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BASIC PHYSICS 
PART 8 

• • • • • • • 
• In the prev ious chap ter i t was learned: !- that 
electrostat ics is the study o f electrica l energy at 
rest or, in the language of physics, of p otential elec­
trical energy: 2-tha t a stationary or static charge 
possesses paten tia I energy by virtue of the 
field o f force whi ch it sets u p; and 3-that a static 
charge may accomp lish work only by forcing an­
other charge to m ove. At this stage of instru ctio n, 
keep in mind the fact that electrosta tics is im­
portant only in establishing the nature of electric 
en ergy, of the electric charge, and of the electric 

field. 

Electrod ynamics, on the other h and, is the study 
o( charges in motion. A charge in motion possesses 
kine tic energy. \ 'Vhen work is done on a charge by 
moving it aga inst an electric force, k ine ti c energy 
is converted to potential energy. This should be 
ev ident from the fact that as a charge is moved 
against a fi eld, it gains potential. A generator is 
said to generate a difference of potential across its 
terminals by moving elementary electric charges 
from one terminal to the other. Basica ll y, a gen­
erator is a device for doing work u po n elementary 
electric charges. 

Potential electric energy (represented by a dif­
ference of poten tial ) is converted to kinetic elec­
tric energy when an electric field is permitted to 
move a charge from a higher to a lower potential 
level. \ .Yhcn electric energy is in kinetic form, i t 
may read ily be converted to other forms. For ex­
ample, applying a difference of potentia l across a 
motor establishes an electric field through the mo­
tor. Elemen tary charges moved through the motor 
by this field have their kinetic energy converted to 
mechanical energy-the force exerted by the mov­
ing charges causing the rotor member of the mo­
tor to rotate. Kinetic electric energy is converted 
to potential chemica l energy in charging a battery. 
It is converted to light energy in an incandescent 

lamp; to sound -energy in a loudspeake r; to heat 
energy in an electric hea ter. Electrodynami cs is a 
subj ect of much greater significance than electro­
statics, and the study of i t centers around the ac­
tio n of moving ch arges. 

Electrodynamics may be divided into two parts: 
1-the genera tion, a nd 2-the utilization of electri­
cal energy. The number of methods b y which 
various forms of energy may be converted to elec­
trical energy are rather limited, but methods of 
utilizing or converting electrical energy to other 
forms are extremely varied. This is why utiliza­
tion has greater significance than generation, al­
though it should be eviden t that the latter must 
always precede the former. 

In dealing with kinetic electric energy, the most 
important factor is the time-mte of (low o£ a m ov­
ing electric charge. A flow of moving charges con­
st itutes an elect1·ic current and is measured in terms 
of the time-rate of flow. It cannot be too strongly 
emphasized that curren t is a measurement of the 
quantity flowing in a unit of time, a nd not simply 
a measure of the quantity or volume o f the charge. 
There is as mu ch difference between cou lombs and 
coulombs per second as there is bet\l·een gallons and 
gallo ns per second. 

T yjJes of Elect?·ic Current. Since there arc two 
kinds of charges, positive and negative, and a mov­
ing charge constitutes a there should be 
a t least two kinds of curren t. Actually there are 
three possible types of current, the second of which 
will be ex pla ined last because it is the m ost impor­
tant and leads in to wha t follows. There are, ! ­
moving pos 1t1 ve charges, 2- moving negative 
charges, and 3-a combination of moving positive 
and nega tive charges. 

A current composed on ly of moving positive 
charges is very rare. An alpha particle (He++) 
emitted from a radioactive substance, for example, 
constitutes a moving positive charge. 

A current composed of a combinat ion of moving 
positive and negative charges is typica l of electric 
conduct ion in gases and liquids. In any gas, ther­
mal agitation will a lways crea te a few positive and 
negative ions. If a difference of potential is ap­
plied across a gas, the positi ve ions are 
toward the negative termina l and the negauve wns 
toward the posi tive terminal. The resulting cur­
rent is composed of positive ions moving in one di­
rection and of negative ions moving in the opposi te 
direction. A long free p ath be tween a toms in a 
g-as may permit high acceleration o f the ions. A n 

<• 

ion moving at high velocity may strike a neuu·al 
atom with sufficient force to libera te an elecu·on, 
thereby creati ng an additional positive ion. If the 
libera ted electron is captured by a neutral atom, an 
additional negative ion is created. This process is 
called ion izat ion, and may build up in a gas until 
a high percentage of the normally neutral gas mole­
cules are converted to ions. Currents in gases are 
often called ioniza tion currents. Gaseous conduc­
tion will be treated in detail in the study of elec­
tronic vacuum tubes. 
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FIGURE !-Current co mposed of jJosilive and 
negative ions. 

Many liquids, as the result of a chemical reac­
tion, contain an appreciable number of positive 
and negative ions. For example, pure water con­
tains very few ions and hence is a n excellent non­
condu ctor; but add a few grains of salt or a few 
drops of acid and the resulting chemical reaction 
creates large numbers of ions. If a difference o( po­
tential is applied across such a solution, a cu rrent 
composed of positive ions moving in one direction 
and negative ions moving in the opposite direction 
will be established. However, the movement of ions 
in a liquid is so restricted that production o( addi­
tional ions by collision, such as occurs in gases, 
d oes not take place. 'When liquids are intentionally 
u sed as condu ctors, they are usually called electro­
lytes and the currents through them, electrolytic 
currents. In the study of batteries :mel dry-cells in 
a later assignment, a thorough discussion of elec­
trolytic currents will be undertaken. 

T he type of current constituted by a movement 
o f negative charges alone is of paramount interest 

in the study of practical elecu·icity. Such a cur­
rent typifies electrical movement of charges through 
solids and vacuo. It is called a conduction current. 

An earlier chapter briefly explained that in any 
solid there are ahrays some elect•·ons more or less 
free of nuclear am·action, and hen ce capable of 
moving in any direction under the influence o f an 
applied electric force . . In a solid, the movem ent of 
a toms is so highly restricted that a norma l clecu·ic 
force is incapable of moving positive io ns; hence, 
the occurrence of currents in solids must ah,·ays 
mean a movement of electrons. Tlu·oughout this 
and subsequent chapters it will be understood, u n­
less othen,·ise stated, that the word "current" re­
fers to a movement of electrons. 

ConcejJts of Free Elect rons. A mobile or free 
electron may be defined as one that moves read ily 
when subjected to an external e lectric force. There 
are several explana tions for the existence of mobil e 
or free electrons in a substance. A fe"· of these 

· will be discussed briefly. 

