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a rate sligh tly higher than twice the highest signal 
frequency, then the samples will contain all of the 
in formation of the original signal. This means that 
if a voice " ·ave were plotted , it co uld be reproduced 
in all its deta il from the values of a set of ordinates 
erec.ted at equally spaced intervals provided the 
separation of the sampling ordinates be not greater 
than half the period of the high est component fre­
quency of the origina l wave. If <L voice wave, for 
example, is passed through a low-pass filter whose 
cu t·off frequency is below 4,000 cycles, all of the in­
format ion necessary for its distortionless reconstruc­
tion is conta ined in a set of very short samples of 
the voice wave taken a t regular intervals at the 
rate of 8,000 per second. No intrinsic distortion is 
involved. 

Applica tion of the sampling principle reduces 
the problem tQ one of sending a finite number of 
bits of information giving the va lues of the samples 
of the voice wave. However, the complete transla­
tion problem still is not solved because the samples 
may and generally wi ll occu py a continuous range, 
and thus a n infinite nurnber, of values. This diffi­
cul ty is resolved by a second step: the application 
of the quantizing principle to the samples 

If one experimenter were obtaining points o n a· 
curve and calling them to a second person for plot­
ting on a graph, i t would be necessary for them to 
agree on the precision with which they must work. 
If they agreed to use two significan t figures, for ex­
ample, they might choose coordinate paper with 
99 lines above and 99 below the axis. Each point 
then would be plotted on one of 1 hese lines. Those 
experienced in curve plo tting woulJ expect to ob­
tai n a good li keness to the original smooth curve 
in spite o ( the fact that only 199 possibl e discrete 
Yalues of sample had been used. 

T he quantizing principle states tha t each of a 
set of small ranges into which a larger range may 
be eli vicled is ass igned a single d iscrete number or 
character , such as tha t correspo nd ing to the mean 
of the range. In the example above, any value from 
-0.5 to + 0.5 would be called zero, or any value 
between 94.5 a nd 95.5 would be called 95. It is 
q uite apparen t that some d istortion or granu larity 
is inherent in the application o f the principle of 
quantization to a n electrical signal carrying the in­
formation o f the spoken word. T he greater the size 
of the range assig ned to a g iven character and the 
fewer chara cters used, the greater will be this granu­
larity. The problem then is to determine the small­
est n umber of steps into whi ch voice sig na ls may 
be quantized without serious distortion , and wha t 
should he the size of each step. 

The range of voltages covered by voice signals, 
from the peaks of a loud talker to the weak passages 
of a weak talker, is roughly of the order of a thou­
sand to one. If the range of voltage ass igned to each 
code character were small enough to keep the 
granularity within the desired limits, and if the 
range assigned to all characters were the same, it 
-would be necessary to assign about a thousand ch ar­
acters to cover the full voltage range. By making 
the steps-vary approximately logarithmically, nearly 
uniform percentage precision is obtained through­
out most of the range and far fewer steps are 
needed. It has bee n found by experience that six­
teen steps which vary logarithmically give quite in­
telligible speech; that th ir ty-two give acceptable 
quality even if several such systems are connected 
in tandem; and that the granularity introdu ced by 
a well-designed system using 64 characters is lit tle 
enough so tha t the recdnstructcd speech ,,·ave is 
reproduced to a h.igh degree of fideli ty as judged 
by experienced observers. vVith simple on-or-off 
pulses, the number of available characters is equal 
to 2 raised to a power equal to the number of pulses 
comprising the code. T hus with four pulses per 
character, sixteen characters are possible, with five 
pulses, thirty- two characters, and with six, sixty· 
four. A five-pulse binary code will therefore give 
acceptable quality, whereas a six-pulse code will 
a fford high quality. 

Applicat.ion of the sampling princip le p ermits 
tl?e recluct1on of a con tinuous voice signal to 8,000 
discrete samples per second, and app lica tion of the 
quantizing principle permi ts each sample to be rep · 
resen ted wi th sufficien t accuracy by c9ded charac· 
ters that usc the various comb inations o f five or 
six on-or-off p ulses. 

Pulse code modu la ti on a lso permi ts mul tiplex ing 
the channels by time division. If the pulses are 

so that the five or six on-or-oil pulses compris­
mg one character ca n be sent in a small fraction of 
the 125-m icrosecond interva l betwee n characters, 
the clea r .time may be occup ied by code pul ses from 
other .vo•ce . channels, thus perm itting m ul tiplex 
opcratwn With many channel s. 

the .sampling and the quantizing principles 
permtt a vo1cc [req uency wave to be transformed to 

a sequence of pu lse codes is indicated in the dia· 
gram on page 266. At the upper ldt are shown two 

which may be assumed to rep resen t in 
tcleahzed form the highest volu me sig nal to be 
tra nsmitted and a lower signa l. The sa mpling 
po in ts, spaced 125 m icroseconds apar t, arc indi­
cated by clashed lines and marked O, A, B . .. ] , 
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Tran sformation of voice to code pulses. T he input signal, 1·epresented as a sine wave at the 
u pjJer left, is comp,-essed loga1·ithmically to give the cume shown at the upfJer 1·ight. Samples 
are taken every 125 microseconds and each samj;le is conve1·ted to a fi ve-pulse binmy code as 
shown in the lower line. To permit all eleven codes to be indicated, the time scale is disto1·ted 
- mailing the time between successive codes much shorter than it actually is. 

inclusiYe. It is the voltage va lues of the original 
wave a t these poi nts, a fter they are quantized to a 
logari thmi c sca le and then coded, that are to be 
transmitted . Si nce the values of the samples to be 
transmit ted are on a logarith mic seal!:!, the voice 
wave ma y be passed through a logari thmic com­
pressor to give the curve at the upper righ t. It 
will be noticed that the effect of th is compression 
is to increase the rela tive values of the low vol tages 
and to decrease those of the h igh voltages. For the 
graph at the upper righ t the ordinate scale, in­
stead of extending to posi tive and negative values 
from a zero axis, starts from the botton} of the nega­
tive loop of the h ighest volume signal to the top 
of the positive loop of the same and the in­
tervening distance is divided in to thi rty-two equal 
spaces marked from 0 to 31 on the diagram. A 
value of signal falli ng anywhere with in the l imits 
of the No. 4 space, for example, i5 transmitted as 

a 4 in binary code. 

Along the horizontal time axis below the two 
curves are the eleven code patterns that would be 
transmitted to represent the values of the eleven 
samples as obtained from the curve at the upper 
right. A solid line is used to ind icate a pu lse, and 
a dotted line, the absence o f a pulse. To permit 

all eleve n codes to be shown across the width of 
the page, it has been necessary to distor t the time 
scale. Actually the codes are spaced 125 microsec­
onds apart since the samples are taken at the rate 
of 8,000 characters per second, while each code 
itself requ ires only about 16 m icroseconds. O n a 
true time scale there is space for the codes for 
eigh t channels. 

A single-channel PC I system carrying speech 
ru ns at 8,000 characters per second, and the eight· 
channel system mentioned earlier, shown in the 
photograph on Page 267, runs 64,000 per second . 
T he pulsing speed is 8,000 X 8 X 5, which is 
320,000 on-or-off pulses per second . I t is apparent 
tha t h igh-speed electronic devices must be used to 
attain such speeds o( operation. Surprisingly large 
numbers o ( possible devices have been p roposed, 
rangi ng from standard types of Yacuum tubes to 
more complex structures, and many o f them h ave 
been tr ied out experimen tally. 

Pu lse code n)oclu lation appears to have excep· 
tiona! possib il ities in its freedom from interference 
especially when applied to systems havi ng many re­
pea ters in tandem, but i ts full signi ficance to the 
rad io and wire transmission of the future. may take 
some time to reveal. 
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BASIC PHYSICS 
EARLY HISTORY OF MAGNETISM 

The property, called magne tism, which gives cer­
tain metallic su bstances the power to attract cer­
tain other u bstan ccs to it, has been kno"·n [or cen­
turies. T he ancients discovered that a certain b lack 
mineral possessed this property in a natural state. 
The particular ore (or, subsequently any substance 
that exhibi ted this property) came to be known as 
a magnet. The terms magnet and magnetism "·ere 
probably derived from the p lace called Magnesia, 
in Asia :\1 inor, " ·here the ore \\·as first found in pl en­
tiful quantities. A natural magnet is composed of 
oxides of iron (feO and Fe:!03) and is chemically 
known a magneti te. 

