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By Raymond 1. Sanford and Philip H. Winter 

A permeameter is described for magnetic testing at values of magnetizing force up to 

300 oersteds. It is designed to test specimens of rectangular cross section up to 3 cm wide 

and 1 cm t hick, with a preferre d length of 28 cm. The instrument requires only a single 

specime n and is more simple and rapid to operate t han the Burrows permeameter, which for 

many years has beell generall y accepted as the standard instrumcnt for magnetic testing ip 

t his range. It is an absolu te in trument, in that its constants are derived from its own 

dimensions so that· it does not reqll i re calibration by any other permeameter. It is estimated 

t hat t he values of magnetizing force and induction, \I'hich are obtained, are accurate within 

1 percent, except t hat for very low values of magnetizing force t he preci ion is the deter

mining factor, and the uncertainty may be of t he order of 0.05 oersted. 

1. Introduction 

For many years the Bmrows Compensated 
Double-Yoke permeameter, either in its origrnal 
form,1 or as modiiied by Gokhale/ has been 
generally accepted as a standard instrument for 
the magnetic testing of straigh t bars. As it is an 
absolute instrument in the sense that its constants 
are derived from its own dimensions, it does no t 
require calibration by reference to any other 
permeameter. For this reason, it has usually 
been employed for the calibration of test bars to 
be used as reference standards for calibrating and 
checking the performance of other permeameters. 

However, the Burrows permeameter has certain 
disad vantages. It is somewhat complicated and 
tedious to operate and requires duplicate speci
mens, one of whi ch is used as an auxiliary. Fm
thermore, it is extremely sensitive to the effect of 
magnetic nonuniformity along the length of the 
specimen which leads to errors which ar e indeter
minate and may be large. Consequently, its use 
in recent years has been limited in general t o the 
testing of magnetically uniform bars to be used 
as tandards for calibration purposes. 

For some time there ha been a need for an 

1 C. W. Burrows, The determination of the magnetic induction in straight 
bars, Bul. B S 6 , 31 (1909) S117. 

'U. S. Patellt 1,559,085 (1925). 
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absolute penneameter that would have an accu
racy comparable with that of the Bmrows instru
ment but which would be less complicatcd to 
operate. For this r eason the development of such 
an instrument was undertaken . '1'he result is the 
MH permeametm} designed to operate at mag
netizing forces up to 300 oersteds. It is capable 
of testing specimens of r ectangular cros section 
up to 3 cm wide and 1 cm thick, with a preferred 
length of 28 cm , although specimens 24 cm in 
length can be tested satisfactorily. It i absolute 
in that its constants can be derived from its own 
dimensions, so that it does not r equire calibration 
by any other permeam eter . It is estimated that 
values of either magnetizing force or induction 
can be determined to within 1 percent , except 
that for very low values of magnetizing force, the 
uncertainty due to lack of precision may be of the 
order of 0.05 oersted. It is simple and rapid to 
oper at e and requires only a single specimen. 

II. Description of the Permeameter 

The permeameter is shown in figure 1. The 
specimen, of rectangular cross section, is sur
rounded by the main magnetizing coil. The 
magnetic circuit is completed by symmetrical 

• T h e designation MH stand s for medium H (magnetizing force). 
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U-shaped yokes that are supported by end pieces, 
which in turn are supported by four Bakelite 
blocks. These end pieces also support the speci
men and provide for close contact between the 
yoke and the specimen. The symmetrical yoke 
structure is of advantage because it promotes a 
uniform cross-sectional distribution of magnetic 
flux in the specimen. This is especially important 
in determining points on the hysteresis loop where 
the magnetizing force and the induction are in 
opposite directions.. Auxiliary magnetizing coils 
are located around the ends of the yokes and sup
porting end pieces that make contact with the 
specimen. These auxiliary coils are of advantage 
because they promote a uniform longitudinal dis
tribu tion of flux in the specimen by overcoming the 
contact reluctance between the specimen and the 
yoke. The flux distribution in the region adjacent 
to the center section of the bar is thereby improved, 
and since the value of the magnetizing force is 
obtained by measurements in this region, the 
accuracy of the measurements depends upon the 
degree of uniformity that can be obtained. 

