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submi tted for your consider3. Hon e nd approv c. l. '.Ll", 1 te 

of com~leti on \-1 3. S ;'lay 3 , 1953 . 

Si ncere ly, 

to r bert us 
• 

~ichard Schumacher 



This pape r is t i tleQ a s a. redesign, since it is a 

revi sian of 8. previ ous t h esi s design by Iiiesse rs J-. Taylor 

a.nd N. Du Bayl. In t~e cons tructi on of t h e perme 3meter , 

some parts of t h e pr evi ous wo rk of these men were used; 

the rest were discarded . Tnerefore, only the construc t­

ion of the magne tic circuit, "3" coil, and 11_1: " coil, wi ll 

be described in this t~esis . 

The ba sic i dea s of the origina l design were used in 

building t h is instrument, hmvever , t h e sh ape cmd a rra nge­

ment of t he parts, end ma t eri a ls used , a r e quite different . 

The wish of t.."-e authors of t h is pa per is tha t t h is 

i n strument will serve to fa.cilita te the tea ch i ng of mag­

netic mea surements in t he electrica l engi n ee ri ne curricu­

lum a t t he Uni versi t y of Detroit. 

Appre ci a ti on is h ereby expressed of the lvIara t han 

Electric s l Co r po r a tion and of the Ar mour Zlectric CO~lpany, 

Erie, Pennsylvania, for dona ti n a s amples of electrica.l 

steel. 

1. G. Tay lor and ':'T . ::Al Lay , Tne Desi gn and 0cn s truction 

of a Fahy Pe r meamete r', t'ove mber, 1952. 
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CHAFTZR I 

':;;X:PLANATI ON OF _ PERl·.1El'IHETER 

In t h e desi gn of magne tic ci rcuits, cur ve s shQ1.v i ng 

t h e chara cteristics of magnetic s t eels a re very necessa ry . 

For pr oper desi gn wo r k , t he cor e l os s , magne t ization , 
. 

hyste r esis, volt-ampere , a.nd h i gh frequen cy curves are 

essen t i a l. The per meame t er is a n ins t r ument u sed to ob-

t a in two of t hese , name l y t he magne t iza t ion curve and the 

h ys t eresis l oop . 

The Fahy Si mpl ex Pe rmeame t er i s mu ch used for 

rout i ne t esting, because it i s s i mpl er in both constru c-

t ion a nd oper 3.. ti on t han the .aurrows Fermeameter, a.nd is 

l e s s sensi ti ve to the effec t s of magne t i c inb.cmogenei ti es 

in the s pecimen . It als o r equires only 3 single s pecimen 
• 

for testing . 'I'he spec i men is clamped a cross the po les of 

a n e l ectr'omagnet which ca r .r'i es the magnetizing winding . 

A un i forml y wound t e s t ( II BII) coi 1 extends over the entire 

a c t i ve porti on of t he spec i men for me a suring induction . 

The ~agnetizing for ce is measured by me ans of a second 

t est ("H") c oil wound uni for :nly on a non - magnetic form ; 

and moun t ed be t ween t he en s of t1VO iron blocks , which clamp 

t h e s pec i men aga i nst the po le pieces of the yoke • . ctu311y, 

it mea sures the chan 3e i n magneti c potenti a l be t ween i t s 

ends when t h e magnetiz i ng force i s changed . The fun cti on 

of t h e iron b l ocks ls t o brinG t he potenti a l of the ends 
• 

of t h e s peci men to t h e ends of t he "WI call , and the 

1 
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combination is in e ffect a magne tic po ten ti ome t e r l . 

The core of t he exci ting coil is const ructed of h i gh 

gr a de steel l ami nat i ons i n order to obta in a l ow r e l uctance 

pat h for the flux . This core, a l ong wi th t h e steel 

s peci men a nd t h e h eavy stee l b l ocks with a bake lite core 

mounted between them, make up the magnetic circui t of 

the permeameter . It is a ssumed there is no appreciable 

mmf drop from t he point of con t a ct of t he s peci men to t he 

ends of the "HI! coil, all of the drop being c onside red 

a cross the l ength of t he bakelite cored coil. It is 

necessary, therefore, to have good con t a ct between the 

blocks and s pecimen in order to eli mina t e t h e effe c t of 

an air gap . Tne h eavy blocks a lso serve to clamp the 

s peci men into position. The magnetic circui t may be con-

sidered a s h a.ving two pa r a llel paths fo r t h e flux, one 

of hig.1J. relucta.nce through the bakeli te or a i r core , and 

one of 1m-I reluc t ance through t h e speci men . Tni s is 

comparahle to t he connection s of a n a.mme t e r and vol t meter 

in an electrica l circuit ; t he ammeter measuring t he f l ow 

of current, a,nd the vol t mster the poten ti a l di fferenc e. 