1\Iag ne ts were originally called " lodestones" or 
"leading stone " because it was discovered that, 
when they were suspended a t the centers and free 
to rota te in horizontal planes, they would align 
themselves in a general north-south direction. T he 
end which a lways pointed north was ca lled the 
north-seeking or positive pole of the magnet; the 
other end, the so uth-seek ing or negative pole. T he 
signs o f po larity(+) and (-) have no direct connec-

A 

Part 11 

B 
fl(,l RF 1-(A) L odestone or natural m ag net. cB) A1·ti[iral or bar magnet. The 

poles m·e shown by concentration of nails where lines of fo rce are strongest. 

l - -

tion wi th electric current flow, but are used simply 
as a convenient, arbi trarily-accepted designation. 

Prior to 1820, magnetism was not thought to have 
any connection with electricity, but was merely de­
scribed as a peculiar proper ty of iron oxide, or mag­
netite, which enabled it (I ) to align itself in a north­
sou th d irection when free to rotate horizontally, (2) 
to attract a certain few other substances, and (3) 
to impart magnetic proper ties to these substances. 

T HE PHYSICAL PROPERTIES OF MAG NETISM 
The property of a magnet to attract other mag­

netic substances can be demonstrated by dipping 
both a natural and an artificial magnet into a bas­
ket of small iron nails as in figure 1. Note that nails 
are attracted to both magnets in quantities deter­
mined by the strength of each individual magnet, 
and their distributio n about the surface of any par­
ticul ar magnet varies, some regions attracting a 
high concentration of na ils, other regions no nails 
at all. The regions of concen tration are known as 
the poles of the magnet. The ar tificial bar magnet 
more aptly demonsu·ates paired poles of equal 
strength since the two poles of the bar magnet, see 
figure 1 B, show the same concentration o[ iron 
nai ls. Often, in a na tural magnet, there arc more 
than two of these· regions, and this indicates the 
prese nce of several paired poles. Note that the 
natural magnet figure I A has more than two poles. 

A REPULSION 

l n hgure 2 twu magne ts arc u cd to sho"· that the 
poles of a magnet h ave opposite effects. \ Vhen the 
north pole of the pivoted magnet is brought near 
the north pole of the fi.xed bar magne t, a repelling 
force is evident that forces the north pole a part. 
\ Vhen the south pole is brought into the Yicinity 
o[ the north pole of the fixed magnet, an attraction 
is noted that draws the two ends together. From 
these findings is obtained the la'c Lihe poles 1·epel 

and unlihe poles attract. Note tha t th i Ia" · applies 
to both magnetic and electric fields. 

Tlt e magnetic {teld. The region external to the 
magnet, within which the effect o[ its magnetism is 
perceptible, is known as its fi eld. The field is 
strongest near the poles, and becomes rapidl y 
"·caker as the distance from them increase . Fig ure 
3 offers a simple visual demonstration of the field 
about a magnet. I ron filings have been prinkled 
on a sheet of glass or paper that is then laid on a 
bar magnet. By gently tapping the paper, the fil­
ings, under the influence of the magnetic poles in­
duced in them, will arrange themselves end-to-end 
in lines that have the same direction as the lines of 
magnetic force and thus they indicate the direction 
of the magnetic field of the magnet. The varying 
intensity of the field is shown by the density of 
grouping of the filings, especially at the region of 
the poles. 

B ATTRACTION 

f lGl' RE 2-( A) SusjJended magnet ro tates away fro Ill {txed 111agnet when unlihe 

magnetic p oles are brought toget her. ( B) Unlike poles ex hibit at tractio11, 
and suspended magnet 1·otates toward south pole of {txecl magnet. 

c 
z 
() 
r 
)> 
l/) 
l/) 

-n 
m 
0 



0 
w 
LL 

V') 
(/) 

~ 
u 
z 
:::::> 

00 
N 

A 

B 
FIG L RE 3-(A ) M agnetic field about a bar mag11 et 

indicated by iron filings sprinhled on jJlate of gla~s 

placed on bar magnt~t. ~B) M agnetic field. shown 

by lines indicating cln·ectwn and ajJproximate con· 

centm tion of lines of force originating at N -pole 

and terminating at S-pole. Dashed lin~s within the 

magnet from the S-pole to the N -pole 1·ep1·esent 
lin es of magnetization . 

\ Vhen studying magnetic fie lds, this means of vis­

ualiLing or mapping the field of force abou t a mag­

ne t is a great help in predicting the behavior of the 

fi eld. From the distribution of the iro n filings in 

figure 3 (A) it is evident that the force o f the mag­

ne tic field extends about the magnet in apparent 

lines indicated by the alignment of the iron filings, 

and that magnetic force of the field is most intense 

a t the poles and diminishes as the distance from the 

poles increased . These lines are called magnetic 
lines of [orr£', and are defined as purely imaginary 

Jines or curves representing the force, or stress, exist­

ing in the space through which the magnetic fi eld is 

e ffecti ve. The direction of the lines of force at any 

po int is that of the field at that point, or the d irec­

tio n in which a single positive unit pole (north pole) 

would be caused to move if placed a t that point in 

the field . 
The apparent physical characteristics of magne tic 

lines of force are in many ways similar to those of 

electrosta tic lines of force. They distribute them­

selves as if they r epelled one another when they 

are para llel and have the same d irection , a nd at tract 

one another when they have parallel, but opposite 

d irections. They act as if they were under tensio n 

at all times, but, unlike electrosta tic lin.es, they exist 

in closed loojJs, that is to say, t hey leave the magnet 

at the north pole, pass outside and aro und the mag­

net, enter the magnet via the south pole, a nd go 

tlu·ough the magnet to the north pole in one coii.­

tinuous loop, without beginning or end. The m ag­

netic lines of force acting in that part of t he closed 

, loop within the magnet irsclf a rc ca lled liues of 

mag1ietization; those acting in that p aft of the 

closed loop external to the m agnet (in t he magnetic 

field) are called lines of jo1·ce. The lines of force, 

being imaginary, do not, of course, possess su ch 

physical properties as elasticity, but act as if they 
d id. 

Magnetic substances. Any substance that is at­

tracted by a m agne t or that may be made to assume 

the proper ties of a magne t is termed a m agnetic 

substance. When a substance is changed from its 

normal state to one in which it has all the properties 

of a magnet, it is said to be m agne ti zed, the process 

~f change_ being that of magnetization or magnetic 
mduction. Only those substances that are capable 

of be ing magnetized appreciably a re called mag­
netic substances; a ll others are referred to as non­

magnetic. The abi li ty to acquire magnetism is pos­

sessed to the greatest exten t by pure iron, and rather 

feebly by nickel and cobalt in their elementary 

forms; however, iron oxides, and alloys of iro n and 

a few certain other elements display magnetic prop­

erties, the degree depending u pon the ir chemical 
compositions. 

A summation of magnetic cltaTacteristics. The 

principles of magnetism may be more easi ly gras1;ed 

by first reviewing the general characteristics o f 

magne ts, magnetic fields, and m agnetic substa nces, 

before the effects are stud ied, so that the nomencla­
ture is thoroughly clear. 

T he poles of a magnet are the regions where 

magnetism is most evident. M agnetic poles exist 
in pa irs, ha~ing equa l strength but opposite polarity 

or effect. In natural magnets or lodestones and in 

magnets o f irregular shape more than one pair of 
poles have been fo und. Artificia l mag ne ts are m an­

ufactured from metall ic magne t ic mater ia ls, and are 

produced in various strengths, sizes and shapes 

usually as bars or horse-shoe-shaped pieces. Such 

artificial m agnets have o nly one pa ir of poles. 

