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BY H. SOKKAEt 

COILS, CORES AND MAGNETS 
Part 11-Reactor and Transformer Measurement and Design 

ILTER chokes or reactors, audio 
frequency chokes, and audio trans- 

` formers come under the classifica- 
tion of iron -core inductances. The 

unit of inductance is the henry. A coil 
has an inductance of one henry if a 
current changing at the rate of one 
ampere in one second induces one volt 
in it. 

Basically inductances are the same 
as electromagnets and use cores like 
the relays described in the first part of 
this article. The essential difference is 
that inductance is the main considera- 
tion. This in turn depends on the per- 
meability of the steel or alloy. 

Considerable care is required in re- 
winding good grade audio devices but 
it is a comparatively simple matter to 
rewind filter chokes and obtain approxi- 
mate original characteristics. If a unit 
is rewound with original size wire, with 

about the same number of turns, and 
close attention given the size of air gap, 
if any, no trouble should be encountered. 
When an air gap has been used its size 
is extremely important. In some cases a 
change of .001 inch in air gap total 
length will cause a 50 percent change 
in final inductance. Generally speaking 
it is better to err slightly oversize rather 
than undersize. 

Much valuable information on re- 
winding, including a copper wire table, 
appeared in articles in the Aug.- Sept., 
October, and December 1942, and the 
September 1943 issues of RADIO- CRAFT. 

To rewind an iron -core inductance 
for other than original conditions or 
to design one for some specific purpose 
involves several factors. 

Windings of iron -core coils carrying 
only a.c. have an inductance which 
varies in relation to the induced flux in 

t SYMBOLS ENGLISH UNITS C.G.S.UNITS 

M.MF. (MAGNETO MOTIVE FORCE ) =NI =R0 (IN AMPERE TURNS) = 0.4nNI =R0 (INGILBERTS) 

R(RELUCTANCE) 
. 

=P :M:- c41 
3.g 

0.313 FOR ICU IN.OF AIR 
-P 

I. FOR I. CU. CM. OF AIR 

0( MAXWELLS,FLUX, OR LINES OF 
FORCE IN ANY MATERIAL) 

319MNIA_ NIA _ MMFt 
= - tMMFDD _Q4RNI_9.4ui 

JIM 
4. ta_ 

319uAs 3.19Áa 

0(SAME AS ABOVE BUT FOR AIR) =M111.6 9NIA 
.3I í. 

- 9'411 NIA. 

P(PERMEANCE) 
uA yg l `v ,3. 

i - MM1Ft -0.4nN ' l -A 

NI( AMPERE TURNS FOR ANY 
MATERIAL) 

Hg0q1_,0Iyy1 ,p.Hg -.1_ - 

=A/,, EI2ESuX TURNS =AMPERES X TURNS 

NI (AMPERE TURNS FOR AIR) .I19Á 0.4ñÁ 
1 (LENGTH- if =STEEL-i rAIR =INCHES =CM X.3937 =2.54CM =CM :INCHES X 2.54 =39 INCHES 

A (AREA) = SQ.IN= SQ.CM.X.I55= &45SQ.CM. =SQ.CM =SQ.IN.X6.45=.155SQ.IN 

( NORMAL INDUCTION IN ANY 
B MATERIAL) 

