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syn" is often used synonymously with synchro, and is 

an abbreviation of the term "setf-synchronous," and in­

dicates the normal use of the equipment. 

Three-axis stabilization: This is the same as two-a.xis 

stabilization except that provision is made for rotation 

of the antenna about a true horizontal cross-level axis. 

More precisely, the level axis and the line of sight are 

both maintained in a horizontal plane. As in two-axis 

stabilization, provision is made for adding the deck-tilt 

correction. Rotation occurs about three axes; namely, the 

level a.xis, the cross-level a.xis, and the deck train axis. 

Tilt: The angle which the reflector makes with the 

horizontal. 

T1·ain angle of the target as observed with stabilized 

sights: (For two-axis stabilization.) This is the angle, 

measured clockwise in the ship's deck as seen from 

above, from the forward end of the fore and aft axis 

of the ship to a plane perpendicular to the deck, th rough 

the target. (In three-axis stabilization, this p lane is per­
pendicular to the horizon.) 

Train order: Training a spinner on a target is gener­

ally accomplished by means of a hand crank or motor 

and a servo system. The voltage sent th rough the servo 

system resulting in rotation of the spinner about its 

own axis is called the train order. 
Two-axis stabilization : This is the same as line-of­

sight stabilization except that provision is made for add­

ing the deck-tilt correction to the train order. By this 
means the spinner is kept pointed at the target irre­

spective of the roll and pitch of the vessel or aircraft 

as long as the true bearing of the target does not change. 

Rotation occurs about two axes; namely, the level axis 

and the train a.xis. 

**************** ******** 
R.F. GOES UNDERGROUND 

F IGURE 2- Cut away view of the RG-85 jU Undergro11nd Cable. 

By LIEUT. H. F. KANE 

and 
L IEUT. (jg) R. B. B ODEN HE IMER 

Installation & Maintenance Di·vision, Bureau of Ships 

At the close of hostilities in the late conflict, the 

Bureau of Ships Electronics D ivisions leaned back with 

a sigh of satisfaction and took a look at Naval shore 

radio receiving stations on a long-range basis. D uring 

the fast-mov ing operations of the war years there. had 

been time only to "do the best possible, but qu ickly 

-especially quickly!" . . 
Almost the first item to loom Into view was trans-
. · · N J shore radio receiving 

misSion lmes. For years, ava · . . . 
stations had employed long open-wire transmiSSIOn _lmes 

to connect large directional antennas to the rccci vcrs. 

I n the meantime, considerable progress had been made 

in the design of large directional antennas so that now 

there are broad-band, high-gain, directional antennas 

with nearly fl at impedance curves. Little had been done, 

however, to improve the transmission lines used with 
these antennas. 

It was d iscovered that while directional antennas 

were being erected to receive signals down a narrow 

beam, the open-wire line was picking up noise f rom 

all directions throughout its length. Theoretically, a 

balanced open-wire line will not pick up radiations. 

Experience has shown, however, tha t it is nearly im­

possible to keep a line balanced, even ,vhen properly 
terminated. 

I t was also noticed that the open-wire Jines had an 

irresist ible attraction for spiders, birds, snakes, squirrels, 

and numerous other members of the anima l kingdom. 

In tropical regions, vines just love to drape them­

selves over poles and lines. In the Arctic, icicl es wou ld 

,_ 

muci1 rather hang on t ransmiSSIOn lines than on eaves, 

and they found it's fa r m·ore fun to break insulators than 

to clog down spouts. Furtrermore, during rainy, foggy, 
and sleety weather the impedance of the lines was 

found to vary all over the range. 
So the directivity of the an tennas was first wide, then 

narrow, seldom constant. The lines required an ex­

cessive amount of maintenance for the results achieved. 

They were unwieldy, unsightly and vulnerable to sabo­

tage and vandalism. Their erection required large 

crews and the shipment of materials requi red large 

cargo space. If it became necessary to move the sta­

tion, the Jines were not completely salvable. I t was 

readi ly apparent that a new type of transmission line 

was required. 
A survey of the transmission line field revealed 

that either a gas-filled or a sol id dielectric coaxial 

l ine was the logical successor to the open-wire line. 

A comparison test between the three types of lines 

was conducted with the results shown in figure 1. 
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F IGURE 1-Comparatille results of tests on three broad 
types of transmission lines. 

At firs t g lance the gas-filled lines appear the most 

promising of the lot. H owever, a ll factors cannot be 

shown in the graph. Gas-fi lied coaxial lines require 

considerable maintenance and are not rugged enough 

to stand the varied conditions of service required of 

N avy transmission li nes. Further, difficulty has been 

experienced in the field with poor contact at joints 

which requires that they be allowed to slip to care for 

expansion and contraction of line during temperature 

changes. These poor contacts were noisy, and caused 

undesirable discont inuities that in many cases were 

d ifficu lt to locate and correct. Al though the solid di ­

electric cable had g reater Joss than either of the others, 

it was quieter. The conclusion was reached that the 

reduction of noise more than counte rbalanced the re­

duction of signal suffered in a solid-dielectric l ine of 

reasonable length. The sensitive modern receivers would 

do the rest. 
A look at the various cables on a physical basis dis-

closed that coaxial cable is unaffected by many ex­

ternal uncontrollable factors. Hazards .of fire, attack, 

and vandalism could be greatly reduced if a suitable 

cable, capable of burial, could be found. Adequate 

design could reduce maintenance by 95 % . A trans­

mission line on a reel would require less cargo space 

when shipped, a shorter time to install, and would lend 

itself to complete salvage. 

At first glance, the open-wire line would appear to 

be less expensive than the solid dielectric coaxial line. 

When the man hours of labor required to rig lines, set 

poles and fabricate harness for the open-wire lines are 
added to the cost of materials, however, the sum will 

exceed the cost of materia! and installation of solid­

dielectric coa.xial lines by 20 % in average terrain. In 

many cases, where lines must be run through swampy 

or rocky terrain, the cost of open-wire lines will ex­

ceed the cost of coaxial lines by 50% . This fact gave 

added impetus to the progress of the problem. 

The r-f cable field was canvassed and various samples 

obtained. No solid-dielectric cable could be found 

which was completely satisfactory. This is not sur­

prising when it is considered that the requirements 
included a life expectancy of 20 years while buried 
anywhere from a tropical tidal marsh to a frozen Arc­

tic tundra. 
The Electronics Divisions of the Bureau of Ships 

began preliminary research to develop the ideal solid­

dielectric coaxial transmission line for the Navy's pur­

poses. It was found that RG-35 jU cable was quite 

satisfactory electrically. The problem \Vas thus reduced 

to one of providing RG-35/U cable with a protective 

shield which would keep it secure while buried for 20 

years against moisture, h eat, cold, pressure, soil chemi­

cals, gophers, insects and other detrimental agents. The 

cable must be reasonably flexible, capable of salvage, 

require no preventive maintenance and be economically 

suitable. Borrowing from submarine cable experience, 

the old standbys of lead, armor, and impregnated jute 

were selected as protectors. 
RG- 35/U Cable was covered with a l j l6-inch 

lead jacket, a 70-pound waterproof jute serve, a double­

galvanized, No. 10 BWG steel-wire armor wrap and a 

16/ 3 impregnated-jute serve with whitewash finish . 

