









































26 UNCLASSIFIED

The Bureau of Ships and the Naval Communication
Station at Annapolis recently had the honor to entertain
Dr. Lee de Forest, world-famous radio pioneer, At the
Bureau, Dr. de Forest was welcomed by Captain A. L.
Becker, the Assistant Chief of the Bureau for Electronics.
Later, at Annapolis, he was entertained by Captain Paul
F. Dugan, the Officer-in-Charge of the high-power radio
station.

During his visit at the Bureau, Dr. de Forest was
shown numerous examples of the Navy's great advance-
ments in electronics in recent years. He was shown
through the display room at the Bureau, and appe.ared
greatly impressed by the exhibits. Among other. thmg{;,
the Model TDZ transmitter installed there excited his
curiosity. He expressed 2 desire to "'tear into it” and see
how it worked.

Later in the day he was ) =
Annapolis radio station. This was his first VlSlt-‘tO a
Navy transmitter station in many years,.Dr. de I*or.c—st
said. He seemed to take pleasure in secing th}s equip-
ment in operation, and was keenly interested in- every-
thing he saw; towers, ground installation, antennas, and

shown the sights at the

Dr.

Lee
de Forest

Dr. Lee de Forest inspecting
the type 2P21 image orthicon.

e well as equipment. Particularly interesting to
him was the Navy's high-power, v-I.f transmitter; he
was amazed at the gigantic sizes of tubes and other
components.

The last time Dr. de Forest visited Annapolis was in
1902, when he went to the Naval Academy to demon-
strate the superiority of his new radio over the one
submitted for test by the Germans. This was back in the
days when the Navy was first deciding, "Maybe there ir
something to this thing called ‘wireless’ after all!”

The Secretary of the Navy, desiring to witness the
demonstrations, made the trip from Washington in @
horse-drawn carriage.  When the Academy’s saluting
battery commenced firing to honor the Secretary’s arrival
the horses were startled by the sound, bolted, and over-
turned the carriage. The Secretary was badly hurt. Dr.
de Forest transmitted the story of the accident to an as-
sistant in Washington who was operating a radio re-
ceiver and who gave the story to the newspapers. This
was a newspaper “first,” for it was the first time a press
release was transmitted by radio.

Dr. de Forest’s list of patents is enormous. His
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“audion,” invented in 1907, was the first tube to contain
a- grid, and was therefore the forerunner of all modern
vacuum tubes with the exception of diode rectifiers and
magnetrons. He may truly be called the "Father of
Modern Electronics” for the audion alone, for without
it there would be nothing in the way of radio, sound on
film or tape, long-distance telephone, television or radar.
Without the modern vacuum tube there would be no
“atomic bomb,

Other patents included microphones, diathermy ap-
paratus, phonograph pickups, and loudspeakers. Dr. de
Forest was the first to conceive of and build a device
for recording sound on motion-picture film. All of
these things he brought us at stages in the development
of modern electronics when such things were previously
unheard of.

Much of Dr. de Forest's early nomenclature has sur-
vived forty years of advancement in electronics. An ex-
ample is “"A” and "B” to designate the filament and
plate batteries, respectively; another, the “grid” itself—
he called it that because the early version resembled the
grid used in an oven for cooking; a third, the color
coding for wires leading to the vacuum tube: green to
grid and red to plate. This and much other terminology
of his is standard today.

The venerable doctor feels that the electronics art has
made such great strides that it is now quite impossible
for any one man to learn all there is to know about it.
At the turn of the century little was known about those
elusive, intangible radio waves and one good physicist
could master the new science. Now, nearly fifty years
later, with all the ramifications and the volume of in-
tense study required, this is humanly impossible. E.ven
Dr. de Forest has had to specialize; at the present time
he is concentrating his energies on color television.

Thank you, Dr. de Forest, for the honor you have
afforded the Navy by visiting the Bureau of Ships and

the Navy's radio station at Annapolis. We sincerely
hope to have this privilege again.

Captain Becker and Dr. de Forest

Dr. de Forest and Captain Dug

Inspecting v-l-[ transmitter
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Latest T.A.B. Revisions

An article on Page 19 of February 1948 ELECTRON
explained the form and style that future revisions of the
Electronic Equipment Type Allowance Book (NavShips
900,115) would have. The following is a list of all
T. A. B. revisions issued since 1 November 1947:

Recently many requests have been received in the
Bureau for copies of the complete T. A. B. These
requests can not be honored because the supply of com-
plete books has been depleted. The publication is con-
tinually undergoing revision, however, and a complete
file of revisions will eventually comprise a complete,
up-to-date T. A. B.

Revision Effective Revision Effectize
No. Ship type date No. Ship type date
7 AGD 11/47 37 DE 5/48
8 AE 11/47 38 DE Radar Pickets ' 5/48
9 PCE 11/47 = 39 AS 5/48
10 LSM(R) 11/47 40 AVP 5/48
11 AGC - 12/47 T 41 AV 5/48
12 Aircraft rescue boats 12/47 42 APD (37-86) T s/48
13 PC 12/47 : :
14 AR 12/47 435 AD 5/48
15 ARB 12747 44  AG(88-89 Icebreakers) 5/48
16 LST 1-1155 class 1/48 45 SSR (481-489 Only) 5/48
17 LST 1-1152 class 1/48 46 Deletes ABSD 5/48
18 _AE 1/48 47 _AGC 5/48
19 AGS 1/48 48 AM 5/48
20 PCE weather ships 1/48 49 AMS 5/48
21 Bomb target boats 36- and 46-foot 2/48 50 AP 5/48
22 AMcU - 2/48 51 APA 5/48
23 YNg - 2/48 52 APA Div. Flagships 5/48
24 ARH 2/48 53 APA Squadron Flagships 5/48
25 _1ET _4/48 54 ARL ) 5/48
26 LSD o - 4/48 55 ARS 5/48
o AT i3 56_ARS (T) 5/48
28 LM 4/43 57 ARV 5/48
29 AN 4/48 ss LCT 5 48
30 PT809-812 5/48 Fi
— —— 59 CA Flagships (68 class) 5/48
31 LST-1153 class 5/48 ;
33 Remote Controlled Guided Missile Target Boals  5/45 61 LCI (L) 5/48
34 Deletes PE, PGM, PY, PYc, YMT, PF (Frigates), 62 Torpedo Retrievers 5/48
PF (weather vessels), PG (Gunboats except 63 YTT 5/48
Corvettes) PG (Gunboats, Corvettes class) 64 PT809-812 5/48
62-71, 86, 87, 92-96) 5/48 65 BB (61 class) 5/48
~ 35 ADG e e — &mg 66 BB (55 class) 5/48
36 APD (87-139) 5/48 67 YDT 5/48
Measuring On the Model RBC receiver you will find that the b-f-o

F-S-K Spread

By LieuT. (j.g.) H. M. WINTERS
Navy Communicalion Station

W akiawa, Oabu, T.H.

