 i 
! 
j 

26.15 ! 12.65 38.80 ! 

13.40 12.75 26.15 i 
! 

26.20 12.65 38.85 

13.40 12.80 26.20 

26.20 12.70 38.90 

13.45 12.80 26.25 

26.25 12.70 38.95 
i 
! 12.76 12.68 

Mean: 12.72 cm. 

Standard deviation of single measurements: +0.054...____.0.42% 
Standard deviation of mean : }O.Ol?~J0.13% 

Asymmetry of the galvanometer throw= 0.08 cm= 0.6% to 

Ballistic galvanometer 

Li 
constant= K = Dl3 [maxwell/cm] 

0.01 X 0,061 X 108 
= 2 x 12 _72 maxwell/cm 

= 4~96 maxwell/cm 

= 2398 ± 3 maxwell/cm 

the left. 

Here an example is given of the measurements of the 

ballistic galvanometer constant. As can be seen from the 

table, the measurements were started with a deflection to the 

left. The damping of the galvanometer was adjusted in such 

a way that no oscillation took place and, therefore, after the 

deflection the galvanometer sto~ped at the zero point. 

From the figures of the zero point it can be seen 

that the zero point is not constant during this test. However., 

this ... / 
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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 is 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 t ests. 

TABLES B2. 

In th0se two tables a and b calibrations of the 
isthmus appa ratus for hysteresis loops after r enewing the two 
wedges are given. Although there a re small discrepancies in 
the exciting current of the respective measuring points . 
(column 1) the respective resulting field strengths (column 10) 
of the two t ables can be compared and their differences are 
tabulat0d as precentages in column 11 of Table B2a . Column 11 
shows good agreement between the two calibration measurements 
excepting naturally the very small values. · 

The galvanometer constant and the asymmetry of the 
galvanometer are .also given. 
series to measuring series. 

The latter changes from measuring 

The mean of these two calibration curves ie plotted 
in Figure 8. 

TABLES B3. 

In the two tablGs a and b calibr e.tions of the isthmus 
appara tus for normal magnetisation curves aft er renewing the 
wedges are given. The percentages of the differences between 
the r espective fi eld strengths (column 9) of the two measuring 
series are shown in column 10 of Table B3a. The values of this 
column are satisfactorily small. 

The mean of these two calibration curves ie plotted 
in Figure 9. 

The Tables B2a (hysteris loop) and B3a (normal magne­
tisation curve) belong to the same measuring s eries, having the 
same galvanometer constant. The same applies in the case of 
Tables B2b and B3b. In both cases the hyster esis loop values 
of field strength (column 10) at the highest exciting current 
(column 1) used, are 0.5% and 1.1% smaller t han the respective 
normal magnetisation values (column 9). These values should 
coincide but this is never the case in all the measurements. 

TABLES B4. 

In the two tables a and b the hysteris loops of 
Gladstone magnetite (intermediate size) are given. 

TABLES B5 •.• / 
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TABLES B5. 

In the two tables a and b the respective normal mag­
netisation curves of the Tables B4a 2-nd b .are given .. The 4 
measurements were done on the same day, for that reason they 
have the same ballistic galvanometer constant. After the 
measuring series tabulated in Tables B4a and B5a had been 
completed, the sample was removed from the capsule, mixed by 

means of a spatula and refilled again. 

The differences in percentage before and after refill­
ing are tabulated for the hysteresis loop measurements in column 
11 of Table B4a and for the normal magnetisation curve measure­
ments in column 10 of Table B5a. The deviations are satisfac­

torily small. 

In both cases before and after refilling the capsule 

the hysteresis loop values of magnetisation (column 10) at the 
highest exciting current (column 1) used, are 0,4% and 0.5% 
smaller than the respective normal magnetisation values 
(column 9). These values should coincide but this is never 

the case in all the measurements. With 58 measurements of 

normal magnetisation curves and hysteresis loops, done on dif­
ferent magnetite powders, it was found that the mean difference 
between their saturation magnetisations is 1.4 ~ 1.0%. 

TABLES B6. 

In the 3 Tables a, band c hysteresis loops of Alanwood 
magnetite -270 +325 mesh (-53 +44µ) are tabulated. The three 
measurements were done on three different days, thus, three 
different galvanometer constants were found, After measuring 
the hysteresis loop given in Table a, the exciting current of 
the electromagnet wa.s switched off over night, without removing 
the capsules from the air gap . Then after measuring the hys­
teresis loop a second time (Table b) the sample was removed 
from the capsule, mixed by means of a spatula and refilled 
again and the hysteresis loop was measured a third time 
(Table c). The differences in percentages between the 3 
measuring series are tabulated in the columns 11, 12 and 13 of 
the Table B6a. These are satisfactorily small. 

The results of these 3 measuring series are plotted 

in Figure 10. 

TABLL 137. 