The resulting cable was designated type RG-85 jU. 

See figure 2. 
An installation was made with lines connected to 

large d irectional antennas in a tropical tidal marsh 

and is sti ll going strong after T he firs t 

result obtained was a 4-db reductiOn m the system 

noise level due to the exclusion of locally generated 

noise previously picked up by the open-wire lines. 

Considerable transmitter power would have been re­

quired to increase the signal-to-noise ratio 4 db with 

the open-wire lines connected to the receivers. The 

directivity of the antennas was improved by the more 
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constant match achieved, and maintenance costs of 
the line to date have been zero. Further installations 
are being made at many Navy stations situated in the 
stretch from the equator to the Arctic. Reports from 
activities receiving the new cable are uniformly en­
thusiastic ove~ the !ncreased efficiency of reception af­
forded by thetr buned transmission lines. 

The Bureau of Ships plans to eventually convert 
all transmission lines used with large directional radio 
receiving antennas to the solid-dielectric coaxial type 
wherever feasible. 

Meanwhile, efforts to further improve transmission 
lines are continuing. The search is on to find a suit­
able moisture barrier, to act as a self-sealer and thus 
prevent the creeping of moisture along the outer braid 
conductor of a flexible coaxial cable when the lead 
ja~et is ruptured. It is hoped that the plastics industry 
will eventually produce a suitable fire-resistant replace­
ment for the outer jute serve now employed over the 
RG-85 jU cable. The requirements for this covering 
are stringent. It must withstand the effects of sun­
light, salt water, soil acids, age and wide temperature 
variations either singly or in combination. 

SPLICING AND TERMINATING 

Develo~n:ent of the above cable posed further prob­
lems. Sp!tong and terminating an r-f cable employing 
an outer submarine cable covering had never been at­
tempted to the knowledge of the Navy. Basic develop­
ment of means for doing this was based on normal 
r-f cable techniques on the one hand, and submari ne 
cable practice on the other. These techniques were 
combined and improved to fit the far more difficult 
task of properly splicing and terminating the RG-85 jU 
cable. The splice and termination had to maintain con­
stant impedance, and at the same t ime be gas-tight 
and possess physical strength equal to the outer cable 
protection. Further, it was necessary to t rain men in 
the techn iques of this difficult splicing and terminat ing 
task. 

Last To 
Type of Approach Month Date 

Practice Landings .... 8801 142053 
Landings Under Instrument 

Conditions ........... 298 6377 

A minimum of eight man hours is allowed to per­
form each splice in the field by an experienced cable 
splicer. T o assist in performing the splice a cable 
splicing kit, Navy type 10646, is provided which con­
tains all the accessories and materials requ ired for . 
splicing the cable in the field. A completed splice up 
to and including the cable protector is shown in figure 
3. Over this is added a jute or marlin wrapping im­
pregnated in okonite or similar compound to com­
plete the splice. Once completed in the prescribed 
manner, the splice provides the same physical strength 
as the actual cable and affords a gas-tight barrier. It 
is expected to endure a minimum of 15 years service. 
No perceptible impedance variation has been detected 
to date in the present cable installations. 

FIG U RE 3- Splice complete, with armor wire seized. 

The connector adaptor, Navy type 491652, is shown 
in figure 4. It is utilized to terminate the RG-85/U 
cable at the receiver-bui lding end of the cable. To 
this termination, smaller r-f cables possessing far more 
flexibility are connected for distribution of signal energy 
to the various receivers within the receiver building. 

The end seal, Navy type 491 567 is the same as the 
connector adaptor shown in figure 4 except that the 
parts contained within dotted line in figure are sub­
stituted by a styramic cap to afford rigidity for the 
center conductor and a terminal point for connecting 
to an antenna matching transformer or similar device. 
The transformer case is made gas tight and is provided 
with a "threaded boss" for securing the end seal to 
the transformer case. A special circular gasket, seated 
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between the boss and end seal, maintains the required 
gas-tight integrity. 

Since the obstacles presented in the design of the 
above cable and associated fi ttings have been overcome 
and the cable brought into practical use, the N avy is 
now considering other similar developments in an en­
deavor to provide the ultimate in rapid communications. 
Among these is the design of a dual, air dielectric, 
balanced r-f cable having physical characteristics similar 
to the RG-85 jU but with less electrical attenuation. 
Only through the continued diligent efforts on the part 
of the Navy and manufacturers is it possible to realize 
the achievement and perfection of faciliti es that are 
required for today's and tomorrow's communications, 
the nerves of the Nation and the N avy. 

M:Al. All l h A[A05 
WITH GLYP!'O!, 

F IGURE 4-lm tallation of ronnerlo-r-adapter Nat')' T ype CJA--i9!652 Oil rable 
A N T ype RG-8 5 j U. 
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NAY AL RAILROAD COMMUNICATION 
IN FIFTH NAVAL DISTRICT 

• 
By L T. COMDR. L. c. H ARLOW, USN 

" Yoke 13. T his is Yoke Dog. Over. " 

"Yoke Dog. This is Yoke 13. Over. " 

"Yoke 13. Proceed to Build ing 276. P ick up KCS 
box 114164 and deliver to receiving track west end . 
Over. " 

"Roger. Yoke 13 out." 

"Yoke Dog out." 

The above is one of the many messages that are con­
stantly exchanged between the dispatcher and the con­
ductors of various yard switching crews at the Norfolk 
Naval Shipyard. This is also similar to that heard at 
the Naval Ammunition Depot, St. Juliens Creek, Va. , 
and the Naval Mine Depot, Yorktown, Virgin ia, where 
the instaiJation of two-way radio communication equip­
ment has materially speeded up the switching opera­
tions. 

Al though officiaJJy designated "Industrial Contro l," it 
is known more generally as " Locomotive Control." T he 
basic installation consists of a fixed 50-watt transmitter 

Leadingman Dispatcher W. E. Gay issues an order to one 
of tbe yard locomotives from his office in the T1·anspor­
tation Shop (Shop 02}. In the rear is shown tbe 50-watt 
Link transmitter. 

OPPOSITE PAGE . .. Conductor, C. E. Jordan receives 
an .order in the locomotive can while Engineer, E. f. 
Sallabe prepares f or tbe next switching move. 

controlled from the dispatcher's office, and one mobile 
t ransmitter-receiver in ead1 locomotive. This enables all 
switching crews to be in constant _touch with each other 
and with the d ispatcher. 

Prior to the installat ion of this system at the Norfolk 
Naval Shipyard in 1944, orders were relayed to switch­
ing crews by special messengers who had to drive around 
the yard until they found the right crew, and then de­
liver the message. The installation of the two-way 

JJV. C. Cousim of tbe Electronics Shop (Sbop 67) 
making minor tt£1juslment to a 50-IIJalt U nk transmi/lel' 
in the Dis patchd s 0 ffice. 

Lt. Comdr. Leste r C. H arlow was born near Nicherson, 
Kansas on II October 19 12. He received his elemen tary 
and hig h school education from schools in Canada and 
Arkansas. H e later entered Brown Universi ty at Silo:1111 
Springs, Arkansas, and received a B.S. degree in e lec-
trical eng ineering f rom there in 1939. . 