In the atomic structure, the diameter of the 
L-shell is abou t four times greater than that of the 
K-shell. The M-shell has a diameter approxima te ly 
9 times that of the K-shell. The force of nuclear at­
traction varies inversely as the square of the dis­
tance from the nucleus. In lithium, for example, 
the single e lectron in the L-shell is subject to a force 
of nuclea r attraction only about one-sixteenth that 
exerted in the K-shell. It is conceivable that an 
electric force of reasonable magnitude m ay be 
capable of overcoming nuclear attraction and re­
moving an ou ter planetary electron. It is, however, 
extremely difficu lt to remove more than one elec­
tron from any atom, for the instant one electron 
is removed, the nuclear attraction for the remain­
ing electrons becomes so great that a very strong 
force is necessary to remove a second electron. rvfa­
chines have been designed to strip planetary elec­
trons from atoms, but such devices do so only by 
developing potentials of the order of millions of 
volts. 

A second explanation for the ex istence of mobile 
electrons is based upon the crysta lline a rrangement 
of atoms in many sol ids. It is believed that, within 
an orderly arrangement of atoms, some electrons 
may be moving in delica tely ba lanced orbits clcter­
minecl by the combined forces exerted b y several 
nucl ei. It is knmn1 that two or more a toms may 
share p lanetary electrons. It is conce ivable th at 
such shared electrons might be moved by an ex­
terna l electric force without much d ifficu lty. 
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T hermal agitat io n a lso produces mobile elec­

trons. ;\Iany non-conducting substan ces become 
conductors when their temperature is ina-eased. 
G lass is a good in sul ator at normal temperatures, 
yet is a fa irly good conductor in the molten state. 
This indica tes that thermal agitation o f molecules 
and atoms m ay liberate outer planetary electrons 

by molecular and atomic collisio n . Since thermal 
agitation increases as the tem pera ture is increased, 

it " ·otlld be expected t hat the number of free elec­
trons increases ,,·ith the r ise in tempera ture. This 
is true only under cer tain co nd itio ns. In a non­
conductor, the number of mobil e electrons p er unit 
volume is very small. As the temperature of a non­
conductor increases, thermal collision liberates 
more electrons, and conduction increases. H ow­

ever, in substances in which the number of free 
electrons at norm al temperatures approaches one 

p'cr a to m, an increase in temperature will not cre­

ate a n appreciab le in crease in the number of mo­
bile electrons because removing more than one elec­
tron from an atom is extremely d ifficult. In 
conductors it wi ll be found tha t increased tempera­
ture docs not produce sufficient additiona l mobile 
electrons to offset the increased d ifficu lty of elec­
tron movement through the highl y agita ted mole­

cules. 

.\ nether factor tend ing- to result in mobi le elec­
tron is based upon the complex nature o( electron 
orb its. I n elements of medium and high atomic 
number, the total number or protons and e lectrons 
in a normal atom is quite large. T he reaction be­
tween the positive and negati,·e fie lds o( the par­
ticles produces some electron orbits having a high 
degree o( eccentricity. By referr ing to Part 6, fi gu re 
7, in the Decem ber is ue or ELECTRO:"'/ it will be 
seen that the copper atom has one electron orbit 
" ·hich carries the e lectron to a compara tive ly grea t 

distance from the nucleus. T he electron in this 
orbit is easily removed from the atom by an ex­
ternal force . Indeed , there is only one clement 
that is better than copper as a conductor or elec­
trici ty: silver. F rom an economic viewpoint, how­
ever. copper is the be t conductor, and cnormou 
quantities o[ this c lement are used in the ma nufac­
ture of electric conductors and equipment. 

Conductors and Son-Conductors. R egardless of 

the actu al med1 an ism by wh ich free electrons arc 

operated in a substance, it may be said tha t a ll 

substances will conduct electricity to some degree. 

The difference between conductors and non-con­

ductors is a relative one. A conductor has a rela­

tively larg-e number of mobile electrons per u n it 

vol ume; a non-conductor, a relatively sma ll num­

ber. The only perfec t !10n-conductor is space de­
void o f a ll matter. Si nce the best man-made 
vacuu m stil l contains millio ns of atoms per cu bic 
centimeter of space, the p erfect non-co ndu ctor does 
not exist. Similar reasoning indicates a perfect con­
d uctor can no t exist. A perfect conductor would be 

one in which an electric current wou ld generate 
no heat. 

In the maintena nce of electrica l equipment, re­
tent ion of the condu cting and no n-conduct ing prop­
erties o[ materia ls is a major problem. Smoke de­
posits, dust, moisture, and chemcia l reactions may 
destroy or seriously affect t he insulati ng properties 
o( a non-conductor. Similarly, poor con tact, mois­
ture, chemical reaction, e tc., may d ecrease the con­

ducting properties o( a conductor. 

J\ll echanism o f Electron 1\lovem.enl in Cond ucto rs. 

By virtue o[ the exceeding ly small volume of space 
occupied by an electron a nd the fact that an atom 
is mostly empty space, it m ight seem that free elec­
trons move through conductors as smoothly as 
water fio\\·ing through a p ipe. This is definitely 
not the case. Although an atom is mostly empty 
space, tha t space is occupied by comparatively 
strong electric fields. T he electron, itself a minute 
negative particl e o( electri city, is thus acted upon 
by th e forces o( the atomic e lectric fields so that 
its motion is impeded. On this basis an electron 

ca nno t readil y pass directly thro ugh an a tom . 

Another important fa ct is that wh ile an electron 
may be liberated from an atom, it remai ns free for 
a very small instant o nly before fallin g into a n 
ou ter orbi t of an adj acent atom . Free e lectrons are 
nothing more than e lectrons in transit from o ne 

atom to another. In a neu tra l substance free elec­
trons arc jumpi ng in all di rections so the average 
motion in any one directio n is zero. H owever, a t 
some particular instant, it ma y be possible for more 
electro ns to be jumping in o ne directio n than in 
another, hence a m inute current m ight flow [or 
(I ll instant in a smal l portion of the substan ce. Such 
currents are called thermal- or noise-cun-en ls and 
a1·e similar to the eddies, whirlpools and back cu r­
rents to be encountered in an y fl owing stream. I t 
will be found that th ermal currents place a lim it 
upon electronic amplifica tion beca use of the noise 
or electr ica l distu rbance th ey create. 