1. Forest K. Harri s, Ph . D. ," i:l ectricallJ:e3sur emer. ts,11 
P . 374. 

, 
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Fi g . 1. General Ci rcuit Diagr am . 
• 

The above circuit di agr am represents t he connec t ions 

used when testing t he compl e t ed permeameter . Essentially 

the above circuit is u sed ; howeve r, di fferen t methods of 

connecting t h e appa ra~us can be emp l oyed depelding upon 

tne equi pment a vailab le . 

R. S. - Reversing s witch 

- :Lc:u tue.. l i nductan ce co i 1s ( mea.Bured i n nenr i es) 

G - Ballis t ic ~alvanometer 

- Damping Re si s t anc e ( ohms ) 

IIEI! - Exciting coil 

- Sea rch coil a r ound s pec i men 

"H II - Bakeli te cored coil 

- Resistance in I I H " coil circuit (o ~'lms) 

RE - Resis t ance in " B" coil circuit (ohms) 

A - Ammeter (D. G. ampe r es ) 
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~agneti c Definitions and Concepts l . Lines of f orce 

i n a magne ti c circu it a l ways return on t h emselves t o form 

closed paths; hence, a magne t ic circui t is ahrays closed. 

The tota.l number of magne tic l ines exi sting in a ma3netic 

circui t is called Ilma .metic flux" . Its uni t is a single -
line of force called the maxwe ll. r.la.gnetic f lu x is usua l-

l y designated by t he Gr eek le tter ",16" . 

I-1a gnetizing force . For t he u r po se of simplic i ty, 

magne tizing force is considered to b e t he t o t a l force 

tending to set up 2 flu x i n a magnetic circuit . It is 

usua.lly desi gna ted by the letter IIH" . Its uni ts a re 

oersteds or gilberts/cm. 

Flux density or induction . This is the flux per uni t 

a r ea. t hrough a n element of area a t ri Ght angl'3s to the 

dire ction of flux . It is usually desi s na ted by the letter 

"BII, and its unit is the gauss, or maxwell/cm2 . 

.2ermeabi lity is a term used to refe r to the e a se with 

which a. ma .sne ti c flux ca n be es t cioli s~ed in 8 e::i v en J_ ag-

ne tic circui t . It is numeric a lly equa l to n/H or t he 

r at io of f lux dens ity to magnet izing force. It is desi gna t-

ed by the Greek letter~. 

:..r t . _.y s ereSl s . Imen an unma. n e ti zed piece of steel is 

exposed to 5 va r ying ma gne ti zin3 force , and the strength 

of t he fi e l d is p l otted aza i nst the applied ma3netizing 

forc e" the curve ob t a ined. is c ':.t lled a hysteresis cu rve or 

l oop . 

1 D n - d E t ..,.., 11 -- . . • oa.n , ~ . D . dn e y , ~ . J ., ~rlnci ~les of I~a~na-
flu x" , F . 50 . 



• 

5 

8 

A 

---~ -- '--~--- H o 

D 

Fi g . 2. rlysteresis Cu rve . 

Sta.rting from zero wi t h a specimen in the umnsgnetiz-

ed conditi on and increasing the magne tizing force in small 
• 

i n crements, 'Ive find the flux in t he materi a l increa ses . 

qui te ra.p i dly a t first, then more slowly until i t re a.c l1es 
• 

a point b eyond which a ny increa se in the magnetizin t: force 

does not increas e t he flux. This is shown by the curve 
• 

"OALI. In this condi tion, the piece is s a id to be ma gneti -

c a.lly s a tura ted. Now , if the magnetizing f orce is gr adu-

ally reduced to zero , the curve I I B" 'Io}' i ll resll.lt . If t !l.e 

ma£5ne ti zins current is r eversed a nd ";r ad.ually incre 3s ed in 

va lue in this reversed dire c tion, the flux continues to 

di minis ~ . The flux does not become ze r o until the point 

"e' l is re a ched , at which time the magnetizinz force is re-

presen ted by I I COli • The line "CO" gr~ph ic a lly repr es ents 

t h e coerci ve for ce of the ma teri a l . .-I S the reversed field 

is increa sed beyond "C II
, the point "Dil is reached, a t which 

point t h e speci men is a.gai n s a tura ted. The magnetizing 

force is now de crea sed t o zero and the portion of the curve 

II DEli 1 s f ormed . 