To test the symmetry of the isthmus apparatus with 

regard .•• / 



- 19 -

regard to the two capsules, the secondaries of the two empty 
capsules were opposed. If the symmetry of the apparatus is 
complete no deflection of the galvanometer should be expected 
when suddenly changing the exciting current. Table B7 $hows 
that actually deflections could be measured. They are, however, 
so small that specially when they had been measured at small 
exciting currents, no quantitative conclusions can be made. 
Nevertheless these deflections show that some asymmetry of the 
apparatus is present. In column 10 the apparent "field strength" 
is calculated. Comparing these values with those of the Tables 
B2a and b, column 10, it can be concluded that the asymmetry of 
the apparatus lies within the fault of the method. 

TABLES B8. 

To be sure that the method of measuring the normal mag­
netisation curve is trustworthy and the preceding demagnetisation, 
described on pages 12-13, is complete, the results of this method 
applied for a pill of Ermelo magnetite, tabulated in Table B8a 
are compared with results obtained by the following method. 

After demagnetisation, the measuring series was started 
with tho highest exciting current. The exciting current was 
reduced to the next step followed by a second demagnetisation 
and measurement. This procedure was continued and the results 
tabulated in Table B8b. The difference in percentage between 
the two metn.'ods are given in column 10 of Table B8a, showing a 
very good agreement. 

7. Al'PENDIX. 
APPENDIX 1, 

It was observed that the zero point of the ballistic 
galvanometer after a throw to the left and to the right did not· 
coincide although the two throws were the same. The discrepan­
cy can be as much as 10mm. It was found that when different 
kinds of copper wire, soldered connections specially at the 
toggle switch K3 (See Figure 6) and the large precision decade 
resistance box of Hartmann and Braun (specially when earthing 
its case) are not used, the two mentioned zero points of the 
galvanometer coincide. Therefore, instead of the large decade 
set the small set of Tinsley was installed and all connections 
were clamped. The togg~e switch K3 was removed and the switch­
ing was done by simply disconnecting and connecting by means of 
clamping the respective secondary to the resistance C (See 
Figure 6). 

The .•. / 
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The set-up was checked by the following method, where 
the mutual standard induction was used. The galvanometer throw 
had to be the same when introducing the multiplier n ~ 1 and 
switching on and off the primary current by means of the mercury 
switch S (FiBure 5) or when using n = 2 and reversing the current 
by means of the mercury switch K. In the beginning the galvano­
meter throws were not alwe,ys equal. The reason for this was 
found to be a non-simultaneous switching of the primary current 
by means of the reversing switch K. After replacing K with a 

new one, the throws were the same. 

APPENDIX 2 . 

Because with -some measurements doubts arose whether 
it was necessary to multiply the results obtained with the fac­
tor 2, it was decided to check the calibration of the capsules 
with another method. The method of the bismuth spiral was 

applied. 

It was impossible to insert this spiral into one of the 
empty capsules, therefore, it was placed in front of the two cap­
sules. To assure that the field strength at this point is the 
same as in the capsules, the following adjustment was done accor­
ding to Figure 7, To achieve that the air gap at this place is 
the same as in the capsules, one of the iron lids of the capsules 
was placed here, where it remained because of the magnetic field. 

After this adjustment, the field strength obtained by 
an exciting current of 3.92A was measured twice by means of the 
bismuth spiral giving the following results 3160 and 3130 
oersteds, the mean is 3145 oersted. From the calibration curve, 
measured by means of the ballistic galvanometer, 3180 oersted was 
interpolated for the same exciting current. This good agreement 
between the two different measuring methods assures that for this 
calculation the correct factor was used. 

APPENDIX 3. 

A recalculation of the standardisation factor 31,64 
oersted/cm aa quoted in Dean and Davis, Table 20, page 639 , 
according to the formula 

F' = 2~q oersted/cm 

used in this report was done. This check was necessary to 
ascertain whether this calculation led to the same result as 
obtained by Gottschalk and Davis. Because here the method of 
reversals was used, when measuring the normal magnetisation 

curve •.• / 
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curve, the factor½ must be introduced into the formula. 

On page 63 the galvanometer constant K' is equal to 
0.0174 microcoulomb/pm = 0,01740 x 10-

6 
coulomb/cm [!!J. By 

multiplying K' with the critical damping resistance of the· 
galvanometer circuit D = 23932..Q. , the galvanometer constant 
K = 416.42 x 102 maxwell/cm is obtained. By introducing this 
value of K, ~= 95 and q = 2 x 3.46, the value of F' = 31.67 
oersted/cm is obtained, the same value as in Table 20 in Dean 

and Davis. 

PRETORIA. 
13th July, 1966, 

W.T.E. VON WOLFF. 
~rincipal Research Officer. 

I.I.M. KESSLER. 
Research Ofllif..!> 
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FIGURE 2. 

Twin Isthmus Apparatus including the Electr0magnet; the two 
capsules and the two wedges are in the air gap. The Appa­
ratus stands in transformer oil cooled by passing water 

through a spiral, 

N o. 2 

FIGURE 3, 

Capsule No. 1 and No, 2, the common plate with the adjusting 
rod and the four terminals of the two secondary windings, 
From capsule No. 1 the lid A and the fastening collar unit B 

are removed. Capsule No, 2 always contains the powder to 

be measured. 
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