When your one and only audio oscillator or ’'scope
£oes up in smoke just when you need to measure f_-s.k
Spt‘czld, do you get grey hair? Then read on, Sailor.
An audio oscillator and 'scope ar€ very handy for
measuring a ffﬁ(]uency-shift Sl‘,{-’ﬂi‘li [*n.ut 11-01.' actually a
necessity. If you have a receiver slml]_ﬂf 10. t}?c‘ Model
RBC, or one with a b-f-o dial, you're 18- Calibrate the
tuning range of the b-f-o dial with 2 frequency meter

and determine the number of cycles Per dial division.

dial covers a range of 1400 cycles from zero to ten. This
represents 140 cycles per dial division. This figure is
constant throughout the tuning range of the receiver.

To measure the spread, set the b-f-o dial at or near
zero and tune in the signal with the main tuning dial.
Tune the “mark™ signal roughly to zero beat and trim
up accurately to zero beat with the b.f.o. Note the dial
setting. Then adjust the b-f-o dial to zero beat on the
“space” signal and note the dial setting, The number
of divisions between the two settings multiplied by the
cycles per division is the spread. Example: 6 divisions
X 140 cycles = 840 cycles spread.

Using the Model RBC receiver you can measure ac-
curately to within 50 cycles. This is satisfactory in most
Cases.
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Performance of RM
and Conventional Dry Batteries

In certain types of batteries, either the Ruben-Mallory
(RM) or the LeClanche (conventional, sal-ammoniac)
dry batteries may be used interchangeably, and are both
procured and issued with this in mind. The length of
service, however, provided by the RM battery is usually
several times that of the conventional sal-ammoniac type.
As a help to those requisitioning and procuring such
batteries, so that some idea may be gained in advance
of future replacement needs, comparative studies have
been made of the expected length of life. The results
of these studies are expressed as procurement and issue
ratios, which are simply the ratios of the length of life
of a given RM battery to the length of life of the ap-
proximately equivalent conventional type. The ratios
are expressed to the nearest whole number.

The ratios have been determined for a number of
RM batteries having military applications and with a
conventional counterpart. They are listed in the fol-
lowing table:

Current Leakage
of Electrolytic Capacitors

In the maintenance of electronic equipment, the testing
of electrolytic capacitors plays an important role. When
testing circuits, shorted or open capacitors are usually
quite obvious, but determining the rejection point for
one not in these categories is a more difficult matter.
In the process of repairing an equipment if a defective
clectrolytic capacitor is replaced with one having a high
direct-current leakage the new capacitor either will fail
in a very short time or will cause poor overall operation
of the equipment concerned.

The direct-current leakage of an electrolytic capacitor,
when measured with an analyzer such as the Navy Type
—60007 Capacity Analyzer or equivalent, should not ex-
ceed the current value calculated from the information
listed in the following table:

Rated working
voltage (v)

Allowable leakage
per microfarad (ma)

15 to 100 0.1
RM battery type Length of service ratio 101 to 299 0.2
= 300 or more 0.5

_ BA-1002
BA-1015A
BA-1028
BA-1033
BA-1035
BA-1036
BA-1037
BA—1038
BA-1039
BA—1040
BA-1205

© BA-1208
BA-1210
BA-1211
BA-1222
BA-1246/U
BA-1043
BA-1048
BA-1049/U
BA-1053

" BA-1059
BA-1063
BA-1080/U
BA-1228

_ BA-1231
BA-1233
BA—1234
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11§ dssued in place of BA-51. Not applicable in all cases due to
S51Z¢.

= 1f issued in place of BA-70. Ratio is 4 if issued in place of
DA-RO.

The type BA-1247/U RM battery has no conven-
tional or LeClanche counterpart.

For example, a 16-mf capacitor rated at 450 volts
(working) is to be tested. From the table, the allowable
leakage for capacitors rated at 300 volts or more is 0.5
ma per mf. The total allowable leakage is therefore
8ma (16x0.5 ma).

This method holds true whether the capacitor is a
dry or wet electrolytic. If the direct-current leakage as
measured on the Type —60007 analyzer exceeds the cal-
culated allowable leakage, the capacitor should be dis-
carded. Capacitors in spares should be tested periodi-
cally to insure low leakage. This is especially true of
wet electrolytics which deteriorate more rapidly due to
the chemical action which occurs.

Note that when checking electrolytic capacitors which
have been idle for some time, the capacitors should first
be re-formed as described in the instruction book for the
Type —60007 analyzer. It must be remembered that high
voltage is employed in measuring current leakage. It is
therefore extremely important that the instructions for
operating the analyzing equipment he.ft‘_'”O“’@d implicitly
to prevent damage to the meter or injury to operating
personnel.

The Bureau of Ships is in the process of preparing
copies of the table included with this article. These
copies should be attached to the cz.lbénct of the Type
60007 analyzer. They will be distributed to all vessels
and  activities possessing the Type 60007 analyzer jn

the near future,
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Adjusting Model SX

Search Feed Horns

Pre-production Model SX Radar Equipments were
supplied under Contract NXsr-76195, and regul?r pro-
duction models under Contract NXst-96353. Different
conditions prevail for the equipments produceq under
each contract. Under Contract NXsr-96353, with each
Model SX, the contractor furnished two short sections of
waveguide which were designated as search waveguide
extensions. Instructions for using these extensions when
focusing the search antenna feed horns for use with
different type magnetrons werc furnished with each
equipment on G. E. Drawing No. K-7897558. '

In each production equipment these search wavegmde
extensions were furnished tailored to fit the particular
equipment concerned and its equipment spares. For this
reason, when it became necessary to replace these short
sections in tender and stock spares and in the two extra
sets of equipment spares, a flexible section of waveggide
was needed. Accordingly, a flexible 4-foot section,
CG-333/U, G. E. Symbol No. E-3021-1 pet G. E
Drawing No. K-7120865-1, has been supplied ff)r this
purpose. This waveguide extension, together with the
Search Guide E-3021, as supplied in tender and stock
spares, should be used when the set of equipment spares
has been exhausted and it becomes necessary to use
tender and stock spares. Figure 1 shows this flexible
waveguide extension and search guide installed on an
antenna assembly. It should be noted that each search
guide supplied in tender and stock spares was modified
in order to accommodate the flexible section. This sec-

FLEXIBLE WAVEGUIDE W\
CG-333/U(4-0")
K-7120865-|
E-3021-1

tion was not supplied originally, but is now included in
the spares. _

In the case of pre-production Model SX Radar Equip-
ments procured under contract NXsr-76195, the Bureau
of Ships will supply two scts of new feed horns, Search
Guides E-3021 and flexible Waveguide Extensions
E-3021-1. Upon receipt, the new feed horns and search
guides are to be installed in place of the old compo-
nents. The old components are to be removed from the
equipment and the equipment spares as well, and re-
turned to the Inspector of Naval Material, Syracuse,
N. Y. These components will then be modified by the
contractor and returned for use in tender and stock
spares.

