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oubk:l—liar Pernecameter, designed by Professor Arthur ¥,

of the University of Michigan, is intended to meei the needs of those
labeoratories that wish to give instruction in the measurement of the magnetic
gualities of iron and steel, and yet do not wish to install the more expensive
forms of apparatus for this purpese.

The standard method for magnetic testing is the ring method,
since a ring circuit -is uniform throughout its lengih and there are no ends
to introduce disturbing factors., The various for of permeameters have
nagnetic cirenits that wmors or less satisfactorily approach the form of a
ring cireuit. 1In the double-bar psramcameter ihe magnebic circuii consists of
two rectangular bare, 1 em x 3 or in cross seetion and 88 om in length. The
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1. ghowing the iron bars and blocks that form the closed
magnetic eirecuit of the Double-Bar Permeameter,

ends of these bars ere connected by two flat blocks of very soft. iron having

a small reluctance. Yokes provided with sel screws are placed around each

end as shown sbove so as to clamp the bars firsmly together and reduce the air
gap between them to a negligible guantity. The magnetic circuit is thus closed,
and consists almost entirely of the bars that are being tested. .As will be
seen from the full cubt of the spparastus shown above, the bars thread through
two brass tubes of rectangular section slightly larger than 1 em x 8 em, mounted
on end brackets and upon which are wound three layers of well insulated wire.
Congiderasble care has been exercised to insure the pniform spacing of the

burns of wire in those coils, and the number of turns per centimeier is con—
stant. It will be noticed from Iig. ‘2 that a part of the magnetic eircuit

lies beyond the ends of the ceils, where it would be practically impossible

to wind the coils. The number of turns that should go on the end portions

of the magnetic circuit has been experimentally determined, and these turns

are wound as exira turns at sach end of both long coils. The two long sbdle—
noids and the four extra end coils are all joined in series, forming a single



electric eircuit that extends over the entire length of the mggnetic eircuit,
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®hen in use the electrical circuit is connected to a storage
battery or some other mource of steady, direct current of sufficient E. H. ¥,
that, when coupled with a suitable variable resistance, will force through
the coile a gurrent of any desired value from 2 amperes down to 0.1 of an
ampere, or even to 0.01 ampere in some pases. There should be an ammeter in
this circuit tc measure the amoant of the current. There should also be a
reversing switch connected as shown in #ig. ‘2 so that the current im the coil
can be guickly reversed from a sleady value in one direction to .the same steady
value in the opposite direction.

The steel bars are magnetized by the current in the sdélenoids,
and when the current is reversed the mnagnetization of the hars is reversed
also. This magnetization of the steel bars is sxpressed in terms of magnetic
flux, which is measured by means of a small test coil of twenty turns of wire
wound around the middle part of the bars—-ten turns around each bar. When the
magnetic flux in the kars is reversed, there is induced in the tést coil a
trangient electromotive force. If this coil is connected to a ballistic gal-
vanometer, it produces a fling or throw of the movable coil that is propor-
tional to the amount of nagnetic flux that was reversed.

(bl
pELations in the Mapnebic Gircuitb

The magnetic circuit of the permeasmeier is the closed iron
path consisting of the two bars and the small blocks of iron comnecting their
ends. The amount of the magneiic flux in this cireuit depends upon a number
of factors, being proportional, for one thing, to I the cwrrent in the sole-
noids and ¥ the number of fimes this current goes around the solenoid, It
also depends upon the quality of the material in the bars as measured by §
the permeability of the steel. The total amount of the flux ¢ depends on the
size of the bars, being greater in bars of greater cross-section 4, and less
for circuits of grsater length L. Putting all of these factors together gives

4

¢ = pw(a/n)(4anur) mezwells
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I1f 811 of thesme quentities are messured in the usual magnetic
(C.G.8.) units, the numeriecal factor 4% shown in the equation is necessary te
make this relation an eguality., The various factors can be rearranged in 4if-
ferent ways to suit various purposes, Usually we are wore interested in B
the density of the magnetic flux than in P the lotal amouni of this flux.
From the idea of density we have

i

B = =— gousses
&
or maxwells per square centimeter.