T he space in the immed iate vicinity of a magnet, 

where the properties of magnetism are perceptible 

is designa ted as the magnetic field . Imaginary lines 

of magnetic force ex ist in continuous loops which 

pass through the poles of the magnet. T he lines 

passing from the north to the sou th magne t ic poles 

throug h the magne tic field are called l ines of force; 

.. 

the I i nes passing from the south to the north mag­

netic pole of the magnet, with in the magnet or 

magnetic itself substance, ar e called lin es of mag­
netization, or lines of magnetic inductio11. The 

characteristics of lines of force and lines of indue· 
tion arc shown in figure 3 (B) . Note that lines of 

force leave the north pole of the magnet a t right 

angles to the pole face. Note also that lines of in­

duction within the magnet arc parallel. Th e axis 

of the magnetic {teld is the axis of the paired jJOles. 
I t follows that no substance can exist as a magnet 

without, 1-paiTecl poles of equal strength and oppo­
site j1ola1·ity, and 2-an allendant .magnetic {teld of 
force. Conversely, a magnetic field cannot exist and 

dcmonstra te the effects and properties of magnetism 

without pai red poles. A magnetic field or region 

exhibiting magnetic properties may be referred as 

a 1nagnetic dijJole (at least for distances far from 

the magnet), since the field has at least one set of 

pa ired poles of eq ual strength but opposite effect. 

T he concept of magnetic di pole is essential in ex· 

pla in'ing many of the effects produced in magnetic 

substances by magnetism and other aspects o f mag­

netic theory. 

THE ELEM ENTAL TH EORY OF MAGNET ISM 
Early in the last century, Wilhe lm Weber, a Ger­

man physicist (1804- 1890), who had been experi­

menting with natural magnets and magnetic sub­

sta nces, advanced the theor ' tha t al l mag netic sub­

sta nces were made up of minute magnetic regions 

or eleme ntary di poles, and that when the magnetic 

fi eld axes of these dipoles were oriented a t random 

- a condition that e ffectively cancelled the effects of 

the ind ividual fields- the substance was unmag· 

neti zcd. H e furth er theorized that, under the in· 

Oucncc of an externa l magnetic fie ld produced by 

a magne t, these magnetic dipoles l'trncd so that 

the ir axes a ligned para llel to, and in the same d i· 

rcct io n as. the li nes of force in the applied field. 

A 

The ~ubstance could then be said to be magne tiLccl . 

He concl uded that the degree of magnetization de­

pended upon the completeness 1rith 11·hich the tota l 

magnetic fields or regions within the m agnetic sub­

stance 11·crc turned parallel to the applied field. 

This theory has been substantiated to a grea t 

extent by modern spectral analysis of metals and 

gasc . It is bcl ie1·cd th at electro ns, 1r hich rotate 

in their assigned orbits \rithin the a tomic structure, 

also spin or have rotary motions a.bo ut the ir own 

axes. and that because of these mo tions and the 

electrons mass, associ a ted magnetic field - ex i t 

1rhich represent kine tic energy of motio n. This is 

shown in figure ..JA. In most elemen ts. o ppo ing 

rotational movemen ts of electro ns in the same orbi t 

causes the fields to nullify each other. 1 n a few 

metals, such as iron, n ickel and coba lt, ho,,·cvcr, 

the crystall ine structures are such tha t there are 

more e lectrons spinning in one direction tha n the 

o ther: throughout certain minute regions. each con­

ta ining some 1 0• ~ atoms, these uncompensated spins 

have the same direction. This results in an intense 

magne tic field with in these regions. These mag­

ne tic regions have been g-iven a special name: m ag­
n etic domai11s. 

Normally the force exerted by the c d ipoles a re 

d ircned in hapha7ard directi ons and 1rithin limits 

more or less fix ed by the internal fri ction of the 

a tomic or molecular structure of the substance. 

Figure 413 shows the random directions of the mag­

ne tic fi eld axes within a magnetic substan ce 1rhich 

exhibits little or no externa l magnetic effects be· 

cause o ( the cancellation o f most o f the internal 

magne tic dipoles. The arrow heads reprc cn t the 

north poles of the dipoles and thus ind icate the di­

rections in 11·h ich these magnetic f orccs arc exerted. 

A s would be expected , energy is req ui red to 

change the po itio n of the axe o f the mag ne ti c 

dipoles ll'ith in a substance. The cffccti,·cness of 

the ii J) j)licd cncr!!.v is co ntitwent in ])art at le<'l st 
• 11 b ' , 

B 
FtGL.RE ·1-( .·/ J 1/yf)IJ ///f tical 111(1f!,11elic (IXf'S due to f'IN'IIIIII .l fJill . Tit<' outn 111!111 i.1 sltowll it'tlft 11101'1' 
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F IG U RE 5-( ri ) Align111enl of map;netic domains under tlt e influen ce of a magnetic 

field. ( B ) Nfa g n e tic slate induced by slmh ing w itlt a lJflr magnet. 

upon the es ent ia! atom ic or molecu lar nature of 
the sub tance. \Vhe n a magne tic substance is 
placed in a magnetic fie ld, the kinetic energy of tha t 
field compels the axes of the magne tic regions or 
d ipoles in the substance to al ign them selves parallel 
to a nd in the same directio n as the l ines of induc­
tion. 1 n accomplishing this work, it follows that 
fm· t he same substance. the greater the applied mag­
n eti m is, the greater the degree of magne ti zation 
''"ill be. T hat certain m e tals h ave stronger mag­
netic properties tha n others is due to the jJeculim· 
motion of lite e lect1·ons within t!teir 1·espect ive 
atoms or molecules, a nd the ease with w hich the 
axes o f the magnetic dipoles are moved when any 
g i,·e n amoun t of energy is appl ied . I t is be lieved 
that cenain imernal forces that va ry from one kind 
of atom to a nother or from one type o f molecule 
to ano ther. cause "friction"' which res tri cts cha nges 
in mag netic d ipole posi t ions. This " fr iction" is 
present on ly sl ightly in magnetic m a teria ls that do 
not reta in much m agnetism, bu t occu rs to a g reater 
ex tent in materials utilized as permane nt magnets. 

.ll ag n etic induction. T he mag netic state is in­
duced in a magnetic substance whe n the majority of 
axe~ or t he dipoles within the substance a rc caused 
to assume the 1.amc di rect io n. In this state the eli­
poles no longer ca ncel out one another but com­
bine to exert a powerful ex terna l m agne t ic force 
in one direct ion. " ' ork m ust be clo ne in ovcr­
<o ming the internal [orces which mai n ta in the no r­
mal random state of the magnetic fie lds with in a 
~ub~tance. The energ-y to accomplish this work 
ca n be· c, upplied in several ways. 1t ma y be e n t irely 
furni.,lwd by an inducing field. The prese nce o f a 
mag ne tic fi eld is always necessary to determine the 
ultimate direction of the induced magnetic fiel d . 
H e-al a nd ph ysical shock, as sources o f addition <~ l 
c·ncrg~, rna ~ he employed to assist 1 he induction 
Jllo«· ~' - hut il the beat or shock is too great it 

causes excessive a tomic agitation which p revents 
alignmen t of the m agnetic axes. 

As an illustra tion of the above theor y, when an 
unmagnetized bar o f iro n or steel is brought into 
the immediate vicin ity of a magnet or stroked with 
a magnet as shown in figure 5, a certain m agnetic 
state is induced in the bar. T he bar will then have 
all the properties of a magnet, b u t to a lesser d egree. 

A similar bar o f unmagnctized iron o r steel can 
a lso be magnetized simply by a ligning it in a north 
and south d irect ion and striking it l ightly with a 
hammer. T h is bar a lso will possess magnetic prop­
erties, set up by the weak e nergy o f the earth 's 
magnetic fie ld, suddenly bolstered by e nergy sup­
p licd by a physical force. 

i\fagnets produced by indu ctio n methods de­
Slribed above are called art ificial mag ne ts. For in­
dustrial pur poses, electr ica l means are used to pro­
duce magnets of much g rea ter str eng th. 

