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FRONT COVER- Illustrating the terrifying effects of electric shock, the artist 
has pictured two causes of death: overheati ng and respiratory block. See page 12 
for an interesting and educa tiona l article on the subject. 
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• In the preced ing three articles o [ this scn cs the 
need for better shipboard antenn a performance 
has bee n described, the aims of the extensive dc­
\Tlopmcnt program undertaken by the navy to 
obtain such improved perform ance hnve been set 
forth, and some of the problems met in the course 
of the d evelopment and the methods uti l ized to 
solve these prob lems ha,·c been recoun ted. I n th is, 
the last of the series, is presen ted the story of the 
app licat ion of some of the concrete resu lts a lready 
gleaned to an <~ ctual example--the arrangement 

and the individual characteristics of anten nas on 
board a destroyer. 

INTRODUCTION 

T he current t i·cnd of antenna system develop­
ment, the first fruits of the project of a ntenna de­
YClopmcnt and impro,·ement initia ted by the 
Bureau of Ships, is best shown by a detailed ex­
am ple of the application of antenna systems engi­
neering. For this purpose we sha ll examine in this 
art icle a proposed systems arrangement f01· a de­
stroyer of the DD-692 Long Hull C lass. It sho" ·s 
" ·hat may be achieved through carefu l and co· 
ordinatcd system p lanning, eYcn at this rcla tiYe ly 
ea rl y stage. 

The goYcrn ing pri nciple to be followed in the 
clcYclopmcnt of an anten na ystem " ·as referred to 
in an earl ier paper as the Systems Engineering _ 
Doctrine. " ' c summarize it as follows: 

"The assemblage of an tennas on a naYa l vessel 
must be considered as an electronic system, whose 
performance is to be eYaluatcd in terms of the con 
tribution of the whole system to the com ba t effi­
ciency of the vessel. Regardless of potentia l en­
hancemen t of the performance of a particul ar 
antenna, no concessions shold be made to any one 
antenna in matters of design or location a t the 
ex pense of the effi ciency of the system as a whole." 

In planning the A ntenna Systems Engineering 
projects currcn ~ l y under " ·ay, the Bureau o f Ships. 
with the assistance of the U. S. Navy Electroni cs 
Laboratory, is attempti ng to foresee future require­
ments for frequency channels and equipment type 
a ll owa nces. As these requiremen ts change, the de-
, ·elopmental program will be m odified accordingly. 

T he primary operat iona l requ irements (or the 
electronic equipment of each specifi c type of vessel 
arc set forth by the Ch ief of ::\ava l Operations. It 
is h is preroga tive to de term ine the m ini mum num­
ber of operating channels and the minimum ac­
ceptable range for radios op erat ing on each chan­
ne l. 1t is of course much eas ier to foresee fu ture 
recptirements than it is to forecast the nature of 
futttrc ccptipmcm s which wi ll be developed to mee t 
these requi rements. T herefore, the Bureau of Sh ips 
has specifi ed that currently-aYa ilablc cquipmcnts 
be ut il it.ed in present system arrangements. T hese 
will be modified by replacement of some items wi th 
others of more recent design whi ch w ill b ecome 
ava ilable at a future time. T he task of the Labora­
tory is to specify an tenna facilities for the equ ip­
ntcnt, together with tramm is ion l ines and distr i­
lltlt ion ystcms where needed. 
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FICL'RF 1-S/arboard fJrofile of DD-692 Long Hull Class Destroyer. 

Profwsed impnJved antenna rearrangement. 

N 
FrGURI<: 2-Same as figure 1, top view. 

TABLE. !-Key toAnntennas (Figm·es 1 and 2). 

Key Equipment Key Equipment 

I Receiving 18 Receiving 

2 Receiving 19 SR-6/BM: 

3 Receiving "20 SG-6 

5 Receiving 21 BK 
7 RBK 22 Mark 25 

8 TBL C)w 
-:> RC!\f 

9 TBS 27 RCJ\f 

10 TDQJRCK 28 RCM 

ll TDQIRCK 29 DBM 

12 TDZJRDZ 30 DB;'\f 

13 TDZ.fRDZ 31 RCM 

14 Receiving 32 RCM 

15 Receiving 33 SPR-2 

16 TBL 34 TDY-1 

17 TCS 35 TDY-1 
36 MBF 

DETAILED SYSTEM ARRANGEMENT 

The proposed improved equipment type allow­
ance for the DD-692 is listed in table II, and illus­
trated in figures I and 2, which show the place­
ment of the various antennas, and to which fre­
quent reference will be helpful throughout the 
remainder of this article. We now consider this in 
detail, concerning ourselves with the individual 
antennas. 

'Ve have remarked that reciprocal influences are 
exerted between an antenna and the surroundings 
in its neighborhood. Usually the results are not 
favorable. It can be shown that this influence ex­
tends approximately to a distance Y2 A.. The 
larger areas are dominated by the longer-wave an­
tennas: that is to say, those operating at medium 
and high frequencies. It seems logical therefore to 
complete the arrangement for these first, so as to 
establish the neighborhood within which the v-h-f 
and u-h-f antennas will have to operate. :Most of 
the medium-and-high-frequency equipments are lo­
cated in or near Radio Central. This space there­
fore provides a logical starting point. 

Topside clear areas near Radio Central extend 
forward of the foremast to frame 63 and aft of the 
foremast toward No. 2 stack. The largest antenna 
required will be for operation of one model TBL 
equipment at medium frequencies, which will nec­
essarily occupy the largest available clear space. 
For this there is installed a single-wire flat top No. 
6 between the yard at frame 83Y2 and the bracket 
on the stack at frame 113Y2, placed somewhat to 
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FIG URE 3 - Avemge atmos· 
pheric noise in the San D iego 

area, and navy model Teceiver 
set noise, both plotted against 
frequency, foT antennas of 

vm·ious effective heights. ·, 
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FREQUENCY IN KC 

starboard of the centerline in order to clear the 
emergency halyard. The performance at medium 
frequencies cou ld be improved somewhat by the 
employment of the usual two wires, port and star· 
board, but the gain would not be great. The per­
formance at high frequencies would be somewhat 
impaired. TBL No. 1 in Radio Central is em­
ployed with this flat top together with the existing 
trunk, which terminates somewhat to starboard at 
frame 92\12. The lead rises without fonvard rake, 
in order to increase the clearance betwee n it and 
the receiving antennas over the pilot house top. 
T he remaining TBL antenna, No. 16, is p laced as 
far from the first as feasible. •It is a whip an tenna 
on the centerline at frame 127. To avoid hazard 
to p ersonnel, the trunk is extended vertically seven 
feet above the deck and surmounted by a twenty­
eigh t foot whip. Electrically the combination is a 
thir ty-five-foot whip with an elevated driving 
point. 

Antennas for the Model TCS Transmitting-Rc· 
ceiving Equ ipments do not receive such favored 
locations. The forward one, No. 8, is at frame 88, 
on the port side of the stack, while the after one, 
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No. 17, is at frame F %, on the port side of the 
searchlight platform. 

In the shipboard tests the forward TBL an tenna 
has given acceptable performance from medium 
frequencies u p to about 12 Me. The after TBL 
antenna p erformed well at 2 Me and above, but is 
not to be used at 575 kc and below. Consequ ently, 
two medium-power channels are availab le in the 
sub-spectrum 2-12 M c, while one is available 
throughou t each of the two remaining portions of 
the range of the model TBL transmitting equip­
ments. The low-power (TCS) an tennas have not 
yet been tested . 

\ ,Ye will next consider some factors governing 
the installation of the receiving ante nnas. It h as 
long been felt that in a shipboard antenna installa­
tion the length limitations impose serious restric­
tions upon the performance of receiving antennas. 
Actually, such is not necessarily the case, as the 
following considerations will show: 

Obviously, to be r ece ived clearly a signal must 
be strong enough to override no ise. ' ,Ye m ay as­
sume, therefore, tha t the incoming signal is 

stronger than the atmospheric noise, or it could 
not be received a t all. I t is sufficient, then, to em­
ploy an antenna only long enough so that the re­
ceiver can pick up atmospheric noise in the ab· 
se nce of signal. It automatically follows then that 
the signal can be heard in the receiver. Figure 3 
is drawn for some typ ital navy receivers operating 
in the San D iego area with antennas of various 
eiTc~t ivc heights. The jagged l ines give set no ise 
signal and the smooth curves average atmospheric 
noise signal, both as functions of frequency. From 
these curves it can be seen that as the eiTectiYe 
he ight of the antenna is increased the set noise 
o-oes clown and the atmospheric noise prevails 
t> 
throughout almost the complete range. T herefore 
in the San Diego area there is, on the average, 
little to be gained by employing a medium or high­
frequency antenna of greater than four meters 
effective height. For a conventional installation 
and with short transmission lines th is means from 
twenty-five to thirty-fi ve feet of aerial condu ctor. 

I t may be observed that with such short antennas 
the receiver r-f gain control must be turn ed up 
h igher. T h is is really not an objection, though to 
some it may seem so. All navy communications re­
ce ivers are built with sufficient sensit ivi ty so that 

at full gain the inherent set noise can be heard. 
If the antenna is sufficiently long so tha t atmos­
pheric noise over rides set noise, then the set can 
p ick up any signal which preva ils over atmospheric 
noise. \t\There the r-f gai n control is set is of litt le 
consequence. I t is this consideration wh ich ha s 
led us to accept rather short lengths for the m-[ 

and h-[ receiving an tennas in this antenna-systems 

plan. 

T he next consideration is how, by proper em­
ployment of isolating_ rcs!s~ors, the receiving equ ip· 
mcnts may be more JUd iciOusly paralleled. 

;'\lava l Research Laboratory studies have so far 
been conducted only on unmod ifi ed receivi ng 
<.: lJ u i pmcn ts, and ha vc led to the form ulat ion of 
some specific rul es, a few of which arc as fo llows: 
a-No isolating resistor should be used when a 
single r~ceiv i ng equipmen t is employed on an an· 
tc:nna; b- The common 56-ohm value is acceptable 
for an isolat ing resistor , except when two R:\K or 
t\l·o RBA cq uipme nts are connected in para llel: 
c-Usually two model RBA or two model R BC 
cq uipmcnts will operate sa ti sractor il y in parallel 
" ·ithout isolating resistors; cl-T\l·o model RBB 
eq uipments req uire isola ting resis tors ror sat isfac· 
wry operat ion; e- :\ model RBB and a model R BC 
eq uipment requ ire ;1 11 iso lating resistor (or the 

model RBC for sa tisfactory operation of both 
cquipments. 

In figure 4 is shown how these p r inciples ha,·e 
been incorporated into the insu·uctions engraYed 
on the distribu tion panels. For example, in dia­
gram 4, appl icable to Emergency Radio, it is seen 
that the upper three jacks arc exactly alike, al· 
though they are marked differently. H oweYer, in 
going from single-equ ipment to paralle l operation. 
the radioman automatically observes rules (a) and 
(e) above. H e does not ha,·e to remember these 
rules; he does not haYe to 1i1ake any decisions. H e 
has· only to follow the pri nted instructions. T"·o 
of these antennas, Nos. 4 and 5, are nrenty·fiYe­
foot \\"hips, located to port and starboard at fram e 
63, and bracketed off the pilot house top. The 
rema ining four are closely-spaced pairs, Nos. 1 and 
3 to port and Nos. I and 4 to starboard near frame 
77, ris ing nearly vert ical ly from the pilot h ouse 
top to brackets off the SR-6 radar p latform. T hese 
positions are selected ''"ell fon,·ard so as to redu ce 
absorption of pm,·cr from the transmi tt ing an­
tennas. T wo more whip anten nas, No. 29 and 30, 
are bracketed off No. 2 stack for receiving equip­
ments in Em ergency R ad io. In this area it is not 
possible to obtain such good separa tion as forward. 
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The v-h-f channels for tactical circuits are cur­
rently employed by equipments which, while of 
established use, are retained on an interint basis. 
They will be superseded ultimately by the equip­
ments operating on u-h-f channels. The TDZ/RDZ 
antenna assemblies, Nos. 12 and 13, will be found 
at masthead height, surmounted only by the SG-6 
radar platform. It remains, however, to so locate 
v-h-f antennas that effective operation will be 
maintained. 

The simplest procedure is to leave the TBS as­
sembly, No. 9, in the present bracket forward of 
the mast and below the SR radar platform. The 
·MBF and TDQ/RCK assemblies, Nos. 36, 10, and 
11, may then be mounted on the yard. These po­
sitions have been tried in the past and have been 
found acceptable. The inverted monopole No. 7 
beneath the SR-6 radar platform is used with the 
model RBK receiving equipment for RASER. It 
is so placed as to give moderate directivity at the 
frequencies involved, to facilitate homing upon the 
distress signal. One of the two radar antenna as­
semblies, either the SG-6 or the SR-6, may go atop 
the mast, while the other then goes on a bracket, 
forward of the mast. The weights of the two equip­
ments are about the same. Also, in these particular 
surroundings the working circles are about the 
same. Consequently, mechanical considerations do 
not disclose any advantage to either arrangement. 
However, the operating wave length of the SR-6 
is longer than that of the SG-6, and the antenna 
array of the former is larger also. Hence, by com­
parison, the mast will be a smaller obstruction to 
the SR-6 ~han to the SG-6. Because of this, and 
since the SG-6 can tolerate no interference with its 
zenith search, the SG-6 is placed atop the mast, 
and the SR-6 on the platform. 

The l\Iark 25 and :\lark 29 equipments arc un­
der the cognizance of the Bureau of Ordnance, 
and their locations are not yet shown on the an­
tenna-systems plans. The antenna for the 1\Iodel 
B:\I Interrogator-Responder is mounted in con­
junction with the antenna assembly for the l\Jodcl 
SR-fi Radar Equipment. A separate antenna for 
the model BK transponder is, for the present, 
mounted on the yard. The Laboratory has not yet 
considered antennas for the RCM equipments, and 
the present arrangement is shown without altera­
tion. 

