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VLF 
TRANSMITTERS 

By DAVID i\ f. Jo:-.: Es 
Lieutenant (EDO ), U. S. Navy . Shore E lect ronics, 

installation and kfa in tenance Bran ch, 
B ureau of ShifJs 

• \ "cry l<m lrequ ency is t he ba nd of r adio freq uen­
cies fro m 10 to 30 kc. The na vy em p loys ve ry lo"· 
frequ encies for the fleet broadcasts, a nd for t ime, 
weather a nd hydrograph ic b roadcasts in concert 
"·ith various hig h frequencies. All o[ the v-1-[ trans­
m itters in usc for these broad casts arc o [ high power 
output, rang ing from 200 kw to 500 k\1' d e li vered 
to the anten na system . These high po\\'cr, ve ry low 
frequency tra nsmi tters radiate signa ls tha t ha \"l' 
onJ ni-cl irectional coverage to dista nces o f sc, ·cra l 
t homand s o [ miles. Vessels arc thus assu red reccp· 
1 ion regard less o[ the ir directio n fro m the trans­

I ll iLLe r. T he power rad ia ted b y these t ransm itters 
is principall y in the (orm of -vert ica ll y pola rited 
11";1\·es that bend "·ith the Ctll"Vattlre o f the Cil t'·t !J 10 
fo rm a gro und \\'ave. V.U is essen tia lly immu ne 
from lading charact<'ri stics and pro,·id f's reliable 
coverage o n a tll·enty-four hou r per d <ty bas is. It 

is diffi cu lt [or an encm·,- to jam \'-1-[ tra nsm issio n ex­

cep t by the usc o f othf'r h ig h PO\I"er Y-1 -f tra nsm it· 
ters, which cost m illio ns of d o llars and requ ire a 
period o f years to d esign, bu ild . a nd insta l l. 

Hig h po" ·er v-1-[ transmi uers, ' '" hi le not enti re ly 
immu JH.: w su n-spot acti vi ty and m agnetic ston ns, 
\\"hich a1·e the cause o( some o[ the high freq uency 
d istu r ba nces, a rc an·cctcd on ly to a mi nor degree by 
thcn1. Co nseq uen t ly, coverage is consistently !"('­

li ab le . Su b mari nes. " ·hen p roperly eq u ipped, a rc 
able to r eceive Y-1-f transm issio ns when completely 

su bmergcd. F req ucncics below 25 kc p<'nctra tc the 

surface o f the ocea n to depths of 25 or m ore feet a t 
great d istances l"rom the tra ns1n iner locatio n . 

O thf' r 1h ings bei ng eq ual, 1hc lm ,·cr the frequency, 
l he hell<' I" t he su bmcrgcd reception. 

R d ia h ili t y is pa ranmu nt in n ;l\·a l COll llll tt Jt ica· 
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TABLE 1- V/f T ransmitters in Operation 

Station Frequency Power Location 

:\"PM 16.68 Kc 200 Kw Haiku, 
Oahu, T. 

I\' PM 26. 10 Kc 500 Kw Lualualei , 
T.R. 

NBA 32.60 Kc 300 Kw Summit, 
c. z. 

xss 18.00 Kc 500 K"' Annapolis, 
i\fd. 

tions. During disturbed high frequen cy conditions, 
the inherent stability and reliability of v-1-f trans­
missions is of vital importance. i.\Iany FOX sched­
u le operators have compla ined of the monotony 
attending the reception of high power v-1-f tran s­
m issions. T hese com.p1aints constitute some of the 
best evidence of the reliability of v-1-f r eception. At 
certa in times during A rctic Operation NANOOK 
and Antarctic Operatio n H IGH JUMP only the v-1-f 
tra nsmissio ns of the FOX series provided usable 
copy. In the high latitudes of the auroral and 
polar zo nes high frequen cies may be p articularly 
erra tic a t t im es, w hereas v .l.f is quite stable. The 
use of v-1-f and 1-f bands is ther efore p articul arly 
advantageous for naval communications in polar 
regions. 

1l-Iodcl Eqpt. Use Se rv ice A1·ea 

Alexanderson Haiku C entral P acific 
H . Alternator FOX 

TAW-a How Central P a cific 
FOX 

T AW-I Baker Pacific s ide 
FOX Central and 

South A merica 
TBJ Wm. North and 

FOX South Atlantic 

V-1-f transmission from naval rad io stations is by 
m eans of ei ther Alexanderson a lternators or vacuum 
tube transm itters. A n Alexanderson a ltern ator· is 
essentially a large motor generator se t in which the 
output of the generator is telegr aphica lly keyed . 
These m achines employ a driving motor of a bout 

500 horsepower geared to a specia l generator hav­
ing a very large number of pole pieces. For ex­

ample, one machine is equipped with 976 poles. 
T he driving motors norma lly r otate about 900 
r.p.m . Gears to step up the sp eed o f the ge nera tor 
are proportioned according to the assig ned opera t­
ing frequency and the num ber of poles of the a l­
ternator. A rather elabor ate keying , control and 

com pensating system is employed to ma in tai n fre-

Flr.LRJ· 1- .·l lrxandersull al!nllolur i11stolled in ll oik11 l'ollr>y . O o!t u , T . 1-L. R adio .\ ·P.\1 . 

f iG URE 2- Diesel power sujJjJl)', cont rol equip111ent and au xiliaries used wit!t /l1e Hailm allemalor. 

qucncy st abi lity and clean key ing. These alterna­
tors arc ra ted at 200 kilowatts outpu t of radio fre­
quency energy to the antenna system. They requ ire 
approxima tely 350 kw from the supply line. Figure 
1 is an obl ique view of the Haiku transmi tte r. Fig­
ure 2 is a view of the 600 kw emergency po,,·er 
plant, auxil iaries, keying and control panels for the 
Haiku tra nsmitter. 

The remainder of the v-1-f tr<~n sm i ttcrs l isted in 
the table above arc of the vacuum tu be type. Al l 
arc of approximate ly the same basic design, ill­
though d iflcring somewhat in power ril t ing. A fu­
Lllrc modification is contemp lated for the transmi t­
ter :l t Su1n mit· to increase its power outpu t to 500 
b1·, to cqu:1l that of the tr<~nsmi Lte rs at Anna polis 
and Lu al ualc i. 

Such a v-1-f va cuum tube transmitter is BI G. The 
Lransntitter proper, exclusive o( power sub-station 
equ ipm ent and antenn a LUn ing hc lics is 5-! feet 
lo ng-. I!) fee t high, and 2G feet deep. Figure 3 is a 
\'iC\1' or the An napo lis transmitter enclosure. The 
large site -is necessa ry for t\\·o reasons: 1- thc large 
size of the co mpo nen t coils and condensers neces­
sary for v-1-f u sc; and 2- the high power and high 
,·oltages associated therewith . 

T hese transmitters arc of such size tha t separate 
buildi ng~ arc requ ired to house them. Associated 
"· ith the tra nsm itter build ing proper are one or two 
antenna tu ni ng houses to house the antenn a tun ing 
induct:~nccs and the tun ing variometcr. These tun­
ing coils arc approximately 15 fee t in diameter and 
about th e sa me heigh t. Usua lly three of these size 
coils arc insta l led along with a motor driven varj ­
ometcr. The variometcr lUning motor d rives the 
variomctcr rotor through a gea r arra ngement simi­
lar to th at used in the rear axle of an automobi le. 
T he Lu ni ng houses arc often larger in size th an the 
transmiuer bu ildi ng, being about SO feet square or 
octago n and about GO feet high. 

T he trun k lead-ou t for th e antenna is centered in 
a larg-e o pen ing (}bou t 30 feet in di(}mctcr , or sq uare, 
to insul ate the ma ny tho us:1nds of r-f volts. Var ious 
ntca ns have been tried to in su late these tru nk lead­
ou t open ing·s, but the 250,000 or so YOits o[ r .f. have 
u ltim;lt ely ca used a ll or them to fa il. 

For !iOO kw ou tpu t, the total po" ·cr drawn from 
the su pply line is around 900 kw. All but about 
100 k\r or this power is fed into the main rcctifter 
systems. Fil ament pmrcr, pl us pumps nne! other 
au xi liaries consume about 100 k"·- For example, 

n 
0 z 
11 

0 
rn z 
-l 
)> 
r 



...J 
<( 

1-­z 
LU 
0 
u.. 
z 
0 
u 

one o[ the eight "·ater cooled tubes in the power 
ampl ifier requires 207 amperes at 33.5 volts, or just 
under 7000 "·atts to light the fi lament. The fil a­
ments alone of the power amplifier consume about 
55 kw. 

T he Annapo lis TBJ transmitter has two vert ical 
dm,·n-lcad sectio ns and t\\·o helix tuning houses. 
Each vertical sectio n has about 600 amperes flowing 
for a total of abou t 1200 amperes of antenna cur­
re nt. This current from the antenna must ulti­
m ately flow also into the ground to complete the 
antenna circui t. If a ll o f this current were collected 
at o ne gro und connection point the PR power loss 
would be enormous and the antenna efficiency 
would be so low that only a few kilowatts of power 
wou ld be radia ted {or the full 500 kw of transmitter 
power. 

To reduce the losses Ycry elaborate ground sys­
tems arc employed . These arc of two general types. 
Buried cop p er wires arc u sed where it is easy to 
plow in 1 he wires to a depth of 1 or 2 feet. 1\I a ny 
hund reds or " ·ires arc u sed and arc placed under 
the amenna proper and extend o u t rad ia lly for 
sc\·(·ra l hundred fee t as the terra in permits. From 
various points in this mesh of ground wires, con­
n ect iom arc m ade and the current is conveyed to 
the antenna tuning house via overhead wires quite 
sim il ar to telephone wire construction. As many 
as 10 su ch connections may be made, with overhead 
cond u<Lors caJT)ing the current to the helix. 

\ \ ' hC'rc buried wires are impracti cable, copper-

FIGuRE 3-F1·ont panel of 
model TB] t1·a11Smitter at 

Annapolis. 

· 1 · 1· . t . and from clad steel rods about y2 me 1 111 < tame c1 ' 
8 to 10 feet in length are driven into the ground. 
As many as 5000 to 7000 such rods a re u sed. T h ese 

l d · · 1 tterns with rods arc usually p ace 111 Clrcu a r pa 
radial overhead conductors carrying the current ~0 

the tuning helix. Equalizing coils are plac:d 1n 
these radial conductors and the inducta nce JS ad­
j usted to produce an essentially-eve n distribution of 
the current in each of the conductors. The even 
distribution of ground current assures minimum 
loss. The resistance of a single rod to the earth m ay 

f l ·housand be many ohms, but the use o severa t 
rods makes the joint resistance of the system but da 

. 1 Tl h rrroun very small fractiOn of an o 1m. . . ms t e . o of 
losses are reduced and the rad1auo n effie~ ency_ 
the antenna is much improved. Antenna effic_1en­
cies vary considerably, with d ifferent installatiOllS 

20 er-and with frequency a nd r ange, (rom about P 
cent to about 70 percent. 

Figure 4 is a view of the 50 kw intermediate 
·1 dem-

l')ower amp lifier stage o f the TBJ. These co1 s 
' · · ted onstratc the large size o f the compon ents assoCia 

with v.l.f. 

. · 1-f trans-Plate voltages used wtth the tubes 111 v-
1 m itters arc commonly from 13,000 to 15,000 v.o ts 

. UJ)hfier d.c. Total p late current for the po"·e1 al 
stage m(ly exceed 50 amperes. The circu lat in? tank 
current in the power amplifier tuned ciretllt may 
be from 300 to 400 amperes. Antenna currents for 
each vertical down-lead sectio n, d epending upon 
frequ ency and antenna arrangements, approx imate 

FiGURE ·1-TB] 50-hw in term ediat e jJower amjJfi[ier. 
Coils m foregrouud are abuul four feel high. 

GOO amperes. These figures serve to illustrate why 
v-1-[ transmitters are large from the p oint of view of 
high power. 

By comparison, a search radar may rad iate pulses 
of 500 kw, but since the repeti t ion rate is slow and 
the pulse length short, the avem ge power rad iated 
may not exceed 200 watts. The v-1-f transmi tter, on 
the o ther hand, is often tested with continuous 
locked key, in wh ich case the average power gen­
erated is the full 500,000 ' ratts. 

\!\' here radio frequency circuits arc concerned , 
v-1-f t ransm itters are quite simple. The usual ar­
rangement is a m aster oscillator driving a push-pull 
in termedia te power ampli fier, which in turn drives 
a push-pull power amplifier. The power amplifier 
is inductively coupled to the antenna tu ning helix. 

The master oscillator employs a type 858, 25-kw 
water-cooled triode tube in a conventio nal H artley 
o cillator circuit. The master oscil la tor is conti nu­
ously va1iabl e over the frequency range o f 15 to !H 
kc. The oscillator runs cominuously while the 
transm illcr is in operation. The oscillator is very 
lightly lo(lded a nd actu ally fu rnishes onl y abom one 
k"· to dr ive the intcrmedi(ltC amplifier. This light 
co upling to the succeeding stage a llows the circu it 
Q of the frequ ency-determi ni ng copper tubing coil 

Fic t ·RE :i-TB] 25-lnu masler-osci ffa lor lan k rh-cttil. 
T!t e cent ral coi f is about seven feel hig!t. Air-

dielecl ric ca jwcito1· a/ r ight . 

and air dielectric condenser to be quite high. The 
result is excel lent frequency stabil ity. As a genera ! 
rule the freque ncy stays within 2 to 3 cycles of the 
ass igned value d ay a fter d ay. Figure 5 is a vie,,· o( 
the TB.J master oscillator coil and air capacitor 
un its. 

. \dj us table inductive cou piers convey r-( energy 
from the master oscilla tor to the grids of the push­
pul l type 858 water-cooled LUbes in the intermed i­
ate pmrer amplifier. T elegra p h keying of the trans­
mitter is accomplished b y means of a cascade of 
vacuum tubes and power supplies \\·hich alter the 
grid bias of the int ermediate amplifier from an op­
CTating valu e o[ bias for key down condition to a 
blocking bias for key up condition. T he pl ate tank 
circu it of th e in termed ia te a mpl ifier is composed o f 
copper tubing coils ;md m ica dielectr ic cond ensers. 
J\w.:ntio n is ill\·ited 10 figure 'I for a vic,,· o f t h is 
stage. 

The imermcdi ate ampli fi er i~ ind ucti l·<·lr cou­
pled to the gr ids o f thl' 1 ypc 8G2. l 00-b r \ra ter­
conlcd power amplifi er tu be . The po1nT amp lifier 
whes arc gro uped in two duster of 3 t ubes at 'um­
mit and two cl us ters of '1 tubes at .\ nnapolis a nd 
Lu<~ lua l e i. In each cluster tht' grid a nd plates of 
the tu be arc para lleled. T ht' two cl us ters o( tubes 
arc opera ted i 11 p m h-pull. 
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The po"·er ampli fier tank circu it capacitance is 
m:1dc up of t"·o banks of oil-m ica conde nsers. Each 
bank conta ins 20 condensers of 0.02 75 microfarad 
each. "·ith a n indi,·idual switch for connecting each 
unit into or o ut of the circuit. The actual number 
connected in paralle l in each bank dep~nds upon 
frequ ency: the lo" ·cr the frequency, the grea ter 
nu mber in usc. These condensers arc cylindr ical in 

shape, approx imate ly 30 inch es high a nd 18 inches 
in diameter, and we igh s~ightly over 275 pounds 

per unit. 
The pm,·cr amplifie r tank circu it ind u ctance is 

made up o ( two Litzcndraught cable var iomctcrs 
connected in series v ia the turns o( the output in­
ductive coupler. Each variome tcr is about 5 feet 
in d iameter. The output inductive coupling turns 
arc arranged in t\\·o sectio ns to p ermit load ing each 
half o f the power amplifier evenly. Figure 6 is a 

view o( the p ower amplifier. 

The e nergy from the powe r amplifi er ta nk circuit 
is inductively cou pled to the antenna tuning vari­
omctcr a nd inducta nces, and to the ground system. 

.\ t this po int it is believed that <t brief descrip­
tion 0 [ th e Litzcndraugh t <;able used in the power 
amplifier vat'iomctcrs and the antenna h elices would 
be interesting. T he Litz cab le as used in these v- 1-f 
power transmitters is an r -( conductor made up o f 
abom 90,000 individual strands of enameled copper 

Ft<.uRE 6- TB] 500-/av jJOWe1· 

amplifier. W ate1·-co~Jfed tubes 
fire m/r'd at 100 lnv eaclt and 

.\land about five feet ltigh. 

wire, each strand 0.005 inch in diameter. The cable 
is about 2 inches in diameter and is made up of a 
hemp center of slightl y more tha n an inch di­
a meter, around which, in cross section, a rc the 
major strands of the conductor. T he major stra nds 
a lso have hemp center s' arou nd wh ich are grouped 
the minor strands. In turn, the m inor strands have 

very sma ll hemp ce nters around wh ich arc grouped 
the ind i,·idual 0.005-inch c nalll c ied copper con­
ductors. Each of these ti ny cond uctors is thus in­
sula ted from al l. others a long the length o r the 
cable, being connected in pa ra lle l in a sp~c ia l tcr­
mimd fitting at ea ch end of th e cabl e. T he indi ­
vidual , minor, and major stra nds a rc woven in a 
Jay such that in a length o( several feet, each of 
the individu al strands wi ll have the same p ercent­
age o( i ts length ex tending from the exterior to the 
inter ior of the completed ca ble. T h is a mo unts to 

taking a given cross section o f copper conductor and 
subdividing it many times to obta in the maxim um 
practicable surface area. Since 1·ad io freque n cy cur­
rents trave l principa ll y o n the surface o [ a condu c­
tor , the Litzcnclraught cable, p ossessing very grea t 
surface area, has very low radio frequency loss re­
sistance. Litzcndra ugln G l hie is less clficicnt as fre­
que ncy is ra ised, however , and is about equal e lec­
trica lly to hollow copper tubing a t abo ut 2500 kc. 
L itzendraugh t is at its best in the v-1-f and 1-f range 
of frequencies. 

The po"·er ampli fier tank variomctcrs arc con­
structed of a single 2-inch L itz cable rated to ca rrv 
continuously ·100 amperes of rad io frequency cu 1~. 
re nt. Th~ antenna variomctcr and tunin~r he lices 

0 

arc constructed of t\\·o 2-inch cables paralleled 
which wi ll permit up to 800 amperes of a n tenna 
current with in the rat ing of the cables. 

At Annapol is and Lualualei the primary a-c 
p ower \l' ith in the sta tion for usc of the v-1-f equip­
ment is rr9m I 1.5 to 13.2 kilovolts, 3 phase, (il) cy­
cles. T ransfor mers step this voltage dmrn to 
'100/ 220 volts for usc o( filament l igh ti ng a nd ' 
auxi lia r ies o f var ious kinds, including water and 
a ir pum ps. i\r u l t i-ta ppcd oi !-cooled t ra ns(ormcrs ad­
just the incoming h igh voltage as ncccssai·y for 
usc in a 3-phasc, full " ·ave rectifier " ·hich supplies 
up to 15,000 volts d. c. for usc on the plates of all 
tubes. T ype 870-a mcrcu q ; vapor rectifier wbes arc 
used in the plate supply rect ifier. The primary 

po" ·cr at Sulllm it is a lternating at 25 instead of 60 
cycles. Due to the usc of 25-cyclc power, a 12-phasc 
recti ficr system is used in order that the po"·cr su p­
ply r ip ple o( the rectified d-e voltage may be more 
easily fil tered. 