Values of flux-density, B, are obtained by means 
of a test coil surrounding the bar at the middle. 
An auxiliary test coil whose area-turn value is 
adjusted to be equal to that of the B-coil is located 
adjacent to the B-coil, but not surrounding the 
specimen, and connected in series opposing the 
B-coil. Thus the galvanometer deflections ob
served arc a measure of the intrinsic flux density, 
B i , rather than the total flux density. This 
obviates the necessity of calculating the air-flux 
correction for bars of different cross-sectional area. 

Values of magnetizing force, II, are obtained by 
means of II-coils · so mounted that they can be 
made to rotate 180° in the region adjacent to the 

FIG U RE 1. The NIH pel'meameter. 
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center section of the bar. There are two II-coils 
mounted one above the other on a rotating brass 
table and adjusted to equal area-turn values. 
When these coils are connected in series, opposing, 
with their axes parallel to the specimen, and ro
tated through 180°, the galvanometer deflection 
observed is proportional to the gradient of the 
field with respect to the distance from the surface 
of the specimen, which will be referred to as the 
radial gradient. The value of II as measured by 
the deflection when only the upper coil is connected 
to the galvanometer is extrapolated to the surface 
of the specimen by using the observed value of the 
radial graaient. 

The usc of rotatable I-I-coils, or "flip-coils," 
has been found to have certain definite advantages 
over the use of stationary II-coils. Identity in 
the observed values of magnetizing force for both 
directions of the magnetizing current is a good 
cri ter ion of a satisfactorily demagnetized condi
tion. Also, values of magnetizing force for points 
on the hysteresis loop can be obtained by direct 
observation instead of by calculation in terms 
of the difference between two large quantities. 
This improves both the precision and the accuracy 
of the measurements. 

The magnetic circuit is shown in detail in figure 
2. The laminated yokes are of No. 16 gage silicon 
sheet of armature grade and are 4 by 5 em in cross 
section. The specimen rests on end pieces that 
extend between the supporting Bakelite blocks. 
This provides a good magnetic contact between 
the yokes and the flat surface of the specimen 
at the ends. The ends of the U-shaped sections 
are recessed to fit over and slide on the end 
pieces so that contact is made at the edges of the 
specimen. This construction provides good con
tact between the yokes and the specimen without 
the necessity of clamping. This is an important 
feature, especially when strain-sensitive materials 
are to be tested. A supporting platform asso
ciated with the test-coil assembly prevents strains 
that might result from sagging of the specimen. 
The over-all length' of the yokes is 28 em, and the 
specimen is preferably of this length. However, 
bars as short as 24 cm can be tested if necessary. 

The main magnetizing coil is 13.8 em long, 
wound on a Bakelite form whose inside diameter 
is 7 cm. The winding is of No. 18 A WG Forn:ex
insulated magnet wire and has 1,540 turns uni
formly wound in 12 layers. The four compensat-
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FlGUR]!: 2. Nlagnetic circuit of the NIIi penneameteT. 

ing coils on the yokes are 5.8 cm long, and each 
has 430 turns of No . 18 Formex-insulated wire 
wound in eight layers. As it was desired to 
avoid the complication of having to adjust the 
eompensating CUlTent for each point to be deter
mined, the effect of the compensating coils on 
the degree of uniformity of the field adjacen t 
to tbe specimen was determined for various ratios 
of the Humber of turns in the main and compen
sating coils. Although perfect compensation 
could not be obtained over the whole range for a 
ingle ratio of turns, that ratio which appeared 

to give the best results on the average was adopted 
and the coils were connected in series with the 
main magnetizing coil. Observations of the 
radial grad ient were th en made for difl'erent types 
of specimen as related to the value of magnetizing 
force. It was found that, within the experimental 
errol', the percentage correction to the magnetizing 
force varies linearly with the permeability of the 
specimen, as shown in figure 3. It was also 
found that, although under some conditions the 
gradient was not quite linear, the variation from 
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FlGUlll!: 3. Relation of Ii-correction to permeability. 
Open circles relate to cold·rolled carbon steel. Closed circles relate to 

silicon steel. 
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linearity was so small that no signifi cant errOl" is 
introduced from this cause. 