CONCLUSION 

Shipboard tests of experimental installations 
ha\'e shown thtH the above proposed improved 

arrangement possesses some distinct advantages, 
the more noticeable improvements being in the 
medium- and high-frequency antennas. The fol­
lowing notes are in addition to those already dis­
cussed: To begin with, the number of aerial con­
ductors near Radio Central has been reduced, and 
the lengths of all conductors have been cut to the 
minimum for acceptable operation. This reduces 
interaction between antennas, which in turn some­
what reduces antenna directivity. Also, less of the 
power in the transmitting antennas is absorbed in 
the receiving antennas, as a result of which the 
signal strength is increased a little. The free use 
of whip type antennas has given cleaner rigging 
and neater appearance. Also, damage control is 
somewhat simplified, for the self-supporting whip 
can be erected in other locations if necessary. The 
principal advantage gained for the very-high-fre­
quency antennas has been achieved through the 
reduction in number of equipments. The antenna 
assemblies which are used have been well dis­
persed, so as to reduce interaction and directivity, 
and occupy no positions contemplated for other 
antennas. Consequently, as the change-over from 
v-h-f to u-h-f takes place, the v-h-f antenna assem­
blies can be removed, if desired with minimum 
disarrangement to the system as ; whole. 

It. does _not t~ke a keen insight to perceive short­
comm~s m this proposed antenna system. The 
followmg are some of the more obvious: The close 
sp~cing of receiving antennas mounted by pairs 
(Nos. I and 3, and Nos. 2 and 18) is not entirely 
advant~gcous. :here is crowding of the whip an­
tenna m the neighborhood of the No. 2 stack. In­
tcrcoupling ~)etw_een antennas at high frequencies 
and below IS still so great as to necessitate the 
employment of receiver protective devices. To 
elaborate upon these deficiencies would serve a less 
useful _purpose than to consider the plans for 
future n_nprov~mcnt of the system. Such plans arc 
nccessanly subJect to drastic alteration and setting 
tl~em forth in tl~c following paragrapils docs not, 
o_f course, commit the Laboratory to their comple­
tion nor the Bureau of Ships to their acceptance. 

A diligent search is being conducted for more 
compact medium and high-frequency antennas, 
preferably with broad-band characteristics. Some 
promise is offered by a folded monopole with a 
suitable terminating impedance at its far 
(grounded) extremity. Effective utilization of an­
tenna st~·ucturcs will be sought through impro\'e­
ment oJ transmission and distribution facilities, 
and the development of techniques and equipmcnts 
for multiplex operation. It should ultimately he 

possible to accommodate a given number of chan­
nels with a smaller number of antennas, which will 
result in considerable simplification of the antenna 
system. 

It should again be emphasized that preceding 
paragraphs outline a purely tentative plan, one 
which may be superseded by the time this appears 
in print. In fact, the plan will be altered if any 
better procedure is suggested, for the Systems Engi­
neering Department of the Navy Electronics Lab-

TABLE II-Possible futw·e equipment l)1pe allow­
ance fm· vessels of the desl1"0)1e1· class. 

Allow­
ance Name and Descriptio11 of Item 

Radio Central 

2 Model RBA Series Receiving Equipment 
2 Model RBB Series Receiving Equipment 
2 Model RBC Series Receiving Equipment 

Model RBO Series Receiving Equipment 
Model RBK Series Receiving Equipment 

2 Model RCK Series Receiving Equipment 
2 1\lodel RDZ Series Receiving Equipment 

1\fodel TBL Series Transmitting Equipment 
Model TCS Series Transmitting-Receh•ing Equipment 

l 1\Iodel TRS Series Transmitting-Receiving Equipment 
2 Model TDO Series Transmitting Equipment 

Model TDZ Series Transmitting Equipment 

Emergency Radio Station 

Model RBA Series Receiving Equipment 
Model RRB Series Receiving Equipment 
Model RRC Series Receiving Equipment 
}\foclel TBL Series Transmitting Equipment 
Model TC';S Series Transmitting-Receiving Equipment 

Combat In£ormation Center 

1\fodcl RUS Series Receiving Equipment 

Pilot House 

Model MRF Transmitting-Receiving Equipment 

Squadron Commander's Quarters 

Model RRO Series Receiving Equipment 

Chart House 

l\fodcl DAS Series Loran Equipment 

Radar Room 

Large Surface Search Radar (l\fodcl SG-6) 
Medium Air Search Radar (i\lodcl SR-6) 
Model BK Series Transponder 
1\fodel BM Series Interrogator-Responder 

Main Battery Director 

Radar Mark 2!l 

Mark 29 Control Rooms 

~ Radar !\lark 29 

Radar Countermeasures Room 

.Model RDO Series Receiving Equipment 
1\fodcl .\:\jSPR-2 Receiving Equipment 
1\fodel TDY·I Transmitting Equipment 

oratory will continue in its assignment of develop­
ing better and better antetfna systems for all 
classes of naval vessels, as a vital part of the Bureau 
of Ship's program of long-range and far-reaching 
research on antennas. 

CRID-BIAS BATTERIES FOR 
MODEL UP EQUIPMENT 

Difficulty is being experienced in obtaining exact 
replacements for the \Alestern Electric Company 
Type KS-7105 22.5-volt dry battery. This battery 
supplies grid-bias potential in the 24-volt regulated 
rectifier X-63673A, which is part of the l\Jodel UP 
Two-Tone Carrier Control System. In order to 
alleviate this condition, the Bureau of Ships is es­
_tablishing initial stocks at Oakland and Bayonne 
of type BA-230/U batteries, which are the Army­
Navy equivalent of the \'\!estern Electric Company 
Type KS-7105 batteries. Battery BA-230/U pro­
vides tapped voltages of 3, 4.5, 6, 9, I 0.5, 16.5 and 
22.5 volts. A 19.5-volt supply can be obtained, if 
desired, by connecting to the 3- and 22.5-volt ter­
minals, and other voltages can be obtained in a 
similar manner. 

MORE MICROFILM COPIES OF DRAWINGS 

The Bureau of Ships has recently announced 
that microfilm copies of Electronics Division manu· 
facturing and installation drawings of many cquip­
ments are no'\IJ available. A list of these equip­
ments appeared on page 16 of the January, 1948 
issue of ELECTRO!'\. Some recent additions to the 
list follow: 

AN/APA-48 

A~/FPN-1 (XN-2) 

AN/l\IRD-8 

FRF/FRH 

FSA 

l\JAR/RDR 

RDZ 

TCZ-1/-2 

TDP-1 

CDI-55180 
Tu!1ing Indicator 

C.\EK-51 095 
Hydrophone Assembly 

lVlicrofilm copies of the drawings of any of these 
equipment can be obtained by submitting a re­
quest to the Chief of the Bureau of Ships, Code 
~"l:~2Bi, Nomenclature Control, \'Vashington 25, 
D. C. 
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Modernization 
of Shore 
Radio · Stations 
• • • • • • • • 

• The navy is underway on a program to com­
pletely modernize receiving facilities and tech­
niques at shore radio activities. The equipments 
and circuits used at these activities during the war 
are now becoming obsolete due to peacetime cur­
tailments and are in great need of improvement 
for efficient maintenance of both ship-shore and 
point to point communications. The present re­
strictions have left the Bureau with the problem 
of maintaining communications under the handi. 
caps of weaker signals, fewer frequencies and a 
shortage of personnel and funds. The program, 
with the objective of achieving a better signal to 
noise ratio with less radiated power and more effi­
cient use of available frequencies, is considered the 
solution. 

The accomplishment of this objective involves 
primarily a reduction in noise at the receiving sta­
tions, and development of more efficient antenna 
systems. The reduction in noise, having the same 
effect as an increase in transmitter power, will en­
able communications to be maintained with less 
power and fewer frequencies at the transmitter end. 
Similarly, more efficient shore antenna systems will 
tend to minimize losses and thereby provide in­
creases in signals. 

The modernization, in addition to the provisions 
for noise abatement and improved receiving an­
tenna systems, includes a standard signal distribu­
tion system and other supplementary items. Some 
of the individual items may seem to be unnecessary 
from an isolated viewpoint, but are very important 
factors in the fulfillment of the objective. Changes 
such as replacement of open wire transmission lines, 
new antenna systems, remote-controlled receivers 

Q and improved antenna multicouplers will be com­
~ bined to form a system which will provide increased 
8 efficiency, flexibility, and reduced maintenance. 

~ In the noise reduction campaign, the Bureau is 
~ in the process of installing RG-85/U solid dielectric 
~ r-f transmission line in place of the open wire lines 
co with their noise pick-up potentialities and leakage. 

The new cable not only reduces the possibility of 
noise pick-up and leakage in the line itself, but 
being of such design that it can be buried in salt 
marsh and run under roads and runways also pro­
vides a means for locating antenna arrays in noise­
free areas. A few installations have already been 
completed, and field reports indicate a considerable 
reduction in noise level. Another important feature 
of the RG-85jU cable is that its maintenance re­
quirements are practically negligible. 

The antenna program provides for remote loca­
tions, noise-free operation and greater azimuth 
coverage. This was considered necessary especially 
for ship-shore communications wherein the reduced 
power., less efficient shipboard antennas and fewer 
frequencies introduced conditions requiring more 
efficient antenna systems. The ship-shore teletype 
circuits required optimum diversity reception at 
shore station and therefore necessitated the maxi· 
mum directional antenna azimuth coverage possible. 
At the joint point-to-pointjship-shore activities, the 
new signal distribution system will permit "borrow­
ing" of point-to-point rhombics for special ship­
shore requirements. This "borrowing" is possible 
up to a separation of 2000 feet by providing two 
trunk lines of RG-85jU cable between the two ac­
tivities. Any signal strength reduction brought 
about by use of the cable will be more than com­
pensated for by the signal-to-noise ratio gain, be­
cause a weak signal in the clear with less noise is 
conclusively proven better than a strong signal cov­
ered by interference. In either instance the "bor­
rowing'' of antennas will require the standardized 
fittings provided in the new distribution system. 

Antenna arrangement also plays a large part in 
the program and it is recommended that, at ship­
shore stations adjacent to or part of a point-to-point 
activity, the available antenna space be used to sup­
plement the point-to-point antennas to provide 360 
degree coverage of the azimuth if possible. The 
Bureau in this quest for additional coverage is 
awaiting a favorable report from the U. S. Naval 
Electronics Laboratory on the feasibility of double 
ending receiving rhombics. In line with this, it is 
anticipated that all new rhombic antenna arrays 
will be laid out with future double-ending in vic\L 
The program also includes the recommendation 
that all rhombic antennas be kept beyond a 200-
foot radius to reduce noise pick-up, and at the same 
time make space available in the vicinity of the 
building for doublets and other small antennas. 

Investigation on design of a broad band rhombic 
to cover the 20 to 40 l\Jc range and a system of 

polarized diversity is also getting attention. Pre­
liminary reports on the polarized diversity syste~ 
are promising and indicate that such a system will 
have application where antenna space is limited. 
Low frequency reception ashore is also sharing in 
the research field with the development of a remote­
controlled barrage loop antenna assembly to be 
used in conjunction with a modified model RBA 
receiver capable of being tuned to H kc. The loop 
assembly will be equipped for remote tuning. 

The largest item in the modernization is the new 
signal distribution system which has evolved from 
recommendations solicited from the field together 
with ideas of cognizant Bureau engineers and asso­
ciated manufacturers. It is a system which provides 
standardized components for the distribution of 
r-f and a-f signal energy within the operating build­
ing. Designed for flexibility, it will handle the 
needs of the smallest and largest shore receiving 
station. Shipment of these systems began in No­
vember, 1947. Its overall details are described in an 
article appearing in the October, 1947, ELECTRON. 

Remote-controlled receivers and antenna multi­
couplers are two of the more important supplemen­
tary items in the Bureau's program, and both are 
under extensive research. The study of remote con­
u·ol for receivers is not a new idea, as the Bureau 
has had the problem under research for some time. 
Recently a miniature control panel similar to the 
front panel of the model RBC was installed at 
Radio Central, "\Vashington, and used to control a 
model RBC receiver at the Naval Radio Station, 
Arlington. The control, accomplished over one 
pair of metallic wires, in~luded band cha~ge, 
vernier control, and scannmg. Although Wires 
were used in this test, the proposed system under 
development is to include control over radio links 
or tone lines. Production of such a remote control 
receiver is not anticipated for two years or more, 
hut is mentioned here to indicate its projected re­
quirement in the Bureau's overall planning. 

Antenna multicouplcrs arc not new to the navy 
either, as they are now in use. At present, however, 
they are far from satisfactory. They are sensitive 
to cross modulation and interference and therefore 
are restricting antenna expansion. The Bureau, be­
ing dissatisfied with such performance, is pressing 
research on a more efficient multicoupler which, in 
coordination with the RG-8.5/U cable, will enable 
the Bureau to expand the usc of remote antennas 
and reduce the effects of noise. Also under devel­
opment for this purpose is an improved broad band 
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r-f amplifier which will eliminate the present re­
strictions on individual lengths of RG-85jU cable . 

In the preceding discussion it is easily seen how 
each item in the modernization program dovetails 
with the others in accomplishing the objectives set 
forth in the project. Even the best system needs 
assistance, however, and it is recommended here 
that all activities render aid to this program by 
eliminating or suppressing local radio noise at or 
near shore radio receiving stations. It is desired 
that this be accomplished by eliminating the ob­
vious sources of local interference where possible, 
rather than undertaking continuous and costly at­
tempts to keep such noise sources under control. 
Installation instructions covering noise suppression 
of teletype equipment are being prepared by the 
Bureau for field distribution. 

INSTALLATION OF TYPE -66147 
U-H-F ANTENNAS 

The Bureau of Ships has been advised that a 
number of vessels having u-h-f equipment on board 
have the Navy Type -66147 Antenna Assemblies 
installed with the insulated rod pointing upward. 
This is incorrect; because of the design of the in­
sulator, this arrangement permits moisture and 
dirt to collect in and around the dipole at the 
insulator. 

An example of how such improper antenna in­
stallation affects performance of the associated 
equipment is contained in a report received in the 
Bureau. A vessel reported maximum ranges of 
only one-fifth normal during rainstorms. 

Vessels having improperly-installed Type -6614 7 
Antenna Assemblies should correct this condition 
at the earliest opportunity. 