Again incra 9. sin3 the ma.gn e ti zing force in the ori gina l 
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di r ecti on c ompl e t e s the curve "EFA" . At t he point "A" t he 

cycle i s compl e t e, a nd t h e a.r ea. wi thin the l oop "A:3C:U2F_u. " 

is ca lled t~e "hysteresis loop " . As is se e n fr om t h e 

curve, t h e r e is a d e f inite l a g be t ween t he magne ti zing 

f or c e and t h e f lux t h roughout the cycle whi ch i s cal l ed 

IIhysteresis " . The curve 1! OA" is ca lled the v i r g i n cu rve 

of t he steel; h aving once f ollowed t h i s curve, i t ca nno t 

be ma de t o do so a.ga in wi t h ou t first retu r ning it i n some 

manner to t h e demagne tized sta t e . Withou t comp l ete de­

magne t iza. t i on , t h e ste e l will rema i n i n wha t i s t ermed a 

cycli c conditi on , a nd conti nu ing t h e processes of increa ses, 

decr eases, and r ever s a ls of "H " wi ll me r ely ca r ry t lBII a round 

t he l oop . 

• 

• 

• 



"B" Coil. 

Cd h.f'rER I r 

CON S '~U CTr ON 
OF ORI G n ':AL 

D CH1~~GES 
D:2:SIGN 

new I ' B " coil wa s cons true ted because 

t he t u r n s of wire on t h e o l d coil were not wound uni fo rm-

l y , es peci a lly ne a. r t he ends of the f orm . 

Th e new liB" coil was wound on a f abric a ted p l exi-

gla ss form. The p l exi gl a ss cor e was made of 1/ 16" shee t 

stock, cu t and a s semb led into a hollow squ 3r e tube . 

H - Bond Plastic Cement was used to fasten the edges of t he 

for lO . The form Ha s t h en wound uniformly with 8 0 turns of 

#18 copp er enama l e d wi re. ~'lhen the fo r m of the coil was 

cOIDoleted the cro~s- se ctiona l a rea was 12 . 62 crn 2 . -

/. +0 " 

Tv/tNS #18 cOPP~/l WIIt£ 

I I 
I I I I 

I I I I 
I I I I I , 

I I , 
I , I , 

.o,zS" ~ I I I I 

() I I I I 

.. , 
I I I 

I • I I I 
• I , I 

, .... 
I , I I , 
I I I I I 

I I I 
I I 

Fig . 3. liB" Coi l and Cere . 

"H" ColI . 'rhe old "H" coi l 1,-fa s removed from the 
• 

permeameter because it did not complete ly fill the air gap 

between the steel yokes , a nd was wound with an insuf f icient 

number of turns . 

7 
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The redesi gned "HII coil consisted of 1 100 turns of 

#26 varnished Fo r mva,r coppe r wi re, wound uniformly u pon a 

recommended bakelite core . The leng th of the "H it coil wa s 

made to be equal to the lengt h of the I. B it coi 1 . The cross-

sectiona l a rea of the "Hit coil core vIa s IDe de to be 1 0 . 5 

cm. 2 The effective a r ea , h01~Tever , via s det6rmin<:::d l a ter 

in Chapter I V t o be 11 . 1 cm. 2 

2 BAKELITe BAR~- :---/100 TflRNS -'LAYE.RS -tf2' COPPER WIRE 
" " 

Fi 4 "H II g . . :::oil and ::;o re . 

Magnetic Circuit . The ch ief 
, cna ng es in th<::: magnet-

ic circuit were the ma chining of the ends of the sliding 

stee l yokes to i nsure perfect contact 1Ni th the s a mp le to 

be tested . This wa s done to elimina t e a ny a ir (;a p between 

the s ample a nd the slidi ng stee l YOkes , i n order th9t there 

be no a pprecia b le difference be t ween the magnetomotlve 

force i mpressed on the s ample and the magnetomotive force 

i mDres sed on the ItH" coil . 
~ 

Further r e fi nem<:::nt of t he magnetic circuit wa s made 

by e li mi nating the a i r gap pr ,:; sen t i n t h e o l d desi gn be­

tween the ends of the "Hit coil 2nd the s li d ing steel yokes . 