After these changes have been made, the r-f plumbing
on all Model SX Radar Equipments will be the same.
The focusing dimensions are the same using the flexible
extension as they were using the short search waveguide
extensions, and apply to all Model SX equipments. Due
to the extreme frequency sensitivity of the search an-
tenna, it is important that the feed horns be placed very
precisely. Figure 2 and the accompanying table give the
correct dimensions, when using any of the three different
type magnetrons for which the equipment is designed.
Dimensions to the feed horns should be measured at
the center of the mouths. The EC and ED dimensions
should be made equal to assure that the upper horn is
on the centerline of the search dish.

Teddy A. Harper, ET1, of the CIC Team Training
Center, San Diego, California, has suggested a detailed
procedure for adjusting the feed horns, Refer to figure
2. Uncouple the feed horns from the waveguide at the
coupling marked §, and remove them from the bracket.
The top horn should measure seven inches vertically
across its face. At the center of the face (314 inches)

FIGURE 1—Flexible waveguide
extension and modified search
guide installed on CAYL-60-
ALH Antenna Assembly of the
Model SX Radar Equipnent.

SEARCH GUIDE
E 3021
59-106-495Al

SX SEARGH ANTENNA
FEED MODIFIED

MAGNETRON [AG'DIMENSION
" 4431 61.84"
4032 63.84"
4033 61.83"

BRAGKET TO
HOLD HORN

FIGURE 2—Dimensions and table for proper ad justnient
of the search feed horns of the Model SX Radar Equip-

ment.

locate point E. Next take a square and mark line EF
perpendicular to the edge of the horn. Now locate a
point B on the bracket so that BC equals BD (This
means that point B is equidistant from the bottom center
and the top center of the parabolic reflector). Neift
locate point A which is the exact center of the parabolic
reflector. Place the feed horns back in their brﬂckef,
clamp a straight edge between points A and B, and posi-
tion horns so that line EF falls along line AB and so
that point E is exactly 59.92 inches from point A. N_ext
pivot horns around point E as an axis, and adjust
line AG to the dimension recommended in the table
for the type magnetron in use. Clamp the horns firmly
in place and check to make sure that EC and ED are

equal.
. "’ __——-LM
—

ATTENTION SP RADAR TECHNICIANS

The March 1947 ELECTRON carried an article on P.ngc
19 concerning ‘“Model SP Radar Eq!.lipment——Fje]?l,
Change No. 59—Addition of Bi-Directional Coupler.
Since the response to the original article was far- from
satisfactory, part of the article is quoted below, w:t.h the
expectation that the ships concerned will be reminded
to comply with the request contained in it: _

“Since there are not sufficient modified TR wavcgu:.de
sections available to permit the distribution of one with
each field-change kit it is necessary to obtain additional

sections from those ships which now have them in their
equipment spares. In view of the fact that the Bureau
does not consider these sections as expendable items,
ships should not hesitate to relinquish them. Therefore
it is requested that all ships having an SP radar bearing
Serial No. 101 or higher remove the modified TR wave-
guide section (G. E. part No. W-7, 351, 952-G2) from
their equipment spares and ship it to the Electronics Sup-
ply Branch, Naval Supply Depot, Oakland, California.
The TR section should be well packed to protect it from
damage, and clearly marked “TR waveguide section to
be held for issue with Field Change No. 59—SP."”

COUNTERMEASURES
BOOKLET OBSOLETE

The Bureau of Ships is removing “Shipbcard RCM
Installations” NavShips 900,097 from the mailing list.
This Pamphlet is devoted to type installation plans, ship-
board allowance lists and production schedules of radio
and radar countermeasures equipment. Since these type
installation plans and shipboard type allowances have
been revised to meet additional requirements, this pub-
lication is now considered obsolete.

Accordingly, it is recommended that requests for mod-
ern countermeasures type installation plans be submitted
to the Bureau of Ships for action as required. Shipboard
type allowances for countermeasures equipment are con-
tained in the Electronic Equipment Type Allowance
Book NavShips 900,115.

G0

BOX SC

Last To
Month Date

Type of Approach

Practice Landings ... .. ... ... .. 9,787 125,846

Landings Under Instrument
Conditions ... ... ... .. .. 285 5,862
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Magnetic Units
Basic Physics—Part 12

SYSTEMS OF MEASUREMENTS AND THE
ESTABLISHMENT OF INTERNATIONAL
STANDARDS

It is possible to express any electric or magnetic quan-
tity in any one of three different systems of’-umts: the
electrostatic, the electromagnetic, or the practical. How-
ever, the electric field equations take their simplest forms
when they are stated in the electrostatic system. _Mag-
netic field equations are most simply expresseczl in the
electromagnetic system of units. Circuit relations are
usually given in units of the practical system more
adaptable to everyday commercial usage. The point to
remember is that the sizes of the units for any physical
quantity differ greatly in the three systems; therefore,
the manner in which the units of the various systems are
related should be thoroughly understood. '

At the time electrostatic and electromagnetic units were
being developed by scientists and experimenters, in-
terest was centered chiefly in low-voltage, heavy-current
phenomena and magnetic field relations were more im-
portant practically than those of the electric field. There-
fore, between these two systems, the electromagnetic
system of units was chosen to be the ‘basic or absolute
system. These units were calculated in terms of fl:ln-
damental physical c.g.s. (centimeter, gram, second) units,

To indicate their absolute nature, the units of the
electromagnetic system were prefixed with ab For
example: ab-ampere, ab-volt, ab-ohm etc. }Jmts"of the
electrostatic system were prefixed wnth' stat-.” The
more important units of the electrostatic system were
derived in part 7. ) )

In addition, there is a series of practical units, the

e conveniently measurable by a

magnitudes of which ar N Y
common unit more equal to the values of the quantities
eration. Instruments such

met with in daily electrical op .
as the ammeters and voltmeters commgnly used are cali-
brated in these units. This calibration is always ac hicved
by comparison with standards establishec{ for interna-
tional use. International standards were int turn based
on absolute measurements in the electrpstat!c or elecFro.
magnetic systems. This is necessary SiNce the pracflca!
units are by definition derived as multiples or fractions
of the absolute units.

Since the practical system of units are simply mul-
tiples or fractions of units in the absolute system, there
has been a recent trend toward the use of M.K.S. units
(meter, kilogram and second) for fundamental physi-
cal units of measurements. For instance: in M.K.S.
units, the unit of force would be equal to 105 dynes and
the unit of work, 107 ergs or 1 joule.