SUBSCRIPTION FEES FOR COMMERCIAL 
PUBLICATIONS 

During 'Vorld 'Var II, the Bureau of Ships pro­
cured and distributed Electronics Technical Li­
braries to various major naval shipyards. Recently 
the Bureau has received requests for funds to be 
used to pay the annual renewal subscription fees 
for the "RCA Tube Handbook HB-3," which was 
included in these libraries. Since the Bureau of 
Ships has no program for the payment of annual 
renewal subscription fees for commercial publica­
tions, it is recommcmk<l that fees for these hand· 
books and similar commercial publications be paid 
locally and charged to yard maintenance funds. 
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IMPROVED SERVICE 

• Effective 30 J anuary 1948, t h e techni cal broad­

cast sen ·ice of the standar d freque n cy station V1TVVV 

o f the National Bureau of Standards was enlarged 

in scope unde r a n e11· schedu le. Previous issu es o f 

the ELECl.l<0:-1 (Jul y 1945, p. 16, a nd August 1947, 

p. 16) h ave carried stories describing th e broadcast 

ser vice and indicating its applicat io n s to naval 

activ ities. 

There h ave bee n t11·o major ch anges in the 

schedu le : 

1-T h e firs t change is th at a ll o f the sta ndard 

broadcast freque n cies a r e now propagated continu­
ously. both d ay and night. 

2-0n m ost of th e radio freque n cies, the r-f ca r­

riers have been modul a ted b y certa in audio fre­

que ncies, alte rnate ly on for a pe riod of four min­

utes, and o ff for one minu te. The secon d change is 

that the \\'hole schedule o r alte rnations have been 
a<h·anccd o ne mi nu te . For me rl y the h o ur (and 
each fi\'c-mi nutc inten ·al after ) 11·as an nounced b y 

shutting off the a udio tone. Now the h o ur (and 
each fi ve-m in ute interva l fo llowing) is a nn ou nced 
b y turning on the tone. 

T h e complete and up- to-date schedule of the 

ser vice is given in table I , a nd is to supplant a ll 

schedules previously publ ish ed in the ELECTRON. 

Because of the possib le confusio n and opportu­
nity for e rror which a lways fo llows cross-referen ce, 

it appears advantageo us to brie fl y summarize h e re 
the new su ccession o f the standard radio frequ e n­
cies and the ir information-giving modulations, 
even though th ere will be some duplication of m a­
teria l a lready p u bl ish ed. ·we sh a ll consider th ese 
s ignals as they will be heard i n a r eceiv ing set­

u nd e r the actual condi t io ns of u sc. T h e prev ious 
art icles h ave a lread y discussed the various indi­

vidua l uses of th e modulations, and li ttle is to be 
ga ined b y r ecapitulating them h e re. 

I n brief: th e e igh t standard r adio frequenc ies 
a re broadcast a t 2.5, 5, I 0, 15, 20, 25, 30, a nd 35 
i\ Ic. All of t h ese freque n cies arc modula ted by a 
series of short pulses whi ch occur a lmost continu­
ously once each second, and arc heard as a su cces­

sion of "tocks" sounding like the ticking of a 

clock; this tick ing, familiar to a nyone w h o h as ever 

listened to " ' WV, is an outsta nding characteris t ic 
which ser ves to identify th e station. In add ition, 
the radio frequencies arc modulated b y audi o tones 
(-HO cp s, the standard musica l p itch, for som e fre-

AUDIO TONE 
ON 

AUDIO TONE 
OFF 

TIME (EST) 

TELEGRAPHIC ANNOUNCEMENT IN 
MORSE CODE, AT FIVE-MINUTE 
INTERVALS, OF THE EXACT T IME 
WHEN THE TONE WILL BE 
RESUMED. 

ANNOUNCEMENT IN TEL. CODE OF 
RADIO PROPOGATION DIS TURBANCE, 

'--------!--------- AT 19 AND 49 MINU TES PAST THE 
HOUR. SER IES OF " w's " FOR 
WARNING, OR OF "N's" FOR UNDIS· 
TURBED CON OITIONS. 

L VOICE ANNOUNCEMENT OF 
STATION ON THE HOUR AND 
THE HALF- HOUR , JUS T ----------------------~------------------------------------------~ 
FOLLOWING TIME ANNOUNCE-
MENT IN CODE . 

F1c.1 ' 1H . 1- n ia,e,mm of the seq uen ce of modulations and signals crnried on onr of the WW I' standard 
{rNfiWII<ie.\ 0.1 /!try arr !t eord on a rt' rei<•er, for a full rmr-lwur fJniod. T/1(: " on -again . off-again '' alt era­
/1()1/1 uf !Itt' audio tonr' are shown by 111/u' d·llt block~ . and tlte ·uarious voire ond code annowtcements 
r11·1, .1/uJll'll a .1 <•erticrtl strihes rn- linr~s . T /1(' sNill' does not fJe1mit slwwing the on e-srcrmd " toc/;s" or pulsr's, 

for 1t> ltirh .1re [tg urt> 2. 

ONE - SECOND -PULSES OMITTED 
ON 59th SECOND OF EACH 
MINUTE, AND WHEN TONE GOES 
ON OR OFF . 

ONE· SECOND· 
~-11---"-l--' PULSES, HEARD 

TIME TIME AS " TOCKs·: TIME 
0704 
EST 

0709 0710 
EST EST 

TELEGRAPHIC CODE 
ANNOUNCEMENT OF- -------.-J 
EX ACT TIME WHEN 
TONE IS RESU MED. 

FIG URE 2-Enlarged and detailed wew of a ty pical 
fi ve-minute inlerval · in figure 1, showing the one­
second " locks," eac!t of w!tich is a short pulse 
consisti11g of a train of fi ve comj;lete sinusoidal 

oscillatious. 

qucncics; both '1-10 cps and 4000 cps for others; 

and ne ither for 35 i\ fc) w hich , as mentioned above, 

arc al te rn ate ly tuned on for four minutes, a nd off 

for o ne minu te. The p eriods 11·hcn t he audio notes 
arc off serve as inter vals for including va rious 

annou ncements of three k inds: 1- tclcgrap h ic an ­

nouncements hea rd at a ll "tone-off" in tervals o f the 

exact hour and minute wlw n the tone 1r ill be next 

resumed, 2-voice annou n ceme n ts for stat ion ide n ­

tifica tion, immed iately fo llowing the time a n­
nou ncemcn t in code, o n the hour a ncl half-ho ur, 
and 3 - telegraphic a nnouncem ents indi ca t ing 

w hether a radio propagation disturbance is or is 

not in effect , i mmeclia tc ly following the time 
anno u ncement in code at 19 a nd 49 min utes past 

th e h our. 

T his sch ed ule is careful ly diagr amed in figure 
1 for a typical one-hour in terval, fro m 0659 E. S. T. 
to 0800 E. S. T . This diagram a nd the associated 

diagrallls show the exact d e tai ls of th e sch edule. 
At 0059 E. S. T. the aud io tone ceases, and "·ith in 
li ve seconds the figures "0,7 ,0,0" arc heard in In te r­
nat ional i\ l orse Code, m ean ing that the ;ntd io tone 
\\" ill come on ag-ain a t 0700 E. S. T . This is fo llowed 
b y the vo ice sta tion anno Hnrcntent; the n is heard 
th e ticking- alone Hnti l 0700 11·hcn , ;ts annoHn ccd, 
on comes the a ltd io ton(· . Both th<· Lo ne a nd the 

s tead y ticking ;tiT heard together u nt il 070 I, whe n 
the lOtH.: goes o ff. (Note, ho\\'t'VCr, that the minttl<'S 

of 0701, 070~. and 0/lrl arc indi cated by the omis­

sio tt of a " w r k". ) T he n is h eard the code a n­

lt<Jt t nccnte n L " 0,7 ,0,5," lll l' a n i ng that the lOne is to 

he t-es ttn ted at 0705 E. S. T .: th is tintc the tint t· 
a tt not tn n·n t<'lll is the on ly annottn<TnH·nt , a nd a l l 

that is heard tt llt il 0705 is th<· ti ck ing. :\t 0705 tit \' 
ticking is joined by th e: ;ntdio not e , ;tnd both ar(' 

h eard until 0709, when o ff goes th e aud io no te, and 

the time announcement " 0,7, 1,0'' d u t i full y appears. 

The whole sequence is repea ter! t hroug hout th e 

h o m , except t h a t at 0719 a ncl 07-19 a series of 

" \ V's" o r "1'\'s" in code follow th e t ime a nnounce­

ment a nd describe radio propagatio n cond itio n s. 

a nd except that at 0729 and 0759 th e voice stat io n 
a nn o uncem ent fo lloll's th e t ime a nno uncem ent. 

TABLE J-.Ve<l' sr!tedule uf ll'li' V sen•ices (all 
rad iv frequencies broadcast cv111 inuously_) 

Carrie r Power Audio 

Frequency Output Freq uency 
(lVIc) (hw) (cps) 

9 w 
-- J 0.7 440 

5.0 8.0 44 0 

10.0 9.0 4-1 0 and -1 000 

15.0 9.0 ·l-10 and -1000 

20.0 8.5 ~ ..J-10 and 4000 

~5.0 0. I ·1-10 and -1000 

30.0 0.1 -l-10 

35 .0 0.1 :'\'o ne 

• On li rsl four work days after first Sunday of each month , 

JlOII'Cr is 0. 1 kW. 

ELECTRON IC LOVE 

Ir she \\·a nts a clate-,,l cter 

H she comes to call - R err' i1Wr 

If sh e \ran ts ;tn escort- Condul"lor 

I r she's chea t ing- lJr'i f'C!Or 

If she's f at- Condt' IISt' r 

If sh e's th in- Feeder 

If slt!''s cxtr;tvaga nl - L illli/rr 

II' slt!''s in <:rror- Uectificr 

H Iter hands arc cold- 1/ l'atl'l' 

Ir shl' l"unt cs attd sp uttcrs- / 11.111lator 

Ir she\ ug ly- Tmn sfulllll' r 

11 shc,. s "hossy" - H c.lis /1n 

Ir sh e's !Oo slo\\·-.·lco' lt·m tor 

I I s it <'·~ IJort'd - J·;xcitn 

I f sit <' dol'sn 't ;t tl ~\\'l'r- / ni t'ITrwalor .... 
If ~IH· rdtt scs- U r' jt>ctor --
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effects of electric SHOCK 
Reprinted from ELECTRONICS*' 

.( { l :J'fl P II' I· C 1'4 1 i\' Y£Jr'•, ;"'e<v Yot·'•. Rej1rinted by t1ermissiou. ;op)Tight 19-1-1 by the A cGraw- ,, u J ts ung o1.pany, uc., i ew '' lY '' 

II An electrical engineer's knowledge of the re­
sponse to an applied electromotive force should 
not be limited to networks of resistance, capac­
itance, and inductance. It should include, also, 
the response of a human being. Unfortunately, the 
engineer usually knows little more than the layman 
about the latter subject, even though he is much 
more exposed to the hazards of electricity than is 
the average person. This article is written to ac­
quaint the engineer with the basic principles of 
the effect of electricity on the human organism. 

The first recorded death due to electricity was 
that of a stage carpenter at Lyon in 1879. He 
touched a 250-volt line. This, however, was not 
the first use of lethal electric potentials, for they 
were used as early as 18·!9 in the first perforn1ance 
of ::\leyerbeer's "11 Prophete," and in 1857 in light­
houses in England. As early as 1890, the electric 
chair was introduced by the state of New York. 
Here voltages of 1 200 to 1700 volts were used. In 
electrocutions currents up to 8 amperes were sent 
through the victim's body for 3 to 8 minutes. 

A 8 
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· l ~ t 1 electric shock The death rate due to acci( en a . 
was low at the beginning of the century, being 
about 200 a year in countries like England, the 

'dl till­United States, and Germany. It rose rapt Y• 
til in 1915 the rate was 0.8 per 100,000 annually. 
Since then it has remained quite constant, and at 
prescn t is I per 100,000 per· year. 

CAUSES OF DEATH BY SHOCK 

Death by electricity is due to one of three funda­
mental causes: a cessation of respiration due t~ a 
block in the part of the nervous system contr~Ihng 
breathing; a serious reduction of the circulauon of 
the blood, due to ventricular fibrillation of the 
heart; or an over-heating of the body. Of the three, 
the second of these is the most dangerous, for there 
is no practical way of bringing a fibrillating heart 
into a normal beat. Of course death may be the 
result of a combination of the above causes, or due 
to complications, such as a broken neck, etc. The 
mechanisms of death will now be discussed in more 
detail. 

FIGURE 1 - Electrocm·dio­
gmm and diagram of nor­

mal heart. 

FIGURE 2 - Electrocardio­
gram of a sheep·s hea·rt in 
uent·ricular fibrillation. 
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VARIATIONS IN BODY RESISTANCE 

In the layman's mind, (as well as in that of the 
engineer) a great deal of confusion exists as to 
whether the current or the voltage of the circuit 
is the determining factor in death. This is quite 
inexcusable, for as early as 19131 it was clearly 
understood that the current passing through a 
person's body (rather than the voltage applied) 
was the determining factor. The reason for the 
wide variation in voltage required to send a lethal 
current through a human body is that the resist­
ance of the body varies from 1000 ohms when wet 
to 500,000 ohms when dry. 

The resistance of the body is made up of the 
skin resistance and the internal resistance. The 
former is large when the skin is dry (70,000 to 
100,000 ohms per sq. em.), but falls to less than 
a hundredth of this value when wet. The internal 
resistance is low because the tendons, muscles, and 
blood are relatively good conductors. 

12 24 
CURRENT IN AMPERES 

FIGURE 3-Effect of elect1·ic cm·rent on susceptibility 
of sheep hearts to vent·ricular fibrillation. Each 
shock was applied for 0.03 sec at 60 cps, in the 

most sensiti·oe part of the cycle. 

In high-voltage shocks serious burns are often 
produced because the high voltage punctures the 
outer skin. The body resistance then suddenly falls 
from a high value to the low value of the internal 
resistance. 

It is understandable that the effect a given cur­
rent will have depends on the current path through 
the body. It is found that the heart, the brain, and 
the spinal column are the three most critical re­
gions. 

EFFECT OF CURRENT MAGNITUDE 

Let us consider the effects produced when the 
magnitude of a 60-cycle current is slowly increased. 

71)a766 --t.s- :~ 

Numerous studies2 have shown that the threshold 
of perception is I rna. In other words, currents 
less than I rna are not even felt, provided abnor­
mally large current densities, as result from pin­
point contacts, are not produced. 