= - 3.19uH -A- t F- uH aM GAUSSES 

u 
MAXWJSQ.CM=MAXW./SQ.IN X 0.155 

3.19 3.19 
= MAXWELLS/SQ.IN= GAUSSESX 6.45 = 

B (MAGNETIC INDUCTION IN AIR) = 3.19H= ..= MAXWELLS PER SQ.IN =Hr. r GAUSSES 

H ( MAGNETIZING FORCE) 
=ír319 =NI PER INCH LENGTH 

tg 
= OERSTtDS X2.02 

O.4 /CM = = LOERSTEDS°GILBERTS 

=NJ PER IN.LGTH X 0.495 LENGTH 

u ( PERMEABILITY FOR ANY MAT'L) r H - 3 1ÿH 

u ( FOR AIR 1 =1 =1 

ua (APPARENT AC PERMEABILITY) 
= 3.19N2AKI 

e 

0 4nN2AK1 

La (APPARENT INDUCT. IN HENRIES 

3.19N2u aAK1- Ns -0.4nN2uaAK1_ 04trNz 
10bí 1 10aí IOe( is + to 

uaA Aa 1°q 
-9 
3.19uaAs 3.1 

MISC. FORMULAE 

Ra IS SMALL. 
0.159Z 

_ lü8Erms 

-Ria 0.159 Z2-R2a _) 
La= 

, OR,IF 
4, afs f 2grf f 

Bac: IO8Erms Ems: 4.44N0max 0max= IOBErms N IO'Erms 

4.44fANK1 100 4.44/N 4.44f0max 4.44 /ABacK1 

IN OHMS fr CYCLES /SEC. tr =3.1416 Ra =APPARENT 

REACTANCE IN OHMS Ki =STACKING FACTOR 

Z. X ¿ +Rat X. 2nfLa Z= IMPEDANCE 

RESTANCEIN OHMS XL .INDUCTIVE 

Symbols and equivalent English and C.G.S. units of common magnetic terms and formulas. 
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a manner similar to the variation of the 
d.c. permeability obtained from Fig. 1, 
which appeared last month. Push -pull 
output transformers in which the d.c. 
effects cancel and interstage transform- 
ers which have the d.c. blocked from 

60 

Fig. 4 

60, 

Fig. 5 

RI -500 -ohm, 100 -w 
rheostat 

R2 -D.c. rheo tat 
R3- Non- inductive shunt 

resistor 
R4,5 -Two similar 

rheostats 
CI -I -uf (or more) 

paper condenser 
Swl, 2- S.p.d.t. switches 

LI- Iron -core inductance 
(under test) 

L2- Iron -core inductance 
(like LI) 

TI -Power transformer 
(heavy duty) 

MI -D.c. milliammeter 
for range needed 

81- Battery, adjustable - 
voltage with center 
tap 

their windings are examples of the sim- 
ple a.c. class. 

Most iron -core inductance windings 
carry both a.c. and d.c. simultaneously 
-a.c. superimposed on d.c. As either 
of these may be varied in magnitude it 
is easy to see there would be an almost 
endless number of conditions, each re- 
sulting in a different inductance. The 
inductance rating of any device is ac- 
curate only when the test conditions 
are the sante as the normal load condi- 
tions. 

Curves may be prepared showing the 
a.c. flux density (Bn,.. -,,.) versus a.c. 
permeability (It ) for various values 
of d.c. in the winding. Such curves pre- 
pared from test data on a special test 
core are called incremental permeability 
curves. 

Due to the factors explained in con- 
nection with d.c. magnetization curves 
as well as other factors -eddy -current 
insulation, stacking factors, core shapes 
and sizes, and other characteristics of 
laminations - separate permeability 
curves are needed for each core design. 
The curves, when prepared from data 
obtained directly from a definite work- 
ing design, using a specified steel or 
alloy, are called apparent permeability 
curves (a,). They indicate the actual 
permeability (not theoretical) which the 
design appears to have under selected 
working conditions. 

An air gap is seldom used when the 
inductance is used only on a.c. except 
in such. devices as fluorescent lamp and 
sunlamp ballasts. Lamp ballast design 

(Continued on page 72) 
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* Complete with tubes and instruction 

manual. 

TELESCOPIC ANTENNA 
12' 10" extended -for receiver and 
mitter -7" dia. base, threaded $ base stud mounting- plated steel. 

trans- 

.75 

SENSITIVE HEADSETS 
1-1S23 -8000 Ohm impedance, 
with ear cups, leather band, 
extension cord. 

$2.59 

DYNAMOTOR -P103A 
6v. and 12 v. d.c. input -500 v. $1 3.75 
d.c. @ 224 Ma. output. Complete 
with relay's, filter, fuses. 
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must permit sufficient current to flow 
through the ballast for normal opera- 
tion, make available enough starting 
voltage, yet limit the current to a safe 
value at all times. 