International standards. The International Electrical
Congress meeting in Paris in 1881 chose the ohm as the
practical unit of resistance and decreed that it would be
109 ab-ohms, and chose the volt as the practical unit
of electric potential and decreed that it should be equal
to 108 ab-volts. By the definition of Ohm’s Law, the
practical unit of current, the ampere, proved to be one
tenth ab-ampere.

International standards were created to provide defi-
nite physical values and rules for measurement, in terms
of which all meters and electrical indicating instruments
could be uniformly and universally calibrated.

The International Ohm is the resistance offered to an
unvarying electric current by a column of mercury at
the temperature of melting ice, the mass of the mercury
being 14.4521 grams, and the column 106.300 c¢m in
length and of constant cross section. Resistance stand-
ards are usually built of Manganin alloy (copper, manga-
nese and nickel), because it has a very low temperature
coefficient throughout the working ranges encountered.

The International Volt is the electric difference of po-
tential which, when steadily applied to a conductor
whose resistance is one international ohm, will produce
a current of one international ampere. For practical pur-
poses of calibration, it is agreed that the Weston normal
(saturated) cadmium cell has a potential difference of
1.0183 international volts at 20° C. This cell is used
because it was found to be a precisely reproducible source
of voltage, but since the temperature coefficient of this
cell is rather high, it may be used only under well-con-
trolled conditions. Because of this disadvantage, the
unsaturated cell is used, after having first been calibrated
against a saturated cell.

The International Ampere is the unvarying electric
current which, when passed through a solution of silver
nitrate in water, deposits silver at the rate of 0.00111800
gram per second.

Relationship of the systems. For greater convenience
in dealing with electric or magnetic quantities, two inter-
related systems of units have been established based on
the c.g.s. units of measurement. These are the electro-
static and the electromagnetic systems. The physical
relationship between the two systems will be explained
in more detail later.

Units in the electrostatic system are based on the unit
charge of electricity called the statcoulomb. The more
important units of this system have been previously de-
rived in part 7. Units in the electromagnetic system
have as their basis the unit magnetic north pole, which
will be derived presently. :

Oy
<f3<i

CN SJ

FIGURE 1—Cowlomb’s apparatus for measuring
the forces between electric charges.

For practical purposes electrical and magnetic quanti-
ties expressed in c.g.s. units prove unwieldy, whereas,
when expressed in M.K.S. units, they are more adaptable
to practical circuits. The example now to be given
indicates graphically why the trend toward the use of
MKS. units of measurement has increased. Consider
voltage and current:

1—When expressed in c.g.s units.

Practical Electrostatic Electromagnetic
unit unit unit
Voltage 300 volts 1 statvolt 3 x 10" abvolt
Current 10 amperes 3 x 10" statamps. 1 abampere

2—When expressed in M.K.S. units.

Practical Electrostatic Electromagnetic
Voltage 1 volt 1/300 statvolt 10* abvolts
Current 1 ampere 3 x 10° statamps. 0.1 abamps.

All quantities in mechanics and electricity can be re-
duced to fundamental units of length, mass and time.
Originally c.g.s. units were used to derive mathematical
relationships between them, but they may also be ex-

pressed in M.K.S. units. For example, we learned in
part 3 that force equals mass times acceleration.

Expressed: f=ma

When the mass is one gram and the acceleration 1
cm per second per second, the force is one dyne. In
M.K.S. units, however, the unit of force is the new-
ton, which is the force required to impart an acceleration
of 1 meter per second per second to a mass of 1 kilo-
gram. One newton is equal to 1035 dynes.

Force may also be defined as equal to mass times
velocity divided by time (when acceleration and velocity
are constant).

Expressed: f=f’.?/ orf=’g{

This may seem irrelevant at this time, but Newton’s
Law derived to express force provides a method whereby
the two systems of electrical and magnetic measurements
can be compared in terms of fundamental units, that are
common.

In the study of magnetism it was found that magnetic
poles of like polarity repelled each other while poles
of unlike polarity were attracted to each other. Note
how closely this matches the law applying to like and
unlike electric charges in the electromagnetic system.

In fact, Coulomb’s Law for electric charges applies
equally well for magnetic poles when the separating
medium is considered. This law affords a means of com-
paring the two systems, the e.s.u. and em.u. in terms
of force which is common to both. Consequently, on
this basis, the physical relationship between unit electric
charges or unit magnetic poles may be established and
expressed in terms of mass, length and time. It follows
that if the units of each system can be expressed in com-
mon units of mass, length and time, a relationship be-
tween the systems is implied.

A study of the force exerted between unit charges
and unit poles in the respective systems demonstrates
this.

Coulomb’s law for electric charges states:

=Q-i;-d% dynes per unit charge. (c.g:s. units)
Transposing: Unit charge = VI k4 esu
Substituting Newton's third definition of force:

(md
Unit charge = \/',2)‘ k d?

" md3
= e.s.u.

he dimensional formula for an elec-
trical quantity in tefms of fundamental physical units,
centimeter, gram and SBCOQd- _ThUS, the fgndamental
measurable quantities enterfng into this ba.s|c equation
are length or distance, inertia or mass, and time.

This is known as t
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Coulomb’s Law for magnetic poles can be similarly
treated, whence the force in dynes per unit pole (. is
the permeability) :

m, xm,

f - M de
becomes, by substitution of Newton’s definition of force:

md3
e B emu

Unit pole —

Note that the difference lies in the dielectric constant
£ in the electrostatic system and the permeability
in the electromagnetic system. These proportionality con-
stants are dependent upon the medium through which
the respective electric and magnetic fields are effective.

The relation between the constants £ and p of the
two systems is abstract and considered beyond the scope
of this course. However, the above comparisons are
sufhcient to show that there exists a common means
through which quantities of electric or magnetic units
may be expressed in either system. As stated previously,
electric and magnetic equations take the simplest form
when stated in their respective systems.

Definitions of unit pole and pole strengths. When a
new phenomena of nature is observed, the practice is to
investigate the behavior quantitatively by means of con-
trolled experiments and then formulate our findings in
a mathematically expressed law. For example, in part 7,
Coulomb in deriving the law of electrostatic charges
proceeded essentially as follows: He took two charges
and actually studied how the force varied for the same
two charges as the distance separating them was varied.
Then, keeping the distance constant he varied first the
state of charge on one body and then the other. The
numerical data thus obtained were tabulated and then

) ' 1
set down as an equation: f= ?jﬁ X L The quan-

tity -24 is a constant of proportionality depending on

the units of measurement and the separating medium,
In order to determine the magnitude or strength of a
magnetic ficld, a unit of measure is requirgd. Since the
existence of a magnetic field is made evident by the
forces exerted on magnetic poles, or nﬁagnetic s.ubstances
in which magnetic poles have been mdu'ced, it should,
therefore, be possible to express the magnitude of a pole

strength or of a magnetic ficld strength by the force €x-
In order to define this force,

t be chosen. This
ental study of the

erted on some other pole.
a standard unit of measurement mus
choice can only come from an expertm
law of force between magnetic poles.

