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Permalloy 
By ARTH R E. THIE E1 

ERM.ALLOY i a naru g1\(�Jl to th cric of alloy 
of nickel and iron haYing a composition varying 

from about :rn per ccn nickel and 70 p r cent iron, 

t,1 .') per <'<•nt ni ·kcl and 15 per c nt iron. The; po- e . 

unus\Hll magnetic propcrtie.. The position in Lhe nickel

i rnn s ries of a gi,·en alloy i u ually d i"'natcd by a 

nnnwrnl which, preceding th word p rmallo_ , give th 

p re 'ntage of nickel in th composition: thu 4!5 perm
a l l oy mean. an alloy con
t aining 4:5 per cent ni kcl and 
;; .; pt·r cent iron. 

<l: w 
z: 0: w a. 
..J 
� 
l-
z 

13000 

12000 

llOOO 

10000 

8000 

7000 

r.ooo 

.5000 

4000 

.3000 

2000 

1000 / 
v - ./ 

/ 

10 40 

''ary with th mcchani<'al trcatrn nt the alloy ha r c iv d 
in pr para ti on. mall amouut of for ign mat rial such 
a magn ium copp r and. ii icon affect it greatly. How
C\' •r, 12 000 or 15,000 permeability i not at all c.·ccp
tional at thi compo ·ilion and th addition of a mall 
p rcentag of chromium, wh'.ch help n arly all of the p rm
alloy , togeth r with proper heat tr atment may mi e 
th initial permeability to the a. toni hing figure of 100,-
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000 or more. In the com
nll'rcial pr pnra ion of perm 
11.lloy, a fractional pcrccnt
aae f mangan · c i · a<lclecl to 
aid th mall ability and duc
tility of th al l oy \\hieh, 
without il, i quite pringy 
and br1L�lc. 

Prr • r Jw,.,t � •. , .. 1tin nl .i · 

1' igurc 1 . how· how the in
ihd p<>rmenbility of th• perm
illloy serie"> viui · "ith th<' 
<'ompo,,ition. The extreme 
left of the eune i i ur • iron 
wJ,ich has ll p •rmeability of 
ahou tlie n ickel 

cont nt is incr a cd, the per
meability declines lightly un
til 30 per c nt nick 1 i 
r ach d, when a sha1·p in
<'r asc in noted. Thi increase 
r ach . a maximum at about 
45 p r nt nick 1, 55 per 
cent iron 1tt \\ hich com1 osi
tion th' p<>rm ability ha· 
reach l 2,000. Thi · 'idue is 
maintain ·d until th alloy b -
com about 70 per cent 
nick I, wh re a econcl harp 
ri c occur which rcaC 'hc · a 
p ·ak al about 0 p r cnt 
aid.cl 20 p r ccut iron. The 
j}l'l'tn(•abilit.v at this point is 
not definit ly fixl'cl h11l nmy 

PERC[NTAGE or NICKEL 

in a lting the be t 
prop rtics. Th 

u ual m h d i to p rform 
all of the neccs ary mechan
ical operations befor h at 
treating o that it is ub
jcctc<l to no undu m chani
cal train after ann aling and 
befol'e b ing put into rv 
ice. The h at tr lmc1 l 
wh id1 i · th . amc or all pcrlll
alloys con i t� of h aling 
the allo ' in an air-tight 
nick I pot to about 1100 dc
gr ·c 'cntigrnd ', holding it 
at thi · t mp ra tur for nn 
hour and th n allowing it to 
C'ool vrry . lowly to room 
t<'lll] cniturC' '' ith tlw fu 1·11an• 

"1 .L RF l. THE l 
A'AFU 10 

' OF PER MAL I OY 
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in \\ liiC'h it \Hl::. heated. Th pot i om ·tim •' al d with 
iron filing�, which u c tog ther b for reaching maximum 
temperature, at th ·amc time forming an iron o id with 
th air left in tli pot. Thi pr Yent. the r idual air 
from oxiclizina th alloy. 