The magnetizing influence of the ocurreni is called the magneto—
motive force, and denoted by the letters M. M. P The amount of the H.M,F.
is sometimes giwen in ampere-turas, that is, NI the product of I, the number of
amperes of current in the coils multiplied by H, the number of times this current
goes sround the bars. This unit, an ampere-~turn, while simple, does noi fit in
with the other units of the C.C.8. mEBkxx® system ihat are used in magnetic
measurements. The C.G.8. unit of M.M.¥. is celled a gilbert, and it is about
eight—~tenths as large as one ampere-turn., The H.M.F. due to NI empere-turns in
s coil is

%
M M = = W1 gilberts

iisually the total M.i.¥. is not as important as the amount of
4. MeB. per centimeter length of the circwit.  Whis is called the magnetic in-
tensity, and its value is dencted by F.
o Mo Fo

A = mem——— oersteds
L

or gilberts per linear centimeter.

Hormal -dagnebigabion (urve

Phe usual magnetic test of a stsel
is the determination of the normel magnetjzotion
curve, ¥ig. 8. This curve shows the relation be-
tween H, the magnetic intensity due to I, the
current in the magnetizing coils, and B, the
magnetic flux density due to the combined effect of E%
the currenit and the steel. If the sieel were ab- S
sent, B = #. When the steel is present, B is in-
creased several hundred or even thohsand times the
value that it would have been in air.

After testing one pair of bars, the
bars of another grade of steel can be inserted easily f%
and tested without disturbing the test coils or the
solenoids that cerry the magnetizing current,

it

Fig. 8. Curve Showing

The Normel Magnetization
5 of Steel, -

Gomputation of the Value of #

The coils that cerry the magnetizing current are wound on rec-
tengular forms that fit closely sround the steel bars. The turns are uniformly



- 4 —
spaced throughout the/ #nulre length of both coils, there being £ turns of wire
per om. The magnetlzing influence of a current of I amperes in boih coils is

41p
B= e x I = hx I oersteds

in which p = N/L and h = 4nN/10L. N, the number of turns, will be found on the
plate of the permeameter and, therefore, the value of h may be obtained by wulti-
plying N by .0207. Its value is about 50/

¥easurement of B

A ballistic galvanomeber is connecled to the test coil of 20
turns wound around the middle portions of both harg, Waen ¢ the magnetic flux
through the bars is reversed by guickly reversing the current in the magneti-
zing coils, d the galvanometer deflection measures this change in the flux.
This relation is

o
P = - d maxmwells
2n

where 7 is the number of turns in the test coil and ¢ is the megnetic ballistic
constant of the ga¥vanometer cirouit.

if the steel bar Las a cross seotion of 4 sq. om, 8 the density
of the flux is -

B o=

@ 3
= e = e d moxmells per sq. cm., or gousses
A 240

If the resistance of ithe galvanometer cireuit is asdjusted to
make ¢ = 200 4n, then

B = 100 d gausses

and the gal¥vanometer deflsciion measures B directly.

To Deferuine o Normal ‘Magnebization Curve

1. Place the two bars of cold rolled steel {(C.E.) inmide the
two solenoids of the permeameter. Clamp the bars firmly, and with good clean
contact, against the small blocks of Armeo iron at each end.

2, The current coils of both solenoids are connected in series
and brought out {0 a single pair of binding posts plainly marked. Join these
binding posts to the outgoing side of a reversing switoh. Conneet a storage
battery, or other source of direct current, through a variesble rheostat and
mmneter Lo the ingoing side of the reversing switch. The rheostal and battery
should be such that the current can be set al any desired value from 2.0 amperes
down to 0,02 ampere. The reversing switch should be arranged to give a very
quick reversal of the current in the solencids of the permeameter. Our Nos,
2012 or 2913 or their mguivelent will be satisfactory and the reversal should
be accomplished without loss of time.

3. Conneel the galvanomeiler through a resisbance box of
10 000 ohms to the short-circuit binding poste of a contsct and short—cireuit
key, our No. 2901 or Wo. 201b.  Connect the tongue and contact binding posts
of this key to the binding posis of the test coil on the permeameter. When

this key ie dopressed the tesi coil, dalvanometer, and resistance are all in



series, When the key is released the galvancmsier and resistance are in series,
but the test coil is out of the circuit.