Coulomb was the first to study the forces experi.
mentally, He initially studied the forces of attrastion
between poles using the torsion balance. This consisted
of a magnet suspended at its center by 2 flat fiber to

which has been affixed a small mirror (see fig. 1). Any
twist or torque applied to the fiber causes a deflection
of a beam of light directed at the mirror. Thus, the
force can be calculated by using appropriate mathematics.
The force necessary to produce a given deflection of the
balance can be previously determined through calibration.

Long magnets of small cross section were used so as.
to study the effect of poles as nearly isolated from their
accompanying opposite poles as possible. As the pole
of another magnet was brought into the vicinity of the
suspended magnet, like poles repelled and unlike poles
showed attraction. It was found that the force of attrac-
tion or repulsion was proportional to the magnetic
strength of the pole, and inversely proportional to the
square of the distance between the poles.

If the one pole is designated as having a strength m
and the other brought & centimeters from it as having a
strength m’, the force between them can be written:

!

mm’ 1 1. .
f =gz 7 Here 7 is a constant of proportion-

ality and depends on the medium and the units chosen..
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FIGURE 2—Unit pole.

The establishment of this law leads at cnce to a
definition of the unit of pole strength. In any system of
units, a unit pole can be arbitrarily defined as one which
repels an exactly equal pole at unit distance with unit
force when p is unity as shown in figure 2. For if
f =1, and 4 and u both equal 1, then the product of
the pole strengths mm’ also equals 1, and m =1, or
unit pole. In c.g.s. units of measurement, the unit pole
is the magnetic pole which repels an exactly equal pole
at the distance of 1 centimeter with the force of 1 dyne.

Concerning the quantity yu: This is a constant involv-
ing the nature of the medium between the two poles.
It is assumed to have the value of unity for vacuum.
For air it is so nearly 1 (1.0000004) that it can be called
unity. However, for iron it can be as high as 1000, and
in laboratory specimens of alloys as high as 275,000.
It is called the magnetic permeability. This will be de-
rived presently.

The practice of conceiving an ideal physical agent
based on information obtained experimentally is widely
followed in science. For example: In mechanics, we

hypothesize the frictionless plane, an immovable body
etc.; while in electrostatics, adoption of the theoretical
electric charge concentrated at a point helped explain
certain facts and guided us in the investigation and ex-
planation of other associated phenomena. As long as
the conclusions are correctly applied, values of an ideal
physical agent may be assumed.

The unit magnetic pole is an example of just such an
hypothesis. It is visualized as being the north pole of
a cylindrical bar magnet of very small cross section and
of infinite length, whose poles are so concentrated at
each end of the bar that all the lines of force emerge
from a common point. The distance between the poles
is implied as being so great that in studying the magnetic
field about the north pole affects due to the south pole
may be disregarded. The magnetic field is thus assumed
to be uniform and the lines of force composing this field
diverge symmetrically in all directions from the point
pole source. This is considered true only for a limited
space about the magnetic pole under investigation.
See figure 3.
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FIGURE 3—Radial magnetic field lines
close to magnetic poles.

It is necessary to understand thoroughly the concept
of the unit north magnetic pole because this concept will
be used repeatedly in deriving the units of field in-
tensity and flux density as well as total flux and the
magnetomotive force of a magnetic circuit. Further-
more, this concept is used as a basis for explaining cer-
tain phenomena in electromagnetism that will be covered
in part 13,

Magnetic field composition. The magnetic field of a
magnet is that space around it in which its influence can
be detected. Theoretically, the field extends through an
infinite region, but in practice the term “magnetic field”
is limited to the space within which the force is percepti-
ble, depending upon the sensitivity of the mecasuring
apparatus.

A north magnetic pole placed at any point in a mag-
netic field is acted upon by a force that will tend to
move it in a particular direction; similarly, 2 south mag-
netic pole placed at the same point in the field will be
acted upon by a force tending to move it in exactly the
opposite direction. Consequently, if a small compass is

laced in the field of an isolated bar magnet that is
physically large in comparison to the magnetized com-
pass needle, the north end of the needle will point in
the direction in which a free north pole would move,
while its south pole points in the direction in which a

free south pole would move. This was pictured in part
11, when a compass was used to indicate the direction of
the magnetic field about a bar magnet.

The true direction of a line of force in a magnetic
field is that direction taken by a free unit pole in mov-
ing from the north to the south pole. It is found that
the force at each point in the field, in addition to having
a direction, has a definite magnitude, and like all force
is therefore a vector quantity. This force varies with
the distance from the various magnetic elements which
cause the field.

Lines of magnetization, force and induction. The
exact nature of the various forces associated with a mag-
net and a magnetic field should be clarified at this point
to avoid confusion when referring to lines of magnetiza-
tion, lines of force and lines of induction.

When magnetic domains are aligned they may be
thought of as long needle-like magnets of very small
cross section with the poles concentrated at each end.

The inherent magnetizing force of each filamentary
magnet is represented by lines called lines of magnetiza-
tion. These lines exist entirely within the magnet and
are directed from the south pole to the north pole.

A bar magnet may be considered as consisting of a
large quantity of these long thin magnets. Rc.ecent re-
search in the study of the magnetic domains in ferro-
magnetic substances with the aid of microscopic 911 ﬁlfns
indicate that the size of the magnetic domains varies with
conditions, but they appear to be filamentary in shape
with lengths of perhaps 1 mm to some centime?ers. T he
inherent magnetizing force within a magnetic region
or a magnet produces a north pole at one en.cl and a
south pole at the other end, and lines representing mag-
netization are arbitrarily taken as directed from south
to north within the magnet.

Lines of force emanate from the north pole of a mag-
net and terminate on the south pole. Extemal.to the
magnet these lines of force constitute the magnetic field,
but since lines of force are directed radially outward
from the north pole, some of them will pass throggh the
magnet in traveling to the south pole.. Those l.lr.les of
force directed through the magnet are in opposition to
lines of magnetization within the magnet and hence
exert a demagnetizing effect. Therefore it follows that
the greater the cross section of the magnet, th.e greater
the demagnetizing effect of the lines of force originating
at the north pole of the magnet. E)fper tence .has Sh‘?“’n
that as the cross section of a magnet INCLEASES 1 relation-
ship to the length, it becomes i?cre?lsmgblyth;rder t~o
produce permanent magnets of even the best magnetic
ma{i:::'of - duction within Fhe magnet are deﬁned as
the vector difference of the lines pf magnetization that
cause the poles and the lines of. tOX.'Ce produced by the
poles. Since the lines of @agnetnzapon do r.ot leave the
magnet, it follows that In the region outside the mag-
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net the lines of induction are e¢qual to the lines of force.
At this point it must be emphasized that although lines
of induction and lines of force are equal in air, their use
and application is entirely different.