If, after th aboY heat treatment, th alloy is r -heated to 
GOO <lrurce· Ccntigrude and allowed to cool rapidl '• th 
p ·rmcabilil · i found to increa c to a till gr ater valu . 
D11e l o  certain limiting me hanical con ·id ration , how-

of their lrnn,,fo1·1 H'r-, h ·bricl coil, loading coib, and 
ei1 it ive lo" -current r lay. . The rcasou:; or the c ex 

tended u e · in \"o:ct·-frcq1wnc:r circuib arc apparcul when 
it i consid 'red that a good Jlux den,.,it_y is requir d for 
a few milliampere· of current a\·ailahlc in the winclina.-. 

ubmar ine tckgrn1 h cables wh n ·onlinuou ly loaded 
with p rmallo_y are capahlc of a trnn.·mi ··ion �peed of 
�,000 or more chantc! ·1-. prr minute as compan•d wit h 
n maximum peed of le lhan ::?.30 letters pt•r minute on 

the old tyle un-
loaded cables. The 
continuous loading 

---- SER WATER--=- ---- __ _ of submarine eahl •s 
ha o revolution
itt'<I the art of 
I ran -oceanic teleg
raphy that a fc\\ 
worcl of explana
tion may lie intcr
<'s t ing. 
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EQUIPMENT" ,\ submarine ca

ulc con. i ts csscn

FIG RE?. A CO LY·LOADED UBMARINE CABLE H Wl G DIRECTlO OF CURRENT FLOW 
t ially of a heavy
gnugr, single cop-

cv r, thi double treating i not alway fea ible. 

J,. "\V. fcKeehan found lh phenom na f magn to
'>triclion to be clo. cly rclat <l to lhe rcmarkahl magndic 
properties of th p rmalloy . In 1 12 Jou! di cov red 
tha a pct'imcn of iron on b ing magneLizcd actually in

cn·a cd it. ph}'sical length along the axi of magnetiza
tion. 'ub cqucntly it was di coYer d that nickel exhibited 
exactly the r Yer c cff cl. The e chana in phy 'ical 
dim n ion of magnel i · mat rial wh n placed in a mag 
n ti · field haY been given the name of magneto triction. 

McKe han, inve tigating the e effecL in connection with 
permalloy, found that at about 0 permalloy the magneto-
trict ion b came zero. The pecimen ·pandccl in a mag 

netic fi ld as it compo ition b came mor iron, and con
t racte<l '"ht·n the l re nt ge of nickel becam greater tban 
80 p ·r cent. Thus, as the alloy r ach it' point of 
ma-x:imum p rmeability it magneto trictiv propertie 
pass through z ro. 

A scri ,, of cxpcrim nt conduct d at th B 11 Tel phone 
Laboratori s cem to show that in g •ncral th more 
pcrlllNLhlc an alloy b come , th mall r i it h_'ster i 
los . Th hysteresis Jos. in 0 permalloy i incomparably 
smal le>r than in the b . t a\'ailabl magnet ic ir n. For a 
'cry good grad of 'orwa y iron a los of 1500 rg per 
cu hie ccntim tcr p r cy l wh n m a ured at a ftu • den ·il:y 
of 5 000 line · i aYcragc, \\ h r a th h_y ·t r i lo m 
p ·rmallo.) aL thi flux d n ity i only 90 11. ratio of 16 
Lo 1. 

Bee au e of the c r markable magncti pro •rl1c · p rm-
nllo ' ha ' found man · u in radio and allied communi-
cation fi 1<l ·. 

'l he tclephon compam make u e of the alloy in many 

1wr conductor sur
rounded by a one quarter-inch la_ycr of gut ta perch a, 

·t 1 armor wirC' · and a layer of satu rated h ·mp, th 
"hol b ing about on or on' and on -half inehl's in 
diameter. The ea wall' r provick · a return pat h for tl11· 

'llLTCJlt. 
The capa<"ity of the copper concludor to th, sen 11a

ler is VC'rJ high, bypas ina the high frcquencic-, and mak
ing th cabl m ffrct a lo\l·-pn:ss filter with a lm1 cut

off fr qu nc · ( me 15 or 20 ·ycle,., for th· unlou.de<l ca
bl ) . thin layer of p nnalloy tap abou one-eighth 
of an inch wide i · wound :pirally around the copper so 
a to make a continuous layer of p rmalloy betw en the 
cable and the a water. ..A may be '11 f rom Figure 2, 
the signal current flux lhen link a core of highl.) p ·nm.� 
able material, whi<"h raise� the includancc or lhe path to 

uch a point that lhe ·ffect of the tt't'nwndon · capacity 
of the cable is count rac tcd to a gr cat extent. 

xcept for the direct-current resistance of the ca hie 
which is, of cour c fixed, the permalloy loading may lie 

said lo <lccrca ·e th · ffecli\ 1 ngth of the cable by reduc
ing it electri al apacit)'. The cul·o!T frN1uency of a 
1.500-milc length of uch a loadl'd cable may he w 11 owr 
150 cycles. 