T he above studies of induction lead us to believe 
that natural m agnets came into being as a r esult 
of the act ion of the earth's mag netic field on the 
molecu lar stru cture of iron oxide substa nces over 
centuries of t ime. 

l n figure fi, no te that. the presence in a magnetic 
field of anoth er magne tic su bsta nce, such as a piece 

FIC: I RE G- M agnetic flf' ld distortion caused by the 

i11trodurtion of 11 pir-re of mog n etir- s ubstance . 
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FIG RE 7-(r.l) Magnetic field produced V)' two 11.11 -

lil!e ,\'-jJoles. A similar pattern results when two 
S-jJoles arc used. (B ) SimjJlified fi eld jJatlern when 

unlilie poles are used. 

o[ iron, cau ses distortion of the field. The l ines of 
fo rce concen trate themselves with the m agnetic sub­
sta nce. T he reason for this concentration o( the 
lines o[ force is that the density of the lines- the dc­
u-rec of conce ntration- is a measure o( the magnetic 
field strength ; the field is much stronger within the 
iron tha n in the a ir, because of r easons that have 
a lready been discussed. This principle explains the 
use of.po lc p ieces in meters and motors, when it is 
d es irab le to prevent dispersion of lines of force 
,rhi ch ahrays occurs when Jines of induction leave 
a magnet a nd enter the air. 

Field d istortion caused by bringing like or unlike 
magnetic poles together is shown in figures 7 A and 
7 B. 1 n figure 7 A where I ike poles oppose one 
a no ther , it is important to note that no lines of 
force cross, <1nd that all loops remain in tact. T he 
uislortio n o( the magnetic fields shown is ca used 
by the tendency of lines of force t ravelling in the 
sam e d irection to repel each other. Like effects 
a rc obtai ned with opposing sou th poles. 

O n the o ther han d when unlike poles arc brough t 
together as shown in figure 7B, and the fields arc 
mapped by the use of iron filings, the field pattern 
is diflcrent. Take special note of the lines of force 
ncar the adjacent po les. T his is the on ly part of 
the field \\·here distortion is eviden t. The tendency 
of lines ol force hav ing approximately the same d i­
r ect ion to ··re pel" one a nother is ind icated by the 

slio·ht bulo·ing out of the lines o[ force in this area. 
0 t> 

\ Vhcn the magnets in figure ?B arc dra"·n apart, 
d istortion in the area between the adjace nt poles 
become greater. As the distance between the poles 
increases, the lines of force spread apart more and 
more, and arc soon attracted to the lines of force 
trave lling in the opposite direction in the outer 
loop which, in tu rn, begins to show distortion. as 
sho\r n in figu re 8:\. Even tua lly these lines of force 
on opposite sides of the loop tend to d raw to­
gether until they finally merge to form a figure­
eight sh ape, then separate to form two smaller but 
independent loops as indicated in figure 8B. 

The same field efTects and distortions are notice­
able "·hen a sing le bar magnet is b roken in two 
and drawn part. After separation the magnetic 
fi e ld of each magnet wi II consist of closed loops of 
shor ter overall length than those of the original 
bar, but the orig inal number of lines of fo rce re­
ma ins u ncha ngccl, so it follows tha t each magnet 
possesses the amc number of line of force or mag­
netism as the original bar. From these findings it 
is to be concl uded that the strength of a magnet is 
dependent. not u po n its leng th, but upon its cross 
sectional area. 

A 

c!:----~ 
.... 

B 
F 1c;L'RE 8-(.-l ) Sim jJie illust rat ion uf ··all ract irm'" 

between lin Ps of force d i rect rd opjJositrly. A s t ll r 

magn r t is d raw n a fJart . tile li n es of fo rce p in ch i ~1 
f'11e ll m ore u ntil fi nally tlt e one closed loo jJ IS 

jJinr- lt ed o(J into two sr jJoralr' lon jJs. as in ( H). 
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1.\tfagnetic field intensity. It is well to remember 
that the direction of the lines of force at any given 
point in a magnetic field is the direction a unit 
north pole would move if placed at that point in 
the field. The idea of a unit north pole must be 
taken figuratively, since it is physically impossible 
for a north pole to exist without its companion 
south pole of equal strength and opposite polarity; 
if a magnet is cut in two, there will exist two sep­
;uate magnets, each complete with opposite poles 
of equal strength. 

The field about a n1agnet has been mapped with 
the aid of iron filings. In figure 3, field intensity 
was indicated by the concentration of the iron 
filings in the proximity of the poles of the magnet 
and the direction of the field indicated by the ar­
rangement of the iron filings. Each individual bit 
of iron was acted upon by the lines of force in the 
magnetic field, becoming a minute magnet by in­
duction. Its position in the field conformed to the 
direction of the lines of force at that point. 

Direction and intensity of magnetic fields can be 
studied still better with the aid of a small compass, 
or pivoted magnetized needle, placed in the same 
horizontal plane as the magnet. The behavior of 
this instrument will iJlustrate that a magnetic field 
is a vector quantity-a force acting in a certain di­
rection-as shown by successive positions of the com­
pass in figure 9. At any of these positions, note 
that there are four forces acting simultaneously; 
one of attraction and one of repulsion at each of 
the two ends of the compass needle. The resultant 
of these forces, each of which acts in a different di­
rection, tends to turn the compass needle about its 
pivot axis until the opposing forces are equal. The 
compass needle is then tangent to the line of force. 
The north end of the compass indicates the direc­
tio~ of the lines of ~orce at that point in the mag­
netic field. By placmg the compass at different po­
sitions, the intensity and direction of the magnetic 
fleld can be mapped with considerable accuracy. 
It should be remembered, that the earth's magnetic 
field is alway~ present, so that the field indicated by 
the compass IS the resultant of the combined fields 
of the earth and the local magnet. The effect of the 
earth's magnetic field, h(m-cvcT. will h(: negligible 
if the magnet is strong enough. In any case, the 
datrt can be corrected for the earth's fieJd. 

On careful examination of figure 9 B, it will be 
seen that the resultant force acting on the south 
pole of the needle is greater than that acting at the 
other end. ']'his is because it is nearer the north 
pole of the magn('t. and the attraction vector, which 
comprises most or the resultant, is slightly larger 

than the repulsion vector at the other and. more 
distant end of the needle. The result is an un­
balanced force tending to move the needle toward 
the nearest pole of the magnet. :Moreover, the two 
resultants do not lie quite in the same straight line, 
so that there is a small unbalanced force acting at 
right angles to the needle and tending to draw it 
sidewise. If the needle is free, as when it is mounted 
on a floating cork, for example, it moves both longi­
tudinally and transversely toward the attracting 
magnet. Similar motion also takes place when an 
unmagnetized piece of iron is near a magnet, or, in 
general, whenever there is a npn-uniform magnetic 
field. Then a motion occurs in the direction of 
increasing field intensity, or toward the more pow­
erful field in the vicinity of a pole. 

If the length of the compass needle is made very 
small, the difference between the two resultant 
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FIGURE 9-(A) Compass needles indicate field direc­
tion and vectors show relative instantaneous effects 
of the N-pole and S-pole. The force of tile bar 
magnet north pole attmcting the north jJole of the 
compass is Nn. The repulsion force between the 
south pole of the bm· magnet and the cnmjJass north 
pole is N 8 • The 1·esultant force on the compass 
nm·th pole is Nr; a similar nomenclature ajJjJlies to 
the compass south pole. (B) In the vicinity of the 
noTth pole of the bar magnets, the vectors are such 
that the compass tends to mrme toward the maanet 
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and to 1·otate as well. 
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forces becomes negligible, they are oppositely di­
rected, and the needle does not move toward the 
magnet. This would be the case when any needle 
is acted on by the earth's field, for it is very small in 
comparison with the distances to the magnetic poles 
of the earth. Thus, if a floating magnet were acted 
on by the earth's field only, we should have rotation, 
but no translation, which is precisely the action of 
a compass. The same is true in any uniform field, 
as will be explained more fully when this action is 
used in conjunctiop with meters. 

