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THE TYPE 1670-A MAGNETIC TEST SET 

IN THI S ISSUE 

8 

• FOR A NUMBER OF YEAR S the nc­
cepted methods of detcnnilling the mag­
netic properties of laminated fCl'l'Omab"llctic 
alloys, used in transformer (:orcs or ill other 
electrical dev ices, have consisted of bridge 
or wullmctru' measurements upon so-called 
Epstein squares, utilizing the various 
techniques described in the ASTM speci­

fit':ltioll A:H-H.i. The larger or 50-em. Epstein square requires a suf­
fi cient number of strips of the specimen mat erial, ench 50 em. by 3 em., 
to aggregate 10 kilograms ; while the smaller 01' 2S-cm. Epstein SqUfl l'C 

requirC8 2 kilograms of ~trips , each 28 em. by 3 em . 
i t is believed that many suppliers or users of thrse materials, to­

gether with ot her investigators, would find it convenicnt to make mag­
netic k'Sts upon much smaller lamination samples, which, for example, 
might be cut in any dcsi ted ditcct ion from paI'Cntal sheet stock or from 
small transfol1uer cote stampings already available, Ji'urthennore, 
most. of the AST?I'l pZ'Ocedmcs arc not su iled fo r measur'clllf'nls at the 
very low levels of indu ction, approaching initial permeability, whieh 
arc f!'{'quent ly encountered in the cores of man,v inductors an d tI'W1S­
former'!; u."ed in communicatioll systems, The T YI'E 1670-A :'[agnetic 
Test Set was developed to meet such a need by providing low-level 60-
cycle meas urements of permeability and core loss, using a siugle small 
strip 0 1' a few duplicute strips in parallcl. 

These midget test strips may haye any uniform width up to %" and 
liny length in excess of 2U". They at-e inserted into a helical coil, con­
tained ill the Test Yoke, whet-e they interleave with, and become a 
diameter of, an :lS:<embly of laminated annulnr ring!! of a material 
having a high initial permeability, These rings have a sufficiently large 
composite cross-scction so tbat a specifi c length of the specimen strip 
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constitutes essentially the entire reluc­
tance of the magnetic system. For speci­
mens having an exceptionally high per­
meability, a simple correction can be 
made for the reiuctlUlCc of the rings. By 
meRIlS of a spring-backed plunger in the 
hinged clamping bar, the laminated 
stack is subjected to a definite force 
wh ich is morc than sufficient to eliminate 
erratic air-gap errors. The assembly of 
this Test Yoke is a rapid and easy 
operation. 

The inductor formed by the winding 
in this Test Yoke is inserted into a Max­
well bridgt> (see circuit diagram, Figure 
2) which is energized at 60 cps through 
a high serie!' resistance. Thif: resistance 
insures t hat the current in the yoke and, 
hence, the magnetizing force H applied 
to the ppccim en is ~illusoidal. Magnetic 
measurements are frequently made under 

, 
conditions approximating a sinusoidal 
variation of induction or flux density B, 
rather than sinusoidal H. However, in 
the reference quoted (2), the author has 
advanced arguments favoring the latter 
procedure ill bridge measurements. He 
has fUlther demonstrated that, for a 
typical sample of silicon steel, the maxi­
mwn discrepancy between the two 
methods occurred approximately at a 
level of normal induction corresponding 
to maximum IJ and amounted only to 
about 8 per cent in the evaluation of IJ 

and about 5 per cent in the evaluation 
of core loss. When t he induction was less 
thanone-halfor exceeded twice the afore­
said level, the two procedures y ielded 
C'SScntially the same data. For compara­
tive mcasuremcnts between different 
specimens either procedure would be 
satisfactory. It should be noted that, 

Fr.'lUre 1. TI •• Tvp. 1670 MClI".lIe T .. I S.I with III "tt ... h.d "''' v .. k •• hDw" wllh .I" ... p .. IDDI.d. 
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........ , ... 

figu" 2. S.hema,i. wl,l ng diagram ,howlng p<inclpal , I' m' "": Adlustable H ulpply , Mo ...... 11 bridge, 
d.".".'all .... am pUfior. :U,a bal .. " •• " .twa rl!:. ph",. , h ll' ".tw .... k. and madulCl'lon brldgl. 

while s inusoidal flux occurs in low­
resistance power transformers energized 
by a low impedance source, if the com­
bined resistance of the winding and the 
generator is appreciable compared to 
the reactance of the winding, then the 
flux will hlwe a substantial harmonic 
content which may actually exceed the 
hannonic content of the exciting cur­
rent, so that Jl becomes more sinusoidal 
than B. 