Most inductances having d.c. in the 
windings have an air gap in the mag- 
netic circuit. This is to increase the 
apparent permeability over that avail- 
able without an air gap. The length 
of air gap which results in highest 
permeability and likewise highest in- 
ductance for the particular current 
conditions in the windings is called the 
optimum air gap. 

Optimum air gap may be computed 
by proper application of the normal 
d.c. magnetization curve and the in- 
cremental permeability curve for a 
given steel and core. The procedure is 
rather lengthy and will not be present- 
ed here. The average experimenter 
would probably find it faster to use a 
test circuit and obtain apparent in- 
ductance, apparent permeability, and 
optimum air gap simultaneously. 

Circuits suitable for measuring in- 
ductance, determining apparent per- 
meability and optimum air gap, are 
shown in Figs. 4 and 5. The Fig. 4 cir- 
cuit is suitable for low and zero direct 
current. D.c. saturation of the trans- 
former core is eliminated with the Fig. 
5 circuit but the circuit has the disad- 
vantage of requiring two similar chokes. 

In either circuit the d.c. is first ad- 
justed to the normal working condition. 
R4 and R5, Fig. 5, must be so adjusted 
that no d.c. flows through R3. This can 
be determined by a d.c. v.t. voltmeter 
across R3. Sufficient a.c. voltage is ap- 
plied to give the working values across 
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Ll, as measured by an a.c. v.t. volt- 
meter. Connecting it across R3 will 
give the voltage drop due to the a.c. 
flowing through Ll. 

The optimum air gap may now be 
found by varying the gap length until 
the a.c. voltage across R3 reaches a 
minimum with the a.c. voltage and 
direct current across L1 held to the 
working values. For Fig. 5 the air gaps 
must be the same for Ll and L2 and 
both varied simultaneously. 

INDUCTANCE FORMULAS 
The apparent inductance of Ll in 

henries will be Le = .159 X 
(R, EL)' 

R.2 
E R2 

f 
where R3 = d.c. resistance of voltmeter 
shunt in ohms, E1.= a.c. volts across 
Ll, Ea =a.c. volts across R3, f =a.c. test 
frequency, and R.= apparent resistance 
of Ll. (R. consists.of the d.c. resistance 
plus resistance effects due to core losses. 
The latter are very low in good -grade laminated cores.) 
Usually R. is small compared to the inductive reactance of the coil and could be omitted, simplifying the formula to 

.159 R, EL 
L. _ 

THE SECRET'S OUT! 

The Netts ad SpecIacaht 
ACA -100DC AMPLIFIER 

?s Reac4 42o4 _`ñeliuet ! 
DESIGNED BY A. C. SHANEY 

*****(10 

A revolutionary development in amplifiers cleverly . 

designed to defy obsolescence and amazing in its 
performance. New circuits new materials and new" 
processes are actually combined in this one amplifier 
to produce the most satisfying musical amplifier the 
world has ever known. If you ore one of those discrimi. 
noting persons for whom nothing less than the best is 
a disappointment, you are one for whom the ACA. 
100DC was designed. Send for technical literature. 

AMPLIFIER CORP. of AMERICA 
398 Broadway, New York 13, N. Y. 

A. C. Shaneÿ s FM -AM AMPLIFIER MANUAL is still available at 25c 

fER 
Because Ll and L2, Fig. 5, are in parallel, L. must be mul- tiplied by 2 to obtain the value for Ll. 

Knowing L., the apparent permeability can be found to be 
10°1 L. 

µ = 
3.19 N'A K, 

where I = length of core in inches, A = area of core in square inches, N = number of turns in coil, and K, = stack- ing factor (usually about .9). 
The a.c. flux density in lines per square inch will be 

10' Erm. 

4.44fNAKI 
where Eo,n. = a.c. voltage across Ll and other symbols as 
before. 