Lt. Comdr. H arlow enlisted in the Naval Reserve 1n 
1933, and served in various rates until he was cor~1-
missioned Ensi,lln in 194 1. His active duty be,llan u1 
1940. H e was in the fi rst grou p of officers y arned 111 
radar and is a graduate of the Rad io M_a tenel Schoo l. 
H e transfe rred to the United States Navy m 1946. Some 
of his former d ut)' stations include !NSMAT, Schenect~dy, 
Mare Is land Naval Shipyard and the Bureau of Sh1ps. 
H e is now Assistant fo r Shore, Electronrcs at the Nor­
folk Naval Shipyard. 

communication released two drivers and two trucks, and 
made all crews available for assignment all of the 
time. It also prevents long waits at separated passing 
tracks, each crew waiting for the other to arrive. 

When a locomotive transmitter or receiver needs re­
pair, it comes to the Electronics Shop where the equip­
ment is either repaired on the spot or else another 
equipment is substituted. The repairs and adjustments 
are performed by Electronics Shop (Shop 67 ) personnel. 

As a result of the Navy's experiences in using radio 
for locomotive control, a number of railroads are now 
install ing two-way radio for the handling of trains 
in the yards and on the road. 

Radio transmiller and· receiver motmted in 
loromotil'e cab. 

* * * * THE AUTHOR * * * * 

Lt. Comd1'. Lester C. Harlow 
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BASIC PHYSICS 
PART 13 

s 

Electromagnetism is the study of the magnetic phe­
nomena associated with an electric current, or basically, 
electrons in motion. In previous assignments electrons 
at rest were associated with electrostatic phenomena. 
Magnetism and magnetic effects were studied in con-

nection with permanent magnets only. . 
Before establishing a relationship between electnc cur­

rents and the attendant magnetic effects, it will be help­
. . . I f magnets and the ful to review the baste prtnCt p es o . 

. 1 · b 1 · H ence the van-
physical law governt ng t 1etr e 1avtor. 

. briefly restated here. ous concepts of magnettsm are 
They are: . 

1- Magnetic fields are imagineJ as cot~posed of ltnes 
of force, their direction being that tn whtch a f ree 
N-pole would move if free to do so. The dtrec-
. f h 1. f force are further taken to be t1on o t e mes o · 

from south to north within a magnet_ or a mag-
. . 1 d f 111 north to south tn the mag-

netiC matena an ro 
netic fiel d external to the magnet. 

2 A . fi ld t ds to con form itself to main-- magnetic e en 
t . . fl density even to the extent 
atn a maxtmum ux ' 
of field distortion. 

3-The lines comprising the magnetic field never cross 
one another. 

4-If lines of force are parallel and in the same direc­
tion, they act as if there were a force of repulsion; 
c~nversel y, if they are parallel and oppositely 
dtrected, they act as if there were a force of attrac­
tion present. 

5- Magnetic' fi eld intensity varies inversely at the 
square of the distance between the points of meas­
urement or observation. 

The disc011ery of electromag17etic effects. In 1820, 
Oersted, after whom the unit of magnetic field in tensity 
was named, discovered, quite by accident, that when 
a compass was brought into the vicinity of a wire carry­
ing an electric current, it exhibited all the effects of a 
magnetic influence. He further noted, through a series of 
experiments with a small compass, that a magnetic field 
was always associated with the flow of current, or move­
ment of electrons in a conducto r. 

The magnetic field was indicated to be circular and 
concentric with the wire, the direction of the field being 

counter-clockwise when looking in the direction of the 
current flow. This is shown in figure 1. The compasses 
indicate the direction of the magnetic lines of force en­
circling the wire, but note that the compass needles 
change direction depending upon whether they are above 
or below the wire, but they always point in the direction 
of the l ines of force. 

FIGURE l-Lines of force about a conductor carrying 
an electric arrrent. 

Figure 1 shows four positions of the compass along 
the direction of the wire conductor. The compass posi­
tions provide evidence of the existence of a magnetic 
field everywhere along the length of the conductor. It 
is reasonable to assume, therefore, that the magnetic field 
not only encircles the conductor in a tube-like fashion, 
but extends outward from the conductor indefinitely 
with the greatest intensity nearest the wire and decreas­
ing as the distance from the wire becomes greater. 

This assumption is clearly ill ustrated in fig ure 2, 

showing a straight wire that has been passed perpendicu­
lar!_}' th~ough t_he center of a sheet of heavy paper upon 
wh1ch lfOn _filtngs have been sprinkled. W hen a cur­
rent is flow~ng through the wire, and the paper tapped 
gently, the 1ron filings, under the influence of the mag­
netic field about the wire, arrange themselves into con­
centric circles, indicative of the Jines of force comp ris­
ing the ma~netic field which is produced by the flow 
of c~rrent m the wire. In laboratory experiments, ap­
proximately 100 amperes of current are required to 
obtain distinct formations. 

i 

FIGU RE 2- The 11se of iron filings to iudicate the P':es­
ence of the magnetic field abo11t a mnent-carrymg 

COildtlcf01'. 

Magnetic fields about parallel conductors. The mag­
netic effects produced by the flow of the current in 
paral lel conductors may be stud ied in the same manner, 

usmg a compass or iron fi lings to indicate graphically 
the field directions. 

Figure 3A shows the di rection of the magnetic field 
produced by two parallel conductors in which electric 
currents flow in the same direction. The field about 
each wire is counter-clockwise when the current is away 
from the observer. This is important to remember, since 
th is visual concept will be found useful on many occa­
sions. As the distance from the conductor becomes 
greater, more of the lines of force abo~t one conductor 
oppose those of the other conductor in the region be­
tween the conductors. Since lines of force cannot cross, 
where this coincidence occurs and the lines are oppositely 
directed, cancellation resul ts, and a distorted loop is 
formed which encloses both conductors, causing a com­
posite magnetic field about the hvo conductors. This is 
an example of the property of a magnetic field which 
tends to conform itself to maintain a maximum flux. 
The resultant magnetic field of two conductors in which 
the currents are in the same direction is the total sum of 
the individual fields. T his will be further developed 

later. 
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FIGURE 3-A. Magnetic field direction and t·esllltant 
f orce existing between two parallel ccmducto1'J when 
the current is in the same dit'ectio17. B. Magnetic field 
direction and resultant fot·ce existing between two paral­
lel conductors when the cmTent is in opposite directions. 
C. Field con figuration about three parallel conducto1'J 
througb which electric arrrent is passing in the same 

direction. 

In the case of two parallel conductors in which the 
currents flow in opposite directions, magnetic fields of 
opposite directions wi ll be produced as shown in figure 
3R In the left conductor, the direct ion of the field 
is counter-clockwise and in the right conductor, clock­
wise. In the region behveen the conductors, the lines of 
fo rce have the same direction, are parallel, and do not 
cancel or cross each other. This results in crowd ing of 
the lines of force and beca use of this field concentration, 
a repelling force is exerted ten ding to separate the two 

wires. 
Figure 3C, you will note, is merely a mu ltiple ver­

sion of figure 3A. A number of parall el conductors 
in the same plane are shown, whose currents are flow ing 
in the same direction. The resu ltant magnet1c field is 
produced by the combining of the individual fields into 
a larger field that encompasses all the wires. If the direc-
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tion of the electric current is reversed simultaneously in 
all of the conductors, the direction of the magnetic field 
will also reverse, but the magnitude will remain the 
same. 