\rVhcn a d ifference of potenti al is applied across 
a ~ubstance, the free e lectro ns are a ll co nstra ined 
to move in the same direction. A free electron 
lliOves o nly a mi nute d istance before it is ca ptured 
by an a tom onl y to be insta ntly replaced b y ano ther 

electron liberated at a nearby point. The electric 

current may produce effects equivalent to those of 
a smooth stream of electrons, but the electron no\\" 
is actually ·a " hop, skip, and jump" alTair made up 
of the errat ic movements of innumerable electrons. 
I n any conductor the average velocity of fon ,·ard 
motion o( free electrons is extremely small, at best 

only a small fraction of a centimeter per second. 
The speed o( electricity is not the speed of the 
electron fimr, however, but rather is the velocity 
at which an electric force is .transmitted through a 
conductor. In figure 2 a number o[ billiard balls 
are lined up so adjacen t ba lls arc just touching one 
another. If ball A is given an impulse in the direc­
t ion of F, ball B seems to move the instant the 
force is applied to A. Furthermore, the force is 

t ransm itted a lmost in full magn itude through the 

f iGURE 2. 

intcn ·cning ba lls without ca using them to move 
more tha n a mi nu te distance. In any circu it o[ rea­
sonable length, an electric force may be assumed to 
be transmitted around the circu it instanta neously. 
La ter, in the study o( certa in types of e lectron ic 
circui ts, it wil l be (ouml that the transn1issio n of 
the force is delayed , such delay be ing an important 
item in determining the action or certa in circuits. 
I n the early study of electri ca l princip les, ho\\"c,·cr, 
it may be assumed that an electric force is trans­
mi tted through a closed circu it at infinite velocity­
at the instant the (orcc is applied at poim A it ap­
pears a t some remote point B. 

U 11 its of F.lr(" t ric Current. Curren t is a measure 
o[ th e quantity or charge tha t is pass ing through a 
point in a given time. Hen ce a u ni t of current rep­
rese nts a uni t quant ity of charge passing through 
a poin t in a uni t o[ t ime. \\' hen one sta tcoulomb 
of electric charge mo,·cs th rough a po int in each 
seco nd of time the current through that point is 
one stat ;1mpcre. T he ~r. K. S. unit is the ampere, 

c·q u i,·ak nt to a ra te or Oow of Oil(' coulomb per 
~c-cond. ]t has been exp la ined th at one mulumb is 
eqJJi\·alcnt to an excc~s or deficiency of 101" elec­
tron. I I 101fi dcctro11~ 111ovc th rough ;1 poim in 
o nc second one a 111 perc fimrs 1 h rough the point. 
l lo\\·e,·cr . if OJH' clcc Iron mm·c through a poin t in 

second the current is also one ampere because, 
J 0"' 
in both cases, the R .·l TE of flo"· is 10', e lectrons 
per second. In other words, a g-iven current may be 
produced by either a large number of electrons 
moving slo,d y or by a sma ller num ber monng 

more rapidly. 

i\ I athematica lly: 

Quantity of charge mo,·ed throug-h 
point 

Current =------------ ---­
Time required to mo,·e through 

point 

Q 
I = - , 

"·here I is the current in amperes a nd Q , the cha rge 

in coulombs moved through a given point in t sec­
onds. If ten coulombs move through a point in 2 
seco nds, the average cun ent is 10j 2 or 5 amperes. 

A mcte1· " ·hich measures the average rate of flo"" 
o[ charge is called an amm ete r i[ i t is calibrated in 
amperes, a milliammeter if it is calibra ted in thou­
sand ths of an ampere, a nd a microammeler i[ it is 
calibra ted in mill ionths of an ampere. 

1 a = I 000 ma = 1 ,000,000~-ta 

The C reek letter J-t• pronounced "i\Iu," is the stand­
ard symbol (or t he prefix "micro." 

Direct ion of Cu rre11t. In Faraday's time lit tle 
was known about th e nature of an e lectr ic current. 
It was assumed th at electricity \ras a mysterious 
fl u id capable of fl o\\"ing through some su bstances 
and inca pa blc of fl o"· i ng through oth ers. Since a 
l iqu id tends to fl o"" from a h igher to a lower level, 
it was only natural to make the assumption that 
th e mysterious electrica l liltu id must fl ow (rom jJosi­

tivc to negative. s e,·eral important e lectrica l la"·s 
arc based upon this assumption: in [act, the idea 

has become so rlrml y entrenched that today the 
posi ti,·c-to-ncga ti ,·e d irection is kno,,·n as the co li· 

vr' 11lio11al dirf'c lio n of r111 r:lecJric C/1/Tl'll l . In every­
day electrica l \\·ork, the conventional d irection may 
be utili tcd at a ll t ime~ " ·ithout experiencing undue 
difficu lty. H owcYcr. comideJ·ablc difficu lty ar i se~ 

\\"hen the conn :ntiona l direct ion is used to exp la in 
e lectro n ic p henomena. part icu larl y the theory o( 
conduction in electronic tubes . 

Sill ("(' a lllOVetnent or electrons CU llSI ittt tes a cur­
ren t, it is logica l to assume tha t the direct io n in 
" ·h icl t th e e lectrons move is the d irect ion o f cur­

rent. Bu t consider this: electrons ma ' nwve wi th 
or he n1m-cd aga inst an electric fi e ld . II the elec­
tron -, lllO\'C under the impew s o f an <"icctric field 
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they accompli h "·ork; in this case, e lectrons a lways 
move from negative to p ositive . H owever, before 
electrons m ay accomplish electrica l work t hey must 
be given potential en ergy by be ing forced to move 
against an electric fie ld: in this case, where " ·ork is 
done upo n electrons, they a re m oved from positive 
to n egative. ooner or la ter the student will e n­
coun ter the tatement "electrons always flow from 
neo-ativc to positive:· The experie nced engineer ac­
ce t~ts it because h e is familia r wit h y1e ~mp l ica· 
tions. As mentioned p rev iously, utJllzatton has 
wider appl ication than gen e ration. " '.hen elcctro~s 
flow [rom negative to positive, electncal energy IS 

being utilized, not generated. 

The Electric Ci1·cuit. In fig ure 3, G indicates a n 
electric o-cnerator, a m ach ine that fu nctions as a n 
electron °pump " ·hich , by m eans o f the electric force 
,,·hich it ge nera tes, forces electrons to move from 
one terminal to another. Le t the di rection o f this 
o-encrated electric force be such that e lectrons are 
;emoved [rom term ina l r\ and deposited at termin al 
B. The instant one clccu·on leaves termin a l A, the 
termi nal ceases to be ne u tral a nd becomes plus or 
posi tively charged: at th e ame t ime, termina l B 
becomes negatively charged th e instant a n electron 
is add ed to i t. Each electron removed from A is 
compe nsated for by an excess electron appea r ing at 
B, so that the po itive charge d eve lopi ng at 1\ is 
at every inhl.ant eq ual in magnitude to th e ncgnt ive 
ch arge tlcvcloping at B. 

;\lech a nica l e nergy wpplied to the generator is 
utilized in moving e lectrons from A to B. Every 
electron removed from :\ a nd deposited a t B will 
tend to genera te counterforces at both r\ and B 
that oppose the movement of additio na l electrons. 
As the magn itude of the charges at :-\ and R in­
creases, the counterforce-resul ting from th e attrac­
tive force exerted by the ch arge at A a nd the force 
o f repulsion exerted by the charge at B- evcntua I ly 
be-comes so great tha t t he m ech anical force suppl ied 
to the g<:nl'rator is inca pable of moving any more 
electrons. \Vhen this condi t io n i attained , the ge n­
era tor ceases to accomplish any further ,,·ork in 
moving ckcu-ons, and a constant differe nce of po­
tential w ill then ex ist across termina ls A and B. 
Poten tial energy has been stored in the two ter­
minal charges in equal amoun ts but of opposite 

fJol a ri I)'. 