By menns of a Variac (H dial) and 11 

supply trnnsfonncr having 3 decade 
voltage steps (11 multiplier), the mag­
netizing force applied to the specimen 
may be Pl1'sct at any desired value 
from one millioe~tcd to six oersteds, 
regardless of the existing impedance of 
the yoke. The H dial is calibrated in 
oersteds when the Sllpply line voltage is 
115 volts. Otherwise H is proportional 
to the existing supply voltage. 

The two balancing components of the 
M o.xwcl1 bridge are rhOOlltats. The Jl. 

dinl reading on one of these is propor· 
tional to the permeability of the sped· 
men in terms of its arbitrary cross· 

section, which can be determ ined: (1) 
by micrometer measuren:cnts of width 
and th ickness, or (2) from the length, 
mass , and density of the specimen strip 
or strips. Inlllost cases it is the precis ion 
with which this cross--sect ion can be 
evaluated that detennilles the accuracy 
of the absolute values of the magnetic 
data obtained. A knowledge of the CI·o.."8· 

section is not requir(.'(1 in comporative 
measurements between specimen strips 
hlwing identical dimensions. The J.I-<Iial 
is calibrated in terms of a specimen 
cross--section of lO sq. mill. , in which case 
the maximum scale reading indicates a 
permeability of 25,000. Higher per· 
meabilities call be measured if an ap· 
propriate cross--aectiOIl less than 10 sq . 
mm. is used. 

With any preset value of H and the 
corresponding mcilSurcd value of J.I, the 
simultaneous induclion B existing ill 
the specimcn may be computed as the 
produ ct ~H. In this manncr data. for 
the familiar B vs. H, ~ \'S. II, and J.I \'S. 

B curves may be obtained. The ma.xi· 
mum induction which can be estab-
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lishcd in any specimen is equal to six 
times tho permeubility wbich that speci­
men po..."SC8SCS when subjected to an H 
of 6 oersteds. 

The second bahmcing dial of t.he io.1ux­
well bridge is calibrated in a factor .0., 
from which the total core 10$5 of the 
spec imen material, due jointly to hys­
terc:;is and eddy currents, can be evalu­
ated in watts pel' cubic centimeter, 
watts per pound, et.c., ha.ving flrst made 
the proper allowance for the copper loss 
in the windings of the inductor. Thus 
data are obtained for plotting curves of 
core loss versus either Jl or B. If the 
rcsistivity of the specimen material is 
known, this core loss may be analyzed 
into its hysteresis and eddy-currellt 
components. 

Provision is made for the introdlletion 
of a d-c or biasing current into the wind­
ing of the Test Yoke. Two additional 
components (not. furnished) nre then 
required - a rheostat of tlbout 50 
kilohms and a suitable milliammeter. 
The bias H, which is evaluated from the 
JHunber of tUI'llS in the .Yoke winding 
!1nd the me:1Sured binsing CUlTent, may 
have lUly v!1lue up to 2 rersteds. Suffi­
cient d-cemf for producing a bias 11 up to 
1.5 ocl'stcds can be obtnined directly 
from the rectifier system of the test set. 
FOI' higber values this must be aug­
mented by external bat.teries. Then, 
when any Ilomlal (pcak a-c) value of II 
up to 6 oersteds is superimposed upon 
this bias H, the corresponding incre­
menial voi1 l(,l' of Il"rrrll'nhilit.v ami ('ore 

I exc. z 

• 
loss can be obtained. It should be notcd 
that straight d-c measurements of per­
meabilit.y cannot be made with this 
equipment. 

A suitable null detector for builmculS 
this ~l!Iaxwell bridge must. meet two 
specifications: (1) it must. have a high 
sensitivity to permit. measurements at 
very low inductions tlpproaching close 
to initial permeability, (2) it mu,st have 
a high selectivity to eliminate crrors due 
to the harmonics produced by the nOI1-
linenrity of the B \'8. H characteristic -
ch iefly the th ird harmonic in B gener­
ated at. high induct.ions. These require­
ments are met by the use of a four-stage 
amplifier t Ulled sharply to 60 cycles by 
a degenerat.ive R-C net.work. 