Currents from 1 to 8 rna are perceptible, but not 
yet painful. When the currents reach a value of 
8 to 15 rna they are painful, and cause an involun­
tary contraction, and muscular control is lost. Cur­
rents of 20 to 50 rna, passed between arms, or an 
arm and a leg, involve th<; chest muscles and breath­
ing becomes difficult. Currents of 100 to 200 rna, 
when passed through the body in a path that in­
volves the heart region, produce ventricular fibril­
lation (an uncoordinated beating of the various 
heart muscles) . 

Currents in excess of 200 rna produce burns; if 
they take a path involving the heart region, the 
heart action is suspended for the duration of the 
current passage, but generally is resumed at the 
end of this period. 

If the path involves the part of the nervous sys­
tem controlling respiration (such as hand to hand, 
hand to foot, head to hand, etc.) a block in the 
respiratory system is produced. If artificial respira­
tion is applied, the body may resume its own 
breathing after as long as 8 hours; if the damage 
to the respiratory-controlling nervous system is 
severe, however, breathing may be suspended in­
definitely. 

VENTRICULAR FIBRILLATION 

The phenomena of ventricular fibrillation and 
respiratory block deserve closer attention. Ventric­
ular fibrillation is an uncoordinated contraction of 
the various heart muscles, which makes the heart 
practically useless as a pump. The phenomenon 
can better be understood by reference to the elec­
trocardiogram and diagram of a normal heart in 
figure 1. The stimulus A corresponds to the con­
traction of the auricles, which contract together. 
The stimulus B corresponds to the contraction of 
the ventricles, which also contract together. 

The electrocardiogram for ventricular fibrilla­
tion can easily be recognized, for it has the irregu­
lar pattern shown in figure 2::. Experimental work 
on human hearts in regard to fibrillation is of 
course impossible. But guinea pigs, rabbits, and 
sheep are also subject to fibrillation, so considerable 
work has been done with them. 

The variation of the percentage of shocks caus­
ing fibrillation with the magnitude of the current -w 



passed through the body of a sheep is shown in 

figure 3~. Each point represents about 75 trials. 
Note that the susceptibility increases wi th current 

up to a m ax imum, and then decreases as the cur­

ren t is in creased fur ther. This is in agreement 

'rith observed data on man, for it has been ob­

served that as the voltage increases on high-voltage 

shocks, the percent that can be resuscitated in­

creases. 
For shocks short in durat ion compared to a heart 

cycl<:. the probability of producing fibrill ation 
varies with the part of th e heart cycle in which the 
shock occurs. This is sho"·n by the dash-dash curve 
superimposed on the e lectroca rdiogram in figure ·L 
This sensitive p hase represe nts the decreasing con­
traction of the heart m uscles. At a ny o ther time, 
the heart is quite insensitive to shock. 

DURATION OF SHOCK 

Finally, the effect of shock le ngth was studied . 
The results arc p lotted in figure 5. Note the sud­
den increase in susceptibi lity to fibr illat ion as the 
shock length approaches the le ngth of the heart 
cycle. \ Vhat happens to this curve as the shock 
length is cleo-eased to much smaller valu es, say 
one microsecond, is a n interes ting question, but no 
authenti c data is avail able on this subject. 

RESUSCI TATION PR INCIPLES 

:\'umcrous methods have been tried to bring a 
fibr ill ating heart back to a coordinated beat. Of 
these the method of counter shock first u sed by 
Abilgaard in 1775 to arrest fibrillat io n in cocks 
seemed the most promis ing. It has been used with 
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success on guinea pigs a nd dogs. It consists o£ an 
applica tion of a shock of high intensity a nd short 
duration through the hea rt. The obstacles en­
countered in trying to apply this to humans arc: 
( I ) difficulty in de termining whether a heart is 
actua ll y fibrillating; (2) the ava ilability of proper 
faci lities for applying the shock ; (3) the counter 
shock, if improperly applied, may actually become 
the ca use of the death. As a result, the recom­
mended procedure in a ll cases of electric schock 
is to apply resuscitation imm ediately, and not at­
tempt to apply counter shock. 

In many cases of electric shock the victim be­
comes unconscious a nd stops breathing, but his 
heart keeps on beating. This is clue to a break 
in the nervous system controlling respiration . The 
nerves are paralyzed by the currents and no longer 
transm it sti mu li to the lungs. H ere one clifTerencc 
between the operation o f th e heart and lungs be­
comes evident; the nervous center which controls 
the lungs is located in a nother organ, the brain. 

The brain and heart must a lways be supplied 
with oxygen. If the oxygen supply ceases, the per­
son first becomes unconscious. If the supply of 
oxygen to the brain is cut off for more than 5 to 8 
minutes, damage is done to th e Be tz cells in the 
cortex of the brain. This da mage is p ermanent and 
cannot be repaired by the bod y. If the person 
shou ld be brought back to life hi s me nta l capacity 
wi ll be impaired . Serious damage of this kind re­
sults in idiocy. 

If th e da mage to the nervous system is not too 
severe, the block wi ll pass away (0 to 8 hours) 
a nd th e person will resum e breathing of his own 
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fi GUR E 4 - Efiect of posi­
tion of shock in crn·d inc 
cycle on susce jJLibility of 
sheep lt earts to ven tricufm· 

fi b1·i I! a Lion. 

F JG l"R E 5-E{fect of dnra­
tiou of shoch on threshold 
rurrrn t for slteep . 

RATIO OF DURATION OF 
SHOCK TO HE ART BE AT 
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FIGURE 6-Effect of frequency on tolera nce cu rrent. 

accord, provided the person h as been kept alive 
b y supplying the vital cells of the body with oxygen 
in the meantime through artificial r espiration. 
This explains the prescribed procedure in all cases 
of electri c shock: apply artificial resuscitation im­
mediately and continue until rigor mortis sets in. 

In cases of severe damage to the cells of the 
nervous system controlling respiration (dislocation 
of the nuclei, swelling of the nucleoli, and cyto­
plasmic loss of gran ule) the natura l breathing of 
the bod y is never resumed.< 

The third cause of death is excessive heating 
of the body. The reason for death here is not ob­
scure. The detailed mechanism of dea th is a med­
ical matter and its discuss ion would lead us too 
far astray. It is sufficient to remark that death is 
clue to the destruction by hea t of some vital orga n, 
or to hemorrhages, or to third-degree burns. 

EFFECT OF FREQUENCY 

A furth er chara cteristic of current that deter ­
mines its ctrcct on an o rganism is its frequency. A 
read y example is that of direct current a nd GO­
cycle alternating current. T he bearable direct 
current is about three times th at o[ the GO·cyclc 
current. Th is problem has been studied fro111 t \\"O 

angles, one the max imum curre nt which a person 
could stand before distress was ca used and second, 
the amount of current requ ired to kill laborat ory 
animals. 

The fann er method of att ack was taken by ,\. F. 
Kenn elly and E. F. Alcxanderson". Their data is 
summari zed in fi gure G. In each case the curre nt 
was slowly increased unti l i t was felt tha t furth er 
increase 1\"0ttld ca use dist ress. Note tha t the cur-

rent th at can be tolera ted · without distr ess rises 
rapidly with frequ ency. 

AboYe 100,000 cps the only effect produced by 
the current was that of heat. The explanation that 
h as been advanced for this behavior is that the a! ter­

na tions of the current are too ra p ic! to h ave any 

effect on the nerve cells. 

The heating effect of the higher-freque ncy cur­
ren ts is used to advantage in diathermy machines 
where frequencies of 500,000 to 1,000,000 cps ,,·ith 
currents of 0.5 to 5 amperes arc used. A second 
appl ication is electrosurgery. H ere a platinum 
needle a nd a large elecu·ode are used. The needl e 
produces such a high current density that the 
tissues are completely destroyed by heat. 

The second lin e of atta ck " ·as taken by A. G. 
Conrad and H. '"' · Haggard". They studied the 
currents necessary to cause death for shocks o f 
different durations a t various frequencies. The ir 
resu lts on rats are summari zed in figure 7. Note 
that the amount of current required to kill in­
creases with the frequency. 

These results as well as those of ' 'V. Kouwen­
hoYen, D. Hooker a nd E. Lotz' show that the fre­
quencies that are the most dangerous are those in 
the neighborhood of 60 cps. 

Let us turn our attention to the number of elec­

tri ca l accidents that actu ally occur, and the per­
centage of them tha t turn out to be fatal. An 

F tGllR E 7- ll l inilllum currents necessary to cause 
death from sltochs of different duration 

at sr'7' f'rrtl fu'quencies. U1 

., 

1 

I 
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analysis by E. Krohne8 of 848 electrical accidents 
in Germany from I 930 to I 935 showed that 3 I 4 
involved vol tages under 500 volts with a n average 
fatali ty r a te of 15% . The r emaining 534 r eceived 
voltages over 500 volts, with a fatal ity r a te of 33%. 

W. McLachlan9 g ives more detailed informa tion 
based on th e studies of 475 cases where electricity 
alone was the cause of deaths, not lack of resuscita­
t ion, b roken necks, burns, e tc. (D a ta by Krohne 
includes all these cases, hence this differen ce must 
be kept in mind wh en comparing the figures. The 
difference is particularly n oticeable at high voltages, 
where death from burns, etc., is more probable.) 

McLachlan's figures are based on U. S. and 
Canadian industrial accidents, a nd divide the acci­
dents according to the potential o f the circuit in­
volved. 

RECORD OF AcciDENTs B Y P oTENTI A L 

OF C IRCUIT I NVOLVED 

T otal Successful 

Volts Cases R evival 

0-749 65 63 % 

750-4999 2 12 65% 

5000-39,999 167 69 % 

40,000 and over 26 88 % 

Note that the danger does not necessarily in­
crease with the vol tage. This is d ue to two reasons: 
first, the muscular reaction is more pronou nced at 
high voltages, making it m ore likely tha t the p er­
son w ill be thrown clear of the circui t: secondly, 
as data on an imals h as shown, the heart is not 
thrown into fibrillation by very large cu rrents 
(greater than 250 rna) . 

Segregation of these cases according to the 
method of clearing revealed that of 282 who fell 
clear, 70 percent were successfully revived; of 179 
who were pul led clear from the circui t, 63 percen t 
were revived. Th is may appear puzzling at fi rst, 
for one would expect the d ifference to be more 
pronounced. R emem be1·, however, that it takes 
on ly a shock of a fraction of a minute to th row the 
heart into a fatal fibri llation or to cause a r esp ira­
tory block. After that, the effect is a heat ing of the 
body. It is true that if the heating is very severe, 
it ma y cause damage to the cells o f the nervous 
system or severe burns, but often it is not. 

The data by McLachlan shows th at if resuscita­
tion is instituted soon after the accide n t, th e fatal­
ity can be reduced to 33 perce nt. This is in agree­
ment with the figure of 23 percent obta ined by 

Kawaranura in a study in Japan; the figure of 23 
percent obtained by Baraita in a study in Fra nce; 
and the average fatq}ity rate for 1930-1935 in Ger­
many of 24 percent quoted earlier. 

J ex-Blake 1 summarizes in a practical form in 
table I much of the data presented in this paper. 

LI FE-SAV ING PRECAUTI ONS 

vVe will close with a few practical poi nters: 

1- D on ' t entertain a false feeling of security by 
believing that resusci tation can always bring a 
person back to l ife after a n electric shock. If the 
heart is thrown into fibrillation (and this is qui te 
possible) for a ll practical purposes death is insta n­
taneous. 

2- In case of electric shock, apply artificial r esusci­
ta tion immediately. Do not delay to summon a 
doctor but try to get help while r esu scitating the 
victim. 

3-Never handle electric circuits with wet ha nds 
or when feet arc wet. 

4-If there is no other means of rescue, use your 
foot rather th an your hand to free the victim from 
the live circuit. 

5-Wh en working on high voltage, be sure the floor 
is not a good conductor (as far as electric shock is 
concerned, a concrete floor is a good co nductor) . 

6- vVhen handling high-voltage circuits, it is a 
good rule to keep your le ft hand in your p ocket. 

7-Don 't work in a p osition where your head is 
likely to become a cond uctor in a n electr ic shock. 

TABL E ! - R esults of a brief exposure to a-c 

fJo tentials. 

llodv Resist· 
mtCI; Assnmed 100 11011s 1000 volts 10,000 v olts 

to be 

Very low, with C e r t a in Pr o b a b l e S u r v i v a I; 
good contact dea th ; slight death; ma rked burns & other 
(Abou t 1,000 burns bu rns sequelae; very 
ohms) severe 

H igher (Abou t I' a i n f u I Certa in d ea th ; Probable 
10,000 oh ms) s h 0 c k; no bu rns prob· death; severe 

injury a IJ I y sligh t bu rns 

H i g h with Sca rcely fell Pain[ul shock, Cen ain d eath ; 
but no severe burns slig ht if 
injury resistance re· 

ma ins h igh 

had contact 
(Abou t 100 ,-

000 oh ms) 

R eferences: 

( I ) .Jcx-Blake, A . .J. P ., T he Goulsto nia n Lec­
tures on Dea th by E lectri c C urrents and by Light· 

nin o- British Med. Jrl., I , p. 425, 492, 590, and 
C>' -

601 , 1913. 

(2) Dalziel, C. F. a nd Lagen, J. B., Effects o f 
Electric Current on i\lan, E lec. Eng., 60, No. 2, 

p. 6!1. 

(3) Ferris, L. , King, B., Spence, P., and Wi l­
liams, H., Efiects of E lectri c Shock on the Heart, 
Elec. Eng., 55, p. 498, 19%. 

(-1) Langwor thy, 0. R. , Nerve Ce ll Inj ury in 
C;tses of Human Elcctrocu tion , .J ourna I Ameri ca n 
i\ lcdical Assn., 9:"J, p. 11 07, J u ly 12, 1930. 

(5) Kenndl y, A. E., ami Alcxa ndcrson, E. F., 
T he P hys iological T o lerance of A.C. to 100,000 

Type of Approach 
Last To 

Month Date 

Practice Landings . ... . . .. 5,680 82,960 

Landing Under Instrument 
Conditions ••• ••• 0 ••••• 303 4,321 

• • • • • • • • • 
ANOTHER G.C.A. "SAVE" 

G.C.A. has aga in demonstrated its merit under 
nca r-emerge ncy cone! i Lions. 

1t all ha ppened d uring the late aftern oon of 
Ja nuary 15. A Totem Airlines PB\' W<lS <' ll · 

;·oute to Sea ttle from A Iaska , bound for Boe ing 
F ield . Included among its passengers " ·as a four­
ll! Ont h-old infan t in an incubator. A t Boeing Field 
was an ambu lance which was to m eet th e plane and 
take th e baby to a specialist for emergency treat­
ment. 