To simplify calculations for average cores an Iron -Core Inductance Design Chart has been constructed in Fig. 6. 
The symbols at the scale headings may be identified from the previous text. The multiplying scales X,, Xt, Xa are 
used to obtain readings. 

The Inductance Design Chart is constructed to automat- 
ically allow a .9 lamination stacking factor. Oae points, and the B., and TC. turning curves were prepared from data on 29 gauge (.014 -inch) steel laminations having prop- 
erties similar to those on Curve 1, Fig. 1, which appeared last month. These properties were taken as an average. Some steels will give more inductance, others less. Now points and turning curves may be constructed for steels and cores with other characteristics. The balance of the chart would re- 
main unchanged. 

The previous B., formula may be used to assist in select- 
ing one of the B., turning curves or Ode points on the chart. 
Values of B., may be less than 65 for 
some interstage a.f. transformers and 
smoothing chokes while for some output 
transformers and swinging or input 
chokes it may go well beyond 3500. 
Turning curve TC. is used to obtain air 
gap length for all values of B.. 

USE OF THE CHART 
Assume we have a core like Fig. 3 

(last month's issue) to be used for a 

Capacity range; 350 to 
35,000 watts); 115 to 
660 volts A.C., 50 to 
800 cycles; 6 to 800 
volts D. C.; combina- 
tion A.C.- 'D.C.types. 

FOR RADIO AND 
ELECTRONIC APPLICATIONS 

ONAN ELECTRIC GENERATING 
PLANTS supply. reliable, econom- 
ical electrical service for electron- 
ics and television applications as 
well as for scores of general uses. 
Driven by Onan.built, 4 -cycle gaso- 
line engines, these power units are 
of single.unit, compact design and 
sturdy construction. Suitable for 
mobile, stationary or emergency 
service. 

Model shown Is from WAS' 
series; 2000 to 3500 warts; 
powered by Onon two -cyl. 
finder, woter- cooled engine. 

D. W. ONAN 
AND SONS 

.434 Hoyalsten Aenle 
Minneapolis 5. Minn. 

the area (A) = 1 0 square inch. The 
entire core has un form cross -sectional 
area (each of the two outer legs have 
one -half the area of the center leg). 
The core length (average length around 
each window as indicated in Fig. 3) 
1.= 6.0 inches. Window is I1:, x 1% inch. 
B.c = 650 will be satisfactory and there 
will be 80 ma d.c. in the windings. The 
problem is to find the maximum in- 
ductance, L., in henries, and the onti- 

smoothing choke. The core is 1 inch wide mum air gap, 1., in inches. 
and stacked 1 inch high using 29 gauge The more turns the greater the in- (.014-inch) steel laminations, making ductance but wire size, allowable re- 
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sistance and window area will limit the 
number. Wire size and coil dissipation 
watts may be computed as outlined for 
electromagnets. If the coil resistance is 
too great larger wire may be used. 

A fairly reliable method is to select 
:t wire, allowing 750 to 1250 circular 
mils per ampere. A wire table and a 
few computations will show that 3500 
turns, No. 32 enamel wire, would go in 
the window and have a resistance of 
about 250 ohms. 

This information may now be applied 
to the Inductance Design Chart, Fig. 6. 
The column headed "Order of Scales" 
indicates the function of certain groups 
of scales and under each function is 
given the order in which the scales are 
read at each setting of a straightedge. 
Mistakes will be prevented by writing 
down the reading for each scale. 

Using the group of scales "FOR D.C." 
set a straightedge from 3500 (no. of 
turns) on N to 80 (no. of milliamperes) 
on M.A. and read 3.23 on Xt; From 3.23 
on Xt, to 6 (lgth. of core, inches) on 
1, and read 4.02 on X,; Next front 6 

(core lgth.) on 1, to 1 (core area, sq. in.) 
on A and read 8.78 on Xt; From the 
8.78 on Xs to 3500 (no. of turns) on 
N and read '7.38 on X,; From 4.02 pre- 
viously obtained on Xr over the B., = 
650 curve and read 222 on p.; From 222 
on µ. to 7.38 previously obtained on X, 
and read 13 on L., the apparent in- 
ductance in henries. 