The use of a sensitive GO-cycle ampli­
fier presents certain difficulties, especial­
ly when incorporated into equipment 
which is energized at t.he same fre~ 
quency. This is due to an unavoidable 
stray pickup of minute 6O-cycle volt­
ages Lllduccd either by components of 
the equipment itself or by the 60-eycle 
electromagnetic fields presellt, although 
fl'equeutly unrealized , in 1l1l1llboratories 
supplied with a.-c power. Such stray 
voltages, great ly amplified, would , or 
course, result. in false indications of 
bridge balance. Two auxiliary controls 
in a zero-balance network pennit. a small 
voltage of adjustable phase and ampli­
tude to be introduced into the amplifier 
80 as to counteract filly stray pickup and 
to make the amplifier response depend­
ent solely upon the output voltage of the 
unbalanced bridge. 

The null balance indicator is n cent.cr­
scale-zero galvanometer. T his is in-

Fig\,! .. 3 . Mls l, adj"g •• prn."Iallan of an o-C I.on_ ~ 
cor.d InduClo •• DU I 10 co •• 10" the full . .. cltlng 
cu .. , nl do .. nol produc, mog""bl"g fo .. , o"d flu" . 
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serted into a modulation bridge com­
posed of four rectifier elements and 
polarized by oue or the other of two 
voltages which have a pbase displace­
ment of 90 degrees between them. By 
the operation of a two-position switch, 
which changes the resistors of the phase­
shi ft network, this polarized indicator 
can be madc predominantly respoosive 
to the mauipuiatioll of either the ~-dial 
or the .o.-dial in the Maxwell bridge. 
Such a polarized detector permits a. 
more convenient and rapid balancing of 
the b ridge than would be possible with 
the conventional non-polarized detector, 
especially with the "sliding zero" which 
this bridge exhibits in measuring an 
inductor having a relatively low Q. 
Furthermore, if only permeability and 
not core-loss data are desired , a precise 
setting of the 6-dial is not required in 
obtain ing an accurate balance of the IJ­

dial. 
In addition, this indicator is direc­

tional, meaning tbat the displacement 
of t he galvanometer need le, left or right 
of center, indicates t he direction in 
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which either the .u-dial or the 6-<1.ial 
should be turned Lo approach balance, 
whi cb is analogous to the directional fea­
ture possessed by the galvanometer used 
in balancing a d-c Wheatstone bridge. 

A limiter network, which coutains 
non-linear elements in its shunt branches 
can be inserted , at will, bctween the 
amplifier and the polarized indicator to 
b';ve the latter a quasi -logarithmic re­
sponse. This prevents the galvanometer 
need le from going off-scale with a badly 
unbal anced bridb'e and eliminates the 
necessity for monitoring the gain of the 
amplifier as balanl..'e is approached. 
These several features combine to give 
a useful null balance system. 

The Maxwell bridge, in common with 
many ot.her bridb"CS, evaluates an in ­
ductive impedance in tenns of its series 
components R. and iwL., see Figure 3. 
The ~-dial setting is detcmlined by L" 
while the dissipation factor D, defined 
as the ratio of R. to the series rcaetauce 
wL" determines the setting of tile 6-dio.l. 
if a resistance Re, representing the cop­
per losses of the winding (the d-c resist­
ance when the frequency is as low as 60 
cycles), is subtracted from n., the re­
mainder multiplicd into the square of 
t he exciting cu rrent, I~ gives the core 
loss in the specimen. 

The dissipation factor De due to 
copper la:;s alone may be defined as the 
ratio Re/wL •. 

It is not universally recognized, how­
ever, t hat a permeability ~., computed 
directly from the value of L. and the 
geometry of the magnetic system, is one 
of several a-c pseudo-penneabilitics and 
is not the true nonnal permeability jI. 

which, by definition , is the ratio of the 
nonnal induction B to the co~xi.~ting 
normal magnetizing force H. While, 
under certain conditions, this ,1.1. value 
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is a perfectly Icgitimate parameter for 
intercom paring similar ferromagnctic 
specimcns, its magnitude is a function 
of core loss and, hence, del>cnds upon 
the thickness of thc specimen lamilHltion 
cven though thc flux has complete 
J)Cnetration. 