Cycles, E lectrical World, 56, p. 154, 19 1 0. 

(6) Conrad , A. G. and Hagga rd, H. W., Experi­
ments in Fatal Electric Shock, Elcc. Eng. 53, p. 399 , 
\ larch, 193-l. 

(7) Kou\\'cnhoYcn, " ., Hooker, D ., and Lotz. 
F., Electric Shock, U fects o f Freq uen cy, Elcr. Eng .. 
55, p. 38·1. 

(8) Kroh nc, E., Betricbscrfahrungcn lll it Ercl­
u ngs und Schutzschal tungs-Ei nri chtung 111 dc1· 
g ross-s tacd I ichen. Elcctri zitactzsYersorg u ng. ETZ. 
58, p. 11 53, 1937. 

(9) i\f cLach Jan, \V., Electr ic Shock; J lllcrprcta­
tion o( Field Notes . .J r l. Indu st ri al H ygiene, Xll 
l\ o. 8, p. 291, Oct. I 930. 

But the plane could not land at Boeing Fie ld . 
Neither could it land at any other commercial 
fields in the Seattle area. All fi e lds were shroudccl 
by fog. 

The Sand Point Naval Air Station, ncar Sea ttle, 
was consiclcrab1 y below norm al instru ment m in i­
m ums. The G .C.A. un it o ffered its services, how­
c\·er, a nd brought the p lane in to the field. \•Vith 
a ceil ing o( 200 feet a nd visibility o f o ne-h alf 
o f a m ile, the pilot, coached by the G.C.A . uni t, 
brough t his plane safely to rest. 

Earlier in the clay, with the ,,·ca ther but li tt le 
better, nm scheduled VR-5 arr i\·als, an ,\rmy C-47, 
and a T rans-Aslaska Airl ines DC-3 \\·ere all landed 
without incident under r adar direction. 

PROCUREMENT OF SPECIAL G.C.A. PARTS 

Certa in parts pecul iar to Grou nd Contro l Ap­
proa ch cquipn1cn t (:\ \: / \ IP:'\ -1:\) arc becom ing 
more difficu lt to secm c. \ <\' here delay is expe­
rienced in obtain ing such parts and the regu ircmclll 
is considered Ltl·gent, requisition should be made to 
the l\ lare Jslaml Nand Sh ipyard a nd / or the Phil a­
delphia Nava l Shi pyard . 

UNPR INTABLE REMARKS 

The fo llo\\' ing was included 111 a r <"cent (;C. \ 
mai n tt' tlance report : 
l .uca tion of l rou!Jlf' 

Sy /11 jJ/0/IlS 

l .nca /r' Prorrrilll'f' 

l 'rolillf,fr· ca11sr· 
Nemf'dy 

H..(' 111 ((}"lis 

U nkno"·n 
'o high voltage on Channel B 
Everyth ing we could th ink ol 

.\l"t cr 1·1 hrs. or checks. 
it sudd enl y work ed! 

U n print able! 
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IMPROVED CRYSTAL 
OVENS FOR U-H-F 

' 
EQUIPM ENTS 

• ,\fte r a lapse of seYe r a l mon th s, shipment o f 

crys t;tl 0\·ens for :\fodcls :\ fAR, RDZ and TDZ 

u-h-f radio r ecei, ·ing and transm i tt ing cq u ipments 

was resum ed in Jul y, 19-17. Additi o n al improve­
m ents han~ been incorporat<.~d in the o ve ns shipped 
since that ela te. These improvem ents include 
changes in the thermosta ts and h eate r wind ings, to 
m ake o perat io n m or e pos iti ve " ·ith less work o n 
t he part of the t h ermosta t (i.e ., an eve n tempera­

tu re is maimaincd " ·ith fc"·cr cy cles o [ o p era t ion) . 

T h e ne w 0\·cns a rc supp lied unde r Contracts 
l\Xsr-86362, 1'\0Bsr-39267, a n d NOBsr-40253, and 
have th e n avy typ e number embossed o n t he cover. 
O vens m a nufactured from D ecember , 19-15, through 
1\'ovcmber, 19-1 6 , arc d esig n a ted N avy T yp e No. 
C FT-40 H 8, and those from Jul y, 1 9-~7, throug h 
Decembe r , 19·17, a r c d esig nated CFT-401 48A . 

A com p lete resume of the color-coding o f all 
these oven s is g ive n in Table I. 

·when a T yp e CFT-4 01 48 0\·c n is used , a check 

shou ld be m ad e to de termine " -h c thcr or not it is 
h eating p roperl y. A fter a [e ,,· minutes o [ op cr<t­

t ion, t h e ove n shou ld feel ver y ho t to the ha n d. 
H i t d ocs not, t h e t h cn nos t<H can be ch ecked b y 
removing the oven fro m its socke t a nd connecting 
~hort leads to heater p ins, \\', Y a nd z. The n th e 
oven is rcplacccL T his is show n in fi g u res 1 and 

2. :'\ex t, e it her t\\·o 12-Yolt pilo t lamps or t \\·o volt­

m e te rs arc con nected as shO\nl i 11 fig ure 3. l\' m,· 
the eq u ipment is tur ned o n. The lamp or vo lt­

mete r acr o'>s pin~ \\' a mi Z (the low side) sh o u ld 

Ft<.t Rl· 2 Cn.,frtf o;·•r'/1 onrl lr'a rls in plt{(r in .\()f"kP/. 

FIGURE !- Bottom v iew of crysta l oven sh owing tesl 
leads connected to hea ler jJins W , Y , z. 

TABLE I 

Screw Farth est 
Mon th of Manu fact ure Screw Nearest Frv111 

H eater !'ius 1-lc:ater Pins 

D ecember 1945 R ed B l u e 

January 1946 R ed Yellow 

February 19,16 R ed G reen 

i\farch 19-IG Bl ue Yellow 

Apri l 19-16 Blue Blue 

i\ fay 19-16 Brow n Brown 

June 1946 R ed R ed 

Ju l y 19·1() \Vhitc Wh ite 

August 19-1 () Black Black 

Septembe r 10-IG Ora nge Ora nge 

Octobe r 19-IG Ye l lo w Yellow 

Novembe r J9tJ(i G ray Gra y 

Decembe r 19 1G No ne 
through .J un c 19·17 shipped 

.J u ly 19-17 C rccn \ Vl 1ite 

,\ugust 19·17 R ed White 

Scptcn1be r 11) 17 Hrown W h ite 

Octobe-r 19·17 Black Hl;1 ck 

,'\ovcnliKr l!l 17 Ye llow \ Vh i tc 

Deccnd >< -r I !J-17 Bl ue W h ite 

.J an tla ry I ~~ I!) N one shipped 

February IIJI R G1 c.;en B lack 

\ larch 191 g R ed Black 

Apr il 19 18 Bro wn Black 

i\ ray 191 8 Yd lo w Bl ack 

1 une I ~H 8 Blue Bia< k 

.J td y 19 18 G rcc-n R('d 
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FIGURE 3- Sim jJli{ied lt eateT cirwit of cTystal oven, with indicators connected to lest theTmostats. 

go out or register ze ro afte r a few minutes o( 

war ming u p . The lamp or vo ltmeter <~cross p ins 

Y and Z (the h ig h side) sh ould con ti nue to register 

for <1 few minutes a fter the low side h as cu t ofl, 
a nd the n should begin to cycle, ind icat ing th<tt th e 
t hermostat is ma in taining the oven at a n even 
temperature . 

REPLACI NG M ECHAN ICAL TELETY PE 

TI MERS 

The B ureau o ( Sh ips h<ts on h a nd a q uantity o[ 

W estern Electr ic Co mpa n y T ype KS-15206 L ist I 

E lectro n ic T im ers, as procured und er Contract 

1'\0Bsr-30097. These e lectron ic t ime rs arc to be 

used to replace simi lar m echan ica l timers used 

\\'ith l\fodcl Uf Portab le C arrie r Control System, 

and the :\ fodcls AN / FCC-I, AN / FCC-lA a nd 

AN / FCC-I B R adio te lctype T crminay Equ ipmcnts 

in those cases where the m echa n ica l time rs haYc 

rai led. 

Four ti1ncrs arc mcd in each ;\ lode! U F cqu ip­

llle lll, and on e time in each AN / FC C- I .. \ :\' j FC C:-

1 B equipme nt. The Bu rea u or Sh ips w ill supply 

add i t io n;tJ Sla lion spai"CS, if rcq UC'S tcd , in ;lll10 ll lllS 
based o n the to tal ntn n bcr of t im ers in ttsc at a 

g ive n loca t io n . These t in1crs arc av;t i lab lc for issue 

on rc<[UCs t to the Burea u o f Sh ips. Cod e !F>:ic. and 

an adeqt la tc s tock of spare tinters will be mai n­

tained by tile Bu reau a t n :l\· ;d supp ly depot~. l r is 

des ired , ho wever, th a t requests for spare t imers in ­

cl ud e a s1a te n1e n t as to the tota l n un JI JL-r of t inters 

i n use per loca t ion . Beca use ol th L· n 1gged co11-

SI ruct io n o f I hcsc t imers. a nd 1 hv lo 11g trou hlc-fn·e 

ser vi ce expec ted from them , thl'~e rcqu l'~ls shou ld 

in nn case ca ll for 111o1T tha n fin· )HTn·n t spare~ . 

Activities sh ou ld use all of the old typ e OYe ns 
before starti no· to use t he new o nes. D efective 0\·e n s 

"' shou ld not be surveyed, bu t instead re turned to the 

Su p p ly O fficer in Com ma nd, 1SD, C learfield, 
Uw h, Attention : E lectron ics Supply O fficer, and 
marked " For disposit io n by the B u r eau o [ Ships." 

MEASURING SET AM PLIFIER 

T he \\'es te rn Electr ic Compa n y :\ lodc l 13A 

T ransm ission i\fcasttri ng Set a nd the N<lVy T yp e 
C\V-GOO!i ~l T1·a n smis~ion .\leasu ring- Se t , as sup­

p lied " ·i th t h e ;\'a ,·y :\ lodcls U P and U:\' Carrie r 

Control Syst<' lllS rcspcct i,·cly, for usc where portable 

appa ratus is required to mca~urc rl'ce ivcd Lcstino· 
:--, 

pO\rcr , usc a type 25AG amplifie r tu be \rh ich is now 

obsolete. H r epla ceme n ts for th is tu be are n ot 

aYail a l>k fron t tHJrn l;d !>OlllTCS o l ~ltpply, ;1 typc-

25L GG T ; C can be subst ituted. I n order to re ta in 
overa ll acn1racy \\· h e n this is d o ne. ho\\T\.lT. re­

cali hrat ion o f th e in st r umen t i~ rt'< jll irccL Calibra­
t ion shott ld b e acn> lll j>l i ~hed 11~ino a 100-n -clc 

,... ' 
source accura tvly adjusted so th;tl i t ,,·ill furn ish 
;m OUlj)lll pmnT or Oil (' lllil! iwall \\' h ('JJ led in to (I 

GOO-oh n1 load . 
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WANT SOME STANDARD 
EQUIPMENT? 

ANEESA 
R eprinted [rom SIG:-;AL CoRPS i\I ESSAGE 

Al\D SIGNALEER 

• One o f the most importa nt ye t least heard o[ 
ao-encics con nected w ith the mili tary is the Army· 
"' :'\a\·y Electronic and E lectrical Standards Agency, a 

joint act ivity of the Army, th e A ir Force and the 
l\"avy, concerned \,·ith standa rdiza tion of materia ls 
a nd componen ts used in electroni c a nd commu nica­
tions equipme nt. 

It coordi nates the requirements of the armed 
forces, establishes sta ndard s, d efi nes m inimum serv­
ice life a nd qua li ty, a nd prepares specifi ca tions 
describing the standards. These latter are period i­
cal ly reviewed to keep th em abreast o f changing 
service requ irements and of developments in the 
art of electronics a nd communications, as disclosed 
by fi eld reports, industrial research, a nd laborato ry 
invest igation a nd test. 

The research and field reports arc implemented 
by qua lifi cation testi ng. The manufacturcr ·s pro­
duction is continuall y tested a nd cval uatcc\ under 
the specificat ions. Procureme nt for both govern­
menta l a mi non-governmen ta l e nd usc is d ircCLcd 
to\\·ard ~ ta nclard materiab and compo nents. Thu ~. 
th e manufacturer has an inccnt i\·c lO develop hi ~ 
protlutt, and the purch aser a warranty that the 
product is standard in size and performance. 

The benefits of the program a rc immediate and 
far reaching. Under the sta nd ardi.mtion program, 
dry battery life i in creased 25 per cent on the 
aYcrage; 22 crystal hold er types requiring 125 elec­
trica l spec ifications brink to three holder types 
and ~ i x e lectr ical specifica tions: the mu lt itudinom 
thcrmo~e tting pla~tic mo lding compounds o l widely 
varia bk types arc ~crcc ncd d0\n1 to some 130 com­
pound~ in 19 type~ : less than 900 of the 2,500 
known tube types arc used , and procurement is 
directed at some 200 preferred types: one molded 
mica c.apaci LOr replace 11; 3,7000 standard meter 
types are sufficie nt to coYer the appli ca tions for­
merly requiring some 37,000 non-s ta ndard types; 
nwre than ha ll the ex isting resistor numbers arc 
c· l iminated: protccti\"C coatings make cquipmcnts 
operatin· under tropical conditions, a nd greatly in­
crca~c th(·i r life. 

Othet exam ple~ : Fonncrly th ere were 120 diller· 
c·nt l\]J< '~ ol tclephon(' p lugs in m e. :'\ow there 
ar<" II. fel<:p ho tw ja< k'> form<' rl ~ lll ltlll>('rcd <ll>out 

400 different types, but this nu mber has been rc· 
duccd to 39. 

The first phase-simp lificat io n of types and sizes 
of ma teria ls and components o f cri t ical a pplication, 
a nd improvement of the ir p erforma nce-is largely 
accomplished. Production h as been in creased be· 
cause of fewer types a nd sizes; supply inve ntories 
have been reduced, fie ld replacement fa cilitated, 
service life increased , interch a ngeability insured, 
and savi ngs effected in strategic a nd cri t ical raw 
materials. 