T he large water-cooled tu bes employed in these 
h igh power transmitters cost several h u ndred dol­
lars each. To obta in qu ick servicing and minim um 
casualty on·-thc-a ir t ime, sci f-protcct i ng control 
nlcasures a nd ind ica ting devices arc very exten­
sively emp loyed in these cquipmcnts. Each h igh 
power water-coo led tube is eq uipped with a tube 
lire meter, plate current overload rela y, inter­
locked grid current overload re lay, water over­
tempera ture re lay, water now interlock, water 
pressure ga uge and air now interlock. 

The nollli nal effi ciency of these class C po"·cr 
am pli fiers is in the order of 65 percent. Thus, to 
have 500 k"· of radio frequency power ou tpu t, about 
ROO kw or p la te input power must be d rawn (rom 
the pla te rectifier system. The difference between 
the 500 kw outpu t a nd the 800 kw plate inpu t, 300 
kw, i ~ man ifest in hea ting of the plates of the wa ter­
cooled tubes. To d issipa te th is waste hea t, dist il led 
coo ling wa ter in a closed circu la tory system is 
JHilll ped through water jackets in wh ich the tubes 
are lllOll lHed. \ Va ter now per tube is from 15 to 
20 ga ll o lls per mi nu te. The heat from the plates of 
the tubes is tra nskr red to the dist illed water now­
illg th roug h the tube jacke ts. The di tilled water 

llcm·s through a "·ater-t o-water heat exchanger to 

1000-gal lo n surge ta nks. The distillccl mtter pu mps 
take their suct ion from the surge tanks and recircu­
lat e the \\'a ter continuo usly. T he heat from the dis­
ti llt:d W:tt(' r is g iven up through the walls of the 

heat excha nger to the r:n1· \rater system. The heat 
thus giYcn to the raw " ·atcr system is fina lly g i,·en 
up to the earth and air in cooling wells or ponds. 
In some cases the ra" · watc1· is sprayed oYer the 
cooling ponds for supplemental air cool ing. 

The d istilled water is condu cted from the elec­
trica ll y grounded tank, pump, and piping system 
to the wbc p lates and tu be "·ate r jackets ,·ia in­
sul ated d ist illed water colum ns. These " ·a ter col­
Ulll ns arc llladc up of rubber, p lastic, or ccn-1mic 
hose reels h aving a column leng th of about 30 feet. 
Dist illed " ·atcr has very high resistance per inch 
in such a column; the total res istance o[ each col­
umn, therefore, is severa l megoh ms. The pm,·c1· 
leakage through these distilled \\'atcr colum ns is 
very minor when com pared to the quantity of 
po"·er b~ing handled by the tubes. 

V-1-f antennas arc necessaril y very large. f or com­
parison, a \'Crtical quarter wavelength antenna for 
2000 kc wou ld be close to 120 feet high, "·hcrcas a 
,·ertical quar ter wavelength antenna (or 20 kc would 
ha,·e to be some 12,000 feet high or a he igh t o( '"ell 
over 2 miles. Th is height is ob,·iously impracti­
cable. Actual v-1-f anten nas arc of a catenary type 
suspended from mountain tops or arc of a T or iT 

configuration, elevated upon 600-foot to"·ers. D i . 
tant reception of v.U is primari ly by means of the 
vert ically-polarized ground wave. This ground 
wave is radiated from the vertical section of the 
anten na . The top of the T antenna structure is 
:t mea ns of top loading to increase the curren t, and 
therefore the radiation, from the vertical section . 
The top of the -T is an e lectrica l substi tute for 
physical height. 

. The transmitter at H aiku is an example clllploy­
lng a mu lti-spa n catenary antenlla. This an tenna 
is supported by mou n tain top anchorages bct\,·ecn 

p:aks loc."lted about 8000 feet apart. .\ pproximatel y 
·1!JOO o1 the 8000 feet span is the horizon tal top 
lo:td ing section of the T antenna proper, "·ith a 
vert ica I S<'Ction exte nding from the renter d o"·n­
ward son1c 1200 feet to the tra tlStllillcr IJui ldinu· on 
the floor of the va lley. An ela bora te distr i b~tted 
ground system is installed in the ,·al ley fl oor to con­
duct th<.: ground curren ts to the ground termin al 
ot the a ntenna lUning induct ance. 

Of the tower supported antennas, Summit has six 
GOO-foot tmrcrs arranged iu t\\·o r0\1'!> of 1hree each 
lO form a recta ngJe a bout 12{)() X 2·1 ()() reel and 

has a s ingle vertical section and :llltCnna t:lllino 
helix. Lualualci has seve n (i00-foot tmren. -. ix or 
\rh ich form a rectangle w iLh the ~l'\'t'lllh tmrer ex­
tended on the ce nter line at one end. ,\ nnapolis 
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FIG URE S-A t A, the equivalent circuit diagram for 
single-point tuning of a v-l-f antenna. At B, the 
2-point multiple tuning mTangement. Using the 
lat ter, m01·e power is radiated with less loss and 

lowe1· antenna voltages. 

has ni ne 600-foot towers situated upo n an irregu­
larly shaped poi n t of land extending into Chesa­
peake Bay. T he Annapolis antenna covers approxi­
mate ly 120 acres of land. Extensive ground systems 
a rc emp loyed with all o f the tower v-1-f antennas. 

The rad iation res istance of a quarter-wavelength 
antenna approx im a tes 36 ohms and is non-reactive. 
If, for the same frequency, the antenna is appre­
ciabl y ~nortcned to the poi nt that it becomes a 
very ~mall fract ion of a quarter wavelength, the 
radiat ion resistance is markedly reduced and may 
becom e l)ltl a fractio n of one ohm. The shortened 
antenn a wi ll become capacitive ly reactive, values 
of capari Li Ye reactance becoming as much as 400 
ohms. H an indu ctive reactance equ al to the capaci­
ti,·t" reactan ce o[ the ante nna is p laced in series 
,,·ith the shortened antenna, the reactance of the 
a ntenna i ~ cancel led , the antenna p lus tuning coil 
make th e whole system reso nant to t he origin al fre­
quency, and the im ped ance of the a ntenna is equ a l 
LO the resista nce of the a ntenn a system. 

The \\"<1\ 'Clcno·th corn'SJ)Ondinrr to 20 kc is 15,000 v ,.., 

!llc- t(·n, abo u t 9 mi les. ,\ quarter-wave length then, 
i ~ approx imate ly 2y.1 m iles. Beca use o [ sag, due to 
the \n: ight of conductors, the fiOO-foot tower­
~ upponcd anten nas arc effect ivel y abou t 400 fee t 
high. . \t 20 kc a v-1-( antenna wil l be but a very 
~m a II fraction o l a q uarter-wa vclcngth high. The 
top load ing contri buted by the horizontal top sec­
tion " ·i ll he lp some. but even so the anten na will be 
quite- ~mall in term ot wavelengths at v.l.f. 

'>upposc, lor example, that a v-1-f anten na oper-

atecl at 20 kc has an antenna termina l capacitive re­
actance of 400 ohms and that the resistance is ex­
actly 1 ohm. For PR power of 500 kw the antenna 
current would be 707 amperes, and the voltage on 
the antenna terminal, bui lt up across the '100 ohms 
of inductive reactance of the tun ing helix through 
which the antenna current must How (E = IZ)' 
would bt: 2S2,SOO volts. 

Above about 300 kilovol ts, depe nding upon at­
mospheric condi tions, corona discharge commences. 
Corona discharge l iterall y "burns the air, " consum· 
ing many kilowatts o f r-f power but without pro· 
clueing strong signals a t a distance. T he power that 
a v-1-£ antenna can rad iate witho ut reaching tbe 
coro na voltage limitations may be increased by 
"multi p le tu ning" the an ten na. This is accom· 
p lishcd by having t\\"0 vertical sections resonated by 
nro helices so th at for the same vo ltages on the an­
tenna the currents in th e vertica l sectio ns m ay be 
added together for a greater antenna current than 
wou ld b(! possi bl e for single point tun ing. Mu ltiple 
tu ning ;tlso red uces gro und losses beca use the 
gro11ntl currents arc returned to more tj1a n one tun­
ing hel ix, thereby providing a m u ltipl e of shorter 
pa ths for these currents. 

Figure SA is a schematic diagram for a v-1-f ~n­
tcnna having a given an tenna capacity C, rad iallo ll 
resistance R , and tu ning in<.lu ctancc L for sing le­
point tuning. Figure SB is a schemat ic diagram for 
the same size antenna with two-point multiple 
tun ing. H ere y2 of the antenna's total capacity is 
tu ned to resona nce for the same operat ing fre-

qucncy by the usc of a tuning heli x having t\\·ice 
the inductance of figure SA. The two h alves of the 
antenna are thus independently tuned to the same 
frequency and operate in parallel. The transmi tter 
need couple to only one of the helices since the sec­
ond section is excited clue to its close prox imity to 
the driven section . T he transm itters can be op­
erated to furnish about 500 kw to the multiple 
tuned antenna, whereas the same antenna, if si ngle­
point tuned, would limit tra nsmitter power to ap­
proximately 300 kw before corona starting voltages 
would be reacl1ecl. Figure 9 is a view of the antenna 
tu ning inductances of one helix house used "·ith 
the TB J transmitter. 

T he transmitters at Annapolis and Lua lu alei op· 
erate into multip le-tuned antenna: and may, there· 
fore, be operated at 500 kw with increased antenna 
efficiency and with some safety factor u nder corona­
starting anten na voltages. 

These high power v-1-f transmitters are Yer y large, 
very reliable, have om ni-directiona l antenna radia­
tion characterist ics, have an e ffective range of seY­
eral thousand miles, can be received by su bmarines 
run ning under the surface, and a re e ffective during 
times when other long dista nce radio communica­
t io ns are subject to lim itations or elimina tio n clue 
to magnetic storms and sun-spot disturba nces. D e­
spi te the e:mphasis being placed on high freque ncies 
in these modern times, the v-i-£ transmi tters continue 
to bang out solid cop y for thousands of m iles in a ll 
directions, having been tried by the ordeal of time 
and p1·oven their worth for a good pl ace in the sun. 

Sho ul d opportunity present itseU [or navy com ­
munica tions and elecu·onics personnel to Yisi t an y 
of the navy's major v-1-f u-ansmitters, this opportu­
n ity shou ld not be missed. Prior to such a Yisit, 
arrang·cments shou ld be made \rith the Officer-in­
Charge o[ the station. 

FIGURE 9- 0ne of the TB] an tenna tuning !10uses. 1\'ole 111an standing on coil l;ase al lower right. This 
lillilding can not be occupiNI wit h r- q uijHnen t iu operation. 
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early antenna 

program at N EL 
By R. T. BRACKETT 

U. S. Ncwy Electronics Labomtory 

• Vuring tl1e n'cf'nl war a JJU/Zf' of rllllf' l11/as of all 
types- radm·, IFF, countennensvre, beaco11, u-h-f, 
w l1ip and long wire ante111ws-seemed to sfJrout 
07'l' rnip,ht rm the ~ ufJers/ructures of nr111al uessels. 
Tlte.1f' antennas. alllwugh carefullj• designed to 
rigid and sati~fal tory specificatirms individually, 
were found. u•hen placed in the maze on sl1ijJuoard, 
to at/ 111 an nratic fashion w l1ich //(/111/Jfred fife/ 
ope/(///IJ/1.\ . It becallle t:CJidenl t/1(1/ a1tle1111a r/e.liP,Il 
u•o til d 1/N'd 1 o be based on the mwrall syst e 111 per-

forJJiflll te Hillier tha11 i11dir,idual " frr>r·-space'' Oil · 
lelli/O jJerfonnance. 

R ealizi ng this, tlt e Uu rfau of Sh ips set auoul lo 
r·.\tabl islt a lrm <T·rrm rre jnogra111 of stud)' and rfe;,e l-n ,..., ' 
ojJJnelll of flltlr' JIIIfl sy~ te111s. Thl' Iu-s/ jJerso nnel 
(/1/(1 la /){)ra/ory far-ilitir's 7l•ne made availalJle . nnu 
facilities wne rl(/ded . and unique new 11/Cfl.Wrlllg 
lr·chniques were develojJed. 

,-/mo11g lite agencir's inli111atf'l)' associated with 
t/1 i.1 jJrog rr1111 are tltf' U.S. Nr111y l·:tr•r·trrmics Launra· 

tory at San Diego, the U. S. Navy Underwater 
Sound Laboratory at New L ondon, the N aval R e­
sem·ch Laborat01-y at Washington, D. C., and vari­
ous comme1·cial contmcto1·s. 

The following article is the fint of a series of 
four articles which will appea r· in BuS!tijJs ELEC· 

TRON on this subject . These a1·ticles will deal with 
the problems imjJosed by modem sltijJboard elec­
tronic anlemtas an d the meth ods emjJloyecl w hich 
have led and m·e leading to the improvemen t of in­
dividual antennas, and to tlte develojJm(mt of 
standard and integrated system anangemen ts for 
each class of naval vessel. 

'"'oriel 'Var II, which has been called the "tech­
nician's \l'ar," was characterized by an astonishingly 
rapid development in a ll phases of combat tech­
nology. The greatest expansion occurred in Elec­
tronics, and accomplishments in this field con­
tributed greatly to the fin al defeat o( the enemy. 
At the outset, however, the ultimate importance of 
electronics was not immed ia tely appreciated . 

In the face of the impending early crises, it be­
came necessary to develop and install aboard naval 
vessels huge q uantities of naval combat equipments. 
Preference naturally wen t to those weapons which 
could inOict damage upon the enemy or contribute 
d irectly to the protection of the vessel. It is re­
ported that at th is time one commanding officer 
remarked, "You can fi ght 'em without radio, but 
you ca n' t fi gh t 'em_ without guns." 

Perhaps no one single weapon created more diffi­
culties for electron ics than the aircraft. T he devel­
opment of aerial warfare required us to protect our 
vessels with anti-a ircraft batteries capable o( high­
angle fi re, and a lso to es tablish addi tional tactica l 
comm un ication circui ts to maintain control o( our 
own air uni ts. T hus, one single factor not only re­
quired the clearing of overhead spaces in which 
antennas could be installed , but at the same time 
necessitated the employment of addit iona l antennas. 

" ' hi lc eng-ineering technology was entirely ad e­
quate for the production of new high-frequency 
equ ipmc:n ts, the urgency o[ overall antenna engi­
neering " ·as not at fi rst apprecia ted , parti cularly 
in the rad io commun ication field. Primarily this 
" ·as due to a lack of su itable test eq ui pmen t for 
employment at these frequencies. l\ Ioreover, sev­
eral na v:t l orga nintions, in particular the Naval Re­
search Laboratorv, had made ex lensi,·e inve ticra. • n 
tions at med ium freque ncies and belO\r, and their 
results aroused no serious apprehension abou t the 
overall performance of shipboard high-frequency 
antennas. 
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F IGU RE !A-Series LC circuit . The an tenna im­
pedrlll ce loohs like this uear tlt e odd-nu muered ,·es­
onall ces. 

It therefore came about tha t the five-thousand­
doll ar high-frequency equipments were well de­
signed and thorough ly tested, and their opera tion 
\\·as well understood. At the same time the asso­
ciated five-dollar high-frequency antennas were in­
stalled wi thout adequate design or test, and (as 
was subsequently ascerta ined ) very l ittle was kno\\·n 
about their operation. 

'\ Vhen the 1\ayy E lectron ics Laboratory was first 
commissioned as the 1\avy R adio and Sound Lab­
oratory at San Diego in 19-JO, a R adio Division \\·as 
among those first act iva ted . This group a t once 
initiated an investigation into the char acteristics 
of the then-curren t high-frequency an tenna installa­
tions. For tuna tely, new measurement equipments 
became available, and the nawrc and scope of the 
shipboaxcl high-frequency a ntenna problem soon 
came to be better appreciated. 

It \\·as '"ell known tha t when an antenna is op­
erated over a sufficiently " ·ide frequency range, it 
becomes resonant at many rrequcncies. As the fre­
quency is increased, the first re ·onance occurs for 
that frequency at \rhich the antenna length is 
roughly one-q uarter \\'avelcngth, and ncar th is fre­
qu ency the antenna behaves much li ke a ser ies LC 

FIGURE IB-Parallel LC circuit. The anfrnna im­
jJenclance loohs lihe litis near r·r'f'll ·llllll1herecl 1·es­
onm1ces. 
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or resonant circuit (see imped a n ce characteristics 
o f figu re 1 :\ ) . As the freque n cy is further increased, 
the second reso nan ce occurs ,\·he n the a ntenna is 
one-ha l£ ( i. c., t\\·o-quarters) ,\·avclcngth, a nd near 
th is fr equency the a n ten na b eh a ves like a para llel 
L C or an t i-reso na nt ci r cu it (sec impedan ce charac­
teristics of figure lB). l\car the third, the fifth, and 
a ll the oth~r odd-numbered r eso na nces (where the 
antenna is electrically a n o dd number of quarter 
,\·avelengths long) the im p ed a nce properties r e­
semble tho c ncar t he first r esonance, while ncar all 
the rcm a inino· cvc n-numbel·ccl r esona nces the prop-

"' crt ics arc like t hose n ca r the second resonance. 

Figu re 2 sh ows pan of a typi cal impedance char­
acter istic obta ined by the R ad io Division for the 
TBL a ntenn a o n the L oner Island (CVE- 1) . · 

·":> 

2COO 

·2000 

I 
F 1c CR£ 2.:_ T y jJ ical ante nna im pedan ce e!taracteristic 
fo r th e L ong Is land (C f 'E-1) TRL anteunn . Th e 
firs t an d third resonances ajJjJear at 3.0 and -1 .8 M e. 
w !Lile th e second and f ourth are at 3.75 a n d 5 .95 
Al e. The irregularities at 2.-1 and -1 .2 M e are d u e 
to cuujJling to oth e r antennas resona nt at. tlt ese f1·e­
q ue ll ctes . 

In a ft:\1· cases the imp edance was found to be so 
erra tic a nd unstable as to acco unt fully fo r anoma­
l ies in the behavior of t l~e assoc ia ted cquipme nts. 
T he imped a nce propert ies were no t in general 
found to be unsatisfactory. H owever , a mu ch more 
scrio u ~ ~ i tuation ,\·as d iscl oscu by in ves tigat ion o f 
the d irectivi ty propert ies o[ shipboard ante nn as at 
h igh lrc-tjucnciC's and a bove. 

.\ mom c:nt·s re flection w ill sho \1· that the sur­
rou nd ings o f a shipboard ante nna are e lectrica lly 
quite complex , involving a n irr egul a rl y-step ped 
g round p la n e and , usua ll y, a large n umber of para­
sitic conductors. These conditio ns h ad been a pprc­
ciatcd. and it ,\·as rea l ized that a t h igh freq uencies 
a ncl above, the radiat ion fro m a sh ipboard a n tenn a 
\\·ou ld be impa ired along certai n r e la ti ve beari ngs, 
<:!Jcl perhaps (·nhan c('d a long· others. 

r..Icasurem cnts disclosed the abo,·e to be true. For 
many antennas m easured, sectors were found in 
\l'hich the signal inte nsity u rop pecl to te n per cent 
of the m aximum obser ved, som e times to com p lete 
extin ction. In the autumn of 194 1 the o ld Sa mtoga 
(CV-3) proved that one com munication fa ilure 
was due solely to directivity in a transmitting an­
tenna. Subsequentl y, it was observed that rece iving 
antennas also possess d irecti vity, some tim es so 
marked as to impa ir the ir efficiency seriously. 

Figu re 3 shO\\'S a typical a ntenna d irccti,· ity pat­
tern obta im:d by the Radio Division [o r the TB\ [ 
antenna No. 2 on th e Sa ra toga. 