1.Uagnetic flux. :Magnetic lines taken as a whole 
are called magnetic flux. The magnitude of the 
flux may be expressed as so many lines, and is the 
actual amount of magnetism present. The density 
of the magnetic field lines-the so-called flux density 
-is a measure of the magnitude of the magnetic 
field strength, called the magnetic field intensity. It 
is expressed as a number of lines per unit cross-sec­
tion area. 

The magnetic state of a substance is determined 
by the alignment of the axes of internal molecular 
or magnetic-domain magnets. The degree of mag­
netization becomes greater as more and more axes 
are brought into alignment with the inducing field. 
This is, of course, dependent upon the molecular 
structure of the magnetic material and the ease 
with which they can turn. Lines of force or flux 
will induce a state of magnetism in a substance; 
therefore, it can be assumed that flux is actually· 
produced by a magnetizing or magnetomotive force 
which can be compared to the electromotive force, 
or difference of potential, in electrostatics. 

The ease with which the magnetic axes within a 
substance can be aligned in parallel under the in­
fluence of an inducing field will determine its degree 
of magnetization and, therefore, the flux lines it can 
accommodate per unit of cross sectional area. 
\~Vhen alignment of all axes is complete, a condition 
known as satumtion exists, beyond which the nu{g­
netization cannot be increased. 

From figure 6, it has been noted that magnetic 
substances are capable of accommodating more flux 
lines per cross sectional area than would pass 
through a similar area of air. The ratio between 
these flux densities is called the magnetic perme­
ability of the substance. 

Afagnetic mate1·ials. l\1agnetic materials are di­
vided into two general classes called paramagnetic 
and diamagnetic. Those ca1led paramagnetic, 1-
are more permeable than air (that is to say, they 
have greater flux density than air and tend to con­
centrate such lines of force as may pass through 
them) and 2-attempt to assume a physical position 

that will enable the substance to accommodate the 
greatest possible number of lines along their axis. 
Those classed as diamagnetic, 1-are less permeable 
than air, and 2-tend to disperse lines of force by 
assuming a position at right angles to the direction 
of the field. · 

The magnetic permeability of any given magnetic 
material, except for a few in the paramagnetic 
group, is a constant which is independent of the 
strength 'of the magnetizing field. This means that 
all materials, whether elements or substances, ex­
cept those few abnormal ones in the paramagnetic 
group, have intense internal molecular friction 
which is why only a relatively few molecular mag­
nets are c:1pable of being aligned with an inducing 
field. . 

Materials of the paramagnetic group which be­
have abnormally under the influence of a magnetic 
field, have permeabilities which depend not only 
upon the element or alloy, but also to a great extent 
upon the strength of the field. The permeability of 
these substances, therefore, are not constants. Since 
iron in its purest form is the most abnormal of the 
group, all materials having this property, including 
nickel, cobalt and their alloys, are said to be ferro­
magnetic. Several non-ferrous elements and alloys 
display similar properties: for example, Hensler's 
Alloy, which is composed of magnesium, antimony, 
copper and aluminum in various proportions. U n­
der certain temperature conditions, oxygen and 
gadolinium also develop a strong intensity of mag­
netization. Ferromagnetic materials are further 
subdivided into two gToups: 1-magnetically hard 
materials which require a large magnetizing force, 
and 2-magnetically soft materials, which have high 
magnetic permeability under relatively weak fields 
of induction. 

Permanent magnets are made from the so-called 
hard group of alloys which, although very difficult 
to magnetize, retain their magnetism for a suffic­
iently long period to warrant classification as perma­
nent magnets. Magnetic hardness, or permanence 
of magnetism, can be attributed to the rigidity with 
~hich the magnetic domains are constrained by the 
mherently-greater intermolecular friction of such 
material; although it is harder to align them, once 
they are in a magnetically-aligned position it is ex­
tremely difficult to disturb this alignment. An 
ideal alloy will retain a higher percentage of the 
magnetism induced by a magnetizing force and pre­
serve this_ induction against de-magnetizing influ­
ences orchnarily encountered, these two necessary 
properties being called residual induction and the 
de-magnetizing or coercive force, respectively. 

The magnetic field left in a permanent magnet 
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after the initial magnetiZing force is removed is 
called the· residual induction; the strength of the 
magnetic field which. must be set up to cancel the 
residual induction in a permanent tnagnetic is 
called the de-magnetizing or coercive force. 

l\tlaterials for permanent magnets are chosen for 
retentivity based on the amount of coercive force, 
or magnetizing force in the opposite direction, re­
quired for de-magntization. These include hard­
ened carbon or alloy steels containing a small per­
centage of maganese, chromium, cobalt, tungsten 
or combinations. Recent trends are toward the use 
of an alloy of carbon-free steel containing alum­
inum, nickel and cobalt. This combination, known 
as Alnico, is much stronger for any given unit of 
cross section than other materials and will retain 
its magnetism with such tenacity that it will lift as 
much as 1500 times its own weight. Due to this 
strength, Alnico can be utilized effectively in smal~ 
dimensions and has become prominent in the manu­
facture of dynamic loud speakers, microphones, 
telephone receivers, phono-pickups, high voltage 
ignition magnetos, motors, and other devices. 

Permanent magnets are adversely affected by vi­
bration, shock, or extreme changes in temperature 
and should therefore be treated with care. Electri· 
cal indicating instruments containing permanent 
magnets may lose some of their sensitivity or be per­
manently damaged by extreme changes in temper­
ature or the shock occasioned by dropping. Alter­
nating-current fields can also have a detrimental 
effect on magnetism. For example, watches that 
have become defective by being accidentally mag-

MAGNETIC EQUATOR 

netized are usually de-magnetized by the jeweler 
who simply places them in the field of a coil ener­
gized by commercial 60-cycle alternating current. 

Soft magnetic materials have a high degree of 
magnetic permeability, and can, therefore be mag­
netized even to saturation by comparatively small 
magnetic fields; upon removal from such fields, 
however, they rapidly lose virtually all of their in­
duced magnetism. These materials can be used to 
shorten flux paths and thus minimize losses in mag­
netic circuits, such as exist in meters and motors, 
by furnishing a path of greater permeability. In 
each instance, the permeable material increases the 
total flux by decreasing the flux path in air. Soft 
magnetic materials are also used as shielding to pro­
vide a flux path around instruments or transform­
ers and thus protect them from the undesired 
magnetic effects of adjacent magnetic fields. 

Since soft magnetic materials retain little residual 
magnetism they are useful in the alternating cur­
rent field. Silicon steel, for example, is made into 
thin laminations for power transformers chokes, 
relay solenoids, etc., and is widely used because of 
its low cost and generally satisfactory characteristics. 

THE EARTH'S MAGNETIC FIELD 
The fact that a compass needle, or any other 

magnet which is suspended and free to pi\'ot, will 
align itself (generally speaking) in a north-south 
direction indicates that the earth is surrounded by 
a magnetic field. The distribution of this field is 
indicated roughly in figure 10. Note that the mag­
netic core within the earth may be irregularly 

FrGllRE 10- Till' earth's 
magnetic field. Tlil> in­
r·liuation of thr earth's 
magnetic axis i.5 afJjnoxi-
11Wfely 17° from f he geo­
graphic axis. 

·shaped, that its length is slightly less than the di­
ameter of the earth itself, and that its axis is dis­
placed approximately 17 degrees from the earth's 

·axis. 

The regions where the lines of force are vel~tical 
ar~ termed the magnetic poles. Note that the mag­
netic lines of force emanate from a region near the 
south geographic pole and enter the earth ncar the 
north geographic pole, and that the direction of the 
earth's field outside the body of the earth is from 
south to north. The magnetic pole in the northern 
hemisphere is actually the south magnetic pole, 
while the magnetic pole in the southern hemisphere 
is the north magnetic pole. The reason for this 
apparent confusion is understandab!e. The ancient 
mariner who held a compass or magnet in his hand 
saw one end of it turn towards the north and called 
that end the north-seeking pole. He identified the 
north magnetic pole with the north geographic pole. 
He had no way of knowing that the north magnetic 
pole ·of a compass or a magnet moves in the direc­
tion of the field, and that since the earth's field has 
a south-to-north direction, the north pole of a com­
pa~s or magnet points to the earth's south magnetic 
pole which is near the nort~1 geographic pole. For 
practical purposes, of course, one never considers 
the earth as a magnet, but follows tradition and 
calls the magnetic pole in the northern hemisphere 
the "north magnetic pole." If this is remembered, 
no confusion shou.Jd exist when reference is made to 
the magnetic and geographic poles. 