In figure 4 A are shown the various lines associated
with a magnet. The “lines of magnetization” exist only
within the magnet, and are directed from the S-pole
to the N-pole. However, because of the poles formed
at the ends, lines of force leave the poles, originating on
a N-pole and terminating on a S-pole, and are not closed
lines. The cross section of the magnet is so small, how-
ever, that practically none of these lines passes back
through the magnet itself.

As a bar magnet of substantial cross-section is built up
by combining more filamentary magnets, shown in figure
4 B, a considerable proportion of the lines of force
leaving the single N-pole now pass back through the
magnet, opposing the lines of magnetization. Hence the
poles formed at the ends of a magnet are the source of
a counter-magnetizing force which tends to demagnetize
the magnet.

The vector diagram in figure 4 C will also serve
through the magnet from the N-pole to the S-pole and
the lines of magnetization directed from the S-pole to
the N-pole are called “lines of induction.”

The vector diagram in figure 4 C will also serve
to account for the lines of force that leave the sides of
the magnet. The force H at any point « is due to the
combined effect of the N-pole at the end of the magnet,
which exerts a component of force H,, and the internal
magnetizing force H,, which produces the lines of
magnetization. Note: the S-pole also exerts force at 4,
but at points near the N-pole the effect of the S-pole
is negligible by comparison. The resultant of H, and
H, produces the line of induction at the point 4, and
determines its direction.

In summarizing: Lines of magnetization are inherent
within the magnet and directed from south to north;
the lines of force originate at the N-pole, pass through
the air and the magnet and terminate on the S-pole;
and the lines of induction are continuous closed lines,
passing outside the magnet from N-pol§ to the S-p_ole
(numerically equal to lines of force in air) and passing
within the magnet from south to north (vector fhffer'
ence of the lines of force and magnetization within the
magnet). .

Magnetic field intensity. The intensity or strength of
a magnetic field at any point in the field is defined as
equaling the force in dynes which w.ould be exerted.on
a unit pole if placed at that point. It s 2 vector quantity;
therefore, it is common practice to gIV€ tl?e lu?es ,Of force
comprising the magnetic field a quantltathG sxgnlﬁFance;
hence the lines drawn or imagined are usually given a
value equal to the force exerted by the field at that point.

Field intensity is evaluated in terms of dynes per unit
pole. The unit of field intensity is defined as that mag.

netic field strength which will act on a unit pole with
a force of 1 dyne. It is usually represented as one line
of force per square centimeter of area perpendicular
to the direction of the field. The unit of field intensity
is named the oersted and is represented by the symbol H.

H— % (dynes per unit pole) oersted.

If a magnetic pole of m units is placed in a field of
intensity H, the field being so much larger than that of
pole 7 that no disturbing field effect results, the force
acting on this pole is

f == Hm dynes
For example: A magnet of strength 50 unit poles is

et
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FIGURE 4—(A) Filamentary magnets formed by align-
ment of magnetic domains within a magnetic material.
(B) Lines of force emerge in all directions, some passing
back through the magnet. (C) Direction determined by
vector sum of lines of magnetization and lines of force.

placed in a field of strength of 6 oersteds at that point.
The force exerted is 300 dynes.

It must be remembered that field intensity refers only
to the force exerted on magnetic poles placed in the field,
and is a measure of the strength of a magnetic field.

Magnetic flux. When magnetic lines of force are used
with a quantitative significance, the total number of lines
passing through a given section in air is termed the mag-
netic flux, or merely flux. The accepted name for a line
of flux is the maxwell. Total flux is usually represented
by the Greek letter phi (¢).

In air, lines of flux, lines of force and lines of induc-
tion are all numerically equal, but if the application of
the various terms is carefully studied and understood,

there need be no confusion in the proper use of the
names.

When lines of induction in a magnetic circuit are con-
sidered the same as current in an electrical circuit, and
when used to induce magnetism or generate an e.m.f.,
the name flux is correct and hence 2 line of flux and
line of induction are equal, and the same.

However, when force exerted on a magnetic pole is
considered, the lines are thought of as lines of force
representing magnetic field strength of intensity ex-
pressed in units called oersteds.

The total magnetic flux per unit magnetic pole can !DC
established as follows: By definition, unit field intensity
is one line of force per square centimeter and exerts
a force of one dyne on a unit pole. It can also be stated
that an oersted of field intensity is 1 maxwell per square
centimeter; similarly, the total flux (¢) is equ'fll to the
field intensity, H, times the area A, perpendicular to
the direction of the flux.

¢ = AH maxwells

FIGURE 5—Spherical distribution of lines of force
from a unit pole.

There is a very important and direct consequence of
the definition of unit field intensity. Consider an hypo-
thetical isolated N-pole at a point in space. Tl"'efe
emerge from it lines of force radially in all directions
(see figure 5). For the small space surrounding the unit
pole the lines of force are assumed to diverge Sym-
metrically. At all points 1 cm distant or on the surface
of a sphere of 1 cm radius with the unit pole at the

exact center, the field intensity H = .1;1_ (dynes per
unit pole). ’

Force may also be expressed as the product of mag-
netic pole strengths divided by the square of the distance

mm'

separating them: f — 72

By substituti . mm_ M nd since
y substitution, we obtain H — mdzr a2

the radius of the sphere is 1 cm., thus H =1, and there
are then m lines of force emerging from the unit pole
and perpendicular to the sphere per square cm. The
surface area of a sphere is 4 » 2 and when the radius
is 1 c¢cm, the area is 4 7 cm? or 12.57 cm?.

Therefore, it can be said that there are 12.57 or 4 =
lines of force emerging from a unit pole, or better, 4 =
m maxwells, where m represents the strength of the
pole in question.

Upon further consideration of figure 5, the field

m
'd—E.
cm, H = 1 oersted for any square cm of surface. The
number of lines from the pole at the center is 4 = m
and constant, and as the distance from the pole becomes
greater, the surface area increases as the radius squared;
therefore, the field intensity per square centimeter de-

intensity was found to equal At a distance of 1

1
creases as -

For example: The field intensity at any point on the
surface of a sphere of 1 cm radius, with a unit pole
at the center, is 1 oersted or one dyne per unit pole.
If the radius is increased to 2 cm, the surface area
increases four times. The number of lines per unit
pole is constant at 4 =, therefore there is effective only
one line of force through 4 square ¢m, and the field
intensity is 0.25 oersted.

This may be checked by Coulomb’s Law for mag-

netic poles: f = ZZZ— Since the force exerted on
a unit pole by another unit pole at a distance of one
cm is one dyne, the effective force at twice the dis-
tance is 0.25 dyne.