In 19-12 some o r the first aircraft carr ier escor ts 
appeared in the San Diego area a nd appealed to 
the La bora tory for ass istance in establishing sa t is­
factory radi o comm uni cation. It had been ascer­
tained that cquipmcnts were no t a t fault , personnel 
were properl y trained , procedures were correct, yet 
d ay after day flight oper atio ns had to be cancclccl 
because of r adio comm un ication fa ilures. 

FIG UR E ?.- T y pical ante11 11a d i recli11ity jJil ll e m fm · 
the Sara toga (CI'-3) TN,\1 ant euna N o.2 at 22 10 hr. 
Tlt e antenna was installed 011 the starl1uard side of 
the s tach and /ranslllitt erl 111ore e ffect i1w!y tltrnu glt 
the obstruction. 

The radio an tenna ar rangc1nc nt appeared con­

ser vati ve and sound in the lig ht o f e xp erien ce a nd 
curre n t ly-ava ilable informa tio n . 1-lo\l·ever , lai>o ra ­
LOry m easurem ents showed that t his a nte nn a ar­
ra ngeme nt su ffered !rom extrem e dirccti,·it y. In 
fact , o ne ante nna operating at a popular freque n cy 
,\·as fo und to haYc ex trem e ly weak low-ang le r adia-

lio n throughou t a total arc o[ nearly 2·10 degrees. 
Vertical radiat ion patterns showed , \· ide cones of si­
lence, in to wh ich very little power was ·r ad iated. 

T he "·ark of the Laboratory's Radio Division on 
th is probl em led to the braced t il ti ng whip ami 
til ~ " lazy tee" antennas. Although these structures 
displayed some poor characteristics, they proved 
op~ra b l e anti were adopted as interim devices for 
the d urat ion of combat operations. 

Abo ut this ti1hc the Laboratory's Special Devel­
opments Departmen t began to investigate a ntennas 
used at v.h.L and higher. Techniques were devel­
oped for obtaining· the clicctive coverage patterns 
o[ radars, and [or determining the reduction in 
range of submarine SJ s when looking through the 
p :.:ri scopc shears. Relative coverage patterns were 
a lso obta!ncd for IFF and beacon equipments. 

By 19 13 the Bureau of Sh ips was "·orking fever­
ishly on the expansion progra m, invo lv ing construc­
tion or conversion [or the many new auxiliary 
classes and types. To· assist in the program, the 
Laborator y deta iled an engineer from its radio divi­
sion [or temporary add itional duty in the Burea u. 
The results o[ the Laboratory's influ ence upon 
antenna arrangements were much in evidence 
among the auxil iaries. jo ining the flee t in late 1943 
and 19·1 I. 

By this tiine it had been ascertained that the sim­
ple laborator y, or textbook, theories were incap­
able of fo recasting the di rectivity o[ shipboard an­
tennas. \ ·Vhi lc some genera l p r inciples had been 
found to g ive a better expectation of good results, 
it st ill remained necessary to check a proposed ar­
rangem ent in an actual installation and to m ake cu t­
;Jnd- try adjustments. In the case of new constru c­
t ion or conversions not compl eted , this obviously 
could not be clone. Moreover, such work sheds little 
I igh t upon the na turc of the a n tcnnas a nd the 
causes of their shortcomings. 

I n 1 ~·1 · 1 , the Labora tory ini t ia ted a study of sm all­
~cale ship models, whose antennas opera ted at pro­
portionately sma ll wavelengths. A destroyer model 
procured [rom th e David Taylor ;\ !ode l Basin was 
fo llowed by other models constructed by the Labora­
tory. A full account o[ the model technique, the fa­
cil ities, clillicult ics and accompl ishments, will be cov­
e red in another art icle. 

In mid-19·14, the Laborator y's Radio Di vision was 
r~organizcd as the T est and Measurement Dcpart­
ll l~nt , and th e personnel complement was somc­
"·hat ex panded. By this t ime the lllcasuremcnt 

tech niques had becom e fair ly "·<.:]] established. 
\ Vork of this departme nt had resulted in impro Ye­
mcn ts LO antenna arrangem ents for some seaplane 
tender , submarine, a nd lig ht cruiser types. The 
Laborator y's Special Dc,·clopme n ts D epartme nt a lso 
c liected im proYcmetHs in a nte nna arnnwcments fo r 

t> 
v-h-f a nd u-h-f equipments under their cognizan ce. 

W ith the ever-a ccelerati ng g rmnh o f the e lec­
tronic arts, more and more cq uipmc nts " ·ere ap­
pearing on our vessels, " ·ith more a nd m o1·e a n­
tennas. As the clamor g rew from cliiiere n t so urces 
for fa vored locations for these a ntennas, it fina ll y 
became necessary for the Bureau of Ships to desig­
nate a neutral arbiter to h ear confl ictit1g demands. 

Th is "·as accomplished by o rga nizing the Sys­
tems Engineering Section, BuShips Code 911 , \\·hose 
funct ions were to assemble all available a nd 
pertinent engineeri ng info rmation, to consider the 
space requirements fo r ea ch antenna assembly, to 

decide between conllicti ng space al locations and, in 
the name of the Burea u of Sh ips' E lectronics Divi­
sion, to make fin al recomme ndations regard ing a n­
tenna arrangements. 

Because of the lia ison alread y established be­
l\rcen N.E.L ;:m el the forces afloat, and the u nusu al 
fa cili t ies [or continuation there o( the ante nna stud­
ies a lread y begun, the Bureau of Ships Systems En­
gineering Section proposed tha t the Labora tory en-. 
g inccring acti vities should be centered in the T est 
and i\ leasurcmcnt Department, at the U . S. :\'an'· 
Radio and Sound L aboratory. 

.\ ccordingly, in the summer of 19-15 a confer­
ence was held between represe ntatives of the Ch id 
of 0:ava l Operations, th e Bureau of Sh ips, the U.S. 
:\'a,·y Radi o and Sound Laboratory (no\\· the U.S. 
;\;;1vy Electronics Laborato ry), the 0:ava l R.esearch 
Labora tory, ami the National Defense R esearch 
Council Divisions 1?., 14, and 15. At this t im e a 
systems ~nginee ri ng doctrin e ,,·as form u la ted , ,,.h ich, 
in ~ !Ten , stated that the assemblage of antennas 
o n a naYal vesse l m ust be considered an electron ic 
system, "·hose perform ance is to be evaluated in 
tCrlllS o f the COntribution of the whole SVStenl lO the 
COlll ba l efficiency o r the. \'CSSe I. R cga r: llcss o r [Jf)­

tenti ;tl en hancement to per(onnancc or a particu lar 
antenna, no concessions should be made to any one 
antenna in m at ters o f des ig-n or lon11 ion at till' c~ ­
pcnsl· or d fic it• ncy of 1 hl' systl' lll as a \\' ho lt-. 

The conference also ini tiated a progralll ror Im­

plemen ting the systems engineeri ng doctrine. T he 
techni ca l act !Vltles were to be ccntcr('d a1 the Lab­
oralory, \rhile m at ters of admi nistra t ion and [H\Iicy 
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"·ere to be handled in the Burea u. T he latter 
agency was a lso to effect lia ison between the L abo­
ratory a nd supporting agen cies, including other 
na,·ai laboratories and private contractors. 

The Test a nd i\fcasuremcnt D epartment, no"· re­
organized as the Systems E ngineering· D ::partmcnt, 
assumed responsibili ty for all antenna measure· 
ments, including v-h-£ a nd u -h-f assemblies formerly 
under the cogniza n ce o f t he Sp::cia l D evelopment 
Departm en t. Personnel req uire m ents were met 
partly by personne l expansio n at NEL and partly 
by the negotiat ion o f a contract with Naval Elec­
tronic R esearch under th e a uspices of th e Univer­
s ity of Californ ia. 

\Vith minor modifi cations, the orig inal plan re­
mains in effect. The U.S. Navy U nderwa ter Sou nd 
Laboratory at Ne,,· London, Connecticut, has been 
ass igned cogn iza n ce of submarine antenna systems 
installat ions, the R ad io and Sound Laboratory, now 
redesig nated as th e Un ited States Navy Electronics 
Laboratory, has been ass ign ed cognizance over 
~horc-station a nd sh ipbon1e antenna systems. 

I n fol Jm,·ing articles more d etails will be given 
concerni ng th e antenna systems e ng ineering pro­
gra m at the U.S. ?\avy Electron ics Labora tory. 

DBM ANTENNA COUPLINC FAILURE 

The Pugc t Sound :\"ava l Shipyard h as reported 
by ktt(;r the follo"·ing mechanical defects in the 
COilStruct ion o r th e mode l DB\[-] low-frequency 
direction find er antenna . The le tter is quoted as 
folJm,y 

" Impc:ctions of el ectronics equ ipm ent o n vessels 
arri\' ing at this yard have revea led a serious me­
•chanical d efect in th e antenna-drive mecha nism of 
model DB\f-1 directio n-find ers. In nvo instances 
the coupl ing for securing the antenna to the drive 
sh a lt h a~ railc·d, perm itting th2 rotat ing antenna to 
cotJt <: of[ a t the shaft, resulting in considerable dam­
age to the antenna. Failure of these couplings, in 
a t ka~t t\1"0 case~, wa. due to break ing o( a threaded 
collar \\·hich is an in tegral part o( the a n tenna sub­
ba<;c· ra~ting. This collar is o r al u111 in um, a nd the 
threaded portion i'i ~ plit lengt hwise in two cl ircc­
tiom. The col lar fits o \'Cr the top e nd of the drive 
shaft, a ncl is secured thereto by a steel locknut hav­
ing a tapered pipe thread. Bc·ca usc or the soft ma­
tvt ial and <;mal l dim ensio ns of this collar, it has in­
~uffiricnt strength to withstand the mech a nical 
shocks to which a combat vessel is subj ected. 

" Jn other instances, the alum in um collar did not 
break, but the antenna came loose fro m the sha ft 
because of loosen ing of the locknut, d u e apparently 
to vibra tion or to differences in thermal expansion 
of the steel nut and the aluminum collaL The de­
sign of these parts is such that clearances are not 
sufficient to perm it usc o f a lockn ut. L ocki ng of the 
nut by means o[ a tapered dr ive p in can not be ac­
com plished, as the hollow dr ive shah contains the 
antenna coax cable. 

"The casualties described a bove have been ob­
served on ly in low-freq uency DBi\ f-1 antenn as 
(CBM-66 11·1) . This is probab ly due to the (act 
that, while the drive mechanism an d cou plings are 
of the same design, the antenn a clements are some­
what heavier in the low-frequ ency antenna than the 
high-frequency an tenna." 

I t is requested th a t a ll shi ps, n ava l shipyards or 
other activi ties hav ing this equipment installed and 
whose find ings are sim ilar, report them immediatel y 
to the Burea u of Ships, Code 982, th us e na bling the 
Bureau to ini t iate remedial action accon lingly. It 
is not necessary that these fi ndings be submitted 
in fo rm al letter. The usual Fa il ure R eport, Nav­
Ships 383, will su ffice. 

AS-45A/SPR-2 ANTENNA COUPLER 

The manufacturer has recently com pleted 200 
couplers for adapti ng RG-<18/ U waveguide to R G­
Sj U sol id di electric cable. T hese u n its, formerly 
referred to as the n avy type - 19890 b u t now desig­
na ted UG-340j U, h ave been sh ipped to the 1 avy 
Suppl y Depots at Clearfie ld, Utah, and Mechan ics­
burg, Pennsylva nia, for furth er d istribution. E lec­
tron ics Officers shou ld req u est these coax couplers 
fro m the Nava l Supply Depot and have them ava il­
able ror install at ion, distribut io n and stock. 

Ships ha ving the AS-4 5Aj SPR-2 "Y" anten na in­
sta lled should contact the n earest E .O . at the ear­
liest opportu n ity to determi ne the ava ilability of 
this item. I t can be install ed b y the sh ip's crew in 
a fc \\" hours, a nd consequentl y \\"i ll not require a 
na vy yard a va ilabi li ty. In mak ing th e insta llation 
it is recommended tha t the length o f the so lid di­
electric RG-8/ U between the coupler ami the re­
ceiver be mai nta in ed as short as pra ct ica i> le, to min i­
mile th e attend;~nt db losses in hcrcm to this type of 
ca ble. 

The approved BuShips dra" ·ing· for this coax 
coupler is now RE49f449r\ , e ntitl ed ". \daptor, UG­
!l iOj U, Coax ial Line to Wa veg-u ide (RC-Rj U to 
RG-'18/ U) ." 

rl Since crysta l rectifiers can easily be damaged by 
careless h andling, a n effort should be made to in­
stil-e that all personnel handling these u ni ts have 
some knowledge of their construction and arc ac­
qua inted with the recommended storage and han­
clling preca u tions. 

i\ fost crysta ls (especially those used as m ixers in 
radar receivers) arc mou nted in a cartddgc, the ex­
terna l dimensions o[ which have been standardized 
so that c! ifferent makes of crystals all fit into the 
sa me holders. Although the in ternal arrangemen t 
di1Icrs, depending on the manufacturer , a ll car­
tri dges conta in a nearly pure crystal of the clement 
si licon, mou nted so that a line tungsten wire "·ith 
;1 sharpened point ca n be brough t into contact with 
the broken surface of the crystal. After acljust­
nJ cnt at the fac tory, the cartridge is imprcgnatc_d 
" ·ith a filler tha t in creases the mechanica l stabili ty 
of th e contact and renders the unit impervious to 
moisture. Crysta ls of this type arc therefore not 
ordinaril y adjt~sta bl c a mi should not be con fused 
\\" ith piezo.elcctric crystals used to control the fre­
que ncy of oscil lators. 

Crys tal units will stand on ly a limited amou nt 
of mechan ical shock, and should not Lc dropped or 
tapped unnecessari ly. Furthermore, during the t ime 
whe n a crys ta l is not installed in an equipment, it 
n!ltst f>e prorected rrolll r- f fi elds, and curren ts in­
tfun:d by sudden cur rent chane:es in ncig·hhor ino-

, , I. b 

\\" ires. It is also necessary to exercise ca re in insta ll­
ing crysta ls, to flrcvclll the discharg·e throtwh the 

' l"> 

crys ta l of sta t ic electr icit y ;tcu tJ nula tcd c ithn by 

the operator or by ungrounded appara tus. R cla­
ti\-cly smal l static d ischarges th!"Ough a crystal ct n 
red uce its sensitivity to a grea t extent. 

Through the exercise o f a fc"· precautions. hm,·­
c,·cr , these difficu lties can be a\·oided : 

!-Ground all equipment and check system grou nds. 

2-Handlc the crysta l cartridge by th e base end 
only. Contact the equipment through this end be­
fore tou ch ing the top end, and ma intain hand-con· 
ta ct \\"ith the equipment (crysta l holder) un ti l the 
crys tal uni t is in pl ace. 

3-Store crystal cartr idges in Jncta I conta i ncr~ or 
\\Tap them in metal foi l unti l they arc to be in­
serted in the equ ipmen t or until it is necessary to 

remove them for test ing-. 

-1- AYoid exposing open-end \\";1\-cgu idc sect ions 
cont a ining- crystal recti fiers to inte nse r -( fields. 

5- \\' IJ en e lectrica l measun:men ts arc be ing made 0 11 

crys tals, u n ploy onl y short shie lded leads to min i­
mize pick up . Also avoid subjecting the crystal u n its 
to overloads or transients, such as rhose ca used by 
interru pt ing the circuits. 

G-Do no t tamper \\"ith the crystal un it set scre\\·s. 

It is good po licy to sLore crys ta ls in thei r original 
cartons. \\· hi ch provide good protection from me­
cha n ica l shock. Ex tremes o( hu m id it y, a nd tem­
pera ture below -40°F or above l 60° F arc to be 
a\'oidcd . i\ lany units tested have sho\\·n no a ppre­
ciable deter ioration OHT per iods of months \\"h(·tl 
stored properly. 

n 
0 z ,., 
0 
m 
z 
-j 

)> 
r 

V1 



_J 

<( 

1-z 
w 
0 
lL 

z 
0 
u 

NEW VALUES OF 
ELECTRICAL UNITS 

OF MEASUREMENT 

• • • • • • • • • 
• As a consequence of recommendat ions by the In­
ternational Committee o n 'Ne ights and Measures 
the Bureau of Standards on J anuary l , 1948, will 
inaugurate a new system of electrical units, simila r 
organizations in other coun tries fo llowing suit. 
The change is to be from the present so-called " in­
ternational" system to the so-called "absolute" sys­
tem , a nd has the purpose o f eliminating certain 
inconsistencies in th e relationship of the e lectrical 
uni ts to other physica l units. Both the units and 
the methods of m easuring the m wi ll be altered. 
The change was to h ave been promulgated in 1940, 
but " ·as interrupted by the war. Practically, the 
ch ange in the size of the electrica l units amo unts 
to a fraction of o ne perce n t, and . is negligible for 
most pur poses, but is o r may be important in both 
c ivilian and m ili ta ry applicat io ns for certain others. 

In the sc ie ntific realm it is d esirable to simplify 
theories whenever it is possible to d o so a nd still 
ma intain consiste ncy \\·ith the [acts which the t11e­
o ries arc attempti ng to expla in. As a result of the 
extensive theore tical and ex perimental inves tiga­
tions o f the \\·o rld and the universe which has bee n 
carried o ut in the pas t [ e ,\· centuries, it has been 
found poss ible to r educe al l purely physical un its 
to those of m ass, length , time and some unit repre­
sem ;nive o [ electri c or magnet ic behavio r. From 
this simplifi cation, an e legan t overall u ni ty o f man 's 
ph ysica l knO\rledge o f the universe is obta ined , and 
pract ical benefits ensue in the standard iza tion of 
units. for th e num ber o f fundame nta l, pr imary 
~tandard~ on which ou r \\"h o le system o f phys ica l 
IIIC"asu rcm ents is h;~scd is thus ke pt a t a minimum. 

:\t the tim e that the firs t inte r natio nal a ttempt 
\\"a>. made- to set up a ~ati sfactory system o f c lcctr i­
c;ll unit~ in 1 89~, almost no labora tories were m a in­
tained by goYernmcnts for the pur pose o[ stand­
;n·tlital ion. :\ Tost labora tor ies had to maintain their 

mrn ~ta nd ards. and faci I it y of re productio n o f pri-
11l<try q;~ndards \\"<IS d <:cmed m ore important than 

hii~ing <:lc-nrica l u ni ts on other , more fundament;~ ! 

unit~ . '1 hnefor('. it was decided , the va lues o r the 

cln u ical unit~ 1n.TC to be- obtained from direct 
1m·a~un ·mc·nt o n p rima ry p h ysica l standards, which 

\\·crv chit fh c·lcc trical in nature as fo llows: 

1- The am.jJere would be defi ned by measure ment 

in the silver voltameter, where e lectric curren t flow­
ing for a known p eriod of t ime e lectr o lytically de­
p osits a certain qua nti ty of silver, 2-th e ohm would 
be d e termined fro m the resistance o f a speci fied col­
umn of mercury, and 3-the volt would be de ter­
mined from the electromotive force of a standar d 
battery, the Clark Cell. In the ensui ng years, na­
tional la boratories have appeared in several of the 
larger co untri es, and facility o f reproduction of the 
units has lost its orig inal emphasis. The present 
change is in recognition o f this fact. The electrical 
units \\"i ll now, in the "absol ute" system, be b ased 
on the primary u n its o f mass, length, and time, and 
for the electro magnetic un it, the p ermeability (or 
mag netic indu ctive capacity, as it is also called ) o f 
free space, to be takc_n as unity in the ce ntimeters­
grarn -scconcl sys tem o f mecha nical uni ts and 10- • in 
the equ ivalent meter-ki logram-second system. (See 
"Basic Physi cs," Part I , i n E LECTRON, July, 1947.) 
A ll electrica l un its w ill be exact m ultip les of these 
units-a great simpl ificat io n in calculations. The 
electrical uni ts <I re now subsid iary to the primar y 
standards o f these fou t· uni ts, and are to be derived 
[mm them by seco ndary m easurem e nts based on ac­
cepted principl es o [ e lectr o mag net ism. Very pre­
cise m ethods have been d eveloped for so d o ing 
these last ye<~ rs . ' !\fork has been progr essing in the 
national laboratori es o [ the U n ited States, France, 
Great Britain , Germany, Japa n, a nd Ru ssia on the 
secondary measurements, and precise average values 
have b:.:en ob tai ned . Sta ndard resistors -and ce lls 
main ta ined <It the Burea u of Standards w ill be used 
in th e actua l sc ienti fi c and industria l ca libratio n 
\\"ithin this countr y. 