In modern high-current-capacity power systems, the 
effects of the phenomena described above have to be 
taken into consideration in the design of power equip­
ment. For example, the magnetic forces between conduc­
tors due to excessive currents during overload conditions 
have caused huge bus-bars to be wrenched from their 
clamps and fastenings. Transformers, also, have been 
wrecked internally and pulled out of place because of 
the tremendous forces of attraction or repulsion that 
were produced by excessive currents in the conductors. 

Fundamental expression of magnetic field inte"nsity. 
In the early 1820's, Ampere, the noted French physicist, 
performed a series of experiments with current-carrying 
wires. His objective was to derive from the experiments 
a fundamental expression of the relationship between 
electric current flow and the magnetic effects .produced. 

The relationship, as he worked it out, can be logically 
followed by reference to figure 4A, which shows a cur­
rent carrying-wire in the plane of the page. Imagine the 
conductor as being composed of an infinite number of 
segments, each designated as, and the entire magnetic 
field about the wire as being produced by the passage of 
current through successive segments that comprise the 
wire. 

Ampere followed the theory that each segment !::J.s 

contributed some part of the magnetic field intensity at 
any point in the field. Through his experiment, he 
found that the field intensity contributed to point P, for 
example, from an element Lls at any random place along 
the length of the wire could be expressed as follows: 

I (sin 8) 
Hp = 

2 
oersteds. 

r 

This expresses the field intensity in oersteds at 
point P. The current I is in abamperes. The angle e is 
the angle between the direction of the current flow :md 
the direction of point P from the segment in questiOn. 
The quantity r is the perpendicular distance ~etween 
point P and the conductor and is in terms of centimeters. 

A careful examination of figure 4B, and the general 
expression of the field intensity contribution of each 
element of the wire should suggest two facts: As t~e 
current I is increased the field intensity at point p wtll 

. ' t loser to point P are con-also mcrease, and as segmen s c . . 
sidered the contributions to the field intensity at p will 

l . ' D t the fact that the .field is concentric a so mcrease. ue o . 
'th th . . . 1 ·n that the field intensity due to 

Wl e wire It 1s p a1 
' · · t right angles to the any segment, Lls, 1s mruomum a 

wire c tl th contributions of segments at · onsequen y e . 
right angles to point p will be greatest, w~Ile those far 
removed from point P will contribute but ltttle. 

1 
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FIGU.RE 4-The contrib11tions of field intensity at point 
P by segme111s ilS shown ai a frmction of the sine of 

angle (}. 

I Hp=­
IOr2 

FIGURE 5-Mag11etic field prodttced by an arc. 

Derivation of 1111it c11rrent based on electromagnetic 

effect. Unit current in the electromagnetic system ot 
units may be defined in terms of the field intensity that 
is produced when current is passed through a wire with 
the special shape shown in figure 5. An arc of 1 centi­
meter length and of a radius 1 centimeter is used be­
cause, by geometry, it is known that any point on an arc 
is equidistant and perpendicular to the center of the arc. 
This particular configuration is used because the maxi­
mum field intensity produced by any segment compris­
ing the arc occurs perpendicular to the segment. There­
fore, the maximum field intensity from each segment 
will coincide at the center P. The connecting wires to 
each end of the arc branch off at right angles so that 
their fields have no effect at point P. 

When the arc and radius are both made equal to 1 
em, the current that will produce a field intensity of one 
oersted at point P becomes unit current in the electro­
magnetic system of units. This is the abampere named 
in honor of Ampere, who performed the first quantita­
tive experiments in establishing the relationship between 
electricity and magnetism. 

The abampere is a relatively large unit of current for 
practical use. The practical ampere is one-tenth ab­
ampere and is more adaptable to practical use. 

Magnetic effects of a single-1111'11 loop. The field in-

.... 

tensity at . the center "f an arc such as that used to ob­
tain a definition of unit current is stated: 

. H =I X <;: l~tgth) oersted, 
r 111s 

where the current I is expressed in abamperes, and the 
dimensions of the arc and the radius are made equal and· 
expressed in centimeters. This express.ion represents 
the summation of all contributions to the field intensity 
at the center of the arc by the elements composing the 
arc. 

If an arc is extended to form a complete circular loop 
having a radius of r centimeters (see figure 6), the sum 
of all the elements that comprise the wire tum is, in 
fact, the circumference of a circle, or equal to 21rr. When 
measuring current in practical amperes, the fundamental 
formula, which was given in terms of electromagnetic 
units, must be divided by 10. Therefore the field in­
tensity at the center of the loop may then be expressed: 

2m· I 21ri 
H = 10 1•2 = lOr oersted. 

From this relation the practical ampere may be <le­

fined as the current which in a coil having 1 turn and 
a radius of 1 em. will produce at the center a field in-

tensity of :; oersted. Note that when the radius is 

made unity, it disappears from the equation-a common 
practice used in deriving any unit in terms of another 
in the same system. 

At this point it should be recalled that electric cur· 
rents moving in the same direction through parallel 
conductors produce a cumulative field about all conduc­
tors. It is but a simple step to combine this knowledge 
with the expression for the field intensity at the center 
of a single-turn loop, and, providing that the turns are 
so grouped that the entire coil has little axial length 
compared with its radius, the field intensity at the cen­
ter of such a flat coil may be expressed as: 

H 21rN I 
=-oersteds lOr · 

where N is the number of turns, I is current in an1peres, 
and r is the radius in centimeters. The denominator 10 
is necessary to reduce practical amperes to absolute 
amperes. 

Figure 6 shows a wire bent into the shape of a loop. 
The field produced as a result of current flow possesses 
all the propert~es _of a small bar magnet. A small com­
pass serves to mdtcate the direction of magnetism. The 
effect is the same as if the lines of force through the 
center of the coil were produced by a bar magnet of the 
same strength. 

It is in this manner that permanent magnets are pro­
duced commercially. The specimen to be magnetized 
is placed along the axis of the coil parallel to the lines 
of induction. (This applies to magnets of the bar shape.) 

The degree of magnetism induced in a specimen is de­
pendent upon several factors, such as the permeability 
of the magnetic material and the field intensity produced 
by the current How in the turns of the coil. 

I 

..K'/ 

FIGURE 6--Magnetic field of a single turn. 

Biot-Savart Lazv for a long straight cmldllctor. The 
general expression for magnetic field intensity as derived 
by Ampere was later verified by the French physicists, 
Biot and Savart, in their quantitative study of the mag­
netic field produced by an electric current in a long 
straight wire. 
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FIGURE 7-Biot-Savart Law. 

Figure 7 represents a portion of a wi~e extendi?g in­
definitely in each direction from a pomt oppostte P. 
In determining the field intensity a~ P in space at ~ pe~­
pendicular distance r from the wue, the reasonmg 1s 
followed that each segment AS along the length of the 
wire contributed something to the field intensity at P. 
It is evident that as successive segments farther from 

. P are considered, the angle 8 becomes less than 90°, 
hence the sine function of the angle A decreases from 
1 and approaches zero value at great distances from 
point P. 
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Magnetic field intensity vanes as the inverse square 
of the distance. Therefore, starting from a point on 
the wire opposite P, where the separation is r em, the 
square of the separation between P and segments farther 
away becomes increasingly large. 