The ·north magnetic pole is located ncar Ross 
Sea, Antarctica, in the reg-ion of the south geo­
graphic pole and the south magnetic pole is located 
on Boothia Pcnninsu)a in northern Canada, almost 
directly north of Omaha. Recent magnetic sur­
veys have demonstrated that the earth's magnetic 
Jines of force are vertical not in one particular spot, 
but occur that way in several regions within an area 
of several hundreds of miles. 

An irregular line varying in latitude from 15 
degrees S. in South America to 20° in Africa repre­
sents the earth's magnetic equator. Sec figure 10. 
On this imaginary band encircling the earth at 
points cq uidistant from the magnetic poles, the 
earth's magnetic lines of force arc horizontal. At 
any other place on the earth's surface, the magnetic 
field will have a vertical as well as a horizontal 
component. This can be measured by means of an 
instrument called a dijJ rirde, which is simply a 
needle of magnetic material that is balanced pcr­
fcC"tly on a horizontal axis hcfore it is mag·netized. 

Being in neutral equilibrium with gravity, it will 
only move. when activated by the earth's magnetic 
field. lVhen a dip circle aligns itself with the 
earth's magnetic field in a north-south direction, its 
position indicates the vertical angle of the lines of 
force composing the field. This angle varies from 
zero degTees or horizontal at the magnetic equator 
to 90° or vertical at the magnetic poles. For ex­
ample, at New York a dip needle would point 
downward at an angle of i2° ·with the horizontal: 
this angle is called the inclination, or angle of dip. 

A compass used for navigation or for g·eographic 
indication utilizes only the horizontal co_mponcnt of 
the earth's magnetic field. Since the earth's field 
has a vertical component as well as a horizontal 
component at all places other than the magnetic 
equator, the magnetized indicator of a compass is 
balanced to off-set the weak torque due to the 
vertical component. A sketch of a simple compass 
is shown in figure II. The indicating part is an 
accurately-balanced magnetized needle pivoted on 
a hard metal point with a jewelled bearing to reduce 
friction to a minimum. Under the influence of the 
lines of force in the earth's magnetic field, the 
needle will align itself north and south, the end 
pointing toward the south magnetic pole is usually 
painted black and called the north-seeking or north 

FIGl'RE 11-Simplc poclwt compass with ph,ol loch. 

pole. From previous explanations, we knm,· that 
the south magnetic pole is in the geographic north 
polar region. \Vith this type of compass, to estab­
lish other compass points, it is necessary to rotate 
the entire instrument until north on the compass 
card is directly underneath the north end of the 
indicating needle. Unfortunately, too, it must be 
placed in a stable horizontal position to prevent 
erroneous readings caused by the needle rubbing 
on the compass card. Most compasses of this type 
have a lock which lifts the nccclk free of its bearing 
and locks it in stationary position when not in usc 
and prevents damage to the bearing in case nf 
shock. 
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The main element in the modern shipboard com­
pass is a properly marked compass card beneath 
which are mounted several sealed cylindrical tubes 
filled ·with magnetized steel wires. These tubes are 
parallel to the north and south indications on the 
compass card. The card with these attachments is 
buoyed and placed on a pivot in a non-magnetic 
container which is completely filled with a mixture 
of water and alcohol and then sealed. The card is 
then free to rotate under the influence of the 
earth'~ magnetic field. The container itself is sup­
ported on rings and gimbals to permit its maintain­
ing a horizontal position regardless of the ship's 
pitch and roll. 

Since the earth's magnetic pole is approximately 
1400 miles from the north geographic pole (see 
figure 10) the compass will not point true north. 
The angle that it makes with the geographic merid­
ian is called the variation of the compass. For in­
stance, a compass at New York City would point 
110 o west of geographic or true north and at San 
Francisco, 18 o east. Navigation charts indicate the 
amount and direction of the variation. 

FIGl'RE 12-lsogonic lines of magnetic variation for 
the United States. 

Figure 12 shows a chart of the United States on 
which lines have been drawn through all points of 
equal magnetic variation. Such lines are called 
isogonic lines. A line connecting points where the 
variation is zero is called an agonic line. At any 
point on the earth's surface through which an 
agonic line passes, a compass needle will point true 
north. 

The variation at any given place on the earth's 
surface does not always remain the same year after 
year. Changes occur to some extent over long 
periods of time. These are called secular or world­
wide changes. There are also changes within the 
year called diurnal changes, and changes within the 
lunar month as well as small daily changes. Large 
erratic changes occur during magnetic storms and 

these are sometimes concurrent· with the appear­
ance of sunspot. activity. Much effort has been ex­
pended in attempting to explain terrestrial mag­
netism and to account for its changes, but too little 
is known about the magnetic sources within the 
earth to establish a reliable theory as to the exact 
nature of the earth's magnetism. 

The total compass error aboard ship is the alge­
braic sum of the variation and the deviation. Varia­
tion is the error inherent in a particular position 
on the earth's surface. Deviation is the error in­
troduced as a result of induced and permanent mag­
netism in the iron of a ship, and is in turn some­
what dependent upon the orientation of the ship 
with the earth's magnetic lines of force. .Much of 
shipboard deviation can be compensated for by 
placing large iron spheres and permanent magnets 
in the immediate vicinity of the compass mounting 
structure in such a manner that they will exert com­
pensating polarity effects opposite to those of the 
ship's magnetic field. This cancellation will leave 
only a small amount of residual deviation to be 
figured in calculating the total compass error. 

This matter of variation and deviation has been 
of vital importance to mariners for years on all 
vessels carrying magnetic compasses, from the lowly 
freighting schooner lumbering down the coast to 
the sleek luxury liner smartly hurrying across the 
Atlantic. :Many ships, men and cargoes have been 
lost because variation and deviation were not taken 
into account. It is always well to remember that 
many arts of paramount practical worth depend on 
the abstractions of physics. 

QUESTIONS-PART II-BASIC PHYSICS 
I. Given the knowledge of true north, describe 

how you would determine and properly label 
two unmarked magnets. 

ANSWERS TO PART I 0 
I. 12-ohm branch, .0833 mhos, 9.163 amps. 

17-ohm branch, .0588 mhos, 6.468 amps. 
53-ohm branch, .0188 mhos, 2.068 amps. 

2. Applied voltage of ll2 volts. 
Total current of 12.84 amps. 

3. 82 ohms== .0121 mhos. 
16 ohms= .0625 mhos. 
25 ohms = .0400 mhos. 
Same at 98 volts. 

4. Increase, decrease, increase. 
5. 17.4 ohms. 
6. Conductance method . 
7. 20.9 ohms. 
8. 2295 watts. 
9. Approximately 50%. 1\o. 

10. 18.9 ohms. 

•• -
BY CoMMANDER E. H. CoNKLIN, U.S.N. 

C-W SIGNALS 
• In view of the widespread increase in radio­
teletype use in the Navy-including every shore cir­
cuit carrying heavy traffic, and with one or more 
equipments on essentially all large combat ships­
it is frequently desirable to review the features of 
automatic forms of communication. 

The basic characteristics of a manually-operated 
radiotelegraph circuit are widely understood. One 
man sends dots and dashes, while the other tries to 
interpret them. The dpts are short periods of 
transmission, spaced by a silent period their own 
length, while dashes are three times the basic dot­
length. When properly spaced, a silent period of 
three dot-lengths is used to separate characters, and 
of five dot-lengths to separate words. The letters 
"a" and "b" are shown in Figure l(a). 