The optimum air gap may be found 
by using the "AIR GAP" group of 
scales. From 4.02 found above for X, 
over the point of the TC. curve read 170 
on µa; From 170 on It, to G (core lgth.) 
on In and read .0153 on 1., the total 
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Model CRO -3 A $79.50 

DUMONT OSCILLOSCOPE 
274 Five -Inch $99.50 

McMURDO SILVER 904 Capac- 
itance 
Resistance Bridge $49.90 

McMURDO SILVER "VOMAX" 
Vacuum Tube Voltmeter 

$59.85 
R.C.P. 448 Pocket Multitster $24.50 

R.C.P. 424A Volt- Ohm- Milliammefer $29.50 
R.C.P. 322 Tube Tester $41.50 
R.C.P. 461 AP Sensitive Multimeter $43.50 

R.C.P. 664. Electronic Multimeter $45.00 

R.C.P. 322 P Tube Tester (Portable) $45.50 

R.C.P. 668 Vacuum Tube Volt -Ohm 
Capacity Meter $74.50 

R.C.P. 665 A.V.T. Volt -Ohmegger 
Insulation Tes +er $94.50 

KIT ASSORTMENTS 
100 Ass't -1/2 Watt Resistors -Insulated 

$1.95 
100 Asi t -I Waft Resistors -Insulated 

$2.50 

100 Asst -2 Watt Resistors -Insulated 
$2.95 

20 Asst- Volume Controls $2.45 

6 -25 Ft. rolls Hookup Wire (ass't 
colors) $1.25 

20 Asi t Auto -Radio Suppressors $2.45 

PHONO AMPLIFIER 
3 -tube, A.C. -D.C. - Completely Wired. 
Reedy to Operate. Uses 5016- 35Z5.I2SQ7 

$3.75taaea, 

MAIL ORDERS FILLED PROMPTLY 

RADIO -CRAFT 

Covers Fhe Globe 

509 ARCH STREET 

PHILADELPHIA 6, PA. 
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length of the air gap, in inches. (See 
Fig. 3.) 

Although not a part of the problem 
let us suppose there is no d.c. in the 
windings. What will be the inductance? 
For this we use the "NO D.C." group 
of scales. To proceed set a straightedge 
from 6 (lgth. of core) on 1. to 1 (area 
of core) on A and read 8.78 on X1; 
From 8.78 on X. to 3500 (no. of turns) 
on N read 7.38 on X.; From 7.38 on 

Ode 

Xs to point on It. and read 37 
B.0 =65 

on L., the apparent inductance in hen- 
ries. If B.e is nearer 650 than 65, the 
L. would be over 60 henries. No air 
gap would be used. Instead, the lami- 
nations would be interleaved as on any 
transformer. 
TRANSFORMERS, SWINGING CHOKES 

Audio frequency and output trans- 
formers are designed mainly on the 
basis of inductance of the primary 
winding, making the design problems 
similar to chokes except that secondary 
windings follow regular transformer 
procedure for impedance and turns 
ratios needed. Inductance values range 
from 2 to 50 henries and more, the 
higher inductance values giving better 
low frequency response, especially when 
used with tubes having high plate re- 
sistance. 

Swinging chokes are often desirable 
when the load varies widely. The main 
difference between a swinging and 
smoothing choke is that the former, 
though designed for high d.c., has a 
shorter than optimum air gap. This 
shortened air gap lowers the inductance 
considerably at high d.c. loads and in- 
creases it at low d.c. loads when com- 
pared to a choke designed for high d.c. 
only. 

The Fig. 6 chart is useful only for 
rough design of a swinging choke. Select 
the wire for the maximum d.c. ma and 
assume some value for turns to fit on 
the core. From the chart determine L. 
at maximum d.c. and multiply the value 
found by 0.58 for the actual minimum 
swinging choke inductance. If this fig- 
ure proves to be unsuitable try again 
using new values for turns or core. 