Th' 45 permalloy i,, -.omelime:s used for the cor of 
int rstag audio lnrnsformcrs bc('!IUsc of th high p rimary 
inductance po· ibl with n .-.mall numb ·r of turn,,. • in('c 

the inductance of the pr imar) i� in direct proportion to 
the permeability of th core (other factor· remai ning 
fixed) and since tlw permeability of 4,5 p •rmalloy i;; , ome 
fom· tim s lhat of ilicon te 1, the advantagt•s arc ap 
parent . Howey ·r C'ar must he akvn in u ing permalloy:, 

(Concluded on pagr D 
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Power Transformers for the 

245-Type Tubes 

T
HE G ·neral Rlldio 'ompany i about o place upon 
the market two new po" er trun former · for u · w ith 

the rec •ntl_y-announce<l :l-!<.3-typ • power amplifier tube�. 
Ou· is design d to upply a ·ingle tube · he other, to 

uppl_y two tube-. 
It will be r •memb 'red that the 245-type tube ha an 

undi tortPd pow r ontput rating between that of t h  171-
Lype and lh • :2.30-t} pc. \ 'ith the maximum of 250 volt 
on it- plat , it i capable of delivering 1600 milliwatt , 

\\ hich i more than twice that of th ] 71- and about on -
tliir<l that o th 250-type tub . A 250 volt· the plate 
('lllT nt i :3:... milliamp re when the rccomm nd d grid
bia.:ing Toltagc of -W rs UJ>JJlied. 

:ither alternat inu or dir ct curr n may be u·ed to 
heat the filament whi ·h require 1.5 ampere at 2.5 YOlt,. 
Thi. i. h . amc Yoltage a i· n edcd for the 227-type tube, 

o lha t it i!-, ntircly foa iblc to run th filaments of bolh 
kind· from the ame tran ·former winding. 

l!'or th operation f a ingle 24.5-type tub the new 
Tn>i.� 545-A Pow r Transformer has been proYid d. 'Yhen 
u,,ed " ith 1\ full-\\aYc rectifier of the 2 0-typ and low 
re i tancc filter choke coil· such as are contained in t he 
'l'n·E .'527-�\. Rectifier Filter' it will ·upply the corr ct 
pln te an<l g rid-hia ·ing voltages for on• �4.3 tube. The 
pcrmi,., ibl' cun nt dra in is ov r 50 milliampere , more 
than. ufficicnt to. up ply a �:n- in aclclition to the :Z-!-5-tspe 
l ub . 

In <k igning the filament :..upply " i ml inus of the TYPE 
:)-li5-A Pow r Tran-;formcr thi wa,, kept in mind, and th 

2.5 Yolt winding lrn a canying capacity uffic ient for on 
::l-1-.') and one �::l 1. In uddition thc 1·c i� a 5 Yolt winding 
for the recti£ er tube. 

\\'hen it i · necc ary to op rat two 21.5-type tubc:s 
ll TYPE 5-1-5-B rower Tran form r must be u ed . Thi 
i wound in the same manner as the TYPF. 545-A Power 
1'ransform1·r l"'"' i 11"1) cJc..,l'rihed c• ·c·pp\ tha . the h igl1 
' oltage wimling ha.· larg 1· cunent-carrying capac ity and 
a larger voltage to compen,,ate for th· i ncrea. ed voltage 
drop in the rectifi r tube and in the filter. It \'ill dcliv t 
full rat <l voltage with a drain of 0 milliamp r . , 'lO that 
it, too can be u: d to handle one 2�7-type tube in addi
tion to the L" o :_._b,) type tube for whi h it i · rated. To 
perform 'll.ti ·fo ·toril:y, howev r, the TYPE .54:3-R ro r 

Tram;forme 1· mu t be u: <l ·with n low-r' ·i tllnCe filter like 
the 'I'.., rt: 527-A Rec ifier :Filter. 

If for any rea�on it is de ired to u · a high resistance 
filter-the Tn·E :366 }'ilt r Choke' for in ·ta nee-the 
TYPF. .:>+5-B rower Tr, n. former may be u ed to ' upply 
plate vow 1· for a ingle 2-!<5-typc tube inc lhe addi-
1 ional voltag drop in the highcr-r i. tance choke i prac-

iThc TYPE 527-, Rectifier Filter contain two choke., ead1 lul\'ing 
a direct-current resi ·Lance of 175 ohms. 