The entire ma gneti c circui t was tnen a, s semc led and a li gned 

so as t o make flat surfa ce cont a ct b e t ,,!een t he samDl e and -
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excitin3 coil core , s3m~le and slidl no yokes , en b9tween 

sliding steel yokes a nd tlHIl coil core: a s snown belcw. 

---E XCITIN~ COIL COP,E 

EXCITING COIL 

~AI1PLE-

• 

_:...~ _____ - - - - __ - - - - __ - - ______ 1......-__ 

STEEL 
YOKe 

-----
-----

,e " 
8 COIL 

--- ---------

" .. 
':-J H COIL. 

• 

c 
STEEL 
YOKE 

-----
-----

2- t-?O SYEE£ EWS-

Fi g . 5 . Top View of !'-1a.gnetic Circuit 

-EXCITING COIL. 

\ , , 

I 
I 
I 
I 

..... ;' 
..... ~ .. -- ---

U I. 

"'---8 COIL 

- -, 'r------" 

\ ,---­
I I 
, I , 
I I 

I , 
, I­

/ 
-

-,I , 
I I 
I I I I 

I ' I , 

tI I I 
I I 

, 
,L __ 

I 
--

'--SAMPLE 

~E"XCITING COIL CORE 

, , 
I , 
I I 
I I 
I I 

_ ..J I 

Fig . 6 . Si de View of !~gretic Circuit 

STEEL 
YOkE 



CH_-iPTER III 

.vCcDGRE FOR UbI IG THE 
FAHY PF::l:.V;:EAEET:2:R 

Connections fo r ?~rme~meter Circuit . , , , T.'1e foll oH ing 

c ircuit can be used to cdlibr2 te, tha t is, ma ke the n lv~n-

omete r d irect reading for (E) and (H), and a lso be used t o 

obta in t h e B- H curve of a sarn :Jle bar . 

-

R· S. 

MIITVAL. 
INOVCTANCE. 

-

r- ----, 
---~ ~,-------------

I 

r-- --- - - -, 
I I 
I I 
I I I , COIL 

I I 

_..J I I 

I "s" COf4. 
I 

I I 

S, I I 

I ""., C" 4. I L ________ J 

KEY 

1-----., 
I I 

I I 

Ra I I 
I I 

I I L ____ J 

Fi g . 7 . Ca l ibra tinG Circuit . , 

r ----, 
I 
I 

I 

I 
L __ 

r----1 

I I 
I RH I 
I I 
I I 
'- ____ J 

Making the ;:Ta lvanometer Di ~ e c1 Reading . As sume a 

re f erence f l ux densi t y such 3, S 1 0 , 000 gausses vlhen the Il E" 

coil is in t he ci r cuit . Then le t e a ch centimeter of de-

fl ec tion on the galva nome t e r scale equa l , for instance, 

1, 00 0 gaus s es . Therefore, 1 0 crn . of defl ect i on will equal 

1 0 . 0 00 gaus s es i n the "E" coi 1. 
, 

The curr ent r equired i n the prima r y of the mu tua l 

i nductance to pr oduce the assumed va l ue of flux in the 

10 
• 
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secondary is ca lcul :: ted fr ill t':18 followine; f c r mul_; 

Let, 10,000 = 3ssuill ed va lue of flux iens i ty ( _; 

araa of steel s a mple 

Kc= number of turns in II ...;. " coil 

14 = va lue of :nutu31 i nduct:J'1.c e in hen ri es 

Then , amperes l . 

Pl ace swi tch Rs and s,.,r itch 51 in the "U9 " po sition, 

sv.,ri tch 52 in the 'I doltrn II pos i ti on and a djus t the b~ ttery 

current to the compu ted value by varying the va ri ~tle rss-· 

istance in the ba ttery c ircuit. The flux in t he second-

a ry of the mu tua l indu ctance would be equal to the flux 

linkages in the liB" coil if t h e s ample had been ma gnetized 

with a density of 10,000 gausses. 