For completeness it sho uld be m en t io ned t hat in 
19 11 the three e lectr ical sta ndard s h ad been rccle-

TABU' I- Co1wersion from /Vferm to !lusolul e Units 

M ean lnlemalio'llal Unit 

o hm * 
volt* 
am perc 
co ul omb 
he nry 
farad 
watt 

joule 

. . . '·. 

Absolute Unit 

1.00049 o h ms 
1.0003'1 vol ts 
0.999835 am perc 
0.999835 coulomb 
1.000495 he nries 
0.999505 farad 
1.0001 G5 watts 

1.000 Hi5 jo u iC's 

~· The lega l U nited States u n its are s lig htl y diffe r ­
e nt from the mea n val ue, so that I in te r nationa l 
ohn1 (U . S.) = 1.000-195 abso lut e o hm s. a nd I intcr­
'l;rtion al volt (U . S.) = 1.000~~ absol11tC volts. 

t .. 
t 
't 

.. 
I 

' • 

fin ed more exactly, and the ' '\Teston Normal Cell 
~u bstitu tcd for the Clark Cell, in order to bring the 
volt, amper e, and ohm in exact <~greement with 
Ohm's law. 

As wi ll be seen fro m table I, the change in the 
units o f resistance, ind uctance, and capacitan ce is 
a bou t 0.05 percen t. In e lectr ical measurements in­
,·oh ·ing these q uantities the change in un its should 
no t, therefore, be neglected in ca librations guaran­
teed to 0.1 o r 0.25 percent. For most indicating in­
strumen ts, hO\rever , the change is negligibl e. 

-L. \f. F. 

TYPE -23497 SELECTOR CONTROL UNIT 

D ue to some misinforma tio n, an error <~ ppcarcd 
in the article entitled "U-h-f Selector Control Unit" , 
o n page 10 of the August, 19'17 E L ECTRO:-< . I n tha t 
art icle it was sta ted that d ifficulty was enco u ntered 
in m;~k i ng the su bject control uni t opera te with 
the TDZ tr<~nsmitter when the type - 20409 power 
supply un it was not used. T he mention o f the 
T DZ transmitter was incorrect , as the intent io n was 
to refer to the RD Z receiver. Mor eover the article 

d id not clearly sta te that the trouble was no t d ue 
to the lack of a type --20409 power su pply u n it. 

The type - 20'109 power u nit is used to provide 
pO\rcr for a rad iop hone unit or type - 23496 contr ol 
ind icator uni t, and also to provide the power neces­
s;try fo r cflecting the change-over rrom recept io n to 
transmissio n in the con trol led equ ipmen t \r hen the 
" p ush-to-ta lk" button on the handset is pressed. 
The RDR a nd RDZ receivers have none of the 

above controls which r equ ire this sour ce of p ower, 
and the TDZ t ra nsmitter supplies its 0\\"11 power for 
such purposes. Consefjucn t ly this un it is not re­
quired [or the operatio n of these equipm cnts. H ow­
ever , in each case it is necessary tha t the two j ump­
ers con necti ng J to A and K to L in Plug-102 be in 
pbce as 111ent ioncd in the previo us articl e, as these 
ju mpers prov ide continui ty th rough the type -2~4 97 
s<:lenor control un it [or the aud io circuits fron 1 the 
r:·n: i 1·er. 

\\'hen the type - 23·197 selector control u ni t is used 
\\·i th the :\ Todcl J\ TAR tra nsmitt ing- receiv ing equi p­

m en t , the - 20-109 power suppl y u n it n1ust be used, 
as it i~ needed to supply both re lay a nd 111 icropho ne 
current ror the <~ssoc i a ted r;~d iophonc un it ami 
ha ndset. In th is case the abcm2 men tioned jumpers 
sho uld be removed . 

Type of Approach 
Last To 

Month Date 

Practice Landings . . . . . ... 6 ,835 64,561 

Landings Under Instrument 
Conditions • • •• • • 0 •• • •• 183 3,388 

• • • • • • • • • 
MORE THAN TWO HUNDRED THOUSAND 

At e<~ch naval distr ict in continental U nited 
States there is a P ublicatio ns ;~ nd Printing Office 
\\·hose most importa nt fu nctio n is to p rovide ')'O'II 

\\·ith all kinds o f form s: lo ng ones, short ones, sim­
p le ones and complex o nes-and N BS 383 fa ilure 
report form s. Each of these publications offices 
has stacks and stacks o f the fai lure repor t [orms­

a tot<~ ! o[ more tha n 200,000 copies! 

D espi te this. hO\\"C\·er, a few <~ct i v i t i es arc report­
ing railures o n m illleographed or other makesh i ft 
f:lcs illl il i c~. T his effor t is adm ired, but \\·asted . 

G et ynur forms the easy \\"ay! Ask the Supply 
D epartm ent. for a Stock Form and Publi ca tio ns 
R eq u isit ion (;\/AVGEN-47) . ' 'Vrite o n it the nu m­
ber or hil u re report forms you w ill need fo r si x 
111011ths. Be smc 1"0 get the name right : FAILU R E 
R EPORT- EL ECTRONIC EQU IP I\Tf.N T - ;\.'AV­
S HIPS (N BS) 38~ . Then m a i I it to the P ublica­
tions and Print ing O ffice at the ne;~rcst :'\ aY<~I Dis­
trict Headquarters. 

T \\"O l111ndrcd thousa nd a re too manv! Lc t"s usc 
thc111 np! 
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LIST 1 

Model 

ABK thro ugh A13K-8 
A )I I A PA-61-6A 
A:--J I APR-1 
A :'\ I.\ PR-E> X 1-5AI -

5AX I -5AY/-6X 
A:--J I. \PT-3 
:\:'\ I AP X-7 (XN21) 
.-\:'\ I C P:--J -6 
A:'\ I CP)l-6 
A)I I CP)l -6 
Al' / CPX-3 
.\~ I CPX -4 (X:--J-2 1) 
A:'\ I FGC- 1.\ 
.-\~ j GP:--J-2 

,\:'\ I GP:\' -2 
.\:'\ ( \ l P:--<- L\ 

\:\ ISP.\- 1 
.-\)i. j SPR-1 
!\:'\ ISPR-2 
A:\ / SPR-2.\ 
_\).' I SPT-2 
,\ )l j SPT-6A 
\:\ / T PS- IB 
-\:'\ j TPS- 113 
\:\ I C PA-1 

A:\ I L' P;\1 - I I - I A I -I B 
:\:\' I UP;\1-2 

\:\ I UP :-. l -4 (X:--<21) 
.\:'\ IUP\l-6 (X:\'2 1) 
.\:\ I V P\1 -7 
A:'\ / UPT-T 3 
.-\)l j UPX-TI 
.\)l l l -R A-T2 \ 
Army-~av~- Manual of 

Standard Descriptio ns 
.\ S- 177 I CPX 
.\ S-2361SPT 
.\S-263 / UPT 
AS-330/ TPX 
13\l I FF Coordination 

.\ sscmbl" 
13\l - I 

B\1-11-2 
13:-.1 Da ta Sheets 
B:\' -1 
B.'\ I 
B).' I 

BO 

S/l()r/ Title EditioH 

~.-\ VSHIPS 900,909 PL 
N A VSHIPS 900,768 F 
NAVSHIPS 900,483.4 SP 

7'-JAVSHIPS 900,655 F 
NAVSHIPS 900,280 ?\ II 
1\':\VSH IPS 9 1,001 ;\II 

)IAVSH I PS 900,838 F 
?\'AVSHIPS 900,77 1 - IH 
SHIPS 29 1-1 Sl' 
NA\'SHIPS 900.9-JO F 
NAVS HIPS 900,94 1 F 
:'\ .-\VSHIPS 95,583 F 

7'-J.\VS HIPS 900,934 F 
:'\.\VSHIPS 900,934.4 Sl' 
SHI PS 3 16 (.-\) F 
:\' .\\'SHIPS 900.768 F 
:\ .\\-SHIPS 900,483 (. \ ) F 
:'\ .\ \/SHIPS 900,65--1 F 
:\ .\ VSH IPS 900.599 F 
:\.\\'Sf-Ill'S 900.28 1-IB OL 
'; HIPS 383 F 
SH I PS 296 F 
:\ .\ \/S H I PS 900 ,90 1.-1 (. \ ) SP 
SH I PS 27 1 (A) F 
:'\ .-\ \/S H IPS 900,84:> \ 11 

:'\ .\ VSHIPS 900,452 F 
:\' .\ \/S H IPS 900,949 F 
:\.\\/SH I PS 900,95 1 F 
'iH I PS 34'1 (A) F 
:'\.\\'SHIPS 900 ,8-14 JO 
:\.\\'S IJIPS 900 ,78.~ F 

SH IPS 36 1 F 

.J \ :'\P-109 F 
:\ \\ 'SH I PS 900,954 F 
:\.\\ 'SHU'S 900,837 F 
:\ \\'Silii'S 900,87 1 F 
Sll ll'S 390 F 

:\ \ VS I III'S 900,3-10 (A) IH 

'\ .\\'SHIPS 900 .240 JH 
'i f-III'S 298 F 
'Hl0.(ili2-2 p 

<; HIPS 323(A) F 
'\ \ VSI-II PS 900.449 I J-1 
'i l-IIPS 324 -1 RPL 
:\.\ \ 'Sliii'S 900 ,3'10 (A) · 

18 11-1 

• The following pages l ist a ll instruction books dis­
tributed since I Oct., 1945. The first list includes 
all eq uipments beari ng a navy m odel let ter, a navy 
type n umber, or a jo int army-navy des ig nation. 
The second lis t includes equipmen ts bearing only 
commerci al designations. T he key to the abbrevia­
tions appearing in th e third col umn of each list is 

given on page 22. 

M ndel 

ll0-1 
BO- I 

C XFF 
C XF:\1 
C\:F\\' 

C: XCG -I I -2 
CXGG-2 
CXG H -2 
CXC..J-2 
C.XCJ---1 
CXGJ-5 
C. XGZ 
CX JC- I 
C X JC. 
CXK.\ 
C. XKX 

D.\B I -1 1-3 
D.\1-1 
D.-\ H -2 
D.\j 
D.\K -2 
DAQ 
])AS-I I -3 
n .-\ U 
D .\ U 

DAU / -1 
D im 
DBD 
DBE 

nnr. 
DB E 

DB \ 1-1 
nns 
DC RI 
DX \ 
FO.\ 
FOC. 
Fi l l\ 
FR .\ 
FRB 
FR C. 
FR f. 
FRF 
FRI-1 
FS.-\ 

I:SJ 
F-261l ' PR 
F-:D / l ' I'R 
flU 
JT 

Short Tille 

SI-IJ PS 298 
1\'AVSI-IIPS 900 ,239 (A) · 

m 
NAVSHIPS 95,0:i3 
l\'AVS H IPS 95,054 
:--1.\VSI-I IPS 900,200 

:\'.-\VSHIPS 9!> .058 
NAVS H I PS 900,796 

:\.-\\ISH I I'S 95 ,060 
:\.\VSI-IIPS 95.062 
:\AVSH I PS 95.064 
:\AVSHJPS 9!>.065 
:\AVSHIPS 95.068 
)/ .-\\'SH IPS 900,923 
:\AVSH IPS 900.8--16 
:\.\VSHIPS 05,070 
)11\\ISH IP S 900.93fi 
NAVSHIPS 900 ,893 
;'\.\VSHIPS 900,757 

:\' .-\VS H IPS 900 ,758 
'i HIPS 382 
:\'.-\ VS H IPS 900,277 

SH IPS 233 
:\.-\VS HI PS 900.752 
SH IPS 301 
'iHII'S 302-1 
:\.-\VSJ-I IPS 900 .907 
;\1.-\VSI-IJPS 900,769 
:\' .\ VS I-1 II'S 900.85 I 
7'-JAVSf-li PS 900.6:ifl 
:\.\\!SHIPS 900.659.2 
:\' .\ VS HI PS 900,659.2 

;'\/ :\\'Sf-Ill'S 900.587 (,\ ) 
:'\ .\ \IS H I I'S fi00.30G 
;\/ .\ VSH I PS 3G:i- 15R3 
'i H il'S 3R·l 
:\:\\/S HIPS 95,004 
'\\\'SHIPS 9:. .00"• 
:\.\VSJ-l l l'S 9:" •. 00~ 
:\.\ \'S III PS 900JWI 
:-.1 .\VSII I I'S ' l'i.002 
:'-IAVSHII'S 900,078 
:\!\\'SH I PS 9:i .IOO 

:--1.\ \lS I-I I PS 900.20tl 
:\' .\\'SHI PS 900 ,3:iR 
:\' .\ \/S H I PS 900.754 
:\ .\ VS I-JI !'S 95,002 
N. \ VS I-IIPS 900.90(; 
:\A \IS H I PS 900 ,7 I 3 
:-.1.\ VS H IPS 900245 
:-\ .\\ 'SH IPS 900,42·1 ( .-\ ) 
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Model 

LAE-3 
LAE-3 

LAF-I 
L.-\G / - I 

LA f 
L AJ-1 
Ll\1 Series 
Li\f- 18 

LO I -1 1-21-3H 
LP I -1 1-21·3/ -4 
LP-5 
LR I- 1 I -2 / -3 
L U-3 
LX 
LX-I 

I\IAM 
MAR 
MAR 
Mk 2, Mod 0 
1\lk 2, Mod I 
Mk 2, M od 2 
Mk 6, Mod 0 
Mk 13, Mod 0 
Mk 20, i\fod 3 
1\fk 22, i\fod 0 

1\fk 22, i\Iod I 

1\lk 22, Mod I 
Jllk 22, Mod 2 
Mk 26, l\ lod 3 
1\fk 32, Mod 1 
l\lk 34, Mod 2 
l'vl k 34, Mods 3 a nd 4 
MAW 
M13F 
:1\ IX-565 / GPS 
NAD-IOA 

NJ-7 
NJ -8 
;'\/K-5 

NK-7 
NMC 
NMC-1 
NMC-1 

NMC-2 
0-30/ CP N 
O AE 
O AH 
0:\P-1 
OA\V- 1 
0 .-\X 

013J 
OllL-1 
OllL-2 

OBQ 
ODQ-2 
OHT 
OCA 
OCD 
OCF 
OCK 

Short Title 

NAVSH IPS 900 ,806 
NAVSHIPS 900 ,806 

NAVSHIPS 900,585 (A) 
NAVSHIPS 900,645 
NAVSHIPS 900,378 (A) 
NAVSHIPS 900 ,956 

NAVSH IPS 900,92 1 
NAVSHI PS 900.002-IB 
NAVSH IPS 900,886 
NAVSH IPS 900,897 
NAVSH IPS 900,425 
NAVSHIPS 900 ,890 
SH IPS 309 
NAVSH IPS 900,9I3 
NAVS HI PS 900,643 
NAVSHIPS 900,588 

IB-38397 
IB-38398 
SHI PS 352 
SH IPS 385 
NAVSHIPS 900 ,926 
SH IPS 359 
SH IPS 327 (A) 
NAVSHIPS 900 ,925 
SH IPS 252 (A) -1 

NAVSHIPS 900 ,850 
NAVSH IPS 900,930 
NAVSHI PS 900,926 
NAVSI-Il PS 900 ,3I6-IB 
SHIPS 350 
NAVSHIPS 900,848 
NAVSHIPS 900 ,883 
N AVSHI PS 900,734 
NAVSHIPS 900,508 
NAVSH IPS 900 ,738 
NA VSH I PS 95 ,542 
NAVSHIPS 900 ,409 
NAVSI-II PS 900,333 (A) 
NAVS H IPS 900,219(1\) 
NA VSH IPS 900,107 (A) 
NAVSH IPS 900-251-IB-1 
N AVS HI PS 900,143 (A) 
NAVSHI PS 900,443 (A) -1 

1'\AVSlllPS 900,595 (A) 
NAVSHI PS 900,824 
NAVSI-IIPS 95,157 
1'\AVSH IPS 95 ,I59 
NAVS HI PS 900 ,00 1-113 
NAVSH I PS 900,722 
NAVSH IPS 900 ,4I9 
NAVSHI I'S 900,241 
Ni\VS HJL'S 900,227 (A) 

1AVSHJ PS 900,576 
NAVSHIPS 900 ,496 
, :\\'SHIPS 900,641 

N AVS H IPS 900,296 
NAVSHIPS 900,376 (A) 
NAVSHIPS 900,646 
NAVSHI PS 900 ,204 
NAVSH IPS 95 ,169 
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OCL 
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OCP H ydrophone 
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OCQ-2 
OCR- I 
ocv 
OD 
0£ Series 
O F-2 
OFN 
OJ -3 
O KA 
OK.-\ 

OSA 
PF 
PP-286 / UR 
PR 

PU-5 1 / T PS-113 
QAA 
QBE-IA 
QBG I QBG-1 
QBH 
QCQ-2 Dome and 

R etracting Gear 
QCQ-2 Auxiliary Junc­

tion Box 62141 

QCU Auxiliary Junc-
tion Box 62141 

QDA 
QD.-\ 
QDA 
QD!\ 
QD.-\ 
QFA-5 1-6 
Q FI\J 
Q FN 

QC. B Do me and 
Retracting Gear 

QGB Aux il iary Junc-
tion Box 62141 

QJA 
QLA I -1 
RA0-2/ -6 
R A0-7 / -9 
R i\X-1 
RBA-5 
RB G I -1 1-2 
RBI-1 1-I / -2 1-3 
RTIK Series 
RBK- I21-131-14 
RBL I -1 1-2 
R l31.-51-6 
R13Q-I 

RIIS I -1 1-2 
RB U 
RB U-2 
RBV 
RI3V-2 
RI3 \V 1-2 
RB W -3 

Shnr/ Title 

NAVSHIPS 900.807 
NAVS I-IIPS 900 .235 

NA VSHIPS 900.878 
NAVSHIPS 900.81 1 
NAVS H I PS 900 ,0,16-1 
N.-\VSHIPS 900,739 
NAVSHIPS 900,203 
1\'AVSHIPS 900,9I8 
NAVSH IPS 900 ,9 I6 

NAVSHI PS 900,572-113 
1\"AVSHI PS 900.880 
NAVSHI PS 900,994 
NAVSHIPS 900,79 I 
;'\r\VSHIPS 900,79 1 

:'-/.-\\'SHI PS 900 ,937 
NAVSHI PS 900,922 

NAVSHIPS 91,00·1 
N.-\VSHIPS 900,74 1 

NAVSHIPS 95,211 
1\' .-\VSHI PS 900.789 
:\:\VSHIPS 900.594 
NAVSH I PS 900 ,-105 
:\.-\\'SHIPS 900 ,369 

1'\ .-\VSH IPS 900 .805 

NA\'SHIPS 900.393 

N .\VS I-Il PS 900.392 

NAVSHI PS 900,700 
:\'AVSHI PS 900,700. I 
N A VSH IPS 900 ,700.2 
1\".-\VSHIPS 900.700.3 
1\'AVSHIPS 900,700.4 
:'\. \ VSHI PS 900 ,795 
NAVS H IPS 95,227 
:\.-\\'SHIPS 900,780 

1\"AVSH IPS 900 .R05 

NAVSHIPS 900,394 
N .-\ VSH IPS 95 ,229 
NAVSHI PS 900 ,790 
!'\.-\\/SHIPS 900 ,3!> I 
NAVSHIPS 900.356 
NAVSIII PS 900.707 
NAVS HI PS 900.708 
N!\ VSH ll1 S 900 .004-1 ' 
~!\\'SHIPS 900.-II I 
:\'AVSHIPS 900 .6 11 
NAVSH!PS 900235 
N AVSHI PS 900.353 
:'\.\\'SHIPS 900 .350 
1'\.-\\'SI-ITPS 900.62 1 

NAVSHIPS 900 ,324 

1\.\VSHIPS 900.50 1 
;\ .\\'SHIPS 900.i I 7 

1\A\'SHIPS 900,50 1 
i'\AVSlllPS 900.7 17 
:'-I AVSHJ PS 900,288 
:'\".\\'SH IPS 900 ,7 17 
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RCO 
RCX 
RDC-1 
RDG 
RDG 
RD G 

RDJ 
RDJ-1 
ROO 

RDZ/ -1 
RH. 
RE:\f 
RXA 

A / -1/ -2 / -3 
S.-\ / -2 / -3 .\11te nna 

Pedes tal 
S.\-2 

SA -3 
SF- I 

SG-2 
SG-3 
SG-3 
SG-3 
SG-3 
SG-3 
SG-fi 

SG-fi 
SG -fi 
SG -!i 
SG-6 
SK -1\f 
S:\ f 
S:Vf -1 
S0-3 
SO-Ii / -10 
SO-fi /- 10 
50-6 , -10 
'l0 -6 / -10 
S0 -6 / -10 
S0-12:\ r ; ::-; 

S0-13 
SP 
S P-1 :\f 
SR -2 
SR -2 U -IF 

Loa~i~l L ine 
SR -!! 
S R -1 
'iR -3 
'i R -:l 
SR ~ 

<;s 
c;s 
c;s 
')5 

c;c; 

'I!' 