To evnlu ate the true normru perme­
ability, which is a unique parameter of 
the specimen material, the inductor 
must be analyzed as depicted in Figure 
4. The exciting current Iez,,,, Hawing in 
the copper-loss resistance ReI divides 
into two quadrature compoUfmts: (1 ) 
magnetizing current 1 ... which flows in 
the inductance L' to create the 11 which 
produces the flux , (2) the loss current 
I, which flowt! in the resistance R' repre­
scnting the core losses lllt identical 
with the previous value I!... (H.-fle). 

• 
The magnetizing current can be com­
puted from the measurable exciting 
current by dividing the latter \·alue by 
theexp~ion: 1 + (D-Dcp;whilethe 
inductance [/ equa ls the bridge value 
L. increftBed by the fuctor I + {D-De)'l. 
True normal /-I must be evaluated in 
Lenns of 1", and true normal I/o in terms 
of L'. From lhe forebroing it will be 
seen that these true values may be com­
puted from the l\ faxwell bridge readings 
and the d -c re-istn ncc of the yoke wind­
ing (which is marked in the yoke). 
Tables to facilitate these computations 
are provided ill the in~tnlction manual. 

The discrepancy which may exist 
between these pseudo and true normal 
vaiues is illustrat ed in Figure 4, which 
gives data for a somewhat ex lreme case 
encountered in a sample of silicon steel 

FlO ..... 5. Comparlfo .. of Ir .... nor ... ol por ... . oblUty p. with .. p •• udo-p . ....... blUty p., ...... I ... .. led I .. '''m' 
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, 
having rather high COI'C 10S8C8 a.nd, 
hence, requiring substantial values of 
the correction factor. The curve marked 
j.I. represents the I>scudo penncabil ity 
evaluated directly from L. (Figure 3) 
and plotted against. peak values of 
fscudo II, evaluated from the full 
exciting current.. This curve illust rates 
data obtained directly from the ;Vfaxwc\l 
bridge and which h~we been used cx­
IClll!iwiy ill the evaluation of "a~ per­
meauility va. 11." The curve marked II­

indicates j he t rue normal penncnbility 
evaluated from L' (Figure 4) plotted 
against the true vaJw . .'s of nonnal H 
computl.'ti in tenus of the magnetizing 
current. 

A detailed diSCU8sion of the the<lry of 
thi~ ~Iagn('t i c T Ct: t, Set and a gencral 
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!umiysis of a-c maguetic measurements 
can be found in two I.H .E. papers by 
the author. ' " Hcpriuts of these papers 
may be obtuined upon request. 

In conciU8ioli it may be noted that 
this test set is n useful bridb'e for the 
6O-cycle measurement of any inductor 
(with or without. d-c polarization) pro­
vided that. its inductance does 110t ex· 
ceed one henry and its 6O-<!ycie Q value 
is I~s tban 13.5. By simple fonnuhlc the 
JJ and 6-dial readings at bahmce may be 
cOJl\'crted into con csponcl ing values of 
1~. tllld Q. 

- I1 0 ItATIO W . L AMSON 

' ''A Method of MM,uri", the ~ " lI,etl" i'1'(Ipet't1 ... 
of Small Sa..,,,I. 01 T .... noJQr.nu I .... mi ... ' ;o ...... 
P .oe. f N.H., " 0]. '28. PI>. 5-fl-.>iS,lMoomoo. IIlIO 
· "Alt.er ... "", Cvnuol ~I_~tnll of M • ..."uo 
Propeni ..... ,Pr.... I fl R. Vol 36, pp. 2M-277. 
~'ehruary. HItS. 