The reversing switch Rs is t hrown and the deflecti on 

of the ga lva no meter is observed. If t he deflec t i on does 

not equa l 10 cm. the resist 3n ce of t he deC3de box Rb is 

a djusted until 10 Cill . of deflecti on is obtained. The galv-

anometer is now direct reading for flux de n s i ty an d the 

value of Rb is not changed while making E- H curves Or 

hysteresis loops. 

The galva nometer is calibrated for "H" in the s a me 

ma nner. Assume a va lue of "HI! su ch as 10 oersteds, a nd 

let 1 em. of deflection of the ga l vanometer equa l 1 oersted . 

Therefore, a 10 e m. deflecti on would e qua l 10 oersteds . 

Cha nge S2 to the IIUpl1 pos l tion, a.nd change the 

. 

1. la.rsha ll, Rol a nd 3 ., t1 .r.ledsurements in El e ctrica l 
Engineering" , Second Edition, Pa rt 1, P .189 . 



battery current t o the v31ue compu ted by the f ol l ovrlns 

formula : 

Let, 10 = 3.. ssumed value of "H"(oe stads) 

Nh = number of turns in "£I" coi l 

= cross-sec Li ona1 3.rea of II.-{" c i1 

Then, 

12 

The r aversing s",i tch Rs is t hen thro\"ln and the de-

flection observed on the ga lvanometer . If the deflection 

does not equa l the a ssumed va l ue of 10 cm . the ve lue of 

t he deca de resistance box Rh is changed until a 10 cm . 

deflection i s obs erved. The g .s. lva nometer is now direct 

rea ding for 'IEII. The va lue of R.h is not changed whi le 

making B- H curve s or hysteresis curves . 

A Method of .Ob t a ini ng a l3-H Curve. Wi th the permea. -
• 

meter ca librated a s outlined above, switch 51 is thrown 

to the "dm·m" position wit.l1 th'3 key K open . The revers-

ing switch Rs 1s r evers ed slowly, about once a se cond , 

while the current is de cre3.sed S10'll1y to a 11e31i31 b1e 

amount. This procedure dem3..3netizes the sample by putting 

it through sucessive1y s maller hysteresis l oops • 
• 

The current is then increased and the s am ~le pu t in 
• 

a cyclic sta te by reversing t h e current sev era l times • 
• 

"\,ni1e key K 1s closed swi tch Rs is t h rown once again . The 

value of "BII is t hen read d i rec tly on the r3 ,:, lvanometer . 

li1 thout changing the cur rent , s wi tch 52 is thrown in the 

1. Ibid. 
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II" • ti up POSl on, switch Rs i s t hrown aga.in and the va lue of 

"H" is read direct l y on the galva n omete r. Any number of 

pa i n ts ma y be ob tained thi s way for different va lue of 

cur rent provi de d t h e s a mpl e is put in a cyclic state fO .t' 

each new va lue of current . It is advisable to plot the 

poi n ts as the work progresses so t h a t a ny questionable 

da t a may be checked . 

A correction for air surrounding the s a mpl e in the 

"B" coil is ma de from the following formulJ.: 

lYhere, 

then, 

1. Ibid . 

B = true flux densi t y in t h e s a mple 

Ba= a ppa rent flu x density be f ore cc rrecti on 

H = corre s pondi ng va lue of oerste ds 

a ~ cross-s e c t i ona l a r ea of a ir e nc l os ed 

by the B coil 

A = a rea of the stee l s ample 

B = Ba - H( a-A ) 
A 
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CHAPTER IV 

CALIBR..A.TION . ND 
E,{PERH£NTAL RESULTS 

Calibra tion . The area of the I'H " coil ,,,as illea sured , 

of course, when it wa s constructed . However, this di d not 

r epresent its true area . This can best be expl a ined by 

the fo llowing quotation: 

In presenting t he theory of the Fahy Permea­
meter, it is assumed that the flux between the 
two magnetic yokes pa sses in stra ight para llel 
lines through the "H" coil. Actua lly this is not 
the case and the error in a ssuming this is very 
great . For thi s reason, the pr oduct of Nh a nd Ah 
is found experiment a lly by pl a cing a standa rd ba r 
in the instrument . The standard ba. r is ca libra ted 
by means of another perme ameter such a s the BurrOi'i"s . 
Calibra ted standard bars were previously sold for 
a small fee "by the Na tiona l Bureau of St a.nda rds 
but t his practi ce h9.S been disconti nued because 
of the difficulty in obta ining a quantity of homo­
geneous materi a l . The ma.gnetic qua liti e s va ry so 
much tha t a uniform s a mple ca n only b e found by 
testing a grea t number of samp l e s a t interva ls 
along t he l ength of the ba r . Wh en a sample of 
non-uniform metal is te sted in a Fahy Permeameter 
the resulting B-H curve, or hys teresis loop , r e -