'i { ' -1 \ntcnna 
'icn in· K it 
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Short Ti tle Edition 

NAVS I-IIPS 900,255 F 
NAVSHIPS 900,288 F 
Nr\ VSHIPS 900,486 F 
NAVSHIPS 900 ,5 15 (A) F 
NAVSHlPS 900.5 15 -SP SP 

250-970-5 L C 
NAVSHlPS 900,253 (r\) F 
NAVS I-IIPS 900 ,823 F 
NAVSHIPS 900,527 P 
NAVSI-IIPS 900,6 17 F 
NAVSH1PS 900,961 F 
NAVSI-IIPS 9 1,003 F 
NAVSHIPS 900,213 F 
:-; .-\ VSI-IIPS 900,9 11 SP 

NAVSI-IIPS 900 ,733 F 
SHIPS 276 F 
SHIPS 283 F 
SHIPS 363 F 
l'\AVSHIPS 900,532 F 
SHIPS 367 (A) F 
NAVSI-II PS 900,899.1 IH 
:-.1.-\ VSH I PS 900.899.2 OH 
::-; AVSl-11 PS 900 ,899.3 M H 
0:.-\VSHI PS 900,899.4 SP 
X .-\VSHIPS 900 ,861 (A) F 

N.-\VSHIPS 900,86 1 (A) .I II-I 
X.-\ VSHIPS 900 ,86 1 (A) .2 OI-l 
0:.-\ VSHIPS 900,86 1 (A) .3 llfH 
XAVSHIPS 900 ,86 1 (A) .4 S P 

AVSHIPS 900 ,484 F 
:"<AVSI-IIPS 900,56 1 
0:.-\\'SHIPS 900.6 15 
S HI PS 260 
1\'AVSI-I IPS 900 ,860 
N.\VSHI PS 900,860. 1 
NAVSHIPS 900 ,860.2 
I\'.-\ VSH IPS 900,860.3 
NAVS I-IIPS 900.860 .4 
SHIPS 294 
S H IPS 237 
:\1,\\ISH IPS 900,534 
::-; _-\ VS H IPS 900,560.4 
X .\ \ 'SHIPS 900.5i7 (A) 

'\ \\ 'S H IPS 900 .i 79 (.\ ) 
:'\.\\ 'SHIPS 900539 
:\!.-\\'SHI PS 900 539. 1 
NAVS H IP S 900.539.2 
:\1 . \\'SHIPS 900,539.3 
NAVS H I PS 900 .539.4 
S HIPS 33T> 
:'-1 .\ VS HJ PS 900 .746.1 
X .\ \'S H IP S 900 .746.2 
:"A \'SHIPS 900 ,74!i.3 
:'\'.\ VS H IPS 900 ,746.1 

S II IPS 3 13-2 

:\1. \VS H IPS 900 ,8 14 
:-;A VS H I PS 900,548 (A) 
SHIPS 34 1 
'\: \VS I-I IPS 900 .822.1 
:'\A \ 'SHIPS 900 ,822.2 
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SV- 1 
SV- I 
TAJ-10 
TAJ-11 /- 13/- 16 /- 17 
T AJ -14/ -15/-18 
T r\ j -19 

T A Q -5 / -5a / -6/ -6aj 
6b / -7 / -8 

TAQ-9 
TAQ-10 
TBA-6 / -10 
TBA-9 /- 11 / -12/- 13 
TBC-4 /-5 

TBK-9 
TBK-13/ -18 /-20 

TBK Speech Input and 
Modulator Equipment 
50 194 

TBL-4/-8/-9 
TBL- 10 / -11 
TBllf -4 
TB:\1-5 / -7 / -9 / -1 I 
T BM- 12 
TBS 
TBS Adaptor U nit 

23525 
TBS Power U nit 

2041 7 

TB U- 1 /-2/-3 
TB U-4 
TBX-8 
TCG /- 1 
TC:Gj -2 
TCJ-1 
TCJ-2 
TCK Series 
TOr 
TC:\1 
TCP /- I / -2 /-3 
T CS-6 

TCS-7 /-9 /- 10 / -II /- 12 

TCS- 12 

T CS- 1-1 /- 15 
TCIJ 
TCZ-1 

T C:Z- I /-2 
TDE/- I /-2 
TDE/ -1/-2/-3 
T DF 
TDG-1 
T DH -2 
T D I-1-3 
T OI-I -4 
T D .\f -1 

TD:\'/-2/-3 / -4 
' J DO 
"I OP -1 

TDY-1 
'I' ER 
TEC 
T'i -2S / l 'P N 

Sho 1·t Title 

Ni\VSHIPS 900 ,822.3 
NAVS I-IIPS 900,822.4 
NAVSHIPS 900,428 
NAVSHIPS 900,863 
Nr\ \'SHIPS 900 ,833 
N AVSHIPS 900,192 

N AVSI-II PS 900 ,2-18 
NA VS HIPS 900,273 
NAVSHIPS 900,549 
N:\VSH IPS 900,'106 
NAVS I-IIPS 900,454 
NAVSHIPS 900 ,856 
NAVSHIPS 900 ,380 
NAVSHIPS 900.388 

NAVS I-IIPS 900,778 
NAVSHIPS 900,373-IB 
NAVSHIPS 900,390 
NAVSHIPS 900,380 
NA VSHIPS 900 ,388 
NAVSHIPS 900 ,763 
NAVSHIPS 900 .590.4 

NAVSI-IIPS 900,%7 

:\'AVSHlPS 900 ,737 
Ni\VSHIPS 900 ,38-1 
NAVSI-IIPS 900 ,39 1 
N r\VSHI PS 900 ,706 
NAVSHIPS 95,3 1 I 
NAVSHIPS 95,3 12 
N AVSHIPS 900 ,402-IB 
N AVSHIPS 900 ,529 -IB 
NAVS HIPS 900 ,2 10 
NAVS HIPS 900,40 1 
N AVSHIPS 900 ,401 
NAVSHIPS 900,868 
NAVS HI PS 900 ,269-IB 
:--.IAVSI-IIPS 900 ,29 1 (.-\ ) 

-S P 
:\AVSHIPS 900,29 1 ( B) 

-S P 
1\'i\VSHII'S 900.705 
:'\AVSHIPS 900.40 1 
:\1 .\ VS J-IIPS 9:i.325 

:--.1. \VSJ-I II'S 900 :18 1 (.\ ) 
N AVS I-IIPS 900 ,389-IB 
NAVSHIPS 900 ,887 
NAVSHIPS 900.9 12 
NAVS I-IIPS 900.620 
N AVS HJPS fl5 ,332 
N;\ \IS H IPS 900 .904 
N AVS I-IJPS 900.798 
NAVS J-III'S 900.832 
NAVS I-I IPS 9:i .335 
NAVS HJI'S 900 ,9 15 
N.\ VSI-TII'S 900.263(A) 
_ AVSHIPS 900 ,3-12 (A) 
NAVSI-liPS 900,352 (A) 
NAVSHIPS 900.2 12 
N AVSHIPS 900.52 1 (. \ ) 
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Mode/ 

TS-102 / AP 
T S- 1 021\ I AP 
TS- 107 / TPC. I-1 
TS-120 / U P 
T S- 173 / U R 
TS-182 / U I' 
TS- IR2 / U P 
TS- I!JI / U P 
TS-202 / U 
T S-230 / A I' 
TS-23 1/ :\ P 
T S-25 I / UP 
TS-268 / IJ 
T S-270/UP 
TS-275 / UP 
T S-295 / U P 

TS-32·1/ U 
T S-3-19 / U P 

TS-3:i S / L:P 

TS-358 / U P 
UE- 1 
UF 
UG 
UH 
Ul\f 
UN System 

UN Carrie r Supply 
UN Voice Ca rrie r 
uo 
VD-2 
VF 
V F 
VG /- 1 / -3 
VG /- 1/ -3 

VII 
VJ 
VJ 

\'j 

V.J 

VJ 

VJ 

V-22/ i\f t/ I 
W C.\ /- 1 / -2/ -3 
" 'C .-\ I -I 
Wl.t\ -2 /-3 
WD.\ /- 1 
WEA-l 

X -D:\X 
X -D.\Y 
X-Di\Z 
XDW 

X -RDJ 
X-RD7.-2 

Y.\ -1 / -2 
YC -1 /-2 

Short Title 

NA\ 'S I-IIPS 95.3H 
NAVSHIPS 95.3H 
NAVSHIPS !J00,-15·1-IB 
SHIPS 386 
N AVSHIPS 900,6-14 
AN-08-35-TS1 82-2 
N:\VSHIPS 95 ,3,15 

SHIPS 386 
NAVSHlPS 900 ,86-1 (A) 
SHIPS 372 
NAVSHIPS 900,869 
:--.1.-\ VSHIPS 900 ,652A 
!\'.-\ VS HIPS 900 ,6·17 
SHIPS 343 (A) 
N .-\VSH1PS 900,825 
SHIPS 31 l (A) 
N:\ VS I-IIPS 9 1,006 
N:\ VSHIPS 900 ,88'1 
N:\ VS HIPS 900,817 

l': .-\VS HIPS 900 ,8 17.4 
N:\VSHIPS 900 ,'127 (A) 
N.-\ VS HIPS 900,223 
:\1 .-\VSHIPS 900,223 
:'\.-\VSI-IIPS 900,223 
NAVSI-IIPS 900,7-15 
1\'.\VSHIPS 900.8·10 

(Vol. I & II ) 
:\AVSI-1 IPS 900 ,20 1 
1\'.-\VSI-IIPS 900.202 
i'.\ VSHIPS 95 ,355 
!\' .·\ VSI-I IPS 900,933 

SHIPS 288 
!'\.-\\ISHII'S 900.076 
SHIPS 26 1 
SHIPS 2G I 

N:\ VSHIPS 900 ,934 
N .-\ VSHIPS 900.829 (A) 
NAVSH I PS 900 ,829 (A) 

NA\'SI-I JPS 900 ,829 (A) 
.I 

:"-1.\VS HJI'S 900 ,829 (.•\ ) 
.2 

:--1 .-\VS I-IIPS 900.829 (. \ ) 
.3 

:>: .\ VSHII'S 900.R2~l (. \ ) 
.4 

:'1 :\ VS I-III'S 95.357 
N.-\ VSI-JJPS 900.fi!i3 
:'-1 .·\ VSH IPS 900.0·1!'>.·1 
:'> .\VSHIPS !100.52'1 .·1 
:--1 .\ \ 'SHIPS 900.4% 
:\.'\\'S H IPS 900 .507 
:\1.\VS I-Ili'S 95 ,08 1 
:\1 .\ VS HIPS 95,082 
:'\ .\VSH I PS !15,083 
:\ .\\'Sllli'S 900.927 

:"\ :\ \'S l-1 II'S 900.253 (.\ ) 
:'\ .\ \'S IIJPS 900,9:i7 

1\' .\\'SI-III'S 900.220 
N.\\'S IIIPS 900.2!>2-JB -1 
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YH / -1 
YL 
D f-1 / U 
IOAEF 
10.-\EX 
IOAFJ 
1-1 .-\13 \V 

2 11\DL 
23:\FL 
23AGU 

23AJ G 
24.-\ .-\L 
2HAP 
50:\13:\f 
50ACU 
50.-\C\V 

55.'\DJ> 

55:\DV/ -1 
55 AGO 
55A I-Il\f 

55AHP - I 
60ABF -
66A L A 
66.-\L:\ 

GG.-\LR 
66.-\LB 

66 .-\ LC 
66.-\:\fL 

10306 
10563 
IOGOO 
106 17 
203 12 
20-109 
20-11 7 
2:!30-1-.\ 
23-H:i 
23-190 
23·197 
23:i 10 
23:i2:i 
2432:i 
3:i0GO 
'16 169 
'195-15 
'iOOG·I:\ 
50 10 1 
50 103 
501 2-1· 
50 127 
:iO I-19 

. 50 191· 

50202 
5025-1 

<>0262 
50272 

5 1095 
53 19 1 
:i32 12.-\ 

'i33-19 

ii:i l 'l9 

Short Title 

!\'.-\ VS HIPS 900.910 
NAVSHIPS 900,249-I13 
l\'.-\VSHIPS 900 ,948 
SHIPS 337 
!\'.-\\/S HIPS 900,2 12 
N AVSHIPS 900 ,728 
SHIPS 391 
l\'.-\ VSHIPS 900,776 
:\ .-\VSHIPS 900 ,653 (A) 
NA VSHlPS 900 ,879 (A) 

·.,\\1SHIPS 900 ,876 
NAVSHIPS 900 ,665 (A) 
N.-\ VSHIPS 900 ,704 
N:\VS I-IIPS 900.792 
SHIPS 354 
N.-\VSHIPS 900 ,3-1-1 
SHIPS 35'~ 

SHIPS 375 

SHIPS 375 
N.-\VS HIPS 900.872 
:'\' AVS H I PS 900 ,827.4 
:'\AVSI-IIPS 900.862 
!\'AVSHIPS 900 ,73 1 
!\' .-\\'SHIPS 900 ,73 1 

l\' :\VS I-IIPS 900 .73 1 
:'\ .-\\'SHIPS 900,73 1 

SI-IIPS 353 
:'\ .\VSI-IIPS 900 ,830 
:\.-\\'SHIPS 95.366 
:\1 .\VS I-IIPS 900.747 
:'\ .\ VSI-II PS 900 ,878 
:'\ .-\ VSI-IIPS 900 ,88 1 
:'\. \ VSHIPS 900.756 
:>.:A \'S I-ll PS 900 .i 7 7 
XAVS I-11 PS 900.737 
1\'.-\VSHT PS 95 ,389 
:"-1 .\VSI-IIPS 900.777 
:'\.\VSHIPS 9:i .OOG 
:\1.\ VS I-JIPS 900 .777 
:'>.\VSIIII'S 900.20;, 
:'\ .\\'SHIPS 900.357 
:\ .\\'SHIPS 900.!i37 

:'\ .\\'SHIPS 900.754 
:'\ .\\'S I-liPS 900.80-1 
:'\ .\\'SHIPS 900.853 
:"\ .\ VS I-llPS 900.491 
:"\ .\ \'SHIPS 900 5 9 1 
:"\ \\'SHIPS 900.8 16 
:'\ .\ \'S I-III'S 900.8 Ifi 
:'> .\ \ 'S H II'S 900.8 19 
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Model Short T itle 

5.i180 :'\'.·\ VSHIPS 900,724 
60007 :'\A VSHJPS 900,~8 

60089 :'\AVSHIPS 900,744 
6009-1 :'\AVSHI PS 95,437 
60 140 i'\AVSHIPS 900,786 
66 131 :'\AVSH IPS 900,656 
66132 :'\.\ VSHIPS 900,794 
21 I 135 :'\AVSHIPS 900,573 
211 303 :'\AVSHIPS 900,626 
2I I 30·l N"AVSHIPS 900,629 (A) 
211 305 :'\AVSHlPS 900 ,629 (A) 
2 11 347 ::--1 AVSHJ PS 900,630 
2 11 3~ 8 :'\AVS HIPS 900,630 
211-114 1'\AVSHIPS 900,589 
2115i4 :\'AVSHIPS 900 ,760 
211575 :'\AVSHIPS 900,760 
21 I627 1\"AVSHIPS 900,63 1 
2 1 I757 i\AVSHIPS 900,631 
301227 :\"AVSHJPS 900,803 
n lt 3H i'\ A \"SHJ PS 900,972 
·191120 :'\A\"SHIPS 95,4I7 
49 148 1 :'\A\'SHIPS 900,93 1 
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.\fodel Short Title 

Boehme .\ utoma tic 
Keying Unit :\" .\ VSHIPS 95.463 

Expansion Dry-. \ir 
.\daptor IOOA :'\.\\"SH IP 900 ,8 13 

High-Freq uency Sweep 
Gener:Hor ~~ode! 
7091\ !\".\\'SHIP 9j,571 
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-and 170.\ :'\.\\" HIPS 95.5~8 

Teletype, :\1odcl 14 :\'.\\"SHIPS 95,450 
Teletype, Models 14, 

15 and 19 :'\.\\'SHIPS 95.589 
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UHF CRYSTALS 

Severa l reports have reached t he Bureau rece ntly 
from ships indicating d ifficulty in ob tai ni ng· crystals 
for their u-h-f equipment. Crysta ls arc now plenti­
fu l and distr ibu tion is regular. 

U -h-f crystals are stocked by the Naval Gun Fac­
tory, \ Vashington, D. C., and Electronic Supply 

Center, Naval Supply Depot, Oakland. Distribu­

tion is made by means of Bureau shipment orders 

upon the request of the Electronics Officer o f the in­
stalling activity. Adm ittedly, manufacture and dis­
tribution was slow at the early part of the u-h-f pro­
g-ram but no" · the situa tion is alleviated. 

In J anuary, 1946 the Ch ief o f Nava l O p c: rations 
c:s tablishcd Crystal Al lowances [or l\ [od c ls TDZ, 
RDZ, i\ fAR and RDR. cqu ipmcnts. In order that 

every ship will have ava ilabl e when need ed a crys tal 

for each opera ting frequency, complete sets of l?O 
crystals each arc issued. One add i tio na) crysta I wil l 
be fumishcd for TDZ and RDZ equipment. This 
is for the common watch frequency of 2·13.0 me. In­
dividua l crystals can a lso be obta ined to replace 
failures or breakage. 