The test-coil assembly is shown in figure 4. It 
is held in position within the main magnetizing 
coil form by Bakelite rings. The platform extend
ing between these rings supports the specimen and 
is recessed at the middle so that the upper H coil 
can be located close to the surface of the specimen. 
The two H coils are moun ted below the specimen 
on a small table that is rotated by a horizontal rod 
througb a rack and pinion gear by an iron-clad 
solenoid and plunger located far enough away 
from the magnetic circuit to avoid interference. 
Adjustable stops limit tbe rotation of these "flip
coils" to 180°. The upper coil has an area-turn 
value of approximately 8,250 cm2-turns. The 
lower coil has a slightly greater area-tmn value and 
is shunted with a resistance so as to make its 
effective value equal to that of the upper coil. 
Each coil is approximately 2.9 cm long, 4.44 cm 
wide, and l.11 cm thick. Th e axes of the coils 
are l.11 cm apart, and the fLxis of the upper coil is 
0.87 em from the swJace of the specimen . The 
windings are of No. 34 Formex-insulfLted magnet, 
wire wound on 11icarta forms. 

The B-coil , of the same length 3 S the H-coil , i 
\vound on a Micarta form and surrounds the 
specimen. It has 100 turns of No. 31 single silk 
and enamel-insulated wire. The in ide dimen
sions are such as to accommodate a specimen 3 cm 
wide and 1 cm thick. Th e compensating coil of 
the same area-turn value as the B-coil is mounted 
above it and is connected in series, opposing. 

The usual switches and rheostats are employed 
to control the magnetizi ng current supplied by a 
storage battery. The measurements are made 
with a heavily overdamped ballistic galvanometer 
calibrated by means of a standard mutual inductor 
in the regular way.4 

III. Performance 

The use of a symmetrical yoke structure 
promotes uniformity of flux distribution, particu
larlyacross the section of the specimen. However, 
magnetic leakage due to the presence of joints in 
the magnetic circuit causes a certain lack of 
uniformi ty of the field near the surface of the 
specimen in the region occupied by the H -coils. 
Many tests were made to determine whether or 

• N B S Circular C456, p. 23 (946). 
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FIGURE 4. T est-coil assembly. 

not properly located auxiliary magnetizing coils 
would be effective in improving the distribution. 
From a survey of the leakage flux around the 
magnetic circuit it was determined that auxiliary 
magnetizing coils placed on the end sections of 
the yokes would greatly improve the flux distri
bution in the region where the measurements were 
to be made. Distribution tests were then made 
with various specimens with and without the 
auxiliary coils. It was found that with the 
auxiliary coils the longitudinal distribution of the 
flux in the region adjacent to the center section of 
the specimen was uniform and, with the use of a 
double H-coil to determine the radial gradient, the 
value of magnetizing force at the surface of the 
specimen could be determined with satisfactory 
accuracy. 

It is generally recognized that the degree of 
magnetic uniformity of the specimen affects the 
results of a magnetic test. The nature and 
magnitude of the effect depends not only upon the 
nature and magnitude of the nonuniformity but 
also upon the characteristics of the testing appara
tus. In the MH permeamcter, the test is limited 
to the middle 3 em of the bar. It is conceivable 
of course that extreme non uniformity in the part 
of the bar near the middle might affect the ob
served value of magnetizing force unduly, but such 
a condition is relatively rare. However, valid 
comparisons between permeameter~ that include 
different lengths of the specimen in the test 
cannot be made unless the test specimens are 
uniform. 

A source of uncertainty often ignored, but which 
should not be disregarded, is the effect of mechani-

20 

cal strain . It is well known that the high-per
meability alloys, especially in sheet form, are 
likely to be exceedingly sensitive to strain. How
ever, the effect of strain in solid materials of other 
types is often overlooked. For instance, in a 
recent test of a solid bar that was not quite 
straight, the induction corresponding to a given 
value of magnetizing force could be changed by 
as much as 2 kilogausses by varying the clamping 
pressure. To avoid this uncertainty, the MH 
permeameter was so designed that good contact 
between the yokes and the specimen could be 
obtained without the necessity of clamping. 

In estimating the accuracy of any pcrmeameter, 
it is necessary to take into account not only the 
sources of error peculiar to the individual appara
tus, but also those inherent in ballistic methods 
in general. The factors inherent in ballistic 
methods include the value of the mutual inductor, 
the area-turns of the test coils, the adjustment of 
the galvanometer sensitivity, abilit.y of the gal
vanometer to integrate the value of a delayed 
impulse correctly, temperature effects, degree of 
uniformity of the specimen, and observation errors. 
The principal points peculiar to the MH per
meameter are the distribution of the magnetic 
field in the space adjacent to the specimen occu
pied by the [{-coils and the longitudinal and 
transverse distribution of the magnetic flux within 
the specimen. 