Flux density. Flux density is the number of max-
wells, or lines of induction, per wnit area of field cross
section perpendicular to the direction of the flux lines.
In free space, or air, flux density and field intensity
are equal numerically, but within magnetic rr?atenals
they ate quite different. The unit of flux density, one
line per square cm, is the gawss. See figure 6. In prac-
tice, however, when speaking of flux density, the ex-
pressions lines per square inch, or kilo-lines per square
inch are used. Flux density is commoniy represented
by the symbol B. ) _

In deriving the total flux per unit magnetic pole,
the value was found to be 4 = of 12.57 maxwells
Since flux density is the flux per unit
area, the flux density per unit pole is 1 maxw'ell or
one line of induction per cm*. Note again Fhat in air,
flux density or lines of induction and field intensity or
lines of force are equal. .

For example: A pole having a strength of 200 units
is at the center of 2 sphere of a radius 2 cm. In order

to find the flux density, proceed as follows:

per unit pole.
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Total lines leaving pole at the center: 200 X 4 7 =

2513 maxwells. '
Area of sphere of 2 cm radiu
Flux density (lines per cm

gausses.

Since B— H (in air), f =50 dynes.
Coulomb’s Law for magnetic poles may be used
as 2 means of checking the accuracy of the above cal-

culations.

s: 4 7 22 = 50.24 cm?.
2) 2513/50.24 = 50

mm' 200 1

f= _dg_z______—zigz = 50 dynes

Therefore, it is seen that the force exerted on a unit
pole at any point on the surface of the sphere is 50
dynes.

Flux density may be determined by the following
methods: o

1. B — H. Flux density equals field intensity in air.

2. B — uH. Flux density equals permeability times

field intensity.

3. B =2 Flux per unit area of field cross section at
right angles to direction of the field.

Permeability. The permeability of a medium or ma-
terial through which magnetic flux is passing is simply
the measure of its ability to accommodate flux lines.
According to the theory of magnetism, lines of induc-
tion cause alignment of the magnetic domains within a
magnetic material. The ease with which magnetic
regions are aligned vary with different materials, those
of the ferromagnetic group having the least internal
opposition to magnetic induction.

In ordinary practice, permeability is merely expressed
as a ratio of the flux lines existing in a material or
medium to the flux lines that would exist in the same
volume of air, all other conditions remaining unchanged.

By definition:
B
=

Permeability is represented by the Greek letter p
(pronounced “mu’). When dealing with magnetism
and magnetic circuits, this factor is comparable to the

N S

FIGURE 6—Flux density is measured al right angles
to the divection of the fre d.

dielectric constant £ that must be considered when elec-
trostatic charges are concerned.

In vacuum, the permeability is unity since the flux
density and field intensity have been proven numerically
equal. In air, the ratio of B to H is 1.0000004. Diamag-
netic materials have permeabilities slightly less than
unity, while weakly paramagnetic materials have perme-
abilities only slightly greater than unity, comparable to
air. Hence, for all practical purposes, the permeability
of air and nonmagnetic materials is taken as unity.

Materials classed as ferromagnetic, composed of iron,
nickel, cobalt and their alloys, are strongly paramagnetic.
But there are other alloys which are also strongly mag-
netic although they are composed of various metals
which by themselves are weakly magnetic. Permeability
depends to a great extent upon the composition, heat
treatment and impurities in alloys. Ordinarily the per-
meability decreases as the proportion of impurities such
as sulphur, carbon and phosphorus increases. It is not
a constant under varying conditions and as such cannot
be determined simply.

Magnetization curves such as that shown in figure 7
are prepared from actual tests on centimeter cubes of
magnetic material for purposes of determining permea-
bilities under various operating conditions. The more
rational method is to use c.g.s. units, lines per cm? or
gausses being the ordinates and field intensity or oersteds
the abscissas. Other methods will be explained in the
next chapter.

It will be noted that the flux density does not vary
in direct proportion to the field intensity, but gradually
levels off with but slight increase in flux density as the
field intensity is further increased. This indicates ap-
proaching saturation "in the material, a condition that
exists when all possible magnetic domains are in align-
ment with the induction.

At any value of flux density, the permeability may be
found by dividing the ordinate B by the corresponding
value of H. A curve determined by this method is called
the permeability characteristic curve for the material.
This is shown in figure 8 where the permeability of cast
steel is plotted as a function of flux density.

FIGURE 7—Magnetization curves.

| "CAST STEEL ] \

FIGURE 8—Permeability curves.

Various grades of steel vary in peimezbilicy from be-
low 50 to as high as 2000, while vacuum-treated pure
iron may have a permeability as high as 5000. Labora-
tory specimens of special alloys have been known to
have permeabilitics of 275,000 under certain critical
conditions.

Reluctance. Reluctance is the cpposition to the flux
lines in a magnetic circuit, and is comparable to resistance
in an-electrical circuit,

From the theory of magnetism it may be recalled that
alignment of magnetic domains within a magnetic ma-
terial under the influence of a magnetizing force was
opposed by some internal friction. This opposition was
inherent within the material, being high in non-magnetic
materials and small in those of the ferromagnetic group.
Hence, as indicated in the preceding section, permea-
bility measures the ability of a magnetic material to ac-
commodate flux lines. If this is true, it is readily ap-
parent that reluctance will vary as the permeabi[ity; for
instance, a material with a low permeability will have a
high reluctance.

The unit of reluctance is defined as that of a centi-
meter cube of air, since for all practical purposes the
permeability of air is unity. As yet no name has been
assigned the unit of reluctance.

By definition, the unit of reluctance is that offered by
a centimeter cube of air through which the flux lines
are assumed constant, In figure 9 A a path of 1 cm?
cross section is shown 3 cm in length. This path is
cquivalent to three units placed in series, in the direc-
tion of the magnetic field. As the flux must pass through
each unit successively, the reluctance is proportional to
the length of the flux path.

In figure 9 B the air path is shown with 2 ‘cross sec-
tion of 3 square centimeters and a length of 1 cm. 1If
the same flux value is again passed through this area,
the reluctance of the path will then be one third unit.
Reluctance is inversely proportional to the cross section
of the flux path.

FIGURE 9~ (A) An air path three units of reluctance
in value. (B) One-third unit.

Hewever, if the air path were replaced by a magnetic
material having a permeability greater than air, or the
ability to accommodate a greater number of flux lines, it
follows that a smaller cross section would be necessary
to pass a representative value of flux. Therefore, when
an air path in a magnetic circuit is replaced by a similar
volume of iron with a greater permeability, the total re-
luctance is reduced accordingly.

In reviewing the previous statements and examples,
it can be concluded that the reluctance of any portion
of a magnetic circuit is proportional to the length, in-
versely proportional to its cross section, and inversely
proportional to the permeability of the materials.

Length in centimeters.
permeability times area in cm?.