~ow let a cond tH.tor be connected across tt·r­
min<tls A and B as shown in figure 4. T he negative 
charge at B wi ll exert a force of repulsion wh ile the 
posi ti H· (barge at A exerts a force of at t ract ion o n 
all the lrC'c- electrons in the condu ctor. In <· ffc-c t 

+A 

l __ ~> 8 

F IGURE 3. 

electrons will enter the conductor at B and m oYe 
toward A in a n attempt to neutralize the two 
charges. If the generator continues to p ump elec­
trons from A to B, the electrons will continue to 
flow (rom B to A thro ugh the externa l cond ucti ng 
p <t th. A continuous current or d r ift of e lectrons 
will be established throughout the entire length of 
the closed circu it or condu cting path, with elec­
trons flowi ng from posit ive to negative o n th e gen­
erator side a nd from negati ve to p ositi ve in the ex­
ternal conductor side. \ Vork is d one o n the elec­
trons as they move through the generator, and in 
turn the electrons moving th ro ugh the external con­
d uctor accomplish work. A n electric fi eld ex ists in 
the circuit. The directio n of the fi eld is from A 
to B through both the load a nd generator. Elec­
tro ns move under the impetus of this field tlu·ough 
the load but the generator must force them to move 
agai nst the fi eld in moving them from r\ to B. 

Electrons moving through the ci rcui t in crease the 
temperature of the conductor which indicates that 
electr ic energy is being converted to h eat en ergy. 
Any cond uctor carrying a n electr ic current will be 

W,NTERNALA EXTERNA~ 
CIRCUIT I CIRCUIT 
WORK DONEI ELECTRONS 
ON FREE I DOl NG WOR 
ELECTRONS! 

I 

LOAD 

B }>----' dJ 
FIGUR E 4. 

heated. T he theory of th is conversio n will be dis­
cussed later . 

On the basis of th is introductio n to a simple elec­
tric circui t, evcra l important ideas may be fonnu­
latcd. 

T he first is that on the basis of direction of elec­
tron moYcment, the circuit may be divided into t\l·o 
parts. O n the left side of the vertical d ashed line 
in figure '1 work is done on the electrons a ncl they 
move from positive to negat ive. T his section is 
ca lied the internal circuit of the generator or, more 
simply, the source. To the right of the clotted line 
is the ex ternal or load circui t. In the study o( elec­
tr ical principles, max imum interest will center in 
load circuits. Remember that the statement "elec­
trons always now from negati \ e to posit ive" refers 
to the di rection of the current in the fond. 

T he second idea is tha t when electrons move al­
ways in the same direction around a closed path, 
th e current is ca lled a direct current. Note that 
e lectrons passing from A to B or vi ce vcr a move 
in opposite directions in the load and source; but 
\rhc n the interna l a nd extern al circuits arc con­
nected to form a closed cone! ucti ng- path the elec­
trons move around the loop only in one direction. 
If the closed loop is opened at some point, the flow 
of electrons will be interrupted . T he conducting 
pa th is then sa id to be open-circuit ed. T he poten­
tia l dificrcncc across A and B will be transferred to 
the points ' '"here the circu it is opened. 

T he third idea is that the closed conducting path 
in figure -1 is ca lled a series circuit beca use there is 
onl y o ne path around wh ich the electrons ma y 
move. An :lmnJetcr connected at any po int in a 
series circui t \r ill indica te the sallie average time 
ra te of electron flow. T he conce pt, the current is 
tl1e same in all jJnrls of a series circuit , is very usd ul . 

J:"let/ro/llotivr Force. T he term "electromoti ve 
force" means the force sustained by the source when 
th e source is supplying a certa in quantity of clcc· 
tri cnl cncrg)' per unit t ime. 

Sin ce the "difl"c.:rcncc in potentia l"' l>c twcctl any 
two points in a circuit is used to mc:tsurc e lectro­
motive force, the t \l·o terms arc used interchang-e­
ably in electrica l " ·a rk. In e lectron ics, hmrcvcr, it 
i ~ import ant to di:.t inguish one term lrolll the other, 
and to understand ' '"hat each tenn in1plic~. 

Fir~l. consider a simple case illu ~t rating dil l<-re ncc 
of pote nt ial. If two bodies having charges of equ al 
tnagnitudc bu t opposite polarit y arc ronnc-ctccl by 
:t conductor, a current \\·ill ri mr front ncga ti w· to 

positive until the charges are eq uali::..ed. The mag­
nitude of the current \rill be maxi mum at the in­
stant the electrons begin lO fl o" · a nd " ·ill gradually 
fa ll off to zero at the insta nt the two charges are 
equa lized. The decay of current with time is shmn1 
in figure 5. Note that the usc of the te1·m "di[er­
cn ce in potential" between two bodies canies n o 
implication that a con tinuous curre n t \rill flow if 
these p oints are electrica lly connected. 
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TIME 
F t<.t;RE 5- D ecrease of current wit/, tim e as two 

unlike c/((lrges are 1Jermilt ed to neutroli:.e. 

l\0\r consider a case illustra t ing electromotive 
force. Starting again \l·i th two charged bodies, this 
ti me let them be connected to opposite terminals 
of a ge nerator. U nder these cond itions if a con­
du ctor is no"· placed between the t\,·o bodies, <t 
current will fl o"· from nega tive to posit ive as be­
fore, but this t ime instead of the charges cqua l i1.ing 
a nd the curre n t decaying to zero, the source or gen­
era tor acts to sustai n the charge or d iffere nce in 
pote nti al. It doc this by cont inuously moving 
electrons from positive to negat ive in the source 
whil e electrons are moving from negat ive to posi­
t ive in the load. In o ther words, th e source exerts 
an clccu·omotive force that acts to SlL tain the cl i[­
fcrcnce in potential. " E lcctromot i vc force·· is meas­
ured simply by mcasuri ng th e d i fie re nee in poten­
tial , but usc of the term itnplics th at th e d ifl'crcncc 
or poten ti al w ill be susta in ed ir the t\\"0 chm·gccl 
bodies or points arc electr ica lly connected. 

C encnttors arc 1·at ed accorditlg" to their powe1· 
o utpu t. For cxamp ll', a ra t ing ol 5 amperes, 220 
n Jlts. mea n tha t the generator i ~ capabl<' o [ gen­
eral ing and susta in ing a d iO crcncc ol potent ial o r 
220 ,·o lts as long as the rurrl' nt. p: t~~ i ng through the 
load docs not exceed 5 amperes. If the current pass­
ing through the load sl ighth exceed~ 5 a mpcres. the 
g-enerator may be incapable of doi ng " ·ork rapidl y 
C'nough tO SU tain the 220 \"o ft di lf<'JTnCC of pott·n­
t ial in " ·h ich ca~e the ,·olt;tgc w ill drop. Thi-. will 
IH" indica ted h~ a d(Trcase in the elcctromot i' c 
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force across the output terminals of the generator. 
If the current in the load becomes far greater than 
5 amperes, the difference of potential across the 
output terminals may fall to a very low level. A 
very heavy current overload is customarily referred 
to as a short-ci1·cuit. 