After suitable values have been found 
for the maximum d.c. use all of them 
except that in place of the maximum 
d.c. ma substitute a value only 10 per- 
cent of the maximum d.c. ma and find 
the length of optimum air gap from 
the chart. Multiply the length as found 
by 2.6 to find the total air gap length 
to use for the swinging choke. Induc- 
tance ratio between maximum and 10 
percent of maximum d.c. will be about 
4 to 1. A shorter air gap would increase 
the ratio but would decrease the in- 
ductance at maximum d.c. 

A handy reference chart of conversion 
factors and formulas (see page 27) 
shows some unusual variations. Un- 
identified symbols are explained in the 
text. 

Acknowledgement is given Allegheny 
Ludlum Steel Corporation, United 
States Steel Corporation, and American 
Rolling Mill Company for information 
on electrical steels. 

RADIO -CRAFT for 

i Length le)t ta, 
Width ewIn, ) 
Height O ú. 

Shipping Weightl 
2914 Pound. 

The Most Efficient Auto Radio Tuning 
Cable- Servicing Machine in Use Today! 
Completely redesigned to meet MIDt.R\ Sirviemg requirements. the PEW JFD REMOTE -O -CABLE P.O. !PLACER r, vital necessity m the workshop of every .,Io -radio serviceman 

1 SWEDGES SHAFTING TO PREVENT UNRAVELLING. 
2. CUTS SHAFTING TO EXACT LENGTH 
3. REPLACES OLD FITTINGS ON NEW SHAFTING 
4. CASING GROOVE MAKES CUTTING EASY 

1 . 1 . U 1 
1 \ \ I I hi I I Ill NI. 1 u.. I 1 1 I I I II \III 111\ 1'h\\ \1. ISltl 1 \. \ 1 

Look at Our Specials at Lower Prices! 
Aircraft Receivers 

tars: ;I I2s1i7. I- _t_-n7, 
] -12ÁC, e8; Range 190 -550 
Ee. (suavity freq. freg.q, desired) I.5-3me; 

odd. 
6 -9, line; power 28VDC, 

ofd. by Western Elec.. etc. Ship. 
wt. 19 lbs. original cost $90.23. 

)'OUR COST @@ 

1 2.95 (Complete with tubes) $ 
Army Aircraft 

Receivers 
BC -946 -B 

Broadcast band from 520 to 1500 he, tube complement: 3- 12SÁ7. 1- 12557, 1 -12A6. 1- 121(8; can he used with 24 V dynamotor sup - (dying A & a power; tan be ecn- ierted to AC or DC or 32 cult Ws: 
ì9 

stages of IF used, 
:ses 3 gang condenser. 12.95 Earh 

Complete with tubes and schematic. 

Signal Corps Radio Receiver 
HC- 341 -I3 2 tube set -1_- 12SQ7; 1 -12CS; 
original price $18.75 ; ship. wt. 
6 lbs. Your COST (less tubes) .. $3.5 

31/=" D. E. AUTOMATIC TIME METER 
60 cycle 110 volts. This time meter easlsts of 
a cyclometer driven by a telechron synchronous 
motor. Connect to an electric circuit; it wilt 
measure and Indicate the number of hours. 
tenths of hours or minutes that the circuit Is 
In use. Ship. wt. 6 lbs. list $17.00. $4.95 YOUR COST P 

Dynamotor 
DM -32A 

To match receiver; in- 
put 28VDC; output 250 
V ; original cost $33.95. 
Ship. wt. 5 lbs $4.95 Your Cost ea. 
Lots of Io ea. 3.95 

SUPREME FOUNDATION METER 
40 Micro Amps. 20,000 ohms per volt. 
454' square. Manufactured by Supreme 
Instrumenta Corp. 
Each $8.95 

plus shipping charges 
DEPT. D 

-- >ARROW SALES, INC.--- 
59 W. HUBBARD ST., CHICAGO 10, ILL. 

Telephone: SUperior 5575 
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