ANEESA is now engaged in the second phase­
the extension o( the program to cover materials 
basic to the produ ctio n o( quality components of 
" ' icier applica t ion, greater com p lex ity, a nd unpre· 
di ctabl c performance. It is a p hase that requires 
continued evaluat ion o( industry's products to a iel 
in the further improvement of the products when 
necessary. It guides procurem ent, both govern­
menta l and non-gover nme ntal, toward standard 
ma terials a nd components by study of the appl ica· 
tio n, the publica tion of lists o f standard materials 
and components, a nd by the establishment o f pre· 
fcrrcd lists of standard com ponen ts. It keeps stand· 
ards acti ve and cur re n t, a breast o f ser vice require· 
mc nts and of deve lopments in the manufacturing 
art, by am endmen t and revision based upon Jabora· 
lOl")' investioat ion and lCSt c nuin ccr ing· a naJ )rsis of b ' ., \ 

improve ments in desig n a nd product ion techniques, 
and research a nd ana lysis. 

The fina l ph asc-i nd us trial Ill obi I it.ation- is ye t to 
come. 

Conversion from norma l production in time of · 
emergency is time-consuming a nd difficu lt. It wa its 
upon the deve lopment of milita ry standards, as 
di sti nct from normal industrial standards. I t is 
com p li cated by th e need for eva luating prod uction 
aga inst m ili tary sta ndards to determine compli· 
ancc, and to indica te where in improvements must 
be made in the prod uct in cases o f non-compli a nce. 

CC-21ACN MOTOR DYNAMO AMPLIFIER 
UNIT NAMEPLATE 

The Rureau of Ships h as been advised th at the 
:'\avy T ype CG-2 L\C i\ Iotor D ynamo Ampli fi er 
Un it of the :\fodcl SP R ad ar Equ ipme nt \,·as sup· 
plied wi th a namcphttc readi ng "CG-2 IAC I I"' in· 
stead of "CG-2 1ACN." Namepla tes bearing the 
correct type nu mber arc now a\·ai lab le for a ll 
:\fodcl SP R ad ar Equiplllcnts. 
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SP-cquipped vessels are requested to requisition 
ne" · nameplates from the E lectronics Officer at any 
of the fo llowing naval shipyards: 

Boston 

New York 

Philadelphia 

Puget Sound 

~ f a re Island 

San Francisco 

T erminal Isla ncl 

Norfolk 

The new nameplates do not bear the seria l num· 
bers of Lhe equipmcnts to which they are to be 
attached. Before each new nameplate is installed, 
therefore, the appropriate equipment seria l num· 
bcr must be stamped on it in the blank space pro· 
Yidcd. 

REPLACEMENT OF CRYSTALS 

.-\n official field change affecting a ll serial num· 
bers of the \'\Tavemctcr T est Se t AN / U PM-2 has 

. been issued. 

The chano·e involves the substitu t ion of a differ· 
"' cnt type silicon crystal. The J A type IN2 l crys· 

tals arc replaced " ·ith ·I N~5 cr ystals. This is neccs· 
sary because the h igh peak-power outputs of cer· 
.ta i;1 equipments with which the test set is used 
make fai lure of the I N2 1 cr ystals a frequent occur· 
renee. 

In anticipa tion of this field change a substantial 
q uantity of the IN25 ·crystals has been procured. 
The new cr ystals may be obta ined at the Ships 
Supply Branch, Oakland, a nd at the Electroni cs 
Suppl y Branch, Bayon ne. T lie number o f crysta ls 
to be replaced in each test set is seven : two in act ive 
usc, and ·fi ve spares conta ined in a receptacle 
fas tened to the cover. 

T he replacement is eas il y made. Further details 
\r ill appear in C.E.i\f.B. 

RETENTION OF MODEL FRC CONVERTRS 

\ Vith the advent of new models o r frequency· 
shift converters, the Model FRC Freque ncy-Shift 
Rece iver Converter Equi pment has genera ll y been 
considered to be obsolete. In this Gl~c the classi­
fi cation of "obso lete" is in name only; the equip· 
mc nt is as satisfa ctorv from a n operat ing stand-

' point as any other now instal ktl in shi p~ . 

It was recentl y brought to the au cPtion of the 
Bureau that many ships and insta lling artiY it ies 
have been rcmovi11g the F RC co 11vcrters ami re· 
placing them with FR:\ 's. T his is 11ol , in ge llcra l, 
desirable. Model FRC cotw en ers are considered 
as substi tu tes for the ll todcl FRG"s, " ·hid1 \\"Crt' 

previously authorized, and are not to be replaced 
by model FRA converters without sp ecific authori­
zation by the Bureau. 

The Bureau now h as se\·era l n ew types o f 
frequency-shift converters in the d esign stage which 
are expected materially to improve teletype com­
munications. One type is the CV-57/ U RR, \rhich 
is a sino-le channel i-f input type. Two of these 

"' units, together with a type C:\ f-J..l di,·ersity com· 
bining-unit, will comprise an Af\ / URA-6. T his 
dual unit will have the operat ing characterist ics of 
the present model FRF con verter, but will be re· 
clucecl considerably in size a nd weight. 

T he corresponding audio types are the C\ '-
60/ URR sino-Je unit and the AN / UR.-\.-8 du al unit. 

"' The latter converter merely consists of l\\"O CV-
60/ URR units and a Ci\ f-1-t/U RR combining u nit. 
The A t / UR .... \-8 wil l operate somewh at like the 
FRC in tha t it will have pro\·isions for two aud io 
inputs, thus providing the very desirable cl iYcr ity 
features. 

l\"onc o( these nc\,. cquipmcnt s will be in pro· 
cluction prio r to 1950, however . I t ca n readil y be 
seen therefore that it is most desirable to keep the 
model FRC converters in use until that t ime. 

W E HEAR THAT-

Sargravcs Electronics, Ltd., of England, is now 
set up to turn out 370,000 two-tube radio per 
year using the n ew "printed-circuit" techniques. 
~ folded forms with n-roovcs or natTO\\" chan nels 

"' [or resistors or conductors arc sprayed \\·ith rcsi · 
ti\·c o r cond uctive material: face-m ill ing mach ines 
sh ave o !T the execs coa ting-, lcaYing the resistive 
or condu ctive material intact in the grooYcs. At 
present, t\\·o-tubc regenerati ve receivers for expor t 
arc rolli ng off the lines, but the mass-prod uction 
line can be set u p to spew forth rour-tnbc ~uper· 
heterod ynes using the U :\15 "a 11-swge .. tube. T he 
two-tube receivers arc bu ilt and tcsLcd at the 
rcntarkablc rate of three a minu te. Incidentall y, 
an art icl e wi ll be l"orthcoming soon in the 
ELFCTRON describi ng the m·"· " printed-circu it .. 
techniques " ·h ich arc attracti ng ~o much lan>rall lc 
att e nti on. 

\'-h·f lll arches forward in ind mtry a~ wl' ll <I S in 
the na\·y. Bcl\recn three a nd lin- miil io n dollars 
\\"Orlh of \·-]1-f. radio telephone cqu ipnH·n t lor rai l· 
road usc " ·i ll he insta ll ed in l ~l-IR. a recent survey 
by the .\ ssociation of ,\ nlt'rica n Rai lro,tds shows. :\ s 
a 11 acce~sory to nta i n-1 inc opl'ra 1 ion. I igh 1 \\·cigh t 
" ·;tl k ic-ta lkie se ts an· planned lor product ion start · 
ing in .June. N 
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BASIC PHYSICS 

• E lectrica l c ircuits a rc qua n t itatively a na lyzed in 
terms of the electr ic cha rge, d ifference o ( po tentia l, 

cu r re nt, rc i~tance, ,,·ork, a nd power. I t has been 

sho"·n t ha t O hm's L a" · p resen ts thcs_c fa ctors in 

the sim p le rela tio n I = Ej R , \vhich is the fund a­

me nta l law o r a ll e lectri ca l c ircuits. As k now ledge 

o f e lectri ca l p heno me na increases, t he rela t io n bc­

t"·een Yo ltage a nd curre nt \v ii i be see n to be ever 
mor e com plcx. 

T his ch apter "·ill be concerned wi th the a pplica­
t ion of Ohm's L aw to sim p le e lectri cal circuits. 

Thorough maste ry of the id eas p rese n ted here in is 

es!>cntial if d anger of " bogging d mvn ·· in the fulllrc 

~tudy of com plex circuits is to be avoided . 

. lttumcy of Circuit Solution . l n the ear ly ~tud y 

of Ohm\ L a"·· a common fault is to str ive for a 

dcgTee of accuracy tar in excess o[ tha t ac tua ll y rc­

quin:d in p ractical work. 

:\ lathcma tica l solu t ions o[ cir cu its a rc IJa~cd 

upon the idea l concep t th a t for an y g iven circu it 

/ · .. f. and R arc a b~olutc con ~tants, but fron t th e 
prani ca l view po int, /~ . l , and R arc at bes t littlt­
morc tha n good a ppro x ima tio ns. 

Thc·rc are a number o f factors that j u sti fy th is 

loo~cr approach in practical work . Comitl<" r t he 

tollo \\' ing: . \ current llmving throug h a rc·\ i ~ t a n n· 

gcn t·r ate~ hc·at, and n·\ i ~tann: is knmv n to va r y with 

tempe! at u n· . Rc·\ i~ta rH e, t hen, i ~ a comta n t o rrl y 

unti l"! id eal co11ditiom. The c.m. l. d evC"lopecl acrm\ 

tlH' output tt·lllt ina l'> ol a source " ·ill vary with the 

load c tllTt·rtt lwcame of the: intcr n ;d rc'> ista trcc of 

the ~ourn·. "J he ele:tromnti\·c. force: o l t lw ~o tt i"Cl" 

j~ constant onl~ if the load cu rrrnL is consta nt. A 

• 
C i r CUI t_,.~:;.~=;:mm== 

variat io n in resistance w ill cause a var ia t io n in 

loa d cu rrent " ·hich in turn ca uses a change in elec­
tromotive force. These va r iable [a ctors m ay be 

ta ken into account whci1 solv ing a circu it, but to 

d o so increases the complex ity of so lu t io n . T he 
methods b y , ,·h ich they a r c take n in to acco u n t arc 

re fin emen ts, s tudied b est a fte r t he more fund a­

menta l pri nciples a rc mastered. 

l t w ill be fo und th at ir a cir cuit is p roperl y d e­
sig ned a nd operated , the assu m pti o n tha t .E, I , a~ld 
R ar e constan ts w ill yie ld su ffic ient accuracy lor 

the great majority o f circu i t solut io ns. \ Vhcthc r o l· 
not · th is assu m p tio n is j ustified d epe nds upo n the 

na ture o f the pro blem a nd is best judged o n the 
basis o f expe r ience. 

A lso keep th is in mind : \ !any c ir cui t so luti o ns 
' 1rc based u pon m easu remen ts m ad e with e lectr ica l 

i nstrumcn ts. "0: o clcctrica I me te r sho uld c ,-cr be 

assu med to be 1 00<~~ accu ra te. T he cost o f e k c­
tr ica l instru men ts d e pend s p r im a ril y upo n the de­

gree o r accuracy req u ired. J\ labor a tory-type yo] t­

mc tc r ca pable o f measu r ing vo ltages accura te . 10 

() I ,, · . . 1111ch as a 
· 0 llld y CO~ t te ll or t\\·enty t lnH:S aS I . 

general -ser vice inst r u me nt in " ·hi ch t he d esired 
accu racv is of the o nlc·1· <JI. +9(1" I t fo llo\l·s t hen 

' - - o · I 
t ha t mcas tt red e le:ct ri ra l val ues 111 ust be co n~idcn::< 
a~ noth ing more tha n good approx intat io ns. 

.\ t hi rd fac tor tha t mu st be considered in the 

ac cu racy of circu it so lu tion is th e ma n u ra< t u rcr"s 
" tok ra nee.·· For econon1 ic rea <;on ~, it is de~ ira l> le 
t hat the ma nufactu rer be per m itted w construc t 
< ircu it elements th a t arc ace u r a tt" o n ly " ·it h in rca­

~onable lim its. For <"Xalllp lc . i n the 111 a nt tl;tct urc 

o l rl"~ istan ce: t he man ufactt1 rc1· ma y be ;d lo"Td a 
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tole ran ce o[ + 1% . T h is means a 100-oh m re­

sista nce "·i ll be sa t isfactory if i t has a resistance 

be tween 90 and II 0 ohms. T he cost o[ such a 

r esistance is much less tha n one in \vhich specifica­

t ions d emand a r es is tance bet"·ecn 99.9 and l 00.1 

ohms, and it genera lly fo llows that the greater the 

to ler ance, the lower the cost of production. In 

p r actica l wor k tolerances as great as ±20% arc 
o f ten perm itted. Therefore a res istor marked " I 00 
ohms' ' sho uld be assumed to have a res istance o n ly 
tlppro xima te ly eq~t al to the ra ted value. 

I t shou ld be ev ident tha t, in pract ica l work, 

striv ing fo r a high d egree of mathem at ica l tl ccuracy 
is a waste of t ime a nd effort . Experience i nd icates 

tha t m athematica l accuracy to three sig n ificant fig­
ures is qui te stl tisfactor y, and strikes a happy 

m ed ium between calcula ted and measured values. 
The studen t is therefore urged to cu lt ivate the 
" three-sig nificant- figure" hab it in all c ircuit work. 

SfJecial Considerations. The c~pcrienccd eng i­
neer is incl ined to usc m<lny clcctnca l terms rather 
loosely, a practi ce tha t can be quite confusing_ t_o 

the studen t who has concentr ated u pon cxphot 

d e fi ni t io ns o f such ter ms. A standard nomenclature 
o f basic electrical te rms, ho"·ever, is ve ry desirable 

i n the early study of O hm's" L aw to insur e clar ity 

and br ev ity of exp lana t ion and to avoid possible 

111 isundcrsta nd ing. E xplan tion may be fu rther 
simp lifi ed b y mak ing ccr w in practical assumptions 
tha t w ill e l im inate some o f the r efinement s o[ solu­
t io n. L a ter it will be necessary to reconside r these 

assumptions in greater d e ta il. 

In th is cha p ter the term "d iffere nce o [ potent ia l"' 

ll" ill be used to d escribe the elect r ic force d eveloped 
across a r es ista nce by the action o f the curren t. 