For TDZ, RDZ and :\1.\R cguipmcJllS, two sets 
o f each type for each ship <~ rc al lowed , regardless 

o f the nun1hcr of cquipmc nts installed. 

For RDR cquiqmem, two se ts o f cry~ t a l ~ arc al­
lowed for each ship, rega rdless of the nu m ber of 
cg uipmcnts installed, except in th ose cases where 
l\ IAR equipn•cnt is also insta lled. In such cases no 
crystals arc: all o \\'cd for RDR eq u ipmen t. 

Ships having u-h-f equipment installed and less 
than the authorized a llowance of crys ta ls, should 
appl y to th e nearest Electro ni cs Orri ccr. 

J f not ncar an Electro nics Olliccr , a request 
should be fonra rdcd to the Rurcau of Ships giving 

the type of equipment installed and t he nun1bcr of 
se ts of crys tals aboard. \\' here sh ips ha,·e more 

than the allowed nu mber of sets of crystals, the ex­
ec:~~ ~ hot tid he turned in to the nc;nT~ t El<:c t ron ics 
Olhccr lor red i!>tr ibu1 ion w 1he ships Jwtl nl\·ing the 
r('quircd number. , 

• This chapter is concerned with the nature and in­
ternal structure of atoms. Although, to physicists, 
atolllic and nuclear physics is a complex subject 
about which much remains to be learned, the elec­
tronics student is fortunate in that he needs only a 
qualitat i,·e understanding of the subject in order to 
read ilv \'isualize electrical and electronics princi­
ples. Primary interest here wil l center in the plane­
tary e lectrons of the atom-the internal structure of 
the nucleus and the energy stored therein being of 
little imlllcdiate interest. 

Althotwh the Greeks had visualized the world as 
0 

being composed of minute pri mary or "building-
block" particles called atoms, it remained [or J ohn 
Dalto n, an English schoolmaster who worked early 
in the 19th ce ntury, to formulate the atomic hy­
pothesis which even tually became the foundat ion 
of modern chemistry and physics. Accord ing to 
this hypothesis, all matter is made up of atoms. An 
atom is the smallest part icle one can obtain by suc­
ccssi\'C subdivision of a given piece of matter that 
will still retain all the properties of the matter. 

Nature in her economy needs scarcely more than 
ninety kinds of atoms-which is to say ninety cle­
ments-to co nstruct hundreds of thousands o [ dif­
ferent substances. These clements <~rc given in 
table I. Those above No. 82 :1 rc radioact ive, which 
mea ns that the very a toms of wh ich they arc com­
posed are undergo ing ind ivid ua l disi ntcgTa tion, 
formi ng new atoms of lighter we ight. Such forma­
tion o[ new a toms is known as transmutation, and 
leads us to belie\'e that, although they no longer 
ex ist, mill io ns of years ago clements above 1 o. 92 
were 10 be found in nature. It is to be noted that 
clements numbers 93 to 96 have been ynthc i1cd 
artifi cially in the manufacture of the atom ic bomb. 
Some o f the elcmem s listed in the table arc not be­
lieved to exist in n:t tura l form, while other arc so 
r;trc a ~ to ha\'e lilLie economic significance. 

the electrica 
nature of matter 

BASIC PHYSICS-Part 6 (I 

Electrons, Protous, and 1Yeu11·ons. Dalton conceived 
the atom as the ultimate indivisible particle, but 
atomic research has revea led that the atom may be 
subdivided into a varie ty of small particles, the 
most importan t of which arc neutrons, protons, and 
electrons. An understanding of the . na ture a nd 
properties of these atomic particles reveals the 
fundamental electrical nature of all matter . 

Neutrons, protons, and electrons arc the bu ilding 
blocks of atoms and arc believed to be individually 
distinct particles of pure electri cal energy. E lec­
tr ici ty, as a form of energy, is not expected to pos­
sess mass b ut, when considering the particles indi­
vidua lly, mass becomes their most important physi­
cal property. The mass of any single particle is very 
small but, since it is customary to dea l with such 
large numbers of them, their mass c!Iccts are ap­
preciable. l\Iuch experimenta l work has been ac­
complished in establishing the mass of the proton 
::mel electron: 

i\Iass o[ proton = 1.66 1 x I 0 "~ gram. 

!\I ass of electron = 8.99 x I 0 ~- gram. 

i\fass of proton 

i\Iass of electron 

1.661 X I 0 "4 

8.99 x I 0 "' 
= 1847 

Although the mass o f the proton is about 1847 
times greater than that of the electron, modern 
theory indicates that 1 he proton has a vo lume much 
less than that of the e lectron. The density of pro· 
tons is great, so gTca t in fact th at a mi nute drop of 
them would "·eigh millions of tons. H <m·cvcr , rela­
tively speaki ng, the electron and the proton are so 

much ~mallcr th an panicles of matter o[ ordinary 
size, i ndced even a tom , that the student shou ld 

consider them as being of about the same \'olume. 

The neutron may be thought of a a proton and 
an electron in such a tight embrace that an inordi-
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nately large quantity of energy must be used to 
separate them. The mass of a neutron may be 
taken as the mass of a proton, the small additional 
mass of the electron being neglected. 

.-\ single atom is so small that there is little pos­
sibility that man will ever be able to view the in­
ternal structure directly. Present knowledge of 
atomic structure is based upon observation of the 
forces exerted by atmnic particles and the electrical 
and mass effects observed when such particles are 
in motion. 

Since all atomic particles possess mass, it would 
seem that o-ravitational forces might play an im-o 
portant part within the atom. The observed forces, 
however, are n1uch larger than can be accounted 
for by gravitational forces alone. It is common ex­
perience that charged bodies attract or repel each 
<Jther with forces that are purely electrical in na­
ture. A fountain .pen that has been charged by fric­
tion, for example, can be used to pick up bits of 
paper. Forces of this class, it is felt, play a large 
part in the atom, but even though much of our 
knowledge of the exact nature of sub-atomic forces 
is complete, still more is incomplete, observation 
showing us in many cases that sub-atomic behavior 
is not strictly analogous to similar large-scale be­
havior. Such questions, however, are beyond the 
scope of this work. 

The study of the internal structure of atoms be­
gins with certain fundamental concepts. Neutrons, 
protons and electrons are the fundamental building­
blocks of all atoms, one atom differing from another 
only in the total number, kind, and arrangement 
of the particles. Xeutrons, protons, and elec­
trons differ primarily in their electrical properties. 
Each is identified in terms of the effects of its 
mass and the electrical force it exerts, the direction 
in which the force is exerted, and the way in which 
it reacts when subjected to an external electrical 
or magnetic force. All neutrons arc identical, all 
protons arc identical, all electrons are identical. By 
convention, electrons arc said to be negatively­
charged, and protons postively-charged. Neutrons 
arc electrically neutral. A proton is identified by 
the fact that it exerts an electrical force of attrac­
tion for all electrons and an electrical force of re­
pulsion against all other protons. An electron ex­
et·ts an electrical force of attraction for all protons 
and an electrical force of repulsion ag·ainst <~~11 other 
electrons. 

The forces acting between an electron and a pro­
ton balance each other, which indicates that both 
particles represent the same quantity of electricity 

and hence possess equal charges, although the pro­
ton has a greater mass than the electron. .-\ proton 
attracts an electron and repels a proton; an electron 
attracts a proton and repels an electron; hence, the 
two particles exert electrical forces in opposite di­
rections. This is the condition which is covered in 
the concept of polaTity. There are a variety of . 
statements which may be made to indicate this 
polarity: I -a proton has a positive, an electron 
negative polarity; 2-a proton represents an elemen· 
tary charge of +I, and an electron an elementary 
charge of -1. 3-a proton exerts a positive clcctric 
force, and the electron a negative electric force~ 

The fundamental law of charges, of which this is 
a special case, states that charges of like jJolarity 
1'epel, charges of un/ilw polaril)' attract. 

Since protons and electrons exert equal forces in 
o~posite directions, when two such particles com­
bme to form a neutron the effective force is zeroi 
the neutron is in electrical equilibrium and is 
electrically neutral. In the neutron, the electrical 
f~rce of attraction between proton and electron 
bmds the two particles tightly together hut the 
force is entirely self-contained. Externally the neu­
tron does not seem to be a quantity of electrical 
en~rgy because it does not exhibit the characteris­
~ics of an electric charge. That is why the neutron 
Is often said to be a particle of "mass without 
charge." 

Electric Charges. It seems appropriate at this time • 
before examining the structure of the atom to pre­
sent more information on the behavior of electi-ic 
charges, particularly with regard to charged bodies 
of matter. 

Electrons ami protons, and electrical charges on 
pieces of matter, are found to attract or repel in ac­
cordance with Coulomb's law which states that the 
electrical force of attraction or repulsion between 
two charges: 1-varies directly as the mngitiiude of 
tl~e charges, 2-vm·ies inve1·sely as the square of I he 
dtstance of Sl~parntion between them, and 3-is a 
forre _of attuu:tion if the clzm·ges are of ojJposite 
jJolanty, and a repulsive force if the clwrges possess 
the same polarity. It is important that the inverse­
square variation be understood fully. If the dis­
tance between charges is doubled, the force is re­
duced to one-fourth; if the distance is tripled, the 
f~rce is (~nly one-ninth as great. Conversely, if the 
dtstance 1s halved, the force is multiplied by a fac­
tor of four; if the distance is reduced to one-third, 
the force is increased nine times. \\Then the dis­
tance of separation is relatively great, a small 
change in distance has little effect on the magnitude 

of the force. \'\'hen the distance of separation is 
small, the slight change in distance produces a great 
change in the force. Theoretically, the force ex­
erted by electric charge extends to infinity and 
hence is exerted against all other charges in the 
universe. 

Normal matter is electrically neutral by virtue of 
two conditions: l-it contains equal numbers of 
protons and electrons; and 2-the distribution of 
protons and electrons is uniform. 'Matter will ex­
hibit the properties of an electric charge if either 
of the above conditions is disturbed. In normal 
matter, the ratio of protons to electrons is unity. 
If electrons arc removed (or protons added) the 
ratio becomes greater than unity, protons pre­
dominate, and the matter acts like a positive 
charge. If electrons are added (or protons re­
moved), the ratio is less than unity, electrons pre-

. dominate, and the matter exhibits the characteris­
tics of a negative charge. 

Study of atomic structure shows that electrons 
have a greater degree of mobility than protons. In 
solids, protons are confined within a relatively 
small volume of space within each atom, but elec­
trons may readily transfer from atom to atom. In 
liquids and gases, protons have some mobility 
(since the whole nucleus moves) but, being more 

massive than electrons, they move much more 
slowly. It is customary to define an electric charge 
in terms of an excess or deficiency of electrons, be­
cause the electrons possess the greater degree of 
mobility: a p:1sitively-charged body of matter is 
said to have a deficiency of electrons, a negatively­
chm·ged body, an excess of electrons. 

\Vhen a glass rod is rubbed with eat's fur, some 
of the electrons in the glass are transferred to the 
fur. The glass becomes positively charged, the fur, 
negatively charged. The magnitude of either 
charge will vary directly according to the number 
of electrons transferred, and is measured in terms 
of the force it will exert on a standard unit charge. 
The standards for measuring such charges will be 
discussed in the next ~hapter. 

In neutral matter equal numbers of protons ami 
electrons arc distributed uniformly throughout the 
substance. ln such matter the force exerted by any 
given electron is counterbalanced by that exerted 
by an adjacent proton, so that externally there is 
no evidence of an electric charge. If this uniform 
distribution of electrons and protons is disturbed, 
the matt.~r itself gives evidence of being electrically 
charged. How non-uniform distribution can be ac-

complished is demonstrated in figure I. A glass 
rod is rubbed with eat's fur to give the rod a posi­
tive charge. \Vhen the rod is brought near a neu­
tral pithball, the ball is attracted toward the rod. 
Electrons in the ball tend to move toward the o-lass 

b 

rod, so that an excess of electrons appears on the 
right side of the ball, making that side negatiYe. 
The left side of the ball has a deficiencY of elec­
trons and represents a positive charge. u' the glass 
rod is removed from the vicinity of the pithball, 
the distribution of the electrons in the ball returns 
to normal and the ball is again neuu·al. However, 
if the rod touches the ball, elecu·ons pass from the 
ball to the rod, decreasing the positive charge of 
the rod, but creating a deficiency of electrons in 
the ball. The rod and ball will then repel each 
other because both now have a deficiency of elec­
trons (positive charge) . 

CHARGED 
ROD 

FIGURE !-Induced charges. 

Charges produced in neutral matter by the eflcct 
of an external charge are called induced charges, 
and the process by which they arc produced is 
qtlled induction. This process plays many impor­
tant roles in electrical and electronic phenomena. 

THE STRUCTURE OF ATOMS 

It is customary and helpful to visualize an atom 
as a miniature solar system. Practically the entire 
mass of an atom is contained in a central core or 
nucleus composed of protons and neutrons tightly 
and intimately bound together. Around the nu­
d:us rotate ~me or more planetary electrons, spin­
nmg on thetr axes in much the same manner as 
does the earth in its passage around the sun. The 
idea of a miniature solar system is more firmly 
grasped by considering the dimensions of an atom. 
Hydrogen, clement No. 1, has the simplest internal 
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AT. NO.I 
HYDROGEN 

IP+Ie 
AT. WT.I.OO 

AT. NO.IO 
NEON 
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(@) 
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AT. N0.2 
HELIUM 

2P+2N+2e 
AT. WT. 4.00 

AT. N0.12 
MAGNESIUM 
12P +12Ni-12e 
AT. WT. 24.00 

FIGURE 2-A1Tangement of planetary elect1·ons, protons and neutrons in the nucleus~ far the first 
twelve elements in the periodic table. · 

structure. A hydrogen atom is composed of one 
proton around which rotates a single planetary elec­
tron. The diameter of the proton is about 10-12 

em, the diameter of the electron orbit about ten 
thousand times greater, or 10-s em. Such very small 
dimensions are difficult to visualize. This fact helps, 
however: if a hydrogen atom could be magnified un­
til the proton had a diameter of one foot, the diame­
ter of the electron orbit would be ten thousand 
feet, if a tircular orbit is assumed. The electron 
would be spaced about 5000 feet from the proton. 
Since the volume of a sphere varies as the cube of 
the radius, it should be evident that the electron 
and proton occupy only a minute portion of the 
space bounded by the electron orbit. An atom, like 
the solar system, is practically all empty space. 

Hydrogen, the lightest of all the elements, is a 
g·as at normal temperature and pressure. Under 
normal conditions, hydrogen has a diatomic molecu­
lar composition, which means each l)lOlecule is cmn­
posed of two hydrogen atoms. Apparently, two pro­
tons, by sharing their electrons, form a more stable 
combination than a single proton and electron. 
Oxygen, nitrogen, and chlorine are other gases that, 
under normal conditions, have a diatomic molecu­
lar composition. \Alhen hydrogen is solidified, it 
has the properties of a light metal similar to 
lithium. 

Helium, element No. 2, has an atomic structure 
con1posed of two protons, two electrons, and two 
neutrons. The two neutrons and two protons are 
combined in the nucleus and together comprise 
what is known as an alpha pm·ticle, important in 
the study of nuclear physics and radioactivity. The 
helium atom always has a monatomic structure; 
that is, a molecule of helium is always composed of 
a single atom. Helium is called an inert gas be­
cause it will not combine chemically with any other 
clement. Although a helium atom weighs about 
four times as much as a hydrogen atom, the fact 
that helium is monatomic, whereas hydrogen is dia­
tomic, makes the molecular weight of helium only 
twice that of hydrogen. 

Lithium, clement No.3, classified as a light metal, 
has an atomic structure composed of three protons, 
four neutrons and three electrons. Its atomic 
weight is about seven times that of hydrogen. Fig­
ure 2 is a crude representation of the atomic struc­
ture of clements Nos. 1 to 12 inclusive. A study of 
this figure will indicate that the atomic number of 
an element is identical with the number of protons 
in its nucleus, and also with the number of plane­
tary elecl'rons in a neutral atom of the element. 

Atomic lfleight. In general, the atomic weight is 
representative of the number of neutrons and pro­
tons in the nucleus, the very small mass of the elec­
tron being ignored. In measuring atomic weight it 
is customary to measure the weight· of a given 
volume of the element and divide the result by the 
number of atoms in that volume. This yields the 
average atomic weight. For many years physicists 
were puzzled by the fact that such measurements 
did not yield whole number weights. Since the nu­
cleus must contain a whole number of neutrons and 
protons, each atom should have a weight equal to 
a whole number times the weight of hydrogen. 
The puzzle was solved by the discovery of heavy 
hydrogen in 1932. The nucleus of a heavy hydt·o­
gen atom contains one neutron and one proton and 
hence weighs twice as much as a normal hydrogen 
atom. In any given volume of hydrogen about 
eight out of every one thousand atoms will be of 
the heavy type. The puzzle remained unsolved for 
so many years because all atoms of an element dem- · 
onstrate identical chemical properties. 

An atom that exhibits the same chemical prop­
erties as other atoms of the element but differs in 
weight is call an atom of an isotope of that element. 
The term isotope, like the term element, is used in 
reference to atoms or isotopes in bulk. Since the 
discovery of heavy hydrogen, isotopes of all the ele­
ments have been found. It is an odd fact that 
among the elements, as found in nature, the ratio 
of one isotope to another is a constant so that any 
measurement of atomic weight of different samples 
leads to the same average value. Chlorine, in natu­
ral form, has two isotopes. Three chlorine atoms 
out of four will have a relative weight of 35.00, but 
the fourth will have a weight of 37.00. The aYerage 
atomic weight of chlorine works out to 

(3 X 35) + 37 
·----=35.5 

4 

In nuclear physics a special form of notation is 
used to describe the exact atomic weight of an 
atom. The symbol 10Ne::o refers to an atom of cle­
ment No. 10, neon, having a weight 20 times that 
of a normal hydrogen atom. 'Vhen this method is 
used, the atomic weight is always a ·whole number. 

The Nucleus. Just a brief word here about the 
internal ·arrangement of neutrons and protons in 
the nucleus and the energy stored therein. The 
atomic bomb is sufficient evidence that the nucleus 
represents potential energy. Since protons repel 
each other, it would seem that strong forces of re­
pulsion between these particles would tend to dis-
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integrate the nuclei of all atom~. It is now believed 
that this does not happen because some type of 
stabilizing influence within the nucleus is exerted 
by the neutrons. Some unknown type of force, 
analogous to surface tension in a drop of water. is 
believed to hold the nucleus together. The binding 
forces· of this tension decrease much more rapidly 
with increase in nuclear radius than the decrease in 
the forces of repulsion with increased spacing be­
tween protons. In elements above No. 82, the 
radius of the nucleus becmnes so great that some­
times a slight nuclear disturbance causes the forces 
of repulsion to exceed the "surface tension:· When 
this occurs, the nucleus ejects a nuclear particle or 
a waYe of energy which decreases the atomic weight 
of the atom. This wave of energy results from the 
conversion of some of the nuclear mass into energy, 
in accordance with one of the basic premises of nu­
clear physics. This law, due to Einstein, states that 
mass and energy are equivalent; that is to say. that 
mass can be converted to energy and energy to 
mass. Dramatic proof: Hiroshima. 