This simple picture turns into a complex picture 
exhibiting interference to adjacent channels if the 
dots start and stop instantaneously; for that reason, 
some kind of signal-shaping network or "key-click 
filter" is likely to be inserted to slow down the 
starting and stopping of the radiation-to prevent 
sharp corners on the oscilloscope picture-in order 
to reduce the tendency to generate frequencies 
much higher than the basic keying frequency. Such 
higher frequencies create interference to adacent 
radio channels. The rounded-off signals will be 
something like those pictured in Figure 1 (b). 

This operation has introduced distortion into the 
waveform of the keying signals, inasmuch as the 
received signal will not exactly duplicate the orig­
inal keying, but the manual operator may not no­
tice the change until the "gradualness" of the "on" 
and "off" is stretched out appreciably. However, 
some things can immediately be appreciated about 
this distortion: 

I 
AMPLITUDE 

A :;. n 0 0 n 0 n TIME 

B 

I AMPLITUDE 

:.: r\0 OQQQ TIME 

1-.As the signal fades up and down, different 
lengths of dots, compared with the space length, 
will result. This change in the ratio of "on" to 
"off" in a series of dots is called bias distortion in 
radio teletype terminology, and brings about a re­
duction of the amount of other distortions that can 
be accepted before printing errors occtJr. 
2-If the gradualness of the change from "on" to 
"off" is so much that one "on" starts to run into the 
next one, or if there are other places in the equip­
ment which appear to react slowly, there may be 
chamcteristic distortion, which depends on the 
length of the "on" and "off" signals. This would be 
a peculiarity of the system-a characteristic of it­
and would cause some letters to tend to print in­
correctly, but would not make all "off" elements 
sound like "on" elements, nor the reverse. An ex­
ample of this is the keying of the Navy's v-1-f trans­
mitters at speeds around 60 words per minute; the 
antenna builds up to perhaps I f3 power on dots 
and full power on dashes; but, although it turns 
off completely after a dot, it still puts out power 
for an appreciable time after a dash. 
3-If noise clicks and other ·causes of errors happen 
occasionally, these create what is known as fortu­
itous distm·tion. A better name might have been 
"unfortunate distortion." 

The bias distortion described above is almost 
bound to happen, even' in a perfectly-adjusted sys­
tem, if on-off transmitter keying is used during 
fadinp: conditions. Furthermore, the most fre· 
qnently-encountcred type of fading on high fre­
quencies can be attributed to wave interference be­
tween a signal that, being reflected from the Ken­
ne1y-Heaviside or ionospheric layer bark to the earth 
and up again, took the lesser number of "hops" be­
tween the transmitting and receiving points. and 
the signal that took the next greater number of 
hops. Inasmuch as the distances traveled to the 
ionosphere and back down to earth are different for 
the two signals, there may be a change in travel 
time amounting to as much as 4 milliseconds. This 
i~ nearly 20% of the dot length at 60 words per min· 
tHe, so it is apprcriable. ,,Vhen these things happen, 
thr change in apparent starting time for any dot 
creates a difficult problem for any communication w ..... 
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system which requires synchronized distributors 
running at each end of the circuits, and even for a 
''start-stop" system in which the receiving equip­
ment comes to a complete halt at the end of each 
character and starts on time again with the begin­
ning of the next character. The word "character" 
here not only refers to letters, numbers, and punc­
tuation, but also to shift, space, and other combina­
tions in the teletype code. 

The effects of the changing bias distortion with 
fading, however, can be reduced. In the ordinary 
on-off keying system, it may be considered that 
reception is being effected through some applica­
tion of an electrical relay-like a telegraph sounder 
-which has an armature that is pulled down by 
the signal passing through a coil, and which is 
restored by the action of a spring in the absence of 
a signal. This is pictured in figure 2 (A). It will be 
seen immediately that the restoring of the armature 
could have been accomplished, if necessary, by 
passing a current through a second magnet which 
can replace the spring. This is pictured in figure 
2 (B). 

Now, should the transmitted signal, which con­
sists of "on" signals and "off" periods, be accom­
panied on a separate frequency by the transmission 
of signals sent out during each interval of the 
first "off" period which is called a "space" signal­
it would be possible to provide a second receiving 
system to operate the restoring magnet. The "on" 
or "mark'' signal in figure I, then, would still look 
about the same, as reproduced in the upper half of 
figure 3, but the "off" or "space" signal would 
be transmitted as reverse keying, as shown in the 
]ower ha]f of the figure. 
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It will take only a moment to see that the timing 
involved will produce a "space" signal equal to the 
"on" or "mark" signal in approximately one-half 
the time because the two receiver outputs will be­
come equal at about the midpoint of the time 
occupied by the gradual change. Furthermore, if 
both signals fade up and down in volume, this 
point of change-over will tend to remain approxi­
mately constant, with the result that the variations 
in the bias distortion will tend to be eliminated. 

This type of keying-the transmission of an "on" 
or "mark" signal on one frequency, and of an "off" 
or "space" signal on another-is termed frequency­
shift keying. Its use has become very general in re­
cent years, because it has removed one of the largest 
causes of distortion in signals during their trans­
mission and reception, which has previously caused 
much trouble in producing satisfactory copy of sig­
nals with ordinary land-line teletype printers. 
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FREQUENCY-SHIFT KEYERS 
Although a simple manner of producing what 

used to be called "back-wave keying" could be 
devised, such as by keying a capacitor or shorted 
turn in an oscillator circuit in the transmitter, 
there are advantages in doing it a different way. 
A few equipments have been used in which the 
keying operated a reactance-tube that changed the 
oscillator frequency. This method will be used in 
the new keyers for TCK transmitters. More com­
monly, however, the oscillator frequency is shifted 
approximately 200 kilocycles by the superheterodyne 
method used in receivers, simply by injecting a 200-
kilocycle frequency into a mixer tube that is also 
fed with the osciiiator frequency. Filters can then 
take out the lower or upper sideband, and the re­
sulting output frequency (off-set 200 kilocycles from 
that of the osciJlator) can be fed into the transmit­
ter. This is pictured in figure 4. With this ar­
rangement, the 200-kc oscillator can be shifted in 
frequency the desired amount (usually 850 cycles) 
in a manner that remains the same regardless of the 

oscillator frequency. Inasmuch as the shift is mul­
tiplied by frequency ~ultipliers. in the transmitter, 
it also is desirable to Insert a SWitch that accurately 
divides the 850-cycle shift by the multiplication 
factor in the transmitter. This is done in the stand­
ard Navy Model FSA Frequency-Shift Keyer. With 
the key up, the transmitter produces full power 
output, but on a frequency that differs by 850 
cycles from that when the key is down. 

With the development of new Navy transmitters 
containing more stable oscillators, such as the X­
TEJ, some circuits will also be desi~ned to a~com­
plish this internal shift whenever desired, and In the 
standard amount. 

FREQUENCY-SHIFT CONVERTERS 
In order to take advantage of the transmission of 

the "off" or "space" signals (which was not done in 
the early days when a similar signal was trans­
mitted for other reasons) some way must be devised 
to produce a change in receiver _o~tput that is 
exactly opposite in the two. rece1vmg c~1annels. 
Originally, this was accomphsh:d by usmg two 
separate receivers on the two signals; now, how­
ever the amount of shift or spread is reduced to a 
poi~t ~here a considerable part of one receiver is 
used for both "mark" and "space" signals. The 
early converters, such as the ANjFGC-1 and Navy 
model FRC, took the audio beat-note output of the 
receiver, and, by use of two sets of selective audio 
filters, obtained a pola'r or push-pull reversing d-e 
output by bucking the rectified o~tput fr~m one 
filter against that of the ~ther. _Th~s ~etecuo~ ca~ 
also be done effectively with a d1scnmmator ctrcun 
like those used in frequency-modulation reception, 
the main difference being in the linear change of 
output with frequency desired in f.m., and in the 
square-topped curve ava!lable from the .~lters., This 
polar current reverses Itself between mark and 
"space" and can operate a polar relay such as type 
255-A. The make-and-break contacts of this relay 
can then key the usual 60-milliampere teletype 
printer line-current, by the on-off or "neutral" 
method. The block diagram of this audio type of 
converter is given in figure 5. 