The existence o [ a cli l[ercncc of po tential will t hen 

depend u po n whe ther or not a current has been 
c~ t ab l ishcd . T he ter m "electromotive force," :~b­

b rcvi a ted "c.nd. ," "· ill r efer to the electr ic force 
dcvdopcd across the o utpu t ter m ina ls of tl_Jc source . 
The inte rn al res ista nce o l the source will be as­
su med to be zero u n less it is othcnl"ise sta ted, so 
that th c. ll t. L is constant in magni tud e. On ly elec­
t rOJ IIOti ve-forces o r fi xed po larity \\"i l I be consid ered. 

. \ n c .nt. f. of const an t magnitu de and unchang ing 

po lar it y wil l c~t a bl i~h a 1/!l i-dirrclirnl~tl o_r d ir:rl 
ntlH'lll in a re~i~t i \T c irn tt t. II the CllTUit lT!>I!>t­

a nn · i ~ co m tant in nwgn itudc, the rurt"l'lll will 

ft a,·e con!>ta nt am pl itude. 1t \Viii be a~~t t ntcd that 

;il l rc~ i 5 t a nn·s arc capab le of di,~ipating hea t a~ 

rap idl y a~ it is generated b y the action of tl_t(· cur­
re nt. On th i ~ ba'>i~ the temperature ol the tT~ t ~ tatH v 

wi ll rcma i11 con!> ta n t, am i ,·ariations o r rc~ i~t a 11n· 

w ith temperawre m ay be ignored. It will also be 

assumed tha t the connecting leads are of sufficient 

size that they con tribute lit tle to the total resistan ce 

~ of the circu it. :\II resistance i n the c ircu it wi ll be 

assu med to be concent rated in the c ir cuit elements 

rather tha n d istrib m ecl through a ll parts of th e 

circu it. :\ s ins tru ction proceeds, t he studen t w ill 
learn th at the majori ty of these assumptions a re 
q ui te practical and are often taken for g ranted by 
the experienced engineer. I n some cases, as w ould 

be expected , ~hese assumpt ions do not hold, bu t 
the cases will a\rays be poin ted out to the student. 

Meaning of Circuit Soluliou . l\ fathematical solu ­

tion of c ircuit is of li ttle value u n less it tells u s 

someth ing abou t the circui t . I n gener al, a circu it 

is aid to be soh·ed when it is possible to predict 

the energy d istri bution in all parts of the circuit 

or in that part o[ the circuit in which interest cen­

ters. Such predictions arc usual ly made in terms 

of the va lues of E, I , and R but may be made as 
well in terms of Q, \\', and P . 

Ohm's L a"· describes the sta te of e lectr ical equi­
l ibrium that must ex ist in all energized electrica l 

circu its. Complete c ircu it equilibrium can ex ist 

o n ly if all parts of the circu it arc in equ il ibri um. 

Th is statemen t may be taken to mea n that a com­

p le te circuit satisfies Ohm's L <l" " on ly " ·hen all 
parts o( the circu it satis fi es the law. O n this basis, 
applying O hm's L a"· to a circu it leads tO two con­
clusions: 

1-T he I uta! current through a circuit will vary 
directly as the e.m.f. applied across the c ircu it, and 

im·erse ly as the l o la/ rc ista ncc o( the circuit. 

2-T he current through any jH1rt of a circu it Yarics 

direct ly as the difference of po ten t ia l across /!tal 

JHnl, and im·crse ly as the res istance o( !!tal jJarl . 

It ~hould be C\" id cn t that Ohm's Law ma y be 
used to d eter m ine a n u nknown cir cui t factor only 
when two factors arc k no"·n. R ma y be found if 

E ;1nd I arc knm1·n , E may be fot1ntl i( I and R arc 
kno\\·n , T ma y be fo und if E and R are kno"·n. 
Crea tc5L difficu lty often lies in the d ctcrntinat io n 

of the known factors. Keep in mi nd, "·hen "·ork­
ing with part of a c ircuit, th a t the \"aluc~ or .E, 1, 

am i R 111mt be u cd which pt'cifica ll) apply to 

ju ~t that part. 

TyfH'S of C:irc uils . Circuit~ llla) be broad!) das~i­

ficd a'> ~intp lc and compk:-. . I n general. ~implc 
<in u ih ;trl' ~oln·d b~ the ~impk rela t ion I E R. 

CompiC'x < ircuit ~ arc l c~s rcadil\' ~o l n·d hy this 
~impk relat ion . and n·c ·o1 1r~e l lltt~t he had to f,"irt !t ­

h1Jf)".l l .ml'.l. which an· logica l c·xH'Ibiom (I ] Ohm·~ 
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Law and are basic la" ·s for solving complex net­

works. 

Simple circuits are usually classified in terms of 

the arrangement of elements in the load circuit. 

An arrangement such that only o ne current path 

exists through the load is called a series circuit. 

Figure l A shows a typical series arrangement, the 

arrows indicating the d irectio n of electron move­

ment through the load . 

An arrange ment of circuit elements such that 

more than one current path exists in the load is 

ca lled a pm·allel circuit. A typical paralle l circuit 

is shO\m in figure l B. A hybrid arrangement o( 

series and paralle l circui t elements, such as th at 

sho"·n in figu re l C, Cor exa mp le, is ca lled a series­

pam/lei circu it. 
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In appl)ing O hm's La"· to simple circuir s it is 
ll ('CC~~ary to make U';(' Of Certain ax iOillS pecu liar 
to the typC' of cirruit. T hese ax ioms arc of par-

ticular importance-in extending the law o( complex 

circuits. An axiom is a seH-evident truth or- um­

versally-accepted deduction . A coro ll ary of an 

axiom is a logical deduction based upon the truth 

of the axiom. The student sho uld thoro ughly 

memorize the ax ioms of series and p<! ra lle l circuits. 

Current A x iom. In the series circuit there is 
only one current-path a nd, for electrica l equilib­
rium to exist throughout the circuit, it is essential 
tha t the number of e lectro ns passing any given 
point in the circuit be iden tical to the number 
simulta neously passing throug h a ll other points; 
?therw is~ e l ~ctrons wou ld pi le up at some point 
m the Circuit. This req uirement is described in 
the curent axiom: the curren t is the same in all 

parts of a series circuit . In figure 2, ;1
1

, /1~, A:v and 
.44 represent ammeters placed a t va rious points in 
the series circu it. No matter what e.m.f. is applied 
across the circuit, or what the tota l resistance of 
tl~e circ~1it may be, the readings of all the meters 
wil l be tdentical. If either the e.m .f or the circuit 
res istance changes, the mcrer read ings will cha nge, 
but they will a lways change in unison. It follows 
then that the current in a series circui t may be 
measured by connecting an ammeter in the circuit 
at any jJoint. 

E 
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A \1·ord of ca ution co nccrning- amn• ctcrs is in 
onlcr at this point. J\ 11 electrical meters must be 
considered as costl y and delicate instruments. 
.\ lcter accuracy is a fu nction of ca reful construc­
tion and delica te ba lancing of the me ter nlOvcment. 
A mechani ca l shock or momentary electrica l over­
load may completely d estroy this delicate ba lance. 
R epa ir and adj ustment of electrica l me ters usua ll y 
requires specia l tools and skill beyond the abi lity 
of the average techni cian. T he ammeter is an in­
strument designed to measure the a JJtp lit udc of 
a n electric curre nt. It has vcry low in terna l re­
sista nee, wh ich permi ts fu ll-sea lc read ings even 

. : . ' 

,_ 

when the e.m.f. applied across i ts termina ls is only 
a few thousandths of a volt. Because of this very 
low internal resistance, inserting a meter in a cir­
cuit scarcely affects the resistance of the circuit. 
For that reason, it is customary to assume that an 
ammeter has zero internal resistance. T he fact that 
an ammeter is fully energized by a few thousandths 
of a volt should not be ignored. An ammeter must 

always be cmmected in series with the ci1·cuit. This 
means tlte circuit must be opened to in sert the 
me teL 

A second important factor relating to ammeters 
is concerned with the maximum calibra ted current 
ra ting shown on the scale of any given meter. Be­
fore inserting a meter in a circuit, it is necessary 
to make certain that the maximum current ind i­
cated on the calibrated scale of the meter is at least 
equal to, or greater than, the maximum current 
to be expected in the circuit. Failure to give full 
consideration to these factors governing the use 
of ammeters will inevitably lead to reprimand, 
severe personal criticism and, most importa nt, a 
ruined instrument. 

The R esistance Axiom. The resistance axiom of 
a series circuit may be derived from the current 

. axiom. The rate at which the series circuit cur­
ren t accomplishes work in a resistance R is given 
by 

p = J2R. 

In figure 3 the rate at which work is done in R. 1 is 

P1 = UR} 

in R~ is 

P~ = l "R 2 , 

and in R 3 

Pa = l "R :t· 

+ 

(I)= 12 R3) 

F I GURE 3 

Since I is the same in all parts o( a series circuit, 
work is being accomplished simu ltaneously in a ll 
three resistances, so the tota l rate at which work 
is being accomplished in the circuit is 

P = P1 + P~ + Pa = l 2R1 + I 2 R 2 + l 2 R3 = 

12 (R 1 + R 2 + R 3) · 

It is possible to visua lize this work as being acco_m­
p lished in a single resistance instead of three re- · 

sistances. Let R e ("e" for effective) represent a · 

resistance such that the current I accomplish es 
work a t the rate P described above. 

Then 

P = f~R. = I~ (R t + R~ + R 3) . 

Dividing b y / 2, 

R c = R 1 + R~ + R a, 

wh ich indicates that the total resistance of a series 
circuit is equal to the sum of all the individua l 
resistances around the circuit. The total resistance 
of a series circuit is called the "equivalent resist­
tance," and is that value of resistance that may be 
substituted for the entire load circuit without caus­
ing any change in the circuit current. 

Th e Voltage Axiom. By Ohm's L aw the voltage 
drop across a resistance is equal to the product of 
the current and resistance. In the study of Jew­
ton's Law of Forces, it was learned that, for every 
applied force, there must be generated an equal 
and opposite force. \ .Yhen an e.m.£. is applied 
across R , it establishes a current I o£ su ch ampli­
tude that the product IR represents a force equal, 
but acting in a direction opposite to the e.m.f 

Thus 

E = IRe, 

where E is the e.m.f. appl ied across a series circuit 
having an equivalent resistance R c and I is the 
curren t established in the circuit. Since 

R c = R1+R2+ R 3 . ... , 

then 

E IR e = I (R 1 + R~ + R 3 . .. · ·) 

E IR 1 + 1R2 + JR3 . . 

which sta tes lit e sum of all the v oltage dwps 
awund n se,·ies circuit is equal to the applied 
e.m .f. 

A corollary of the voltage axiom leads to Kirch­
hoff's Voltage La\1·. 

If 

E IR1 + I R:! + IR:1 

then 

E - 1R1 - JR.~ - I R :1• = 0 

K irchhoff's Voltage Law state's: The algebraic S lllll 

of all lhe differences of fJoten tial around n closed N 
Ut 

~I 



conducting path is equal to zero . The voltage 

drops are considered negative since they r epresent 
electrical potentials in opposition to the applied 
e.m .f. The electromotive-force applied around a 
closed path es tablishes a curren t of such m agnitude 
that all the generated voltage-drops added together 

constitute an opposing force j ust eq4al to the ap­
plied force. 

(I R 3 ) 

+ + 

1 
R3 

+ 

R2 i E V4 

l E=IR1+IR2+IR3 

R1 

+ 
~ 

(I R 1 ) 

FIG URE 4 

Figu re 4 illustrates th e voltage axiom of the 
series circuit. V 1 , V 2 , V3 , and V4 are voltmeters, 
e lectrical instruments des ig ned to m easure the d if­
ference of poten t ial between a ny two po ints. f/1 

is conncted across R 1 a nd hen ce reads the voltage 
drop IR 1. V 2 reads IR 2, a nd Tl:~ reads IRa. V4 is 
connected across the source terminals and h ence 
reads the e.m.f. generated by the source. T he sum 
of the readings of V1, V 2 , a nd V 3 will a lways be 
equ al to the read ing of v4. 

T he voltmeter is essentially a sensitive a mmeter 
with a very hig h interna l r esista nce, so that the 
curre nt through this resistance measures the volt­
age applied to the term ina ls of the m eter . T he 
most important precautio n to observe in using a 
vol tmeter is to m ake sure that the m aximum sca le 
reading of the instrument is at least equ a l to, or 
greater than the differ ence o[ poten t ial to be ex­
p ected between the two points to w hich the meter 
is connected. If this p recaut ion is not o bserved , a 
voltmeter will burn o u t just as read il y as a n am­
meter. 

Either a direct-current ammeter or a direct-cur­
r ent voltmeter m ay be u sed to d e termine the polar­
ity of a ny two points in a circu it , but the volt­
m eter is the more useful instrume nt beca use it m ay 
be connected to the cir cui t without the necessity 
of first opening the circu it. D i1·ect-cu·rren t instru­

ments m·e said to be polarized b ecause they must 

be connected in the circuit w ith due 1·egard to 
polm·ity. The positive terminal of a fJ olm·ized in-

stntment sh ould always be connected to 1 li e paint 

of highest absolute jJotential. T l1e basic nde is 

fJositi ve to fJ osit ive and negat ive to negative. If th e 
meter is incorrectly connected, it w ill te nd to read 
in the reverse direction. In gcne!'al, a n instrumen t 

will not be d am aged by being co nnected in a posi­
tio n o f reversed polarity unless the pote nti a l across 

its termina ls is in excess of tha t which produces 
full scale reading, but it is much better to connect 
it properly in the first p lace. 

In direct-current work, it is sta ndard practice to 

u se a color scheme to indicate po lar ity. Reel is the 
univer sally accepted color for indicating positiYc 
polarity. (" R eel is for ho t. ") Black is m ost o fte n 
used to indicate negative pola rity, but oth er colors 
except reel are sometimes u sed in place of b lack. In 
many cases polarity m ay be indica ted b y pl us a nd 
minus sig ns. Quite often only a sing le sig n is u sed. 
For example one termina l of a m eter may be 
m arked (+), which automatically indica tes that 
the other must be (-) _ 

So lution o f Series Circuits. The forego ing axioms 
o f the series circu it plus O hm's L aw arc the tools 
for solving series circuits. Skill in solu t io n comes 
only from practice. T h e following examples w ill 
serve to illustra te the general m ethods of solution. 
In studying the examples, con ce n trate o n the rca­
son fo r each step rather tha n th e arith met ical op­
era tio ns in volved. 