UNIT N·POLE 

1_........, 

A B 

FIGURE 8-A. Motion of a N-pole about a cun·ent­
carrying conductor. B. Motion of a N-pole in the 

magnetic field of a solenoid. 

Now consider Ampere's fundamental equation from 
these observations. It is apparent that the numerator de­
creases in value and the denominator increases in value 
as successive segments farther and farther away from P 
are taken. Since the field intensity at P is the result of 
all segments of the wire, both directions must be con­
sidered. The summation of magnetic field contributions 
to point P from the infinite number of segments that 
comprise the straight wire is made by calculus and re­
duces to: 

2 I 
HP =--oersted, 

10 r 

where I is the current in amperes and r is the perpen­
dicular distance from the wire to point P. Experiments 
have shown that when the distance from P is over 40 
times the separation 1', the distance can be considered as 
infinite, since the error is inconsequential (approximately 

0.1%)-
Motion of a N-pole in a magnetic field. The fore-

going expression for field intensity at a point in the 
magnetic .field surrounding a straight conductor can be 
used to calculate the amount of work that must be done 
to move a unit N-pole once around a closed path at any 
distance from the conductor. Work is an_ expend~t~re 

f gy . hence the movement must be m opposition o ener , , . 
to the force of the .field. In fig~re ~A 1s . shown a 

l · ht conductor through whiCh 1s passmg a cur-eng stratg . . 
f 1 amperes. If a pole of umt strength ts to be 

rent o h · d. d 
d Ound the wire in the pat m tcate at a move once ar . . 

d. from the wire, the work reqmred ts: tstance r em. 
21 X 2 47TI 

W = Force times distance = ~1 Or 7rl' = 10 ergs 

h h · g force is the field intensity at P, 
w ere t e opposm · I · 

d h d . for one complete CJCCU ar path Is 21rr an t e Jstance . . 
. h d. cancels in obtammg the work re-cm. Smce t e ra tus . 

. d k . found to be mdependent of the qwre the wor IS d 
path, ~nd would be the same for any close path around 

th h th CJ. rcular or not. The work re-e conductor, w e er . . . 
. h me wheth'er the wire ts stratght or bent m mams t e sa 

the form of a loop, so long as the path is completely 
around the wire causing the magnetic field. 

When more than one loop of wire is used, the work 
required to move a unit N-pole through a coil of N 
turns and length L in the pith shown in .figure 8B 

would be 41rNLI ergs to link its path with all the turns. 
10 

This holds true only for coils in which the axial length 
is quite small when compared to the radius of the coil. 

The magnetic field of a solenoid. An electric conduc­
tor wound spirally in the form of a helix about a 
straight axis is called a solenoid. The solenoid may be 
considered as consisting of a single layer of many turns 
where the axial length of the coil is greater than the 
radius, or of many turns wound in layers to reduce the 
axial length. Examples are shown in figures 8B and 9. 

The relationship of current and magnetic field pro­
duced will be noted to be the same in either case, but 
with the layer-wound s9lenoid it is possible to obtain a 
greater concentration of lines of force with respect to 
the physical dimensions. 

When the length of a coil becomes appreciable 

with respect to the radius of the coil 4'7TN I expresses 
' 10 L 

only the field intensity at the center of the solenoid, 
and only along the axis. The treatment of the 
field intensity contributions carried out in calcula­
tions for a straight conductor may also be applied to a 
solenoid, and for practical purposes when the ratio of 
length to radius becomes greater than 40: 1, the solenoid 
is considered as infinite in length. The experiments have 
proven that the field intensity at the center of a solenoid 
(ratio greater than 40: 1 and with a straight axis) is 
equal to: 

H _ 47TN I 
- 10 L oersteds. 

where N is the number of turns and I is the current in 
amperes. 

FIGURE 9-J11agnetic field of a laye1'-WOtJnd type 
solenoid. 

U'" ork = Force times distant' e. 

Therefore, the work to move a unit N -pole along the 
axis is equal to HL, where H is the field intensity at 

the center of the coil and L is the distance or length of 
th~ axis along which the N-pole is moved. Thus: 

JJV=H Lergs. 
and for unit distance: 

47TN 1 
JP = --ro ergs. 

By equating the two values of work: 

HL = 0.4'7TN I 
HL = 0.47TN 1 . d 

L oerste . 

where N is the total number of turns, I is the current in 
amperes, and L is the length of the axis in ·em. . 

This equation expresses the force in dynes per umt 
pole that is exerted along the axis of a solenoid. It is 
useful in connection with the explanation of the simple 
plunger-type of electromagnet shown in figure lOA. 
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FIGURE 10-A. Magnetic field of a simple solenoid elec­
tromagnet. B. Motion of a permanent magnet 1111der 

the inftmmce of an electromagnet. 

The .field produced as a result of current flow is shown 
by lines whose direction conforms with our concepts of 
magnetism. The magnetic polarity of the solenoid is in 
turn determined by the direction of the lines of force. 
As shown in figure 1 OA, the top of the solenoid will 
exhibit the same properties as the north pole of a perma­
nent bar-magnet; the bottom of the coil will be the 
south pole. 

In figure lOB a bar magnet is placed in the field at 
the bottom of the solenoid, with the N-pole of the 
magnet toward the coil. The lines of force about the 
solenoid in passing through the tip of the bar magnet 
exert a force of 0.4TTNI dynes per unit pole and hence 
the magnet is forced into the core of the solenoid. When 
the current in the turns of the solenoid are reversed, the 
magnetic field will also reverse, as will the magnetic 
polarity. However, the magnetism of the per~anent 
magnet remains the same, with the N-pole now m the 
field of theN-pole produced by the solenoid. The direc-

tion of the lines of force now cause the bar magnet to 
be repelled from the core of the solenoid. 

N s 
I 

FIGU.RE 11-Action of a soft-iron t·od under the inf!uence 
of changing magnetic field~ in a simple solenord. 

In figure llA, the bar magnet has bee~ r~placed ~·ith 
a soft iron plunger. When the solenotd Is energ1zed 
with an electric current, the lines of force induce mag­
netism in the soft iron plunger, an S-pole at the point of. 
entrance and an N-pole where the lines of force leave 
the iron. The magnetized plunger will then be moved 
into the solenoid in the same manner as the bar magnet. 
But if the direction of the current in the solenoid is 
rev~rsed, a different condition will exist, because the 
soft iron retains little of the induced magnetism when 
the lines of force are removed. The reversed field is 
now directed downwards as shown in figure llB. The 
magnetic polarity of the solenoid has now changed but 
it will be noted that the lines of force induce the same 
magnetic poles in the iron plunger, therefore the 
plunger is still attracted by the solenoid because. of the 
proximity of unlike poles, hence the pull remams the 
same. See figure llB. . . . 

When the iron plunger is first brought into th~ VICtmty 
of the solenoid, the path of the lines of force ts mostly 
air, whose reluctance is much greater than that of soft 
iron. The pull is weak because the field is consequently 
weak. As the plunger enters the core. of the solenoid, 
the reluctance of the magnetic path ts decre~sed and 
more lines of force are accommodated by the Iron; the 
pull increases because both the magnetic field and the 
induced poles become stronger. 