SPECIFICATIONS 

aanll. of Malln. tldnl 'orc.t The (iO..{>),cie nor­
mal magnetizing force is ndjwtll.ble from OtiC 
millioersted. to G oersledi! (gi lbertl! per centi­
meler) for l). line "ollage of 115 vol18. A bi!\Sing 
ll\llgtleti~iltg fon:e (d-c, ul' to 2 oc!l!tooe can also 
be a pplied. The lleeeMflr)' d-e power, up to 1.5 
oenteds, call be obtained from the i!ltemai 
power supply of the test 8Ct. 
'.rm.abillty and (ar • • lau Itanlel The range 
for penneability and core·loss mClUlurement/J 
varies with tho cross-section a rea. For II sample 
('ross--scction of 10 !!Q. mm. fnU 8Cule 011 the fI­
dial i3 25.000. The permeability and ~'O re 10M of 
allY ferromagnetic s..'lmple can be measured if 
II. IIJI.mple of proper CfO!l/HM!Cl ion is ChOIlO,I. It 
ilia), 5OmetimC$ be necCS!lnry to calculnle cor· 
re<:tions for high·pcrmenbility mntcrints. 
"' .. uracy of Mealurem. ntl The nccuracy of 
data ob\..'!.ined with this Instrument is chieHy 
df'termined by the precision " 'ith which the 
eross-:>eetion of the specimen is known. Similar 
81.mplC!! of identical e~elion call be oom· 
pnred, I!.t IIny giveJl 11, with llll IIceurncy of I U't 
2 per cent.. 

'aw. r Suppl)'1 115 vo ll.!o , flO cycles; by a change 
of colttleclion.i on tht' power t ransformer pri­
mary, the in"lrumen~ can be opernted from II. 

230-volt line. 

'ower Inputl 00 watu>. 

Tub •• , 26C8-C, 1 GX&-C, lind IOD3fVRI50. 

"' ... uarl .. Su,pn. dl Test. yoke and line cord. 

"' .. e uarl •• a.qulr. dl When II d·c magnetidng 
force iIIltppliet1, a milliammeter nnd II. rhOO6tst 
for varying the de nrc required. The T .... PE 371· A 
5O,()()()1 RhCQ81at is suitable when the imernal 
\'oltage 50uree is lased. 

Maunltnll ' The lest set, exclusive of the lflIIt 

/
'oke, is housed in II. walnut CII.h inet wit h sloping 
ront panel. 

Dlme ... lan" T~t set, (lI'idth) 16 It (depth) 18 x 
(heil!iht) 10 inches over-all; tCllt yob, 8 It " It 
51~ \tlche6. 

Net Wellht , T lltiIt bOt, 44 po unds ; lest yoke. 10 
pounds. 

.TU1";f' --.---:-:----:--: _ -:-____ _ 
1610.'" M" gnellc leu So, . 

('()flt Word T"-7CP",,,O",,~ 
...... I ""IR~: $585.00 
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Mo'v lll, Eas tham John M. Cloy ton HG,o ld 8. Richmond 

HONORS -To Harold B. Richmond, 
Chninnsn of tbe Board, and to Melville 
Enstha.m, Chief Enginccr, the 1\lcdnl for 
Merit, for exceptionully meritorious can· 
duct in the perfonnnnce of outstanding 
fcry iccs to the United States. The award 
to 1\1r. Richmoud was made for his work 
IlS Chicf of the Guided l\'lissilcs Division 
of National Defense Research Com· 
miUee, in wh ich capacity he was re­
sponsible for all wartime activit ies in 
this field, resulting in the development 
of the missiles Awn, Razon, and Felix. 

The medal was awarded to Mr. East­
ham for his work as a member of the 
Microwave Committee of the NORe 
and later as Expert Consultant to the 
Office of the Secretary of War, and, in 
particular, fo r bis guidance of the Loran 
development program. 

-To John 1\1. Clayton, Advertising 
Manager, the l\leritorious Civilian Sen'. 
ice Award, for Outstanding Service to 
the Navy. The award was made fo r tbe 
ouu:tanding effectiveness with which be 
bandied procurement problems of the 
Radio Division of the Naval Research 
Laboratory during the war. 
RECENT VISITORS to our plant !md 
laboratories include 1\ l r. J ack Smith of 
Warburton·Fronki, Ltd., distributors 
for General Radio instrumeuts and 
manufacturers of Varia('8 in l\ lelbou roe, 
Australia; 1\Ir. J. A. Jones and Mr. 
Raoul Rago, of the Direction General de 
Fabricaeioncs Miiitaires, Buenos Aires, 
Argentina; Mr. An tonio Millan, lnsti· 
tuto L . Torres Quevedo, Madrid, Spain ; 
and Mr. llonald E. Burgess, National 
Physical Laboratory, Engl:md. 
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