Hence: Reluctance —

When applying this to a magnetic circuit, it must be
remembered that the calculated reluctance is for that
portion of the circuit under consideration in which the
area is of uniform cross section of a permeability .
When the cross section or the value of permeability
changes, the reluctance of that particular portion must
then be calculated. The total reluctance is the sum of
the reluctances of each individual part, the same as
resistance in a series electrical circuit is treated.

Réluctances in parallel combine just as resistances in
a parallel electrical circuit.

In a series magnetic circuit, the total reluctance is:

L, 2
Reluctance — ——5— plus

M:Al HsAz

Reluctances in parallel combine the same way as elec-
trical resistances in parallel.

elc. ...

1 1
Total parallel reluctance = Rel, plus Rel,

Electric current has been considered as

Leakage flux.
e for example. Sur-

restricted to a definite path, 2 wir
rounding air and insulating supports have a very high
resistance compared to the wire and any leakage current
is considered negligible. In comparing conductors and
non-conductors in electrical circuits, take copper and
glass as examples. Copper has a resistance of 1.72 mil-
lionths of an ohm per cm?® while glass has a resistance
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of 10+ ohms for a like volume. From this it can be
noted that there is a tremendous ratio of current in a
conductor to that in a non-conductor.

However, in magnetic circuits, the reluctance of mag-
netic and non-magnetic materials is of a smaller ratio,
indicating that the flux in air or a non-magnetic material
in the vicinity of a magnetic material will be a fair per-
centage of the total flux. It follows, then, that there are
actually no true insulators for magnetic flux; therefore,
it is impossible to confine magnetic lines to definite
paths in the same way that electric currents are con-
ducted. This is illustrated by the fact that even in the
best designed dynamos as much as 159 of the total flux
produced “leaks” acrcss paths where it cannot be uti-
lized. This is called Jeakage flux and causes errors of
considerable magnitude in magnetic calculations, as
shown in figure 10.

FIGURE 10—Simplified diagram of the magnetic field of
a dynamo, showing leakage loss cansed by dispersion
of the magnetic lines by air paths.

Magnetomotive force. The force that tends to main-
tain flux in a magnetic circuit is called the magneto-
motive force and is comparable to the electromotive
force in an electrical circuit.

Magnetomotive force is abbreviated m.m.f. and is ex-
pressed in terms of work accomplished in carrying a
unit pole once throughout the entire magnetic circuit.
In c.g.s. units a force exerted through a distance of 1
centimeter is equal to one erg of work. In M.K.S. units
the unit of work is 107 ergs or 1 joule.

The unit of magnetomotive force is the gilbert which
is the work accomplished when a unit pole is moved 1
cm. This is equal to 1 dyne per cm, and since a unit of
field intensity was defined as a force of 1 dyne per
unit pole, magnctomotive force may be expressed in
gilberts or ocrsteds per centimeter. .

The magnctization curve shown In figure 9 A is a
graph of flux density as the ordinate and field intensity
as abscissa and is used to determine permea!olllty at
different values of flux. In ordinary commercial prac-
tice the abscissa usually represents m.m.f. per cm, Whl,Ch
is the magnetic gradient. Although unit ficld Intensity
and unit m.m.f. are numerically equal, they are physically
different quantities and this should be kCPt m] mlnCL.
Field intensity is the force exerfed per unit poie, an
m.m.f, is the work actomplishcd in moving a unit pole
by this force.

The magnetic civcuit law.
flux, mm.f, and reluctance for 2

The relationship between
magnetic circuit is

identical with the relation of current, em.f., and re-
sistance of the electric circuit.
__mn.f.

=—p

Stated: The flux is directly proportional to the m.m.f.
and inversely proportional to the reluctance of the
circuit.

This is often called the Ohm's Law for magnetic cir-
cuits, and its application conforms to all the rules of
Ohm’s Law for electric circuits.

The above formula may be used to solve for flux value
of a magnetic circuit of several parts in series having
reluctances R;, R,, R,, c¢tc. and m.m.f., I}, F,, F,, etc.

F. F F
Total flux — R, plus 72% plus Ti, efc. ....

Whete each reluctance is equal to -,

Summary of magnetic units, A unit pole is an hypo-
thetical unit north pole isolated from its companion
pole, and of such strength that it will repel a like pole
with a force of one dyne when separated 1 centimeter.

A line of force is called a maxwell and is used as
a means of indicating the direction of a magnetic field.
From each unit pole 12.57 lines of force or maxwells
emanate. When used quantitatively, a maxwell per
square centimeter is equal to the gauss or the oersted
since under these conditions the force is one dyne/cm?2.

Unit field intensity is the oersted and is the field
strength that will exert a force of one dyne per unit
pole. This is also equal to one maxwell per square centi-
meter.

The total lines of force through any area is termed
the flux. The area is taken as a cross section of the mag-
netic field at right angles to its direction.

The gauss is the unit of flux density and is equal to
one line of force or one maxwell per square centimeter
taken at right angles to the direction of the magnetic
field. In air the oersted and the gauss are equal.

Permeability is a measure of the ability of a magnetic
material to accommodate flux as compared to air and
non-magnetic materials. The permeability of air and all
non-magnetic substances is taken as unity. There is no
unit of permeability; it is merely expressed as a ratio of
flux density to field intensity or magnetomotive force
per unit length,

Magnetomotive force (m.m.f.) is the force which
tends to maintain flux in 2 magnetic circuit. The unit
of m.m.f. is the gilbert. It is the work accomplished in
carrying a unit pole throughout the entire magnetic
crrcutt.

Magnetic potential gradient is the m.m.f. per unit ’

length and is numerically equal to field intensity.

The resistance of a magnetic circuit is called the re-
luctance, but the unit has not been assigned a name. The
unit of reluctance is taken as that offered by one cm?
of air.
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CONTRIBUTIONS: Contributions to this magazine are always welcome. All material should be ad-
dressed to

The Editor, BuShips Electron
Bureau of Ships (Code 993.b)
Navy Department
Wazrington 25, D. C,

and forwarded via the commanding officer. Whenever possible articles should be accompanied by appropri-
ate sketches, diagrams, or photographs.

CONFIDENTIAL: Certain issues of BUSHIPS ELECTRON are classified confidential in order that u:)frorr;]]m-
tion on all types of equipment may be included. The material published in any one .ssuef rt?::ey matcri?ll
not be classified, however, Each page of the magazine is marked to show the classtﬁ_cat‘.""] Od d. Classified
printed on that page. The issue is assigned the highest classification of the material l.nC:l eD;)n't foraet
material should be shown only to concerned personnel as provided in U, S. Navy Regulations. et
this includes enlisted personnel !

BuSites ELkcrkoN contains information affecting the national defense of the United States within the
meaning of the Espionage Act (US.C. 505 31, 32) as amended.
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