RESISTANCE 

The concepts of electromotive force and differ­
ence of potential lead to an understanding of po­
tential electrical energy. The concept of electric 
current explains how potential electric energy be­
comes kinetic electric energy. The picture of elec­
trical energy will be complete when it is understood 
how the kinetic energy is transformed to other 
forms of energy, or, in other words, how moving 
charges accomplish electrical work. This concept 
begins with the study of electrical resistance. 

In elementary studies of electrical principles it 
is customary to consider resistance as a property of 
matter. Later, in the study of electrical work and 
power, resistance is redefined as a concept rather 
than an actual property. In this text, the word "re­
sistance" will be used to mean a property of matter, 
and the expression "equivalent resistance," to n1ean 
the abstract concept of resistance. In time the 
student will learn to select the proper meaning by 
the way in which the word "resistance" is used. 

According to Newton's law of action and reac­
tion, a force cannot be exerted against a body un­
less that body exerts a force in opposition. In elec­
tricity, consider resistance as that physical property 
of matter which, working in conjunction with a cur­
rent, produces the counter-electric force against 
which the applied electric force is exerted. 

One definition of resistance is "that property of 
matter by virtue of which matter opposes the move­
ment of free electrons." Since the movement of elec­
trons through a substance always generates heat, 
another definition of resistance is "that property 
of matter by virtue of which kinetic electrical en­
ergy is converted to heat energy." The second defi­
nition is preferred because there are other forms of 
electrical counter-forces in addition to resistance. 

Natw·e of Resistance. It is customary to explain 
resistance as the opposition offered by atoms and 
molecules in a substance to the movement of free 
electrons. The heat generated by an electric cur­
rent is assumed to result from the electrons col­
liding with atoms and molecules. It is rather diffi­
cult to visualize how an electron can mechanically 
collide 'vith an atom. Two electrons cannot col-

lide because at the instant of the impact the force 
of repulsion between like charges approaches in­
finite magnitude. In a normal atom the planetary 
electrons rotate about the nucleus at such enormous 
velocities that the nucleus is.practically enclosed in 
an impregnable negative field of force. To pene­
trate such a field and reach the positive nucleus the 
free electron must attain an extremely high velocity. 
An explanation of resistance on the basis of me­
chanical collision between electrons and atoms is, of 
course, not very logical. 

It has been explained that in a normal atom elec- . 
'trons rotate about the nucleus in stable orbits. If 
an electron is accelerated it absorbs energy by jump­
ing to an. outer orbit. An outer orbit electron 
must, therefore, be given energy in order to remove 
it from the atom; hence, a free electron must have 
an energy content greater than one occupying a 
stable orbit. When the free electron is captured by 
an adjacent atom, this excess energy causes the 
electron to fall into an unstable orbit. In time it 
will jump to a stable orbit by radiating a little 
packet of high frequency energy in the form of an 
electromagnetic wave. The frequency of this wave 
may be such as to place it in the spectrum of radiant 
heat. If an adjacent atom receives this form of en­
ergy it may become excited and if it is sufficiently 
excited, an outer electron may escape frorri the 
atom. However, it is possible that the atom might 
absorb the energy by virtue of an increase in the 
motion of the entire atom. An increase in atomic 
(or molecular) agitation is perceived by our senses 

as an increase in temperature. Wizen the ene1·gy of 
the free elect1·on is utilized to increase the agita­
tion of an atom or molecule, elect1·ical energy is 
converted to heat energy. 

Another way of explaining resistance is to con­
sider it as a measure of work that free electrons 
must do as they move against the negative fields 
surrounding atomic nuclei. The applied force com­
pels the free electrons to move against the repulsion 
of these planetary electron fields, and work 1nust be 
done to overcome the forces of repulsion. Re­
sistance, then, is a form of electrical friction be­
tween electric fields of electrons, rather than the 
result of mechanical collision of electrons with 
atoms and molecules. 

The resistance offered by matter to the movement 
of electrons depends upon the nature of the mat­
ter. It is customary to explain this on the basis of 
the number of free electrons per unit volume. A 
good conductor has a large number of free electrons 
per unit volume-hence, a relatively low resistance. 

The radiant energy theory, however, also ·offers an 
excellent explanation quite di~rent from that 
based on the number of free electrons. The energy 
emitted by an excited atom when an outer elec­
tron jumps to an inner, more stable orbit varies 
directly as the frequency of the radiated electro­
magnetic wave. In some substances the radiated 
frequency is higher than others, depending, of 
course, upon the exact nature of the inward jump 
made by the electron. In substances in which an 
excited atom radiates a comparatively large packet 
of energy in returning from an excited to a normal 
state more heat per unit current is generated than 
in a substance in which a smaller packet per atom 
is radiated. The greater the ·quantity of heat pro­
duced by an individual excited atom, the greater 
will be the resistance of that substance. 

Regardless of these theories of resistance, there 
is irrefutable experimental evidence that a move­
ment of electrons through any substance will gen­
erate heat, the quantity of heat generated by unit 
current in unit time being a function of the nature 
of the material. The definition that resistance is 
that property by virtue of which kinetic electrical 
energy is converted to heat energy may be substan­
tiated in so many ways that it must be accepted. In 
the so-called purely-resistive circuit, all the electri­
cal energy is converted to heat. Later it will become 
evident that any electrical circuit has an equivalent 
purely-resistive counterpart, insofar as generation of 
heat is concerned. This is an important concept be­
cause electrical devices such as motors, incandescent 
lamps, etc., can be analyzed mathematically as 
resistances. 

Unit of Resistance. The practical unit of re­
sistance is the ohm. It may be defined in a variety 
of ways, because it is intimately related to such con­
cepts as charge, potential, current, electrical work 
and power. At this point particular interest lies 
in finding its relation to potential and current. The 
following definition points the way to that relation­
ship: Unit resistance is that resistance in which unit 
difference of potential will establish unit current. 
In the l\1. K. S. system one ohm is that resistance in 
which a diffeTence of potential (m· electromotive 
force) of one volt will establish an average ctt?Tent 
of one ampere. 

An ohm is a unit of intermediate magnitude. 
The student will encounter in everyday electrical 
work electrical resistances ranging from several mil­
lion ohms to a few millionths of an ohm. A good 
insulator or non-conductor may have a resistance 
of many millions of ohms. A good conductor may 

have a resistance much less than one ohm. There­
fore, the expressions "high resistance" and "low re­
sistance" are relative. In general, a high-resistive 
circuit is one in which the applied potential estab­
lishes a current considerably less than one ampere. 
A low-resistive circuit is one in which a compara­
tively small difference of potential may establish a 
current of several amperes. 