Ano t her rea son for finding the true a r ea of the liB II 

coil is the fact th3t it wa s wound on a. squa re bakelite 

core . Thi s resul ted in an a ir spa ce betvleen the coil 

wi res and t..~e core ma teri a l as illustra ted by the shaded 

a r ea in F'i gure 8, pa ge 15 . 

A standard sample of cold rolled steel wa s obta ined 

1 . Ibid, P .184. 

14 
" 
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fr om the hysics Depart rr:e nt of the Universi ty of Detroit, 

wh ich was calibra ted for a va lue of 14,500 e;ausses r~en a 

magnetizing force of 50 oersteds wa s impressed . It wa s 

, 

~COIL WIRE 

AIR SPACE 

-SAXfL 17E COJ(£ 

Fig . 8 . . 
• 

placed in the permeameter and a flux density of t hi s va lue 

wa s applied . Tae magnetizing force flHl l was then measured 

and found to be too high. The mea.sured a rea had been used 

in t he ca lcula tion for makin" the ga lvanometer direct rea d­

ing (see Chapter III) . A larger area wa s then assumed and 

the ga lvanometer re-callbrated using this new a.rea . The 

value of "HI! was again measured . 

Tilis tri al and error process wa s repeated until the 

re adings o,f "H" corresponde d closely wi th the values of 

t h e standard sample. Ti'le effective area ,vas found t o be 

11.1 c m~, a nd t he instrumsnt was then calib r a,ted and ready 

for use. 
, 

Experimenta l Results . It was decided to try the 

instrumen t with s amples of electrical sheet steel. 'r\iO 

samples we re obta ined, one of dynamo steel and ano t her of 

motor steel . The l a minated samples '''ere t !J.en \'lei ghed a.nd 

their true a rea wa s ca lcula. ted by t h eir wei gh t, denSity, 

and length using the following rela ti onship: 

Let, Ii = v,eight 
• 

• D - denSity 
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1 = length ; then, Area = W/D1. The a r ea ,.vas then marked 

on ea ch sa,mple and a magne tization curve was plotted for 

each s ample . The fol1o\vi ng data and graphs re resent the 

r esults of these tests on the permeameter. 

----:-:-~-Magnetizing 
Force liB II 
Oersteds 

0 .50 
0.70 
0 . 90 
1. 00 
1.26 
1. 50 
2.05 
3 . 50 
5 . 03 
8 . 05 

20.10 
28 . 55 
38 .45 
49 . 00 
63.50 
8 2 . 50 
93 . 00 

EXFERI ·iliNT L DATA 

USS IvTotor 
Steel 

• 

.t' lux Density 
Kilogauss es* 

-

1,900 
3,000 
4,300 
5 , 900 
3 ,200 
9,700 

10,500 
11,580 
12,250 

• 12,900 
14,300 
14,700 
15,100 
1 5 , 500 
15,590 
16 , 490 
16,670 

H24 Gage Allegheny 
Ludlum Dynamo 

Gr a de Steel 
~--~~.~~ , 

Magnetizing Flux Density 
Force li B" Kilogausses* 
Oersteds , -

0 . 50 5,500 
0 . 65 6 , 800 
0.75 7,900 
o. 75 8 , 800 
0 .9 5 9 ,750 
1.15 11,350 
1. 55 12 ,000 
1. 9 5 12, 600 
2 . 50 13,180 
3 . 50 13,550 
4. 8 5 13, 990 
6 . 35 14, 200 
8 . 15 14,500 
9 . 60 14,700 

12.50 14, 9 50 
16 . 50 15,250 
23 . 00 15, 600 
31 . 50 16 , 000 
41 . 00 16 , 350 
53 . 00 16 ,750 
61 . 50 17,000 
75 . 75 1,(,300 

i}The apparent va lues of flux densi ty as rea d on the 
galvanometer were p lotted, a s the correcti on for a ir 
surrounding t~e s ample was very sma ll • 

• 
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Upon exa mining t he results obta ined fr om t h e tests 

performed with t h is i nstrument it was seen t h ere wa s a 

sli gh t departure near the knee of the curve fro m the aver-

a ge curves as obta ined f rc ;n the engineering bulletins of 

the United St a tes Steel a nd Al l egheny Ludlum Co r poration. 