!!The 'I'YrE 336 Filter Choke contains two inclt·pendent :cction ·, eat'h 
having n cliret"t-currrnt re i tuncc of :350 ohms. 

ti ·ally equal to th increa c<l rnltage of the la1·g r tran -

former. Limitation - in the 11 bilit_ of the full-wave recti

.fi r tube, to withstand higher voltage however, �ake il 

impos:;ible to further incr a the tra.n form r voltage in 

order to com pen at for high-re i -tanc choke wh n two 

tub are to be u e:d. The only oluti n of the problem 
i to u ·e choke of lower re i ·tan e. 

Th following ·umn11uy i- pre ent d for r a<ly ref •r-
cnce: 

TYPE u4u--1 Power Transformer 
upplie gricl-bi!t! ing and ]Jlate voltages for one 227-tyI e 

and one 215-type tube u iJ)g a 2 ·o-type full-wa,-c rt"ctifier and 
low-resi lance tilter choke . 

'upplies filament current for one 227-type and one 215-typc 
11mplifier tube and one 2 0-type rt"ctificr tube. 
Code ·word: POS E Price . 10.00 

'l'n'E ;;4.?-B Power Transf or met 
'upplie grid-bin ing and plate voltage for one 227-typc 

uITTt :.!:15-type tube tn :. 0-typ tu:tt-wave nctifier 
and low-re ·i tance filler chok . 

Replaces TYPi: 5!5-A Power Transformer when u ing hi rh

resi. lance choke . 
uppl ics filament curr nt for one 22i-type and two '.H5-type 

amplifier tube and one 2 0-lype reclifier lube. 
ode "·ord: PRlOR Price . 10.00 

Ruth of th new power trnn.-formcn arc ch<.xluk'Cl for 
deliv r · h}' June 15. 

Variable Air Condensers for 
Use with High Voltages 

E
XJ>ERIE. -cE t nd ing over everal y ar has shown 

that th TYPE 33� Yariable ir Cond n. r (doubl -
pac d) for high voltag u e hav ' b n too con. ervativ ly 

rated. \Vhen t hey were fir-t })roducc<l., it was reeom
mendecl that the vollage aero ·:s lhcm b limit..:d to 2000 
volt·, but continued te. t uncl 1· actual operati ng condi
tion- permit thi· rating to b increa cl to 2500 volts, 
root mean quare, or 3500 volt , p ak. 

PlG R • TYPE 334 DO BIL& PACED VARIABLE C DENER 

The 'l'n•E 33± on<lcn ·er - arc of th metal-end-plat -
type. They ar of th 1 w-los construction having ·ol

dered rotor and tator plate . �ntil now the have be n 
a,·ailabl onl in ma.·imum capacitanc of 50 and 100 mi

cromi rofarad but on Jun 15 a ..... 5 mic romi rofarad 
iz will b come available. It voltage ratin(J' i the am 

us that 111 n ioned abov for other· of th• ·am ty p . 

Prices 
Turt: 331.-R 250 mmf. 
'I PE 334--T 100 mmf. 
TYP•: 3.'34--V .50 mmf. 

;�3 .. 30 
2.15 
2.!>0 
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�----------T_H_E __ G_E_N_E _R _A_L _ R __ AD_l_o __ E _x _PE_ R_l_M _EN_T_E_ R ______ �----� 

Permalloy of th best cornbiuation that (� ncrnl Radio built the cn
p: eity 1111balancc bridge. 

(Cu11cl1ul d from page ,J) 
fol' audio tran fol'm r cor · b cause they aturat at 
much low r Yalu , of CtllTent than . ilicon t el. 'There
fore, th y mu ·t be u d in pl nte circuits drawing only 
comparalivcly ·mall currl'nl · unlc · ·  'pecial prl'cantion.· 
are taken in the de ·igu. rnplificr transform r cor s 
made of permalloy alf;o h:w the di aclvantag of being 

ubj ec t t damage by mechanical hock which can.·e 
lhem to lo. th •ir p rm ability. 

Acknowl dgn1C'nt for cNta i n information cont11in cl in 
the foregoing articl i made to pap r publi:hed by H. 
D. \ rnold and G. nr. El man in The Hell ystem Technical 
Journal and by "r· j\fcKeehan in The Journif, of the 
Frrrnldin I11stif11t1» 

. .... 