Ohm:s Law. George Simon Ohm, celebrated Ger­
man physicist of the eighteenth century, first formu­
lated the basic relation between potential, current 
and resistance. Ohm's law is the fundamental law 
of all elecu·ic circuits. 

Electrical potential may be thought of as the 
capacity of electric charges for doing work. .-\ po­
tential although measured in terms of work and 
energy is, in effect, a force or pressure that acts to 
move electrons. It is through the medium of the 
electric current that potential accomplishes elec­
trical work. Potential establishes the current, the 
current does electrical work in overcoming the 
opposition or counterforce of resistance. If one 
volt establishes a current of one ampere in a resist­
ance of one ohm, then two volts, which represent a 
force or pressure twice as great, should establish a 
current of two amperes in the same resistance. 
When the resistance is constant, the current estab­
lished in that resistance will vary directly as the 
applied electromotive force; conversely, if the po­
tential applied across a resistance is constant, then 
increasing the resistance means greater opposition 
to electron movement, resulting in a reduction in 
current amplitude. Two ohms will offer twice as 
much opposition as one ohm so that if the poten­
tial is constant the amplitude of the current in a 
resistance of two ohms will be only one-half that 
established in a resistance of one ohm. These con­
ditions are summarized in Ohm's Law which states 
the current in any 1·esistive circuit varies di'l·ectly 
as the applied electromotive force and inve1·sely as 
the circuit resistance. 

Electromotive force 
Current=-------­

Resistance 

E 
1=-. 

R 

\-\Then E is in volts and R in ohms, I will be in 
amperes. 

By rearrangement of Ohm's law it is found that 
E 

R=~ 1 , 

which indicates a circuit has a resistance of I ohm 
when one volt establishes a current of 1 ampere in 
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the circuit. It sh o uld be no ted tha t on e ohm is 
equ i,·alen t to one volt pe1· ampe1·e. 

:\.no thcr form of Ohm's law is 

E = IR. 
Th is ind ica tes the product IR is in the n ature of 
an electromotive force. T h e product IR is called a 
resistive voltage drop (the so-called " IR-drop"), 
and constitu tes the opposing force against wh ich 
the appl ied electric force op erates. It will be r e­
m embered that one of Newton 's laws of motion 
specified tha t a force accom.plish es work by operat­
ing against a n equa l b ut oppositely directed force . 
T he voltage drop IR is o ften called a counter­
electromotive force . This counter force is gen­
erated b y th e current as it flows th rough the re­
sista n ce. The electric cw-rent in any -resistance will 
always adjust i tself inslanlly /o such a value tha t 
the product of the cwTent and resistance is always 
exactly equal lo the electromotive force ajJjJlied 
across l ite 1·esistance . 

Ohm's J;m · d escribes the state of electrica l equi­
librium in a circu i t. It will be remembered that 
whe n fo rces a rc in equilibrium the "effective" force 

is zero . H 

then 

E = IR 
E-IR = O 

T he a p p lied fo rce E is just ba lanced by the counter 
force IR, resul ting in zero effective fo rce. 

Cond uctrmce. Experience ind icates the average 
student will gTasp the concept o( resista nce much 
more read il y than the co ncept of conducta nce. R e­
sista nce is a m easure of the d ifficulty in establishing 
a g iven curren t in a circuit. Cond uctance is a m eas­
ure of the ease " ·ith which a g iven curre nt m ay be 
es ta bl ished in a circuit. 

A. series electrical cir cuit is one in wh ich the cur­
re nt must [o lio" · a sing le condu cting path. A p ara l­
lel circui t is one in " ·hi ch n1·o or more pa ths ex ist 
[or the cu rrent to follow. The concept of co nduct­
a nce is part icu larly useful in a na lyzing m ultiple­
path cin .. u its. Rcsi~tancc is the more usefu l concept 
in d ealing , ,·ith series circuits. 

T he rc-~i~ta nce of a circuit e xpressed in ohms dc­
'>cribcs the e lectromotive force in volts th at must be 
appl ied to establish a standanl curren t of one am­
perc. For exam ple, i f there a rc 10 ohms o f r c­
~istancc in the circui t, 10 volts must be appl ied 
across the ci rcu it in onler to establish a curre nt of 
o ne ampere; i f 20 ohms, th en 20 vol ts are r equired, 

<· l c. In other words resistance is measured in terms 
u{ tltr' /J()/r>nt ial rt'quired to estab lish unit curren t . 
( I ohm l \'Olt per amp ere .) 

In a nalyzing cond uctan ce this idea is r eversed. 
Conductance of a circuit describes the current in 
a mperes that will resul t from the ap p licat io n of an 
e lectromo tive force of one volt. One vol t is taken 
as the standard p otential; the curren t established 
by this sta ndard represen ts the circu it conductauce. 
In other words conductance is measured in terms of 
the current established by unit p otential . (Unit 
conductance = 1 ampere p er vol t .) 

The ohm is equivale nt to one volt p er amp ere 
whereas the unit of conductance corresponds to one 
ampere per volt. I t should be eviden t tha t con­
ducta nce IS the reciprocal of resista nce . By Ohm's 
law 

E vol ts 
R =- = 

I amperes 

1 I amperes 
- = - = G 
R E volts 

where G represents the concluct_a ncc o[ r esistance R. 

Si nce the number of units o f conductance eq ua ls 
the number of units of curre nt es ta blished in a cir­
cu it by an applied e.m.L o f o ne volt, th e curre nt 
established by any other p o te ntia l is r eadi ly calcu­
lated, since the current in any circuit varies directly 
as the applied p otential. Fo r example, if one volt 
es tablishes a current of 3 a m p eres in a g iven cir­
cui t, then ten volts must es tablish a curre nt te n 
times greater, or 30 amperes. Therefore, if the con­
ductance of a circui t is known, the curren t estab­
lished by any poten tia l m ay be d eter m ined wi thout 
the necessity of calculating the circuit res ista nce. 

l =EG 
T he unit o( conducta nce is ca lled the " mho," ob­

ta ined by reversed spelling of "ohm." The log ic 
whereby 

I 
--= mho 
ohm 

surpasses al l u ndersta nding. It is o ften a source of 
confusion whe n, without adequa te explanation, 
conducta nce is defined as the reciprocal of r esist­
a nee. T he stude nt should thoro ugh! y m emorize 
the fo llowing: Wl-JF.N 11 C I RCU I T H AS A CO N ­
DUCTANCE OF X i\IIHOS AN I~Ui.CTRO­
MOTIVE FORCE OF 1 VOLT lJI!LL F.STA B­
LJS J--1 11 CURR EN T OF X AMPERES IN TI-ff: 
CIR CUI T. 