AUDIO RECEIVER 
NO.I 

AUDIO RECEIVER 
N0.2 

Fortunately the severity of fading of radio sig­
nals can be reduced by reception by two indepen­
dent means, and combination of the results. Re­
ception on two different frequencies accomplishes 
this, but it increases ·the chances of interference, and 
uses more frequencies than should be allowed for 
one radio circuit. Inasmuch as the fading in spaced 
antennas occurs at different times, .. space-diversity" 
reception is considered best where there is room 
for the antennas. 

Diversity arrangements can be applied to the 
above converter by using duplicate systems up to 
the point of rectification, where the best signal 
may be selected electronically. Inasmuch as selec­
tive fading on high frequencies may reduce the 
volume of a "mark" signal in one receiver-the 
"space" remaining loud, and reducing the "space" 
signal in the second receiver while the "mark" 
remains loud-it is best to arrange the diversity 
connection so that the best "mark" between the 
two receivers operates against the best "space" sig­
nal. This is done in the model FRC converter, a 
form which may become obsolete mainly because of 
its size and weight. Its performance however, 
should not be underestimated. 

A second type of audio converter could be de­
signed (it has been used in the model CXK J, an 
early model of the ANjSGC-1 modulated-tone ter­
minal unit) in which the receiver audio output 
passes through only one filter, wide enough to pass 
both the "mark" and "space" tones. The signals 
are separated in an audio-frequency discriminator, 
whose midpoint (which does not respond) is tuned 
to the center of the filter band-pass. A tone higher 
than that of the midpoint causes direct current to 
flow in one direction, whereas a lower tone causes 
it to flow in the reverse direction. 

More recently, converters that operate at the 
intermediate frequency of a receiver-or at other 
radio frequencies-have come into vogue; these do 
not have to put up with interference which may re­
sult from the audio image created by the beat-note 
methods of reception. One form-and what may 
be the best converter yet designed-is the Navy 
model FRF (similar to the model FRH except for 
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F IGURE 6 
the i.L of t he rece iver "· it h w h ich i t is u sed). T his that a n y constant signal m ust be "on" or " m ark", 
contains sharp i-f tra nsfo rme rs-or fi l ters if you pre- and that any later pulse must be a ch ange to "off"; 
fer that term-to produce a bandwidth of e ithe r 300 if t hat pulse is not followed, within the length of 
or 600 cycles, approximately. These selective time of one character at a speed o f 60 words a 
stages a re followed by the discriminator circuit. minute, by a change back to " mark," the c ircuit 
The u ual e lectronic complications, however , make autom a tically ch anges over to "mark" on the as-
the full exp lanation much less s imple: First, t he sum ption that the pulse was in terfe re nce rather 
signal from o ne receiver is con verted b y superheter- than a desired sig nal. 
odyne methods to 50 kc.; that from a n y second r e­
ce iver , as would be r equired in divers ity r eception, 
is con verted to a lower frequency. Having two dif­
fe rent frequencies going in to the e ffective portions 
of the converter, it is poss ible to run the m through 
th e same limiter tubes and two d iscriminators in 
series, w ithout any trouble. Afte r the d iscrim in a­
tors, the re is an automatic- freque ncy-co ntrol cir­
cuit which works back on the o sci llators in the 
frequ ency-changing pon ion, to g i,·e a sma ll deg ree 
or electronic tun ing if the s ignal docs not drift 
more thotn about h a lf a k ilocycle. :\ block diag r;1m 
ol thi-. arrangeme nt appears in figure 6. 

. \ common s hipboard converter is the m od el 
FR.\. This comains a n i-f amplifier, fol lowed b y 
a lock ing oscillator wh ich operates into the dis­
criminator. At thi~ point, however, t he system hc­
con l e~ quite novel. The di~criminator has no d ead 
cente r, but, becau~e or a condenser across the eli -
odC'~. ha~ instead a .. ~liding· · cent.c.: r . 1\ s a r esu lt, it 
n 1nno1 '-<'l it sC' II up on a consL<l l11 "o n" or "mark" 
.. igll al a ~ i~ tran~lllill ed dll r illg idle period~ or tc lc­
l ) p t· op('r;1 tio n. I hi .. di -.< 1 imi11ator collllccts 
1 hrough a cond t· ll ~t·r to an audio ampli fie r, tllliS 
" difkrcntiating" the signa l and produ cing a n out­
put on I y cl uri ng tllC' very short period whe n th e 
signal rhonp,e.\ lro111 a " 111ark' ' to<~ "space ' ' (or the 
rcH·r~C' ) : it does not me the pa11 o l the !> ignal that 
remains "on" or .. ofl ... The audio amplifier d e li v­
tT~ pulses 1o a counter c in uit ll'ho~e oul ptil is 
alt<·Jnatc ly tlii'IH'd "on' ' or "oll ". ,\n additiona l 
<in u it i-. adlkd ,,·h ich makes the con vcTtC'I' a s~ume 

MODULATED TONE METHODS 
1t is a lso possi ble to transmit in te ll igence by leav­

ing the carrier o n, and keying a tone. T h is m-e-w 
method has been used lor the past several years 
o n rad io tele type, by modulation of a voice trans­
mitter with a typ e TH-l jTCC-1 te rminal uni t. 
Thus unit provides "on-ofi" keyi ng of a tone. I n 
the CX KJ, a later model that is to be replaced w ith 
the A 1JSGC-I, two tones are used i n a manner sim ­
ilar to an aud io-frequency converter operating o n 
fre,q uc ncy-shi lt-kcying . One tone prov id es the 
" m ark" sig nal, and the other provides the "space." 
The productio n equ ipment for sh ipboa rd a nd for 
harbo r c ir cu its wi ll usc tones not over 700 cycles, so 
that the two sid ebands of th e modulated sig nal will 
s tay within a 1500-cycle total band, to make its u se 
possible o n narrow h ig h-frequ ency c-w channe ls, as 
we ll as on u-h-h£. 

As was recently described in the ELECTRON, 

a much m ore complicated mod ulated-tone sys tem 
has b een in use be tween m ajor shore stat io ns. Jn 
it. numero us ton es provide six tele1y pe ch annels, by 
wha1 ma y he 1e rm ed "frequency-division mu lt i p lex'' 
me t hods. Two tones are sufficicn t to opera tc one 
teletype c ircuit but the equipment was not d esigned 
for space-d iversity recept io n, so fading is reduced 
in it by operating a second pair of to nes o n the same 
tt' le typc channe l, thus obtaining a form o f "fre­
quency-d iversity" action. Because the resulting 24 
tones take up quite a sli ce of the frequ ency spec­
tnlm, o ne sideband is eliminated from th e tra ns­
nl i1lcr h y using "single-sideband" m ethods. The 
suppressed sid eband fr equen tly is used for voice 

communication, although it could carry SIX more 
te le type cha nnels. 

FACSIMI LE 
T here arc a number or au tomatic methods which 

have been pro posed and tested, using fo rm of fac­
simil e or picture transm ission . Some of these ope­
ra tc from a tc kt ypc ta pc at the tra nsm i tti ng encl. 

1rhich sim p l il ics usc 1rith existi ng te le type relays: 
the reprodu ced copy at .thc receivi ng end , at the 
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present stage of d e ,·elopment, is no t as ca ily r('.ayed 
as i teletype wpe. Consideration h;ts becn g i,·en 
to facsim ile met hods for obtaining \'Cry sma ll re­
corders in Slllall craft b u t, \l'ith the d c,·e lopme nt 
of teletype conveners a nd printe rs \\·cighing in the 
Yicini ty of 30 po unds, facsim ile mt:thod~ arc 1'<.' ­

cc i ,·i ng a grca t de a I of com pel i tion from i 111 pro\-cd 
telctypc me t hod s. C\'(: n 1rht'rt 1rc igln i~ a prim;tr y 
factor. 
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