After the tip of the plunger passes t~e center of the 
solenoid where the field intensity is maxtmu;, the relucd 
tance of the magnetic circuit continues to ecre~se an 
the strengths of the magnetic field and the mduced 

I t . b t the pull actually starts to reduce po es o mcrease, u ~ . 
hecause the induced poles of the ~Iunger now 1egm 

. d 1 of similar polanty produced by the commg un er po es 
solenoid. The pull exerted by the ~!u~ger becomes zero 
when the above forces reach eqllllthnum, the plunger 
is entirely within the solenoid and the reluctance· of the 

magnetic path is a minimum. 
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FIGURE 12-Pul/ exerted by an electromagnet versi/J 
plunger position. 

A graph of the pull on the plunger versus the length 
of the solenoid is shown in figure 12. It will be noted 
that for a considerable portion of the distance traveled, 
the pull is nearly constant at the maximum value. The 
force exerted by the solenoid decreases as the end of the 
plunger passes the center of the solenoid a short dis­
tance for reasons previously given. 

It is general practice to stop the travel of the plunger 
at some point between the center and the end of the 
solenoid to obtain the maximum pull when in the 
energized state. This type is called a "stopped" electro­
magnet. The stop is usually in the form of a plug made 
of magnetic material that fills the desired portion of the 
core. Electromagnets of this type are used in magnetic 
brakes, circuit overload and starting contactors and 
wherever strong positive contact is required. 

Lifting or holding magnets. The law of the magnetic 
circuit-that the magnetic field tends to form itself to 
permit the maximum flux-may be stated in another 
definition. The physical force exerted on any magnetic 
material in a magnetic field tends to move the material 
in such a direction as to reduce the reluctance of the 

magnetic circuit. 
Commercial magnets of the lifting or holding type 

make use of this principle; for example, magnetic track 
brakes, and electromagnets used for lifting steel or iron 

scrap. 
Lifting and holding magnets are generally of the horse-

shoe or of the annular ring shape shown in figure 13. 
The iron, steel or magnetic material to be lifted merely 
furnishes the low reluctance flux path across the magnet 
face. The pull exerted by the magnet increases as the 
separating distance between the magnet and the material 
becomes less. Therefore, if the shape of the magnetic 
material is irregular, less weight can be lifted than if 

the contact surface were flat. 
A 2250-lb annular ring electromagnet can lift only 

a 2000-lb iron ball used for wrecking purposes, but 

steel slabs up to 10 ton may be picked up by it. Iron 
and steel scrap is limited to 500 lbs due to the smaller 
contact surfaces presented. The pull may be determined 
very closely by Maxwell's formula: 

Pull in dynes= 
82 

A 
8 7r 

where B is the flux density in lines per square em., and 
A is the total pole face area in cm.2 

Note: 981 dynes = 1 gram 
1000 grams= 2.205 lbs. 

JVIagnetic circuit calc11/ations. The relation of flux, 
magneto-motive force, and the reluctance of a magnetic 
circuit is identical with the relationship of current, elec­
tromotive force, and resistance encountered in electric 
circuit calculations. When magnetic circuit calculations 
are attempted, difficulties are encountered because of 
the many leakage paths afforded by air, and the varia­
tions of the permeability with different circuit condi­
tions. 

For the magnetic circuit: 

T t.al fi 
Magneto-motive force 

0 fiX == --~~~----~--­Reluctance 

where the total Bux is expressed in maxwells, the m.m.f. 
L 

= 0.47f'Nl and the reluctance= Ap.. 

ANNULAR 
RING 

HORSESHOE 
TYPE 

FIGURE 13-Horseshoe and annular-ring type 
electromagnets. 

Since magnetic circuits consist of magnetic materials 
as well as air, it is more convenient to calculate in terms 
of flux density desired and design toward the m.m.f that 

I 
·1-

will produce this flux density plus losses due to leakage 
in air paths. 

Flux density is the number of lines per unit area, 
therefore the above relationship may be stated: 

0.47f'Nl 
BA --L~ 

Ap. 

In simplifying, the area cancels and the relation: 

is obtained. Recalling that in air p. is unity, it is found 
that this is the same relationship between the field in­
tensity, along the axis of a solenoid, and the field pro­
duced by the solenoid. • The magneto-motive force is 
defined as that force which tends to maintain flux in a 
magnetic circuit. 

RL 
M.m.f = --

P. 
where m.m.f equals 0.47f'Nl. 

!he permeability of a magnetic material varies with 
different flux values and upon the quality and type of 
material. This is made easy by the magnetization curves 
plotted by the manufacturers of magnetic materials; 
these show the permeability at any value of flux density 
from zero to magnetic saturation of the material. 

Further simplification is provided by commercial con­
cerns by addition of curves in terms of flux versus 
ampere-turns, which are based on the relation given 
above. 
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FIGURE 14-Re/atiz•e magnetization mrl'e.r for rommonly 
11sed magnetic materials. 

Magnetization curves for iron and steel representative 
of those used in the manufacture of electrical machinery 
are shown in figure 14. In working out designs for 
manufactured products based on these curves it is com-

mon practice to avoid any plan that calls for operation 
near the saturation point of the material. For as the 
saturation point is approached the ratio of magnetizing 
force to flux density increases such that it is impracticable. 

It is usually required to determine the ampere-turns 
(NJ) necessary to produce a uniform flux in an air­
gap between two parallel planes having areas of A cm2, 
and space a distance of L em, then, from the previous 

BL 
formula, m.m.f. = - = 0.47f'Nl 

p. 

Nl = __ I X (BL) 
0.4r. 1 

Nl = approximalel)' 0.8 BL (since p. = 1 in air) 

For example, to determine the ampere-turns to pro­
duce a uniform flux of 2,000,000 maxwells between 
two parallel faces of area 500 square em, and separated 
0.5 em: 

B 
Total {l11x 2,000,000 = = 500 = 4,000 gt~~uses 

area 

Nl = 0.8 X 4,000 X 0.5 = 1600 ampere-lut·ns. 

Ampere-turns is a product; therefore, if 1600 ampere­
turns are required it may be obtained by using a solenoid 
of 1600 turns and a current of 1 ampere, 16,000 turns 
at 0.1 amp or 160 turns and 10 amperes, whichever is 
more convenient to the design with regard to economy. 

For the various irons and steels used in the manufac­
ture of electrical machinery and transformers, calcula­
tions are usually based on an operating flux density of 
10,000 gauss. 

The hysteresis cycle. If an iron or other magnetic 
sample be placed inside a solenoid similar to that in 
figure lOA, and the current through the wire gradually 
increased from a zero value, the magnetic .field will also 
increase, and a corresponding increase of magnetization 
in the sample will occur. As the field is increased to 
greater values of flux density, a condition of saturation 
is reached in the material when all possible magnetic 
domains within the material are aligned with the lines 
of force from the solenoid. This saturated condition in­
dicates the maximum flux density that can exist in the 
particular sample. The relationship between magnetiz­
ing force and flux density (induction) is called the 
normal saturation or magnetization curve. Such a curve 
has already been discussed. 