The r ea,s on f or t his ca n perhaps e exp l a i ned by a 

quotation from a pape r written by R. L. Sanfor d of t h e 

Bureau of St anda rds wh i l e he \ .... a s conducting re sea rch on 

the e ffects of dif f er ent e l e c trica l sh eet stee l s a m~ le s . 

Th e dif ferenc e s betwe en t h e r e su l ts of nor­
mal induction tests on she e t steel by t h e Bur rOiv s 
permeameter and the Fahy .'3 i rlp lex perme a,meter are 
to b e a t t ri buted t o t h e chara cte r of t h e s peci men 
rath er t han to er ror s inherent in e i the r me thod . 
The 5rea t e s t sourc e of di s cre pancy is l a ck of 
magnetic unifo r mi ty a l ono th e l eng th of the s peci ­
men. The Bu r r oVl s permea me t e r i s more sens i tive 
to this condi t i on t h an t he Si mp lex . An e xces s ive 
numb er of s tri p s i n the specimen cause s bad f l ux 
di stribu t ion which l eads to erro r s i n t h e r e su lts . 
The Si mpl ex permea rne t e r is more s ens i tive to t h is 
f a ctor t h an' t he Burrows. 'r h e width of t~l. e str it)s -
u s ed in the s a mp l e a ls o p l ay s a pa rt in t h e 
results. rhey sh ou ld no t be l e s s t hat 3 CDI . wide 
i f the eff ect of pun ch in.; or s~ear in.; stra ins is 
to b e avoi ded . 

The degree of m n-u nifo r lli t y in a. test s 9mple 
of shee t ste e l made u p i n t he u su a l way wi ll 

enerally no t be as g r eat a. s t na t of the s smpl es 
u s ed fo r t s s t i n g t h is p oi n t in t . s p res en t i nve s t i­
gation , s o it is pro oab l e t hat tile r esu l t s of t ests 
with t he Burrows permeame t er wi ll ordina r i l y be 
s a ti s f a c tory . On t h e oth er hand t he re wi ll a hl3. Ys 
b e un cer t a i n t y a s t o ae a ccu r a cy ob t a ined by t h is 
m s t~ od unle ss t~ e unifo rmity of t he s pe ci~en i s 
che cked and i t is g enerally n o t convenient to do 
t h i s . 

From t~e above conside r at i ons t a e conc l u s i on 
see ms t o be wa,rran t ed t ha t fo r r ou t i ne n ormal 
inducti on of shee t ste e l the Fahy Si mpl ex permea ­
me ter is t he mos t s a tisfa ctory a ppa r a t us a,t 
present a vail a bl e , pr ovl de d t~a t the s pecimen s 
tested a re made u p of no t mo re t~an 15 s tri p s 
( preferab l y 10) n ot l e ss t han 3 em. wide. 

1. San ford, R. L . a nd ~arry, J . :"1 ., " Eur e 'J u of S t andards 
Publi ca ti on", Number 545, 1927 . 
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When t he experi ~enta l results we re examined 3nd it 

was disc overed t hat our curves differed s li :~ tly from t he 

average va lues, resea rch wa s done in order to exp l ain 

\<,hether it wa s t h e f ault of t h e i n strument or of the 

s a,mp l es . From t he above quo ta tion it is evident t ha t our 

s amp l es did not meet the reco mm ended s pecifications si nce 
• 

t hey ,..,rere made u p of 21 l am i nations, and were on ly 2 . 5 em. 

wide. This wou ld cause t~e ga l v 3nome t e r to read a lower 

va l ue of illa3netizine; force It :-r tl t ha n if 15 l aminat i ons 

were used, because of the a ir gap presen t between the 

l aminations of the s ample. 

Therefore, the authors feel t h B,t it is not due to 

f au lty design of t h e i n s trumen t bu t ra t~er to a poo r 

selecti on of a s a'Ilple . It is fe lt t :la t in t :1.e fu t 'J re use 
• 

of the instrumsn t bet t er r ssults will be obt3ined if t~e 

o pera tor con forms to the r e co mm ended s peci fic sti ons . 
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