EXAMPLES 

Problem : ' 'Vhat current will be establ ished in a 
resistance of 15 ohms b y a n e.m.L o f SO volts? 

E SO Solutio11.· I = R = )5 = 5.33 a. 

Problem: ' Vhat c.m.L is required to establi sh a 
current of 12 a mperes in a resista nce o f 1.5 ohms? 

Solution: E = JR = 12 X 1.5 = IS v. 

Problem: A generator delivers _a cu rren t of 50 
amperes a t <~n c.m.f. of 660 volts. ' 'Vhat is the r e­
sista nce o f the load? 

E 660 
Rc = -- = -- = 13.2 ohms. 

I 50 
Solution: 

Note that this so lu t io n docs not ind icate the na­
ture of the load. It sim p ly ind icates the load acts 
exactly like a ser ies circuit o( 13.2 ohms equ iva len t 
res ista nce. 

Pro blem·.- A n c.m.L of 120 volts es tablis)1cs a cur­

rent of 4.5 a mperes in a soldering iron. What JS 

th e equivalcnt resis ta nce o f the soldering iron? 

E 120 
Solution : R = --= - = 26.7 ohms. 

I 4.5 
• 

Problelll: In the preceding problem at " -hat rate 
is e lectrical energy converted to hea t e nergy in the 
iron ? 

Sulution: P = EI = -1.5 X 120 = 5-:10 '"atts. 

E~ 

i'\otc also P = l~R - . 
R 

Hmrever, P = El 

requ ires the least arithmetica l " ·ork. 

F IGCRI:: 5 

Pro/J!e111: In figure 5, H 1 = G ohms, R~ = 2 ohms, 
a nd R,1 = 4 ohms. \\' hat c.nLf. is requ ired to esta b­
lish a curre nt of 2.2 amperes? 

.'-iolulirm: R c = R 1 + R~ + R:l = G + 2 + 4 = 
I 2 ohms. 

E = IRe= 2.2 X 12 = 26.·1 volts. 

Proble 111 : In figure 5, R 1 = 2.5 ohms, R~ = 3.6 
o hm s, and R ,1 = 1.2 ohms. Source c.m.L = 120 
Yolts. Determine circuit current and check results 
by YOI tage axio m. 

Solul ion: R c = R , + R~ + R a 2.5 + 3.6 + 
1.2 = 7.3 ohms. 

E 120 
I = - = -- - IG.·l a. 

R 7-3 

Clwch: F = I R 1 + IR~ + IR :t = ( IG.-1 X 2.5) 
+ ( IGA X 3.6) + ( l fi. ·l X 1.2) = ·11.0 
+ 59.0 + 19.7 - 120 \', 

Pml11e 111: ]n figure 5, R 1 = 3 ohms, R~ = ·l ohms. 
R ,1 = () ohms. H the Yoltagt: dro p across R~ is :12 
yo lt~. determine circui 1 current and e.nt. f. 

Snluti"n: I U~ = ~~-

:12 :~2 
I - - ~ <I. 

R~ ·l 

R. = R 1 + H~ + R :1 = :l + ·I + ti = I :l o luHS. 
/·:' = JR." = 8 X ] !{ = Hl·l \Oi l '>. 

P roblem : A n e.m.f. o f 4-:10 volts moYes a ch arge 
of 576 coulombs throug h a r esistance R in 8 sec­
o nds. " ' hat is the resistance o f R? 

Solut ion : I = 
Q 576 

8 

E 4-10 
R = - =­

I - ? ( _ 

~ 72 a . 

6. 11 o hm s. 

Problem: r\ current o f 5 amperes in a resista nce 
o [ JG ohms for 20 seconds ' " ill accomplish 11·h a t 
wo rk? 

Solution: P = J~R = 5~ X 16 = -100 ,,·atts. 

Tl ' = PI = ..JOO X 20 = 8000 watt-seco nds -
8000 jo u les. 

Problem: At " ·hat r ate is \\'Ork accomp lished in 
a circu it if the source su ppl ies 2.1 amperes :tt a 
pressure o f 90 volts? 

Soluliun: P = E! = 90 X 2.1 = 189 ,,·a tts. 

Pro/Jle 111: \\' hat po1rer is clcYcloped in a r esista nce 
of G ohms by a current o f 0.5 a mpere: 

Sulutio11: P = l~R. = 0.5~ X G = 0.25 X G = 
1.5 watts. 

Problem: At 100-,ratt ohm resista nce has pmrer­
dissipat ion rating o( 60 watts. \\' hat is the m ax i­
mum voltage that m ay be applied across the re­
sistance wi tho ut exceeding the ra ted poll'cr diss ipa­
tion? 

Sululion : P = 
R 

PR = E~ 

F. = y PR = y 60 X 100 = y 6000 = 77.-l volts 

Problem: r\ n ind us tria l po\1-er pia nt is des ig ned 
to suppl y 3000 a mperes at 460 volts. 1[ the overa ll 
cos t o f prod uct io n of clecu·ica l energy is 1.3 cents 
per ki lowatt-ho ur, \\· hat is the cost o r operating 
the plant a t full o u tput 8 hou rs per clay fo r 30 
days? 

Solulinn: P FI = ·I GO X 3000 = I ,380,000 

I - 8 X 30 = 2-10 hours. 

II' = Pt = I R~lO "'- 2-10 ~u 1 ,2oo 
k1r-hr. 

Cost = !B I ,200 "'- 0.0 I :l = .$·l305.fi0 

.·l n11lysi.1 of th l' Snie.1 (;ircuit. Crcatc~t in1crcs t 

in 1hc scrit·s circuit li t's in the sintpl ici ly n l circu it 
so lution a nd th e lan 1ha1 a ny two-llTl ll illa l lW I -

1\·ork 111<1)' he n ·d uccd 1o an l' (j ll il·a lent sn i('S c ircuit. 

c 
7 
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From the standpoint of the distr ibution of elec­
u-ical energy, the series circuit has severa l !.imita­
tions, the d isadvantage of which will be discussed 

only briefly. 

The series circuit often acts as a constant-current 
variable-voltage circuit, which m eans that in order 
to ma inta in a constant curren t in this type circuit, 
the e.m.f. must be varied each time a change is 
made in the circu it resistan ce. Of course there is 
nothing restricting the series circuit to such be­
havior, but i t often is o f th is type. A 120-volt, 50-
watt incandesce nt lamp will burn at ra ted bril­
l iancy " ·hen the vol tage applied across the lamp 
is 120 volts and the current through it is 60j l20 
or 0.5 ampere. If two su ch lamps are connected in 
series, it " ·ill be necessary to double the e.m.f to 
2-10 vo lts to obtain proper operation of each lamp. 
Each ti me a lamp is added to or removed from the 
circu it, it " ·ill be necessary to readjust the e.m.f. 

Two devices not d esigned for the same current 
will not (unction properly in series. For example, 
a 120-volt, 75-wa n lamp requires a current of 0.625 
ampere for proper operat ion. If such a lamp be 
con nected in ser ies ,,·ith a 120-volt, 60-wa n lamp 
(whi ch requires 0.5 ampere) it will be impossible 
to adjust the l ine c.m.£. so that both lamps burn 
at rated brilli ancy. If the e.m.f. is adj usted so that 
the cu rrent is 0.625 ampere; the 75-watt lamp " ·ill 
[unction properly, b ut the 60-"·att lamp will be 
overloaded. If the c.m .£ is adjusted to supply a 
current o f 0.5 ampere, the 75-"·a tt lamp wi ll not 
recci,·c suffi cien t energy. 

The eric circui t is particular ly susceptible to 
circu it faults. If one lam p in a serics·conneCLed 
grou p burns o ut, the circu it wi ll be opened , dc­
encrg iJ. ing a ll the o ther lamps. If one lamp shou ld 
~hort-c ircuit, the voltage across the other lamps 
will r ise, ca using them to be overloaded. Thus a 
short-circu it of one p iece of appara tus in a series 
circuit may endanger a ll the other cq uipmcnts m 
the circu it. 

A fina l pranical disadvantage of ser ies circuits 
is that op(·rating a large n umber of dev ices in series 
requ ires in practical ly all cases largc va lues of 
e.m.L I l igh voltages introduce serious prob lems or 
inwlation both in tlw circuit and in the source. 
In addition, the high \'Oltage reprt:st:nt a \'Cry 

EXERCISES, PART 9 

I. In a ~imp!<: ~eri<·~ (ir<uit such as figure 11\ , R 1 

~~ 15 ohm'>, R" is 27 ohm~. and R a is 10 ohms 

(a) Find the applied e.m.f. if the vo ltage drop 
across R 1 is 19 volts. 

(b) \Vhat is the• applied e.m.£. when t he cur­
rent through R 2 develops 312 watts? 

(c) \1\fhat is the voltage drop across R 1 and R~ 
when 24 vol ts is the.c.m. f. ? 

2. How much current is drawn b y a 1.35-kw elec­
tric heater when used on the I 10-volt l ine? 

3. The voltage drops across the r esistors in figure 
5 arc measured as follows: R 1 , 33 volts; R 2, I 8 
volts; and R 3, 56 volts. Calcula te circuit current 
and watts· dissipated in R 1 and R 2 i [ the power 
dissipated in R 3 is 11 2 " ·a tts. 

4. \Vh at quantity of charge is passed thro ugh a 
60-watt mazda lamp across a 1 10-volt d-e l ine in 
I .2 minutes? 

5. H ow much \\·ork is done in h eating a room 
with a 1 10-volt, 900-watt electric heater for 2 ho urs 
and ~0 minutes? 

6. H electric power is sold a t the ra tc o ( 7 ~-'2¢ per 
ki lowat t hour, what is th e cost o f hea ting in ques­
tion 5? 

7. In a series circuit, 2·1 , ,o lts is app lied across two 
resistors. R 1 is fou nd to be •1 ohms and R 2 is dis­
sipating 32 watts. \Vhat is the res ista nce of R2? 

ANSWERS TO QUESTIONS, PART 8 

I . l\ fo\'cmcnt of e lectrons. 

2. milliampere. 

3. microampere. 

-1. (a) 0. 156 ohms. 

(b) 2778 ohms. 

5. (a) 350 mv. 

(b) 45.fi ma·. 

(c) 3.768 kw. 

(d) 6270 volts_ 

(t:) 2.238 kw-hr. 

G. (a) Increase. 
(b) l ncrease. 

7. (d) is the correct sta temcnt. 

8. Fa lse:. 

9. 1.275 microamperes. 

10. (a) 4-12 jo ules. 

(b) 4 185 joules. 

(c) 369 y 10~ joules. 

(d) 716 X I 0" jo ules. 

(e) 15 X I 0" joules. 
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VACUUM TUBE RECORDS A ND SIGNAL 
GEN ERATORS 

Eleclronics O fficer, U. S. S. B ronx (A PA-236) 

This letter is written in an attempt to gain clari­

fication of a col}fusing situa tion. Various training 

units and inspecting parties h ave no t improved 
ma tters by quo"ting from letters they have seen on 

the ~ubject, but which they cannot find. 

R esponsible persons have stated tha t vacuum 

tubes are not classified "Title B" unless they cost 

fifty dol lars or more. Is this correct? Must tube 

h istory cards be ke.pt for all Title B tubes? If so, 

what is the recommended method of keeping them 

for Ti tle B tubes that have no serial numbers? 

\Ve arc ma intain ing history cards on all tubes 

costing more than five dollars. T hose without se­

rial numbers arc held as sp ares. \ Vhen we have to 

start using these tubes without seria l numbers, 

ho\\·cver, some of them will undoubtedly end up 

with the wrong history, due largely to the turn­

over of personnel aboard. \1\fiJl all future T itle B 

tubes have ser ial numbers, eliminating this 
trouble? 

Another item of concern to us is that our new 
test equipment allowance docs not list a signal gen­
erator. U nder the old allowance, this class ves el 
ra ted an LAK or similar type cquimcnt. Is this 
new allowance in error? It seems rather impractical 
for us not to rate a signal generator. 

Burea u Commenl: Article 67- 275 of Chapter 67 of 
the Burea u of Ships ·Manual ( 1944 ) classified 
vacuum tubes Yalucd at five dolla rs a nd under a. 
T itle C , and those Yalued a t more than fl\T dolla rs 

as Title B. T his separation is be ing cancelled , and 

the next revision of Chapter 67 will not m ake this 

distinction. T he Bureau no longer considers any 

tubes as being in expenditure account 12,000 (old 

Title B), b ut no\\" allows them to be handled as old 

T itle C tubes were handled . 

T he Burea u docs not require tube history cards 

to be ma inta ined aboard ship since it is Bureau pol­

icy not to usc servic: life gu aranteed tubes aboard 

ship . Th is policy is sta ted in Paragraph 6 of 

BuSh ips letter EN28j A2-11 (980b) Serial U-980-

334 da ted 16 September 1946 ,:mel pub lished as 

Item ·lG-1954 in the Navy Department Scmi­

l\ Tonthly Bulletin of 30 September 19-16 and in the 

1'\avy Depa r tment Bulle tin NAVEXOS P-4 57 of 

July-December 19-16 on Page 390. Paragraph 6 

states, " It is the Bureau's present policy not to use 

an y service life g uara nteed tubes aboard ship. H ow­

ever, many tubes origina ll y bought under old guar­

antees may still be aboard. T hese shou ld be han­

dled as nonguarantccd tubes. " 

T he recommended mel hod o f kecpi ng hi s tory 

records of a ll tubes is to enter a ll replacements on 
the E lectron ic Equi p111en t I I istory Ca rd ( TAV­
SII IPS 5:>6) o [ Lh t: cquipnten t in which the tube 

is installed. An article appearing on page 12 of the 

February, 19-18 Eu.CTIW:"\ gave the details of this 

system. 

:\II test cquil)ment a llo"·anccs arc u ndero-oino- re-t> b 

vi io n, and the nc\1" .\PA a llowances \ri l l list signal 

generators. The Bureau of Ships appreciates your 

interest in these mail ers and solicits funher qu es­
tio ns and comments. 
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do a job recommended 

ELECTRON, with the magazme 
' 

locked up in a safe. 

that 

shown to all con­

cerned personnel. This includes civil­

ians and enlisted men. 