However, as the magnetizing force is decreased from 
a condition of saturation in the material, the flux density 
will not decrease at the same rate. Instead of decreasing 
at the same rate as the increase, there is a definite time 
lag of the flux density with !espect to the magnetizing 
force. This lag has been given the name hy·~teresis, im-

plying a time lag. 
The phenomenon of hysteresis may be easily under­

stood by recalling to mind the theory of magnetism and 

:;::o 
m 
(/) 

--i :;:o 

() 
-; 
m 
0 



0 
UJ ._ 
u 
~ 
I­
V) 
UJ 
~ 

the ferromagnetic properties of magnetic materials. 
Under the influence of an inducing magnetic .field, mag­
netic regions in a ferromagnetic material are aligned "in 
the same direction as the lines of induction. The molec­
ular structure of a substance determines how well mag­
netic alignment is maintained. In permanent magnetic 
materials, the holding force is much greater than in those 
materials having little retentivity. 

The hysteresis cycle is illustrated graphically in figure 
15, where magnetic induction or flux density B is plotted 
versus the magnetizing force H. The magnitude of flux 
density increases in the directions up or down from the 
center horizontal line. The direction and magnitude 
of th~ magnetizing force is indicated to the right or left 
of the vertical center line. An arbitrary relationship is 
used and no definite values indicated. 

The initial portion Od is the normal saturation curve 
for the soft iron used in this example. As the magnetiz­
ing force is increased, the flux density will also increase, 
but at a decreasing ·rate until a maximum value is reached. 
Further increase in the magnetizing force has but little 
effect on the value of flux density. This condition in­
dicates that maximum alignment of the magnetic regions 
within the material has been reached. This is known as 
magnetic saturation. 

Remanence or residual magnetism. When the mag­
netizing force is gradually reduced to a zero value, the 
flux density will also decrease, but not at the same rate 
as the original saturation curve Od. A certain value of 
flux density Oa will remain which indicates that the 
material has retained a value of magnetism. The amount 
of magnetism remaining after the inducing field is re­
moved is termed remanence or residual magnetism. Per­
manent magnets retain a great percentage of the induced 
magnetism whereas those materials used in applications 
where the magnetic field is changing are chosen with 
regard to low remanence. 

c 

FIGURE 15-The hystere.ris loop. 

Coet~cive or demagnetizing force. In order to remove 
the residual magnetism Oa and reduce the magnetism 
of the sample to zero, or an. unmagnetized condition, 
it is necessary to use a magnetizing force of an opposite 
direction. The opposing magnetizing force overcomes 
the tendency of the magnetic regions within the material 
to maintain alignment and restores them to random 
directions. The value of demagnetizing force required 
is indicated in Figure 15 as Ob, and is called coercive 
or demagnetizing force. The magnitude of this force 
is dependent upon the remanence and the ferromagnetic 
properties of the material. 
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FIGURE 16-Characteristics of permanent-magnet 
materials. 
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When the magnitude of the magnetizing force IS 

again increased, after the sample has been reduced to 
zero magnetism, saturation will again be attained at 
point c on the graph. It will be noted that the value of 
flux density at c is the same as at d, indicating that the 
alignment of magnetic regions can reach a certain value 
regardless of the direction of the inducing .field. 

The portion of the hysteresis cycle from c to d is 
merely a mirror image showing the same value of rema­
nence at zero magnetizing force and the same value 
of coercive force to completely demagnetize the sample. 
Changes in flux density will always seem to occur later 
than changes in the magnetizing force, hence an implied 
time lag which is known as hysteresis. 

Hy~teresis loss. The hysteresis loop for a magnetic 
material represents the energy loss in ergs per cycle of 
changing the direction of magnetism in a material be­
tween two values of flux density. Although this phe­
nomenon will be more adequately covered in the study 
of alternating currents, the basic principle is brought up 
at this time in order to distinguish sharply between ma­
terials used for permanent magnets and materials in 

which there will be recurring changes in the magnetizing 
force. 

Hysteresis loss is due to inter-molecular friction within 
the material when the magnetic regions or domains are 
caused to turn and change their directions with changes 
in the direction of the magnetizing force. This loss is 
made evident in the form of heat energy and is de­
pendent upon the volume of the material, the maximum 
flux density attained, the coercive force required to de­
magnetize, and the speed of reversing or changing the 
magnetizing force. . 

The materials used in the manufacture of commercial 
dynamos and transformers wherein the magnetizing 
forces are constantly changing direction are chosen ':ith 
an eye to economy versus low hysteresis losses. Various 
grades of iron and steel in cast and sheet forms are used 
si~ce these materials have little remanence and require 
relatively little coercive force to reduce their magnetism 
to zero. Usually one oersted or less is the coercive force 
required. 

By contrast, magnetic materials selected for perma­
nent magnets are of a kind that will require large values 
of coercive force to be demagnetized. Figure 16 above 
shows the coercive force required for several types of 
materials used for permanent magnets ; those requiring 
the greatest coercive force are the best and usually very 
expensive. 

Force on a cond11ctor in a magnetic field. During his 
experiments, Ampere discovered that a wire through 
which an electric current was passing experienced a 
force tending to move it in a particular direction, when 
it was placed in a magnetic field. 

A relationship may be established between the direc­
tion and magnitude of the force on a current-carrying 
conductor in a magnetic field by the association of 
several concepts of magnetism previously studied. 

Lines of force, when parallel and of the same direc­
tion, act as if they exert a mutual repelling force on 
one another; but when oppositely directed, they act as 
if a force of attraction were exhibited. At points or 
regions of coincidence between two magnetic .fields, lines 
of force in the opposite directions will cancel but the 
net result is an increase in the strength of the composite 
field as shown in figure 3C. 

The magnetic field is concentric with a conductor and 
proportional to the current flowing, having its greatest 
field intensity perpendicular to the direction of the cur­
rent. This is shown in figure 1. The direction of the 
field is always taken counter-clockwise about the con­
ductor, when looking in the direction of current flow. 

External to a magnet or a solenoid and iron core 
which comprises an electromagnet, the .field is directed 
from the north to the south pole. . 

These concepts provide a means by which all rotatmg 
machinery, based on the use of electricity, may be 
analyzed. 
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Fi re 17 illustrates the application of these con-
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. fi ld bo t the conductor caused by current concentriC e a u . 
fi 

.11 . t 'th the hnes of force between the ow wt mterac w1 

Pole faces in the following mann~r: 
the lines of force of each Above the conductor . 

d f 'te directions, therefore they wdl Jiel are o oppos1 · . . 
d 1 d thus reduce the total field mtenstty ten to cance an 

· h · · 'ty b the wire. Below the conductor m t e vtcmi a ave 
th 1. f f f each .field are parallel and result e mes o orce o 
· t t' f the lines and hence a stronger m a concen ra ron o . 

t. fi ld Th e will then exist a force of attrac-magne IC e . er . 
. b th d ctor and a force of repulsiOn below tiOn a ove e con u 

the wire that combine to produce a force that will tend 
to move the wire upward as shown in .figure 17 · 

It must be stressed at this time that the forces as 
produced are not actually pus~ing the wire physic~lly, 
but exist between two magnetic fields; however, smce 
one .field is produced by the current passage through 

th . th ff t · the same and the wire will move e wue, e e ec IS • 
when the force developed overcomes inertia, gravity, 
or friction that tends to restrict the movement of the 

wire. 
f 1 t flow or the di-If either the direction o t lC curren ' 

rection of the .field between pole faces be reversed, the 

f t d th Conductor will also reverse. How­orce exer e on e 
ever, when both directions are changed at the same 
time the force will remain unchanged. 