The Periodic Law and the Bohr Atom Model. 
The first table of atomic weights was published 
about 1860, and shortly thereafter several investi­
gators noted a peculiar relationship between prop­
erties of the elements and their atomic weights. 
Mendeleeff. a Russian chemist, summarized these 
findings in the Periodic Law~ which states that the 
chemical properties of the elements are periodic 
functions of their atomic weights. The elements 
may be arranged in five distinct classes: light 
metals, heavy metals, non-metals, rare-earth metals. 
and inert gases. A sequence of elements beginning 
with a light metal and ending with an inert gas 
coRstitutes a period. If arrangements are made in 
this way, the following periods are obtained: 

First Period-2 elements-H, and He. 
Second Period-S elements-Li to Ne. 
Third Period-S elements-Na to A. 
Fourth Period-IS elements-K to Kr. 
Fifth Period-IS elements-Rb to Xe. 
Sixth Period-32 elements-Cs to Rn. 

Since the chemical properties of an element are 
known to be a function of the planetary electrons, 
the 2-8-8-18-18-32 pattern must refer to the arrange­
ment of planetary electrons around the nucleus. 
Ingenious work, so characteristic of modern physics, 
has proYecl this to be true. For practical purposes, 
the atom may be considered as a postively-charged 
nucleus ~urrounded by rotating electrons. This is 
essentially the atom model orig·inally conceived by 

FIGURE 3-Electron shells. 

the Englishman, Rutherford, and brilliantly devel­
oped by the Danish physicist, Niels Bohr. The elec­
trons, Bohr assumed, are arranged in concentric cir­
cular orbits about the nucleus, and are held in 
place by the Coulomb attraction of the nucleus 
which is just balanced by the centrifugal force of 
rotation. Bohr went further and said that only a 
limited number of orbits are possible. (The radii 
are to each other as the squares of the integers: 
12, 22

, 32
, etc.) This restriction on the possible or­

bits was one of Bohr•s most striking assumptions, 
and was completely at variance with previous 
theory. 
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A given orbit may contain several electrons and 
is then said to constitute a "shell." These concen­
tric shells are indicated in a crude manner in figure 
3, where it may be noted that, ih accordance with 
customary convention, they are designated by capi­
tal letters: K for the innermost shell, L for the 
next, then l\I, et~. In a given element, the K-shell 
is the most stable, and the electrons in it most 
tightly-bound to the nucleus, the L the next most 
stable, etc. The arrangement of shells for the ele­
ment radon is shown in figure 4. 

The explanation for the periodicity of the ele­
ments which is evidenced in the periodic table was 
given by Bohr and Pauli. Using the Bohr model, 
they assumed that Nature had placed a limit on the 
number of electrons which each shell could contain. 
Once a shell had been filled, no more electrons 
could be added, additional electrons being accom­
modated by fitting into the next-outermost shell. 
The maximum number permitted in the K-shell is 
2, in the L-shell, 8, in the M-shell, also 8, in the 
N-shell, 18, etc., in accordance with the 2-8-8-18-32-
etc. pattern already noted. Thus Nature builds up 
her whole series of elements. Let us see how this 
works, by referring to figure 2. Hydrogen has one 
electron which (under normal conditions) is in the 
K-shell. Helii.tm has two electrons, both in the 
K-shell. The K-shell is now filled. Lithium, ele­
ment No. 3 with three planetary electrons, has two 
in the filled K-shell, and one in the unfilled L-shell. 
The maximum number permitted in the L-shell is 
8, so that we can expect seven more elements to be 
built up by successively adding more electrons to 
the L-shell. The L-shell is built up from lithium 
through berylium, boron, carbon, nitrogen, oxygen, 
fluorine, to neon. Sodium has both the K- and the 
L·shells completely filled, so that its additional elec­
tron must lie in the 1\'I-shell. In a similar manner 
are the remainder of the elements built up. An in­
teresting fact appears: 'Vhenever an atom is found 
where all the shells are completely filled, it is found 
to be an atom of one of the inert gases, helium, 
neon, argon, krypton, xenon, and radon, which do 
not combine chemically with other clements. These 
elements are chemically stable because their shells 
arc completely filled. A second fact of importance 
also appears: All clements the atoms of which have 
the same Jnnnber of electrons in their outermost 
shells-the shells "\vhich determine chemical activity 
-arc found to have similar chemical properties. 
This is the real basis for the arrangement of ele­
ments according to similar chemical behavior which 
is inherent in the periodic table. 

The Bohr model of the atom is very successful in 
explaining not only the periodic table, but also 
the phenomena of certain types of important 
radiant electromagnetic energy, and of chemical 
reactions. 

Applications of Atomic Theory to Radiant En­
·e,·gy. Radiant energy is energy in the form of elec­
tromagnetic waves. The wavelength of these radia­
tions varies over a very wide range. Their observed 

· physical characteristics and their reactions on mat­
ter depends primarily upon wavelength and fre­
quency. These difference in physical characteristics 
enable them to be classified into several distinct 
categories. The wide gamut encompassed by radi­
ant energy is portrayed in figure 5, the so-called 
electromagnetic spectrum. It embraces: I -very 
long electromagnetic waves, hundreds of miles in 
wavelength, occurring on public utility electric 

ULTRA VIOLET RAYS 
7.7 X 1014 TO 3 X 1011

CPS 

INFRA-RED(HEAT)RAYS 
3X IO"To 3.9 XI014 cPS 

IBLE LIGHT 
7.7XI014 cPs 

RADIO WAVES 
104 TO 1011 CPS 

VERY LONG ELECTROMAGNETIC 
WAVES I TO 104 

CPS 

FJGURE 5-Elect1·omagnetic spect'rum. 

power transnusswn lines; 2-radio waves, the 
ETM's bread and butter; 3-infra-rcd or heat rays; 
4-visiblc light rays; 5-ultra-violct ("black light") 
which causes sunburn; 6-X-rays; 7-gamma-rays, 
emitted hy such radioactive materials as radium, 
and at least as small as I0-11 centimeters in wave­
length. There is evidence of the existence of waves 
of even shorter wavelength (higher frequencies) as­
sociated with the so-called cosmic rays. 

The frequency, or the number of cycles per sec­
ond, is related to the velocity of propagation of the 
waves (3 x 10 111 em/sec or 186,000 mijsec for all 

c 
z 
() 

> Vl 
Vl , 
m 
0 



0 
UJ 

LL 

Vl 
Vl 

:5 u 
z 
:::> 

0 
M 

electromagnetic waves) and the wavelength by the 
familiar equation: 

3 x 108 m/sec 
frequency in cycles/second= 

1 
h . 

wave engt 1n meters 

Physicists now know that the various classes of 
electromagnetic waves are produced by different 
fundamental physical mechanisms: 

1-The very long electromagnetic and the radio 
waves are produced by the to-and-fro motion of 
electric charges. · 
2-Infra-red radiation is produced by oscillations 
and vibrations of molecules. 
3-Light rays, ultra-violet rays, and X-rays are pro­
duced by the planetary electrons of individual 
atOIUS. 

4-Gamma-rays are of nuclear origin. 

It is in the quantitative application to visible, ultra­
violet, and X-rays that the Bohr atom model has 
received its most brilliant substantiation. 

\Ve have stated that Bohr assumed that the plane­
tary electrons could exist only in certain orbits or 
shells. This assumption means that: 1-the plane­
tary electrons can possess only certain distin-ct val­
ues of energy, and 2-the electrons do not radiate 
electromagnetic energy when they are circulating 
about the nucleus in their allowed orbits. Other­
wise, as their kinetic energy was lost by radiation, 
the electrons would spiral inward toward the nu­
cleus and the entire atomic structure would eventu­
ally co1lapse. The second conclusion is contrary to 
the obvious fact that matter is permanent. How, 
then, is one to explain radiation? 

Bohr felt that radiation occmTed as a result of 
an electron changing its energy level by shifting 
from one electron orbit to another. In the case of 
neon, for example (see figure 2), one of the elec­
trons in the L-shell may absorb external energy 
and jump into the :\-1-shell, which is normally un­
occupied. \!\Then this occurs the atom is said to be 
excited. An excited atom is unstable and shows a 
strong tendency to return to a more stable condi­
tion. To return to a normal unexcited condition 
the electron jumps inward to a more stable but 
lower energy orbit. The excess energy of the elec­
tron is radiated in the form of an electromagnetic 
wave, the frequency and energy of which is deter­
mined by the energy of the orbits involved in the 
electron shift. If the energy difference between 
orbits is relatively small, visible light is generated; 
if the energy difference is la.rger, ultra-violet rays 
will appear; if the energy difference has a still 
greater mag·nitucle, X-rays will be emanated. 

X-rays are usually produced by bombarding a 
tun~sten target with high-velocity electrons in a 
special thermionic vacuum tube designed for the 
purpose. 

. It should b~ repeated that this type of mechanism 
1n tl?~ atori_I IS responsible only for the production 
of VI.sible hght, ultra-violet light, -and X-rays. Pro­
~uction of_ the other types of radiation will be con­
sidered when it is desirable to do so under the ap­
propriate heading. 

· Incidentally, if the electrons are excited strongly 
e~ough in the development of these types of radia­
tions, they may gain enough kinetic energy to over­
come the nuclear attraction, escape from the atom, 
and I · · cave It wuh a preponderance of positive 
charge. The atom is then said to be ionized; in 
this case it is a positive ion. 

Atomic Explanation of Chemical Reactions. The. 
Bohr. atom model is as helpful in understanding 
chemical behavior as it is in the field of radiant 
energy. 

T~e chemical properties of an element are de­
termmed by the electrons in the outermost electron 
shell A 1· I · · It uum atom has two electrons in the 
K-~hell and one in the L-shell. The outer electron, 
bemg about four times more distant from the nu­
cleus than the inner electrons, is held by a force of 
nuclear attraction only about one-sixteenth as 
great as that exerted on electrons in the K-shell. If 
energy is supplied in some way to a lithium atom, 
the outer electron will be the first to be affected be­
cause it is subject to the least nuclear attraction. 
If sufficient energy is supplied to an atom the outer 
electron may become sufficiently accelerated to over­
come nuclear attraction and escape from the atom. 
The atom would then become a positive ion be­
cause the three protons in the nucleus would pre­
dominate over the two remaining planetary elec­
trons. Elements whose atoms have outer shells less 
tl.lan hal_£ filled with electrons show strong tenden­
Cies to give up electrons when excited and to form 
positive ions. Such elements are said to be electro­
positive. 

The fluorine atom contains seven electrons in its 
outer shell and shows a strong tendency to fill this 
outer shell by picking up any stray electrons. \Vhen 
the she11 is filled, the atom contains an excess of 
electrons and hence acts like a negative charge. An 
atom that has gained an extra electron is called a 
negative ion, and atoms that are readily changed 
to negative ions are said to be elect1·onegative. 

It should be evident that~ if lithium and fluorine 
are mixed and the mixture excited in some way, 
electrons may shift from lithium to the fluorine 
atom. The two atoms would then be bound to­
gether as a new unit (a molecule) by the attraction 
of unlike charges. The molecule formed by the 
positive lithium ion and the ~~g~tive fluorine at.om 
is the smallest chemical subdtvtswn of the chemical 
compound lithiu~ fluoride. This is the basic idea 
underlying most chemical reactions. 

Chemical valence has a number of fine distinc­
tions, but in general it refers to the number of elec­
trons an atom will give up or accept in a chemical 
reaction. The valence of an ion is defined as the 
ratio of the charge of the ion to the clmrge of an 
electron. Lithium has a valence of -1 because it 
gives up one electron in forming a positi:e ion. 
Fluorine has a valence of +I. El~ments hke car­
bon which have their outer shells about half-filled 
with electrons may give up or accept electrons with 
equal ease. Such an element is both electropositive 
and electronegative, and hence can form great num­
bers of compounds. The chemical activity of carbon 
is apparent from the fact that over 500,000 carbon 
compounds are known. 

The chemical symbols of the elements are useful 
in describing the chemical composition of matter 
and the action that takes place in a chemical reac­
tion. They will be briefly discussed here. Chemical 
formulas are of two kinds, molecular and conven­
tional. A molecular formula is an expression (com­
posed of cheJ?ical symbols). which ~ndicates the 
kind and number of atoms m a spec1fic molecule. 
For example, an oxygen molecule contains two oxy­
gen atoms, as indicated by the symbol 02; a mole-

NO 

Cl NO 
SINGLE CRYSTAL 

OF NaCI 

MUL Tl PLE CRYSTAL 
OF Noel 

FIGURE 6-Sa/t crystals. 

-----·-;.;._· ....... ___ _ 

cule of ammonia contains one nitrogen and three 
hydrogen ~toms, as indicated by the symbol NH3 • 

A conventional or empirical formula merely 
shows the relative number of different kinds of 
atoms in an indefinite quantity of a compound. 
NaCl is the symbol for c01nmon salt, but it does 
not mean that each salt molecule is composed of 
a single atom each of sodium and chlorine. A crys­
tal of salt is composed of equal numbers of positive 
sodium ions and negative chlorine ions interlocked 
in a crystal-like su·ucture in sucl1 a way that no 
one sodium atom is distinctly paired with any par­
ticular chlorine atom. 

In general, molecular formulas apply to gases, 
conventional formulas to liquids and solids. There 
is no general method by which one type of formula 
can be distinguished from the other, and for our 
purposes the distinction is of no great import. 

Chemical formulas are frequently used to de­
scribe a chemical reaction. Potassium chlorate is 
a compound represented by the symbol KC103 • 

\Vhen potassium chlorate is decomposed to potas­
shnn · chloride the reaction is described by the 
formula 

KC103 ~ KCI + 0 2 

where the arrow indicates that a chemical reaction 
has taken place. This formula is said to be unbal­
anced because the member to the left of the arrow 
contains five atoms (one potassium, one chlorine, 
and three oxygen) while the right-hand member 
contains only four. A balanced formula for the 
same reaction is obtained by indicating the propor­
tional division of the substance into the correct 
member of molecules. Thus, 

2KC103 -4 2KCl + 302 

Note that a number preceding a chemical term mul­
tiplies all the atoms in that term. Both sides of this 
formula contain 10 atoms, so every atom is ac­
counted for. 

Chemical formulas arc not to be taken as exact 
equationc; but rather as general statements of the 
reaction that occurs. The nature of the formula 
gives no indication of the energy conditions. 
Chemical changes that liberate energy in the form 
of heat are called exothermic reactions. Changes 
that absorb energy in some form arc called endo­
thermic reactions. Burning coal is a chemical re­
action beLwecn carbon and oxygen 'vhich forms 
carbon dioxide, C02 , and releases heat energy. 
\Vater, I-120 can be decomposed to hydrogen and 
oxygen by supplying a large quantity of heat 
energy. 
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Electron Movement in Solids. In order to obtain 
a reasonable degree of simplicity in explaining the 
atomic structure~ it has been necessary to assume 
that electrons rotate around the nucleus in layers 
or groups. Although, as has been stated, the Bohr 
atom was very satisfactory in quantitatively explain­
ing the lighter atoms, other reseaz:chers have refined 
the planetary atom model in closer conformance 
with the observed data on the heavier elements. 
Closer agreement, for example, is ach~eved when 
the electrons are thought of as rotating in elliptical 
orbits instead of circular. In figure 7 appears such 
a model for the copper atom. It will be noted that 
the electron orbits form a veritable maze about the 
nucleus. 

FIGURE 7-Model of copper atom) with elliptical 
orbits assumed. 

The planetary model of the atom with elliptical 
orbits is helpful in understanding the behavior of 
electrons in solids, such as copper. Referring to 
the figure, it will be noted that the copper atom has 
one electron in the outer shell that follows an el­
liptic orbit of large major diameter. When the elec­
tron reaches position A in that orbit, the force of 
nuclear attraction is at a minimum. Only a slight 
force is required to remove the electron from its 
orbit at this point. At the instant that such sepa-

ration occurs, the elecu·on is mmnentarily free to 
move in any direction under the influence of an 
external electric charge. The electron remains free 
only for an instant before being captured by ~ 
nearby nucleus, but in that instant it has a very 
high degree of mobility. The number of highly­
mobile electrons in a unit volume of any substance 
determines the electrical conductivity of that sub­
stance. A substance that has a large number of free 
electrons per unit volume is called a conductor. 
Substances that have relatively small number of 
free electrons per unit volume are called non­
conductors or insulato,-s. As would be expected, 
there is no sharp line of demarcation between con­
ductors and non-conductors. Substances that might 
be classified as partial conductors or partial insu­
lators are often called resistances or semi-conductors. 

EXERCISES, PART 6 

I. A proton is about times more massive 
than an electron and has an electric charge the mag­
nitude of which is times the charge of the 
electron. 

2. A group of 10 protons is separated by a dis­
tance of I em from a group of 8 electrons. The 
force acting between the two groups, one of (at· 
traction, repulsion) has a magnitude times 
greater than the force between a single proton and 
electron separated by the same distance. 

3. In problem 2, if the distance between charges 
is increased to I .25 em, the force will be (increased, 
decreased) to of its original magnitude. 

4. List the number of planetary electrons in a 
neutral atom of the following: 

(a) Carbon._ __ 
(b) Element No. 29. __ _ 
(c) Element having an atomic weight of 

181 __ _ 
(d) soHg2o4 __ _ 

5. Electromagnetic waves having a wavelength of 
5 x 10-a millimeters are being radiated frmn a cer­
tain substance. These waves would fall into what 
portion of the radiant energy spectrum? 

ANSWERS TO EXERCISE PROBLEMS, PART 5 

I. 4.4 ft. 

2. 972 Btu. 

3. 6.94 days. 

4. 49%, approximately. 

5. I .5%. approximately. 

Atomic 
No. Element 

1. Hydrogen 

2. Helium 

3. Lithium 

4. Beryllium 

5. Boron 

G. Carbon 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Nitrogen 

Oxygen 

Fluorine 

Neon 

Sodium 

Magnesium 

Aluminum 

Silicon 

Phosphorus 

Sulphur 

Chlorine 

Argon 

Potassium 

Calcium 

Scandium 

Titanium 

Vanadium 

Chromium 

Chern. 
Sym. 

H 

He 

Li 

Be 

B 

c 

N 

0 

F 

Ne 

Na 

l\fg 

AI 

Si 

p 

s 

Cl 

A 

K 

Ca 

Sc 

Ti 

v 

Cr 

TABLE !-Table of Elements 

Atomic Melt. 
Wt. Pt. °C 

1.0080 -259.14 

4.003 -272.2 

6.94 186 

9.02 1350 

10.82 2300+ 

12.01 3500+ 

14.008 -209.86 

16.000 -218.4 

19.000 

20.18 

22.997 

24.32 

26.97 

28.06 

30.98 

32.06 

35.457 

39.944 

39.096 

40.08 

45.10 

47.9 

50.95 

52.01 

-223 

-249.67 

97.5 

651 

659.7 

1420 

44.1 

112.8-
119 

-101.6 

-189.2 

62.3 

810 

1200 

1800 

1710 

1615 

Boil. Spec. 
Pt. °C Grav. Valence 

-258.7 

-268.9 

1220 

1500 

2550 

4200 

-195.8 

-183 

-187 

-245.9 

0.534 

1.85 

2.5 

1.88-
2.25 

880 0.971 

1110 1.74 

1800 2.699 

2600 2.42 

280 2.0 

444.6 2.0 

-34.6 

-185.17 

760 0.87 

1170 1.55 

2400 

3000 4.5 

3000 5.96 

2200 7.1 

0 

2 

2,3, 
or4 

3,5, 
or6 

2 

0 

2 

8 

4 

3 or5 

2,4,6 

1,3,5, 
7 

0 

2 

3 

3 or4 

2, 3,4, 
or5 

2,3, 
or6 

DesC1·iption 

Lightest of all gases. 