A Capacity Unbalance Bridge 
For Cable Testing 

S 
O�lE time ago the engineer· of a large orga nizat ion 

cngagl'd in the operation of long tel 'graph and tel·
phone (•abl 11 ·c·dcd a bridg fo1· mca uring th capacity 
unbalanccb heb1 en the conductor in ach rrroup of four 
wires (or quad ) . Knowing that the Gcncrlll Radio om
pany hn. fo1· many yen r. hecn pecial iz ing in thr design 
and manufacture of bridge . pr ci ion air ('Oil I •ns ·r , 
and other apparatus for th m a. urcmcnt of 'HJ)< city, 
they called upon this company to !mild n suitable in ·lru
mcnl. The follo\\ ing i:, a brid dl':icription of it with an 
explanation of th problem involv d. 

'1.'h important limiting fa.clot· in lh ope ration of long 
cable. ·I ecially wh n phantom circuit' ar u cd i th 
amount of cross-talk or intc1·-ci1·cuit intcrfer •nee that can 
he tolerated. ·.Precaution mu t be taken to minimize i.t 
h_y hn.lanci g. J\C ci;�uiti:;,JlS Cl1.l'l'fu1Jy fl..' p.ossihl With r -

p ct to r.c. i tance, irntudanc , 1 akage, and capacity. 
In gencnd, capacity unbalance otu e th mo t t rouble. 

When the cable i. being manufa.ctur d. ach group of 
four wir or quad (which provide for two channel 
operated in ihc u1;unl way a· w•ll as on pl;iantom chan
nel ) are continuou ·l ' transposed by bri tincY together 
the two wirl'S for rach phy ·ica1 or . i<l circuit. Then th 
t 1•0 twi ted pair arc twi t d together, and th re"ult i a 
cabl unit in wh ich th capacity of an_ wire to an oth r 
wire i · suppo.,ccl1y the 'l.lUlc. Aclually, howcYcr mall 
unhalance:-. itlmo.·t alway" cxi ·t. 

\ hen bl o long cable. a1· to b joinC'd tog th r, the 
prob! m confronting the lineman i: to dctcrmin how hi' 
shall connect the two quads toO'cth r. '1.'h i·c arc eight pos-

ible ways of connecting the two pair . of a rinad, . ome will 
gi,· · a large amount of unbal anc , other will give le . 
It is, of cour c, n•c snry that he. hall choo e that com
bination which ha: the lc·a. t, ancl it'll" for thi> C'lC'ct ion 

Figure ;3 ·huws l11c in l rum ·nt, at the Lack of which arc 
two :ct· of four binding po ts f r umking conn ctions 
lo Lh· {wo qnal which 1\l'C to h joined . n' mean of 
th• . witchC' on the panel the lineman can connect th 
two togcth r in every possibl combination and mea ure 
the capacit unhalanc for each w it}:} the hridgC'. 

For any combination th •r arc, of cour · , four t rmi
nal , whi h form th four corner points of a bridg net
work. Th four capacity nrm of the br idge arc th c a
pacili s helwecn con lu ·lur · in lh' l uad. A TO one 
diagonal of th bridge correi;pond i ng to on pair of the 
riuad is onn ctcd a small buzz r operating at about 400 
cy. les, and aero the other i: onn cted the telephon 
head. t .. for indicating balance. 

\\·1tn...-rY>ih<>-c-ire�it c11pacific -arC' not balanc<'n , a mC'an 
of m n uring lhe d g re of unbal ance i · provided. Thi 

on ·i ts of a dou ble- tator variab1c air conden r ha ing 
th ,'Lfl Lor p1nte · conn •ctcd to opposite bridge point and 

FIG 4. C P CITY BALA CE T T ET 

th rotor councctcd to one of tltc r maining on By 
aJju ·ting the cond n r, it i po ·ible to inc r a the ca
pacity of cith r ide of the bridge and reduce that of the 
oth r until a J,>alanc i cur d. The tting of the con
d ns r then oiv direcLly n. m a ure of the unbalance 
capacity. 

'1.'h com plete in t rumcnt is self-contain d. It i light 
in weight and i qu.ipped with an oak ca e and a weath r
proof canvas cover. It i therefore adapted for use by 
th lin man in he fi'eld. 

�inc tlt ahove described inbtrume11t wa · built a new 
model ha b n pr pared in which the unbalan c is detcr
rniu d in on1y one quad at a time. Th unit i mal ler, 
more compact and liD'htcr than the larger one. In u ing 
this in trum nt th Jin man mea.ur unbalance in each 
of the quad which are to be join d. Then by knowing 
the magnitude and sign of the un balan c in each h can 
clct rmine th he. t method of making the connection. 
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