B th I. . of basic concepts in this manner y e app 1cat10n . 
d h t.1.. rough sketch or a mental tmage an per aps u 1 rzmg a . 

of the individual .fields produced, it is possible to de-

t . th d' t' of the conductor movement far ermme e tree 10n 
. th b of the hand and finger rules set easter an y means 

f th . . t books With the left and right or m vanous tex · 
h d l l. d to rotation of motors and gen-an ru es as app 1e 
erators, there exist too many possibilities of error. 

A quantitative analysis of the .force exerte~ on a 
current-carrying conductor place~ 111 a magnettc field 
may be carried out in the same logtcal manner. 
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The .field intensity produced by a unit pole has been 

. I d'd b ' I 111 
previOus y enve as emg equa to ----;:; , where m 

J.l.l'-

is unit pole strength, fl. is the permeability and equal to 

1 in air, and r is the separating distance in terms of 
centimeters. 

The force exerted per unit pole in a magnetic field 

is a product of pole strength m and the field in­
tensity H, expressed in dynes. 

The field intensity produced at the center of a loop 

formed from a current-carrying wire was derived as 

H f2"N I = -- oersteds 
1' ' 

where l IS 111 abamperes and r is expressed Ill centi­
meters, 

By substitution: 

(
9uN /) F = mH = m _ r_ dp1es. 

This represents the force exerted on a unit magnetic 
pole at the center of a loop of wire through which 

an electric current is passing . In order to establish a 

better relationship between a magnetic field produced 

by a magnet and that produced by current passage in 

a wire, the above formu la must be modified slightly. 

Both the numerator and the denominator are multi­

plied by r, a perfectly straightforward mathematical op­
eration. 

( f2"N I) r (m) F = m -- = I (2r.r N ) 
1' 1' ,.z 

In simplifying this manipu lation still further, recall 

that in air permeability is unity and field intensity is 

numerically equal to flux density; therefore, the flux 

density B may he substituted for the quantity ( ;~~ ) 
that represents the field in tensity per unit pole in the 

above formu la. 

The current flowing in the conductor is represented 

by I in the above formul a and is expressed in abam­

peres. T he quantity (.:!r.rN ) represents the tota l length 

of conductor in a co il of r centimeters radius and N 

turns. 

Simj) /ifi , d th F =- B 1 L d)lleJ, where B is the flu x ... us: lfl . 

density in gausse~ that exist b::twcen pole faces, I the 

current in the lOmluctor in practi cal amperes, and L 
is the act ive length of the cond uctor in the fie ld ex­

pressed in centimeters . 

T he force obtained by this re lationship is d irected 

mutually perpendicular to the direct ion of the fi eld and 

the current flow as can be read ily noted by reference 

to figure 17. This formula holds true only ·when the 

conductor or conductors are themselves perpendicular 

to the direction of the field between the pole faces. 

W hen the conductor is not at right angles to the 

field but at some angle q, less than 90 ° , the force 

exerted is expressed: 

r: BIL. I 
c = 10- sm q> c )'lies. 

In all practical applications, however, every possible 

effort is made to maintain a perpend icu lar relationship 
between the fi eld direction and the axes of the active 

conductors. 
Tfie e lectromagnetic principles and concepts brought 

forth in this ass ignment will be used repeatedly in con­

nection with the study and analysis of meters and 

rotating electrical machinery. The study of a lternating 

currents presumes an understanding of magnetic fields 

produced by current flow in conductors and their re­

lationships to other magnetic fields. 

Questions- on Basic Phys ics, Part I 3 

1. Calculate the force in dynes per 

distance of 12 centimeters from 

ductor carryi ng a current of 42 

would be the force in dynesj unit 

1 centimeter from the conductor? 

un it pole at a 

a straig ht con­

amperes. What 

pole at a point 

2. How many 800- lb pigs of cast iron may be lifted 

by an annu lar ring electromagnet whose inner pole 

is 8 inches in diameter ? T he annula r ring has an 

inner diameter of 10 inches and an outside diam­

eter of 14 inches. The flux densi ty is 6000 gauss. 

3. What is the maximum-weight steel slab that could 

be ltfted by a horseshoe-type e lectromagnet "vith 
pole faces 10 inches square) The flu x density is 
3000 gauss. 

4 . It is desired to produce a uni form flux o f 1,250,000 
maxwells in a one-half-inch air-gap between parallel 
pole faces each having an area of 5 square inches. 
Calcul ate the current and size wi re to be used to 
produce this flux using a solenoid of 1200 turns. 
Current density taken at 1000 circular mils per 
ampere. 

5. A conductor carrying a current of l 7 amperes is 

p laced in a mag nc:tic fie ld similar to figure 17 . A 

uni form flux of 3,000,000 maxwells exists in the 

field between pole faces 2 inches square. Ca lcu late 

the force on the cond uctor. What force would be 
exerted if the re were 20 closely g rouped conductors 
each carrying the same current of 17 amperes) 

LIGHTWEIGHT MODEL 
15 TELETYPEWRITER 

The Model· 15 Teletype,vriter now has a "new 
look." W ith the advent of this new machine, the old 
Model 15 with its four-legged table and box-like cover 
will gradually fade out of the picture. 

Actually, quite a few changes are incorporated in 
the new lightweight p ri nter, btit only a few are appar­
ent. Figure 1 reveals that a new streamlined console 
cabinet has been provided in place of the former table 
and cover. The new cabinet has a buil t- in sliding table 

to which the teletypewriter is fastened. T he table has 
two front legs which act as supports when the table 

is pulled out for servicing the machine, as shown in 

figure 2. The console type of construction allows sev­

eral Model 15 cabinets to be mounted side by side 

inasmuch as a handwheel replaces the platen crank of 

the standard Model 15. 
The p rincipal differences aside from the cabinet are 

the replacement of the cast iron frames of tlie printer 
with cast aluminum, and the combining of the base 
and keyboard into one unit. O ther changes include 
increasing the size of the dashpot and carriage return 

spring, elimination of the polar relay, and reduction 

of the size and weight of the type basket and many 

of the component parts. These changes have made 

FIGURE 1- The 11ew lightweight l\lodel 15 
T eletypewriter. 

fiGURE 2-Tbe new Mode/15 comole showing tbe 
table exle11ded so that the teletypeUJriter can be serviced. 

practically no improvement in the amount of space 
required , but the new .machine is approximately 20% 
lighter in weig ht than the old Model 15. 

The Model 15 lig htweight consoles were procured 
specifically for ships and should be used in all new 
installations and for replacements in present instaiJa­
tions when required. They are in current p roduction 
and deliveries are being made to ship installation activi­
ties. They should be install ed whenever sh ipboard re­
quirements ex ist regard less of the stock of the standard 
Model 15. These new equipments should not be in­
stalled permanently at any shore activity without prior 

approval by the Bu reau of Ships. . 
Unlike other Model 15 . telelypewn lers, the new con­

sole is not provided with a rectifier power st~pp~y for 
line current. This is because, aboard shtp, tt 1s the 

intent ion to eventua lly have a ll line current provided 
from one source and distributed through the teletype 
panel thus eliminating the need for individual rectifters. 
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