4. Adjust the currest through the selencids to 1.00 aWPEr e,
if these bars have ever been subjected to a current larder than 100 ampere
they must be demagnetized down to this point. ¥%ith this current of 1.00 ampere
the magnetic flux density, B8, in the colé rolled stsel bars is 14800. galisses [
(naxweils per square centimeter). Feverse the ourrent sbout once a second for
12 or 1b times, and stop with the switeh closed and ready for ancther reversal.
Close the galvanometer key and note the resbting point on the scale. While
8till holding the galvanometer key closed, guickly reverse the current again,
and observe the first throw of the galvanomster.

If this deflection of the galvanometer is not 149 scale divisions,
release the galvanomster key, set the pesistance in the lvanometer circuit
smaller or larger than the 10,000 ohms, and repeat the reversal of the current.
fhen the deflection & of the galvanometer has been brought to 149 scale divisions,
the galvanomeber is direot reading. The flux density B in the steel is now

E= 100 4 gousses

the galvanomeler will now read dircotly the value of B fer all

bars of the same cross-section as these standard cold rolled bars. For bars
of smaller section the factor 100 would be correspondingly increased.

b, The value of the mognetic intensity is computed directly
from the value of the currenit I as messured by the smneter, by the relation

H'™= hl oersteds i
bt v

where an ocersted is the same thing as a gilbertper centimeter.
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e factor & is given with cach permeameber as .0X0% x K. Tt
is sbout 50, and is the familiar 4RX/10L, where ¥ is the number of turns of

wire in L centimeters length of the solenoids. ~

8, 'The current can now be changed a small amount, reversed
12 or 15 times, and values of [ and ¥ determined as before. .And so on until : ¥
as many points as desired sre obiained. Values of # are usually plotted am
abscissas and values of F as the corresponding ordinates.

by the Use of a liubual Induchance

If a mulyval inductance of a few millihenries is available, the
dalvanometer can be made direct reading without sctually using the standard
steel bar. Vhen the magnetization of the steel bar is reversed the galvano-
meter is affected by & change in flux turns of

Ayn = 29n = 2BAn

where n denotes the number of turns of wire in the test coil (20 in this per-
meameter) surrounding the total flux of ¢ mazwells in the bar. This same
change in flux-turns ean be obtained from a mutual inductance.

Let the primary coil of the muitual inductance be supplied with

8 eurrent of I c.g.m. units, that can be guickly reversed frgm,* T 40 =I.
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(Whe eams amount of current, but passing tmroaph the coil in the ogposzte
A e }

é@n = LBMI

If ¥ is measured in millihenries and I is measured in amperes the change in
maxwell-turns is : 5
Agn = 24T x 10

If this change is to be the same as when the ragnetization of the standard
bar is reversed, then

241 x 10° = gEan

and the current that will give thie relation is
I o ;—iﬁiag anperes
This means that a reversal of I smpsres in the primary of a
mutual inductance of ¥ millihenries will give the. same. deflection 10 & gal-
vanometer that is conrected to the secondafy as the reversal of a flux«denalty
of B in the steel bar. If B is taken as 10,000 gausses, the deflection of the
dalvanomeber should be 100 scale divisions.

After the resistsnce of the galvanomeber circuit has been ad-
Jjusted to give the desired deflectiom, it should not he changed until it is
desired to change this factor of 100 sSausses per scale division.

Yor more detailed information regarding magnetic testing see
"Eleotrical Measurements in Theory and A4pplication, pages 190-244, by Arthur
W Smith (MeGraw-Hill Book Co., Ine., 870 Seventh Ave., New York, N. Y.)
The method to be followed in obtaining en Hysteresis Curve is fully explained
on pages 235-~241,

If & user of the permeameter has difficulty in making measure-
ments or adjustments he may write dirsetly to Professor Smith, University of
Miehigan, .Ann Arbor, Hich.

The importanve of having good contaet between the test bars
and the pole pieces at the ends of the coils has been clearly brought out.
Yokes with set screws are provided at each end so that this contact can be
suffisiently tight to eliminate air films between the parts. Ibois, therefore,
importent thet ihe bars and pole pieces be protected from rust during the times
when the instrument is not in use. Therefore, oil or vaseline should be spread
on the surfaces when the instrument iy set away for the seagon, this film be-
ing carefully removed prior to taking observabions. When this is done it is
wise to leave the test bars out of the coils and remove the pole pieces from
their mounting so that all paris of the iron can be thoroughly covered with
the proteeting coating.
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