The value of the standard mutual inductor has 
been determined to within ± 0.05 percent by 
comparison with an absolute standard of high 
accuracy. 

The area-turns of the H-coil have been deter-

Journal of Research 



mined by a method previously described/ with an 
es timated accUTacy of ± 0.2 percent. 

The current in the mutual inductor for calibra t
ing the galvanometer is easily adjusted to within 
± 0.05 percen t by using a po ten tiometer and a 
stand ard shunt. 

R ecent theoretical and experimental studies of 
the behavior of the ballistic galvanometer in use 
with this permeameter have shown that under the 
most severe condi tions likely to be encountered, 
the galvanometer integrates correctly to within 
0.1 percen t. 

In view of the fact tha t the specimen is no t 
closely surrounded by the m agnetizing coil and 
that the curren ts are relatively low, the heatincr is 
negligible under normal condi tions. b 

With the understanding that the test resul t 
rela te only to the middle 3 cm of the specimen, 
errors due to nonuniformity along the length of 
the specimen arc usually of negligible magnitude. 

The observational error of a single reading may 
be as much as 0. 2 mm. H owever , by takincr a 
sufficient number of readings, the probable eI~'or 
can be redu ced to about 0.1 mm. With suitable 
adjustmen t of th e galvanometer sensitivity, this 
wIll correspond to no t over 0.2 percen t for values 
of magnetizing force of 5 oersteds or over , but for 
values of less than 5 oCl'steds the precision is the 
determining fac tor and the uncer tainty is of the 
order of 0.05 oersted. The observa tional error 
in the measurement of the induction can easily be 
kep t within 0.2 percent by sui table adju stmen t of 
the galvanometer sensitivity. 

The accuracy of the observed values of mag
netizing force is limited mainly by the decrree of 
uniformity of the field in the space occupied by 
the H-coils and adjacen t to the specimen. In 
?rder to obtain a reasonable degree of precision, 
It was necessary to choose dimensions for the tes t 
coils that represent the bes t compromise between 
Lhe conditions for sensitivity and for accuracy. 
From the results of the experimental exploration 
of the field, it is es timated that errors due to non
uniform di stribution do not exceed 0.3 percent. 

Experimen tal evidence indica tes that the longi
tudinal and transverse distribu tions of Hux within 
the part of the specimen covered by the B-coil 
are sufficiently uniform to make errors from this 
source negligible. 

For pUTposes of compari on, normal induction 
' N BS Circular 0456, p. 24 (1946) . 
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FIGUR E 5. N ormal induction and hysteresis curves JOT 
tungsten-steel bar. 

Curves represent data obtained with solenoid. Check pOints represent 
data obtained with M H permeameter. 

and hys ter esis tests were m ade on a Lung ten steel 
bar about 94 cm long wi th a rectangular cross
sectional area of about 1,8 cm2 • Af ter confu'ming 
the magnetic uniformi ty of the bar , it was fir t 
tested in a long solcnoid and then in the MEl 
permeameter. Before testing the bar in the 
solenoid, the distribu tion of flux den ity in the 
cen ter region of the solenoid was ch ecked, and i t 
was found that the radial gradien t of II was very 
small , so that values of El could be ob tained wi th 
a single Hat H-coil wi th an error due to this gra
dien t of less than 0.2 percent. 

The curves in figure 5 are from values ob tained 
with the solenoid, and the ch eck points arc plo tted 
from values determined wi th the 1HI pOl'me· 
ameter. A compari son of the curves and check 
points shows that the discrepancy between the 
values determined wi th .the solenoid and MH 
permeameter is less than the observational error 
and well within the normal tolerance. 

Considering all the probable sources of error it . . ' 
I S estnnated that by the exercise of care in taking 
the readings and averaging several readings for 
each point, values of induction can be obtained 
that will be accurate to within about 0.5 percent, 
and values of magnetizing force can be obtained 
that will be accurate to 'within 0.5 percen t, or 0.05 
oersted, whichever is larger. For routine tes ts, 
values of either induction or m agnetizing force 
accurate to within 1 percent should be obtained 
without difficulty. 

W ASHIN GTON, March 9, 1950. 
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