ELECTR ICAL WORI< AND POW ER 

Strict ly spea king, work is d one upon a n electr ic 
charge " ·hen enero·)' in some form other tha n c lcc-, ., b 

trica l is con verted to elect rical energy. For exa m ple, 
the genera tor convert s mccha 11 ica l energy to e ke-

trical energy by moving elecu·ons from posJtl\"C to 
nega tive . . Mechanical work is done in the generator 
and appears as electrical energy. Also, for exa mp le, 
in a storage ba tter y, chemical energy is converted 
to potential electrical energy by the m ovement of 
electrons from the p ositive to the negative terminal 
of the battery. Chemical work is done in the bat­
tery. Electrical work is clone when electrical energy 
is converted to some o ther form of energy. Electri­
cal work is clone when a current generates hea t in 
a r esistance. Electrical work is done when a cur­
re nt forces a motor to rotate. E lectrica l \l·ork is 
clon e when a battery disch arges. 

Since energy is measured in terms of the work it 
may accomplish, a unit of work is also a unit of 
energy. A volt represents one unit of work done 
upon one unit of charg·c, hence the volt is a uni t 
o f potential electric energy. '"' ork is done by a force 
act ing through a distance, h ence poten tia l energy 
pmvides the force by wh ich work is d one. For that 
reaso n, the volt is a unit of electromotive force as 
well as a unit of poten tial energy. 

The unit of work in the i\I. K. S. system is the 
jou le. A _m echan ical joule is fhC work done by a 
force of one newton acting through a dista nce of 
one m eter. It can be shown that the work clone on 
a charge of one coulomb when its potential energy 
level is ra ised one vol t is equivalent to one joule. 
Sin ce energy can be neither created nor destroyed, 
it follows that one coulomb moving through a di f­
ference of potential o f one volt must accomplish 
one jou le of electrica l work. T herefore, when a 
charge of Q cou lombs m oves through a vo ltage drop 
of E volts a to tal of QE jou les o f work is clone. 

w in joules = (Q in cou lombs) X (E 111 vol ts) 
• W = QE. 

Table I lists the commo n units of energy and 
work and their values with resp ect to each other. 
R esistance is that property of ma tter by virtue of 
which the conversion of electrical energy to h eat 
energy is carri ed out. ' Vhcn one coulomb of charge 
is moved through a resistance of l ohm, one jo ule 

T i\ lli.E I 

jou les [t-lb 
U/11· 
b B. t. 11. 

calories 
----- --

jo ules 0. 7376 0.2389 !H82 X l 0 4 

ft -lb 1.356 0.3240 1.286 X 1 o-~ 

gm-ca lo r ies 4. 185 ~.087 3.968 X 10-:l 

B. t. u . 1055 777.9 252 

of h ea t energy appears. This h ea t e nergy " ·ould 
increase the tempera ture of one cubic centimeter 
(one g ram) of water 0.2389 ° C. One joule of elec­
trical work, if completely utilized , \\·i ll do 0.7376 
ft-lb of mechanical ,,·ork. 

Power. In general, machinery is r ated in terms of 
h ow rapidly it ca n accomplish "·ork rathe r than by 
h ow much work it ca n accomplish . The more pow­
erful the machine, the more work i t can accomplish 
during any given period of time. Power is t!te Jime­
mte of doing worh or 

. work in j ou les 
Power In \l'atts = ------­

time in second ~ 

"' P =-

T he " ·ork in jou les done in a period of t seconds 
is equal to w / t j oules per second. The joule p er 
second is ca lled the wall. 

Since w = QE, then P = \\"/ t = QE/ t. 

However, Q / t is the time rate o[ Ao\,. o f electri­
cal charge, which has been defined as the electr ic 
current; hence, 

QE 
P =-= l E. 

t 

The product of the electromotive force (in vol ts) 
applied across a circuit, and the current (in am ­
peres) established by th at force, represents the r a te 
in watts a t wh ich electrical work is being clone in 
the circuit. T h e total work done in a ny circui t in 
a ny time t is g iven by 

W=Ei t 
\1·hcre w is in j ou les; E, in volts; I , in amperes; a nd 
t, in seconds. 

T he pra ctical uni ts of electrical work arc the 
wall-/t our a nd the hilowalt-!tour. The work cl one 
in o ne hour at any average ra te of 1000 joules p er 
second is equiva lent to 1 hilowatt-lwur. T he 
ho rsepower -h our is equivalen t to 746 watt-hours or 
0.7'16 kw-hr. 

By th e usc of Ohm's la\1', the equ at ion ro r elcc­
lr ica l pm,·er may be defined in terms or 1 ;lllcl R , 
or E a nd R. 

Since P = EI a nd E = lR, then P = (lR) l = FR. 
This particular form of the p0\1·er eq uat ion is very 
usefu l in e lectronics \1·ork, much more so than the 
El rorm. A current or 4 amperes in a rc ista ncc of 
2 ohms w ill convert el ectrica l energy to heat energy 
at the rate of 4" X 2 or ~2 watts. 

E 
Sin ce I =_,another rorlll of th e pm,·er law is 

R 
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(E) E" 
P = E l = E-=-. 

(R ) R 
An e lectromotive force of 8 volts applied across 2 
ohm of r esistance will con vert electrica l energy to 

8~ 
heat energy at the rate of - m- 32 watts. 

2 

The next two ch apters will b e concerned with 
h ow the variou s electrical formulas d eveloped in 
this chapter are used in solving simple electrical 
citteui ts. In ord er to provide a rea dy point of ref­
ere nce the important formulas are here sum­
marized: 

I = _3__ (I in a mperes, Q in coulombs, t in 
t seconds.) 

E = IR. 

E 
I = - - ( l in ::t mperes, E in volts, R in o hms.) 

R 
E 

R =-
I 

I = EG (1 in amperes, E in ,·olts, G in m hos.) 

EZ 
p = E I = FR = - - (P in watts, I in amperes, 

R E in volts, R in ohms.) 

£ 2t 
w = Pt = E lt = FRt = -­

R 

TEST QUESTIONS 

(" · in joules, E 
in vol ts, I in 
amperes, R in 
ohms, Pin watts, 
t in seconds.) 

I. 'Vhat constitutes a conduction cur re nt? 

° Convert a n e lectron m ovement of' 10' '1 elec­
trons per second to mi lliamperes. 

:;. I I I (F- electrons a re moved throug h a cir­
t uit in 10 ' ~ccond, w hat i ~ th e average cur­
rt nt in microamperes? 

I. (a) \\"hen R ~ 6.4 ohms, then G 

mhos. 

(1,) \\'he n (, ~ 0.00036 mhos, then R 
_ _ ohms. 

>. Convert : 

(a) 0.35 " to m v. 

(b) 45,600 a to ma. 

(c) 3768 w to kw. 