An inert, colorless, gaseous element first 
observed spectroscopically in the sun's at· 
mosphere. 

Soft, white metal, lightest metal known. 
Never found free in nature. 

A rare, hard, whitish metal used in alloys 
where strength, light weight, and anti· 
corrosion qualities are desired. 

Constituent of boric acid and bora..,.. A 
non-metallic element occurring only in 
combination. 

Occurs in very large number of com­
pounds, usually in plant and animal sub­
stances, or in compounds synthesized from 
them. The diamond and graphite are 
pure forms occurring in nature. 

Gas. 78% of atmosphere. 

Most abundant element. Very active chem­
ically. Forms about one-fifth of the at· 
mosphere. Vital to life. 

Pale-yellow halogen gas, very active chemi­
cally, combining with many elements, but 
not with oxygen. 

Inert gas. 

Soft, silvery-white alkali metal that burns 
t·eadily. Most common compound is salt 
(NaCl). 

Light, fairly tough, white metal that burns 
with dazzling white heat. 

1\Iost abundant element in earth's crust. 
and third most abundant among all ele­
ments. 

Non-metallic solid resembling graphite. 
Second most abundant element in earth's. 
crust. 

Waxy red, yellow, or black solid. Poison· 
ous. Ignites spontaneously in air. 

Pale-yellow, brittle solid insoluble iR· 
water. Occurs widely. 

Greenish-yellow halogen gas very active 
chemically. Has irritating and suffocating 
odor. 

Inert gas forming 0.8% of atmosphere. 

Soft, white, alkali metal that burns 
readily. 

Alkali earth metal. Fifth most abundant 
element in earth's crust. 

Rare·carth metal. 

Lustrous, white metal used to harden steel 
and to obtain opacity in high-grade white 
paints. 

Infusible, grayish metal used to harden 
steel. 

Hard, grayish, infusible metal used in 
stainless steel to harden it; also used to 
harden certain other steels, and in plating. 
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Atomic 
J.VO. 

26. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

3i. 

38. 

39. 

40. 

41. 

43. 

44. 

4.~. 

4fi. 

Element 

:\!anganese 

Iron 

Cobalt 

Nickel 

Copper 

Zinc 

Gallium 

Germanium 

Arsenic 

Selenium 

Bromine 

Krypton 

Rubidium 

Stronium 

Yttrium 

Zirconium 

Columbiun or 
::\Tiobium 

Molybdenum 

\<Iasurium 

Ruthenium 

Rhodium 

Palladium 

Chern. 
Sym. 

i\fn 

Fe 

Co 

Ni 

Cu 

Zn 

Ga 

Ge 

As 

Se 

Br 

Kr 

Rb 

Sr 

Yb 

Zr 

Cb 
Nb 

l\fo 

l\Ja 

Ru 

Rh 

Pd 

TABLE I-Table of Elements, continued 

Atomic 
Wt. 

54.93 

55.85 

58.94 

58.69 

63.57 

Melt. 
Pt. °C 

1260 

1535 

1480 

1455 

1083 

65.38 419.5 

69.72 29.75 

72.60 958 

74.91 500 

78.96 220 

79.916 -7.2 

83.7 -157 

85.48 38.5 

87.63 752 

88.92 1490 

91.22 1900 

92.91 1950 

95.95 2620 

98 (est.) 2300 

101.7 2450 

102.91 1985 

106.7 1553 

Boil. spec. 
Pt. oc Gmv. Valence 

1900 7.2 

3000 7.85 

3000 8.9 

2900 8.9 

2300 8.93 

907 7.14 

1600 5.91 

2700 5.36 

615 5.73 

688 4.8 

58.78 

-152.9 

700 1.53 

1150 2.54 

2500 5.51 

2900 6.4 

2900 8.4 

3700 10.2 

2700 12.2 •. 

2500 12.5 

2200 12.16 

2,4,6, 
or7 

2,3, 
or6 

2 or3 

2 or3 

1 or2 

2 

2or 3 

4 

3or5 

2,4, 
or6 

1,3,5, 
or7 

0 

2 

3 

4 

3 or5 

2,3,4, 
5,or6 

2,3,4, 
or6 

3,4,6, 
or8 

3 

2 or4 

-.- .. -·-··"·--"~--~--------

Dcscri jJtion 

Hard, brittle, gray-white metal used in 
many iron, copper, brass, and nickel al· 
Joys. 

Cheapest and most useful of all metals. 
Ductile and malleable. Has useful mag· 
netic properties. Basic constituent of steeL 

Brittle, hard, very-magnetic metal of gray­
ish color tinted with red. Used in many 
magnetic alloys and as blue coloring pig· 
ment. 

Hard. malleable, ductile metal of high 
tenacity much used in plating and alloys. 

l\lctal. Excellent thermal and electrical 
conductor. l\lalleable and ductile. Most 
common electrical conductor. 

Blue-white metal used in alloys, in gal· 
vanizing, and in electric dry-cells. 

Metal with low melting and higll. boiling 
point. Used in high temperature ther· 
mometers. 

Gray-white, brittle, crystalline meta1. 

Brittle, crystalline semi-metallic solid. 
Forms very poisonous compounds. Much 
used in insecticides. 

Semi-~etallic, gray ~olid used in glass and 
ceramic manufacturmg. Electrical conduc­
tivity varies with degree of illumination. 

Only _liquid non-metallic element. Highly 
volatile at normal room temperature and 
has very irritating effect on eyes and 
throat. 

Rare inert gas. 

Soft, . white, rar.c a!kali metal having 
chem1cal properties s1milar to potassium. 

Hard, lello,_vis? metal having chemical 
properties s1mllar to calcium. Used in 
cathodes of vacuum tubes to increase 
emission. 

Rare-earth metal. 

~Ictal, semi-precious gem. Used in paints, 
msulators, and abrasives. 

Very rare metallic element. Extremely 
white and lustmus. Added to stainless 
steel, preserves its corrosion resistance 
e\·en when heated. 

Hard. silvery metal used in vacuum tube 
manufacture, in tool steels, riOc barrels, 
crankshafts, etc. 

Artificially-produced clement. Natural ex­
istence doubtful. 

!\fetal similar to platinum. 

Metal similar to platinum. In electroplat­
ing· it gh·cs a surface unaffected by ex· 
posure lU air or to strong acids or alkalies. 

i\fctal similar to platinum. Used in con­
struction of non-magnetic watches, parts 
of delicate balances, and surgical instru­
ments. 
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48. 
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54. 
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57. 

58. 

59. 

60. 

61. 

62. 

63. 
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66. 

67. 

fi8. 

69. 

70. 

71. 

72. 

73. 

14. 

15. 

76. 

Element 

Silver 

Cadmium 

Indium 

Tin 

Antimony 

Tellurium 

Iodine 

Xenon 

Cesium 

Barium 

Lanthanum 

Cerium 

Praseodymium 

Neodymium 

Illinium 

.Samarium• 

Europium 

Gadolinium 

terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutecium 

Hafnium 

Tantalum 

Tungsten 

Rhenium 

Osmium 

Chem. 
Sym. 

Ag 

Cd 

In 

Sn 

Sh 

Te 

Atomic 
Wt. 

107.88 

112.4 

114.76 

118.7 

121.76 

127.61 

126.92 

Xe 131.3 

Cs 132.9 

Ba 137.36 

La 138.92 

Cc 140.13 

Pr 140.92 

Nd 144.27 

II 146 

Sm 150.43 

Eu 152.0 

Gd 156.9 

Tb 159.2 

Dy 

Ho 164.9•! 

Er 167.2 

Tm 169.4 

Yb l i3.5 

Lu I 74.99 

HE 178.6 

Ta 180.88 

\\' IH3.92 

Re 186.31 

Os 190.2 

TARLE I-Table of Elements, continued 

Melt. 
Pt. °C 

960.5 

320.9 

155 

231.9 

630.5 

452 

113.5 

-112 

28.5 

850 

826 

640 

940 

840 

1350 

1800 

1700 

2996 

3370 

3000 

2700 

Boil. Spec. 
Pt. oc Gmv. Valence 

1950 10.50 

ifi7 8.65 

1450 7.28 

2260 5.75 

1380 6.691 

1390 6.24 

184.35 4.93 

-107.1 

670 1.87 

1140 3.5 

1800 6.155 

1-100 6.9 

6.5 

6.95 

7.7 

3200 13.3 

4100 lfi.G 

!'i900 19.3 

20.53 

22.4M 

2 

I or 3 

2 or4 

3or5 

2.4. 
or6 

I, 3, 5, 
or7 

0 

2 

3 

3,4, 
or5 

3 

3 

!! or 3 

~or 3 

3 

3 

!l 

;J 

3 

3 

3 

3 

-t 

:i 

!!. 4, :i, 
or fi 

2.5.G. 
7,or 8 

!! . 3. ·1. 
or H 

Description 

:\fetal. Best thermal and electrical con­
ductor. Malleable and ductile. 

Metal used principally in plating, and in 
bearing alloys. 

Very soft metal not affected by air or 
water. Used in plating. 

Soft, malleable metal of low tenacity much 
used for cheap plating. 

Blue-white, brittle, lustrous metal used in 
many resistance alloys. 

Semi-metallic, gray-white solid used in 
manufacture of ceramics. 

Grav-black, lustrous solid. Volatile at 
normal temperature and pressure, produc­
ing irritating odor. 

Rare, heavy, inert gas. 

Alkali metal having great affinity for oxy­
gen. Used in photo cells as light-sensitive 
element and as "getter" in vacuum tubes. 

Soft, silvery metal resembling lead. Used 
in vacuum tube filament alloys. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

.-\rtificially produced. Xalllral existence 
'dnuhtful. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

Rare-earth metal. 

:\fetal having chemical properties similar 
lO 1irconium. 

:\fetal. High ductility, tenacity and melt­
ing point. Used in lamp and vacuum tube 
filaments to resist more-than-ordinary 
vibration. 

Hard, brittle metal becoming ductile 
when worked. High melting point makes 

. it useful as lamp and vacuum tube fila­
ment material. About 90% of world's pro­
duction used in steel manufacture. Its 
various steel alloys used in armor pia tc 
projectiles, and high·speed cutting tools. 

Metal with chemical properties similar to 
manganese. 

Hardest and most dense of metals. Al­
loyed with iridium to produce fine ma­
<·hinc bearings. pen tips, etc. 
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T AIII.E 1-Tnb/e of J;!elltt:IIIS, cmtlilllletl 

Atomic Cl"' '"· A lntnir ,H e ll. 
So. l:il'lllf' l1/ .\n11. If ' /. Pt. ° C 

'' · I ridium Ir 1!13 .1 23:)0 

11-\. P latin1tn1 

Unit. Sfu·c. 
Pt. oc; Gun•. 1' alencr 

4HOO 22 .-12 3 or 4 

4300 2 1.37 2or4 

/Jt'.\lTi fJI io11 

H ard. briulc n1ela l oflen al loyed with 
platinum or os1niun1. 

~ l eta ! of hig-h lenacill', tn ;tlleail ility, a nd 
duclility. Has apprm:in1a te ly sa m e ther­
mal cod!icie nt o f ex pansion as, g lass. 

1!1. Cold . \11 1!17.~ 10()3 2fi(JO I !1.32 I or 3 Softest a nd mosl mallcahlc metal. Used 
;1s base fo r curre ncy. 

~(). \ lercun I 1 g- ~00 .fi I - 3S.SI 3:ifi.!l 13.:i ·1Ci I or 2 :\I c tal. Liquid al roon1 tcnq )l: rature. Dis­
so lves 111a n v lllCLals. forrning- a1nalgants. 

Sl. ·r hallium TJ 204.'1'1 303.-1 I G.;O I I .S:i I or 3 :\ feta l wi th properties si111i lar to !hose of 
lead. 

82. l .cad I'll ~07.~~ 32/ . .'i I G20 I I .3.} 2 or ·I Soft. malleab le 1ne1al o f low lenacit y. not­
tom of radioactive g-ro up. 

Hi ~0!1.0 271 .3 1 J:,o !J.7H 3 or :J 1\rillle mela l resen ll l ling Li n. liscd in 
solders of low m e l l ing p o i111. f'oor con ­
dunor of clecl ri cit~· · Expands when 
coo l eel. 

H I. l'o toni un1 l'o ~to 

~--~· .\la b amint: .\h ~2 1 

Sli. R;ulon Rn ~~~ - 11 0 - fii.H 

Xi' . \ 'i rg-i n i tll ll \ i ~!~ I 

MX. R ad i tnn R a ~~h.o.-) 91i0 I I to 

H!l. \ uiniuu1 .\ ( !!~I 

DO. I horitllll -, It ~3:!.1~ IH I.'> 'HHIO 

'II . l1 rotactinitll11 I' a. ~:ll 

!I~. l · l'ani\1111 l ' 2~H .OI t r:;o 

FREQUENCY SHIFT CONVERTERS 

The na,·y ll011· has in ~tock t\\'C nty- t\ro model 

FRF frequency sh ift converter cquipments which 
have been set aside for shipboard u sc. 

The- FRF converter is the dual -channel i-( type , 
connc-ctnl by m ea ns o[ r-f cabl es and a coupling 
unit. lt i~ ne-cessar y that the RBB or RBC recciv­
CT S ~clc-c tc·cl to be used in conj un ction w ith th is con ­
\Trtc-r be modified by the add ition of coax ial con ­
nectors ;md cou pling units. The modification parts 
"· ill b C" wppli c-d in a kit w hi ch \\' ill acco111pany 
each F RF equipment. 

Thi~ equipment is dec ided!) sup('rior to the o nl y 
aYa il able shi p boa rd co m-ertcr, t.h e FRA, <~ nd is im­
mcdi<~t c- l y avai labll-. Due: to th e: lim i tc·d qttantity, 
hmn·1·c-r, it w ill b e- dis trilJLtLc-d on ly upon recomme n­
dations of the: Commanders in Chid of the U. S. 
:\t lant ic or Pac if1c fl ee-ts. 

The- c-quipnwnt'i. be-in?; o rigi na ll y de-sig ned for 
<,horc i11stallation. arc nol' cqu ippc·d to wit hstand 

Radioacti1·e Il l<: La I. 

I , 3. 5 , . \nificialtr produced . :\at 11 ra I ex istence 
or 7 cl o uhtful. 

~J ./ 3 0 l nen gas. Radioacti1·e. I le;l\·icst of all 
gases. l 'sc.:cl in GI JH.:c r t hcrapr-

.\rli fi cia lly proclun.:d. Rae! ic:acl i1·e. 

2 Raclioacli 1-e Ill<: La I. 

Ra dioactive.: llleta l. 

I 1.3 lbdioac1i1 e 111 e1 al. !'sed lo impro1·e ern is-
si\ it y o f 1 actllllll tu be fi lamen ts. 

R adioactive m e t a I. 

IH.fiH 3. •1. Raclio;Jctivc meta l. Source of ~-~:1 :}. 

or() 

the shocks and vibration encountered aboa rd ship. 
but s teps arc be ing ta ken by the Bureau to p rocure 
40 sets o f suitable shockmo unts fo r the shipboard 
insta ll ations. T he shockmo u nts w ill be sh ip ped to 

Naval Su pply D epot, i\lfechanicsburg, wher e th ey 
wi ll be issued with th e eq ttipm cnts. T he installing 
activit ies will have th e n :spons ibi lit y o[ nwu nting 
these shockn1o unts on the bo ttolll of the FRf cab­
ine ts. 

• • • 
IBM ANALYSIS OF TUBE T YPE 

R ecentl y the qu estion <~ rosc- as I o 11·hc-1 h n a ce r­
tain type: trans111it.ter tu be shou ld be "ruggedit.cd". 
Failure rc· ports on that type tube \\'ere ana ly; cd by 
the IBM ma chi nes in hatr an hour. ,\ s tud y of the 
tabu lation , which \\'Ottld ha1·c- take n sever<~ ! days Io 

compile h y hand mer hods, rc-vc-alc-d tha t ruggnli;­
ing- was anneccssar y and the re-b y saved thC' ua,·y a11cl 
. \mcrican ta xpaycrs a nc·a t S I 0,000.00. 

TH IS ONE 

(( ~illf!S tlte /!ell'' 

J 
• .-\n interest ing bu t u tterl y impractical applica­
tion of an electric current is in the ring ing of a 
sm a ll he ll a t i ts fundamental mode. This ser\'es 
but one purpose : to prove that currents- eddy cu l·­
rents-are induced in metal p laced in a magne t ic 

fi eld. 

It is "-ell known that a bell struck a sharp b low 
with a hard instrume nt will make a sou nd diffe rent 

fro m that w hich it makes " ·hen struck " ·i th a soft, 
b lu n t instru ment. P robably the difference in sou nd, 
or tim b re, is caused by the fact that the hard in­
strum ent sets up vibrations in the be ll at frequen­
c ies higher by many harm o nics tha n the_ fundamen­
ta l frequency, whereas the soft, blunt m strumcnt, 
remaining in contact ,,·ith the be ll for a longer 
t im e, damps th ese higher-order harmonics and al­
lows only the lower-order harmonics to be heard. 

I n neither case, ho\\·cver, is the bell exci ted a t it s 
tru e fu ndamenta l frequency, bu t rathe r at frequen­
cies in the order of the seco nd harlll o nic and higher. 
In fio·urc JA i s shown a bell st ruck a single b lo\\· o n 
its ;ide, and the insta n ta neous distortion w hich 
takes p lace in its shape. Figure 1B _sho\\·s di_stortion 
which m ust take place if the bell 1s to oscil late a t 

its fu ndamenta l freq uency. 

B y wi n tlino· a co il o r \\' ire around the be ll as in 

fig-ure IC an~l causing a single short pulse or hi?·h 
current to fiO\r thro ug h the co il, a high-intensity 
n1;wne tic field will be d eveloped instantaneous ly 
which w ill cut thro ug h the be ll longitud inally. 
This n1 agnetic fi<.:ld cutt ing the metal she ll o r the 

bell ,,·ill in ltlrll induce currents o r electrici ty i n 
th e t\\'o sides o f the be ll as sh m rn by th e do tted I inc 
in figure 1 D. The m utual repulsio n bCt\\'CCil t he 
t\\·o curren t loops distorts th e be ll, a nd insta n tane­
ously it takes a shape as d e noted in fig ure 1 B. The 
currents then drop to zero, but the be ll has been 
set in to oscillatio n and, because it is a be ll , r ing·s. 

The au tho r tried it. I t \\'Orks. H e "·mmd about 
;1 h u ndred tllrns of hookup \r ire a ro und his ha nd . 
taped i t together and suspended the bell b y a cord 
in the ce nte r or the coil. .-\ bout 35 n t icro[arads or 

0 -
A B 

G D 
FIGURE 1 

capa citance \\·ere ob ta ined b y con necting- m iscel­
laneous paper capacitors-11ot c lcctroly t ics-ill pa r a l­
lel. .-\ 300-volt d-e pm1·e r su ppl y \\·as connected 
through <! 1 0,000-ohm, 2-\l'all r es istor to the bank or 
capacitors, and o ne side of the coil to the ca pacitor~ 
as shown in figure 2. The other side of th e coil \\' as 
insu lated with spaghetti (bdo1·c the pmr er suppl y 
\ras turned o n !) a nd its ba re end tou ched to the 
other side or the hank o[ capacitors. By liste ning 

ca rdull y, the a u thor \ras able to hear a wea k b u t 
clear and d eep-throated tone etnanating- [ro m the 
bell, a t a pitch a fu ll octave bclm,- any othe r tone 
that had pre ,·iousl y bee11 heard from tha t bel l. T he 
be ll \\·as ringing a t its fu nda tn c·ntal mod e. 
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