(d ) 6.27 kv to v. 

(e) 3 hp-hr to kw-hr. 

6. (a) I n most meta ls, resistance can be ex­
p ected to (increase, decrease?) with in­

crease in tem perature. 

(b) In most no n-conductors, condu ctan ce 
can be expected to (increase, d ecrease?) 
with increase in temperature. 

7. ' 1\Thich is the correct statem en t? The power 
in a n electric circuit may be doubled by: 

(a) doubling the appl ied electromotive 
force. 

(b) ha lving the circui t resistance . 

(c) increasing the circu i t curre nt by 50% . 

(d ) increasing the applied electrom o tive 
force 4 1 %· 

(c) decreasing the resistance 67~~-

8. Is th is statement true o r fa lse ? A generator 
rated a t 220 volts, 50 a mperes, is more power­
ful than one rated at ·H O vo lts, 30 amperes. 

9. \ Vhat clll:re n t in a mperes w ill be established 
in a condu ctance o f 0 .15 mho by an e lectro­
mo tive force o f 8.5 vo lts? 

I 0. Co nver t to joules: 

(a) 326 f t-lb. 

(b) 1000 g ram-calo ries. 

(c) 350 B. t. u. 

(d ) 1.6 hp-hr. 

(e) 0.75 k\v-hr. 

ANSWERS TO TEST Q UESTIONS, CHAPTER 7 

J. 2.3 X 10' 0 tons. 

C) 13.7 d ynes. 

3. 8.()7 X 10 '' cou lomb a nd - 8.67 X 10- 9 

coulomb. 

I. 1 X 10-•" d yne. 

:>. 36.9, and 1.4·1 li nesj cm ". 

l i. 1800, 450, a nd 72 d yn e~. 

1. 1700 vol ts. 

H. - 10 volts. 
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. Spread • 
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By Co:-.mR. E. H. Co:-.:~o:.u:-.: 

• lt is desirable for both the technician :tnd the 
o perator o f a radio circui t to be ab le to li te n to 
a signal , and determine the existence or cause of 
peculiar ities th at arc detrime ntal to contnntn ica­
t ions. The emission of a clear sig na l without spur i­
ous freq uencies o r undesired modulatio n will 
clear ly be recog ni zed: but the proper spread bc­
t \\"<.:en the " mark" frequency a nd the "sp ace·· fre­
qu ency o f frequency-shift-keying req u ires experi ­
e nce or instructio n. 

So me operators h:l\"C found it to be su fficie nt to 
tunc a rece iver un ti l o ne o f the sig na ls is in "zero 
be:tt," and then to es timate the to ne o f the o th er 
~ ig n : tl \\'h ich shou ld be 850 cycles- a slig h t ly lo\\"er 
to ne than the o ne that " ·o uld peak o n th e 1000-
cycle audi o fil ter in a model RBC rece iYcr . ll o\1"­
e\·er . \\·hen it is des irable to inform a distant tran -
mitti ng sta tio n th at he sho u ld check his spread , it 
it he lpful to g ive a closer indicatio n ol the !>prcad 
by actual mcastllTtlle nt. Freque nt ly it \\·ill be o b­
,·io us from the tH casured spread tha t the tra nsm it­
ting st:tt ion technician permitted his contro l of the 
spread bct\\"ecn the "tnark" a nd "space" frcc rucn­
cies to rc tna in a t the normal positio n fo r R:) O C) . 

cl es, bnt that he set the "mult ip lie r ·· S\\"itch at a 
poin't 1 hat difl"ers front the frequency IIlli II ipli c ttion 
used i 11 the transm it ter. 

Any rccc i,·ing o perator can m easure the ~prc:td 

bet \\'('en 1 he 1 \\"O frequencies of lreq tH' tH ·y-~h ift­
kcy ing by the f'ollo\\·ing rclati,·cly simple ntcath: 

Using a recci,·er such as model RBC, ttlllt' the 
signal unti l the beat note obtained lrom oll l' o l 
the t\\"0 freque ncies of a n FSK signal pa~~l·~ dO\n t 
th rough the Jt·ro beat point a nd starts u p aga in : a t 
th is time, o f course, the o ther lreq ue nry ol the 
sig nal wi ll st il l he go ing dmr n in lOtH' . C:on t int tl' 
tuning, ver y ca refull y, unt il the " mark." toll (' a11d 
the "space"' tn ll e fa ll a t the same frequ l' ncy : this 

,,·ill remon: the so u nd o l ke~ ing : and what appears 
to be a con t inuous \rhis tle, \\"ith some key cl icks. 
\r ill be heard. The tone o ( thi s ig na l is e x:tctly 
half o ( the spread bCL\\"Cen the '' mat·k ·· and ·• pace" 
frcq uencics. 

T o m easure th is half-spread LO ne, ho ld t \\"o head· 
pho nes up to o ne car, \rith o ne pho n e operat ing 
from the recei,·cr ami the second from an aud io 
osci llato r such as model LO. \\"he n th e co nstan t 
to ne of the rece iver is matched by that from th e 
audio osci llator, the dial se tting o f the oscill:ttor 
is o ne-hal [ the spread. 

A visua l compariso n sy tcm im·o lvcs using the 
vertica l and ho rizontal amplifiers o f a n osci llo­
scope instead of the t\\·o headphot~cs . \\"he n an 
elli pse is fo rmed o n the CRO wbc screen, the fre­
quencies arc the same. G enerall y, this m ethod is 
used in a slig h tly different manner- by not m aking 
any ca reful adjustment of the receiver bm p u tti ng 
it in the normal FSK rccei,·ing· po it io n. 'rith both 
the " mark"' a nd "space"' bca tnote to nes on the sa me 
side o( the 7cro beat. The audio oscillator is then 
matched first to the ·'mark'" and then to the "space·· 
frequencies. and the d iffe re nce bet\\·ecn the two 
measured aud io frcquencic ta ken as the measured 
sp read. 
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RECEIVER DIAL SETTING (KC) 
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Ft c: Rl·_ 1- Tico m et!t l /(1:> 11.11' d in llll'fiS tlllltg {r l'­

qu ency -s!t i{t -heying sfn r ad, 11.1 t' Xf> lainrd in tnt: 

A - two aud io {rt' fJ III' III'ir·.l mr· mrasurt•d. and t!tl'i l 

d1{}Prr•nrr takt' lt : N- o111' frl'q/11'111\' nteasurt' l/11' 111 

is mad1•. 
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a small package 

The PT-boat, a tiny, fragile thing with powerful 
engines and high speed~ combines a .high stand­
ard of performance with small size when maintained 
pr.operly. 

The navy's electr.onic equipment, occupying only 
a small amount of space in a ship, also combines 
punch performance with small size by providing 
.vision through darkness, hearing over great dis­
tances, and many other features unobtainable with­
out it. We must strive constantly to keep it in per­
fect working order. 


