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B U REAU OF SHIPS NAVY DEPARTMENT 

ALTER AllONS to the 

• After an overhaul period of nine months dura
tion the USS Midway left the N orfolk Nava l Ship· 
yard late in l\farch with her appearance radi cally 
changec..l due to extensive structural, electri ca l, onl

nance an c..l electronic a lterat ions. T he isla nd struc
ture was modified and practically every unit o( e lec
tro nic gear had been removed, replaced or re located 
during this availability which resu lted {rom the 
necess ity for improving a nd expanding the conning 
a rea anti th e various radio a nd radar facilities. Tlw 

job m 1s so extensive that at one time practically the 
entire island stru cture, radar mast, tripod mainmast 
and fonl"ard flight-deck gun director had been 
remon~d . 

The four antenna towers, a fam iliar feature of 
former ca rriers, \l" h ich once soared near ly forty feet 
ahm·e the fli ght deck. were replaced by a series of 
some t\\·enty indi \" idual t il ting whip antennas lo
c:ttccl fon l"anl and art o n both sides of the ship. 
The isla nd strtl t"lllrL' itsd [ \\·a enlarged and com-
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View to port in the Combat I nformation Center. Note the new control desh layout with the 
GI G 0 fficer' s jJosition facing the lm·ge M.aTh-4 plott ing board . 

ple tcly rearra nged, the P.Iark- 37 gun director and 
its associated Ma.rk-12 r adar antenna was raised 
thirty feet and is now situ ated on top of the island, 
the fam il iar SK-3 radar an te nna was replaced by 
the new an d more modest appearing SR -3. Com
ple ting the topside p icture are the now accepted 
m yriad rotating beacon, RCM, and search-radar 
antennas, i ncluding the SX radar with its igloo, the 
fixed IFF and beacon antennas, the I-IF, VHF, and 
U HF dipoles, -the AEvV li nk stu bs and di poles and 
the whip ante nnas. I t is a collection which h as 
revolutioni zed the appearance of every large Naval 
vessel. 

Some extent of the vas t electron ic program may 
be realized from consideration of the foll owing ac
compl ishments: reloca ting R ad io III nearly 200 

feet away from its former location; estab lishi ng new 
electron ic compartmen ts or spaces consisting of a 

T eletype Room, Message Center and nineteen fi re
control radar rooms; installing new teletype a nd 
UHF installations; completely rear ra ng-ing the 
CIC Radar Transmitter Room, Radio VIII and 
PO radar room; replacing and add ing various radar 
rep ea ters; installing the new SR-3 radar; adding a 

considerable number of radiop!10ne units; revamp
ing the radio remote-con tro l system ; adding rad io
phone, transmitter, receiver, antenna a nd remote 
channel-selector tr ansfer panels in R adio Central. 

Among the major changes listed above, certa in 
represent slight deviations from previous concepts 
and pol icics wh ile o thers represen t radically new 
ideas and developments. Amo ng these a re the CIC 
arrangement, the U HF and te letype insta llations, 
the manuall y-opera ted tuner for the transmitting 
antenna whips, the SR -3 rad ~r installa tio n, the cre
a tion of a message center, and t he establishment 
of the C."W.O. at a location remote from R adio 
Cen tral. 

COMBAT INFORMATION CENTER 

The outstand ing featu re of the new C IC is the 
control desk layou t wh ich , in brief, consists of two 
speciall y built tilt-top consoles assigned to the 
Shi p's-CIC Officer and the Grou p-CIC Offi cer. 
These desks, flan ked and separated by three V J 
repea ters til ted to conform, d irectly [ace the large 
Mark-Ll vertical plot. Buil t in or attached to these 
desks are rad iophone and te lephone selector 

switches, jacks and h andsets. Similar units are lo
ca ted adj acen t to the above-mentioned repeaters 
as are MC units, radio speaker-amplifiers and target 
designation panels. T o accommodate this layout 
it was found necessary to remove and relocate the 
SR-3 and SG-3 radar indicators. T he remaining 
equ ipment in CIC differs but little from the former 
layou t. I t consists, in general, of four SX R adar 
Consoles, AE, ,V control and indicating units, 
VG-2 and VF repeaters for surface plot anct the 
usua l rad iophone selector switches and patch 
panel. 

RADIO INTERCEPT ROOM 

This compar tmen t is located on the gallery deck 
level between frames 9 and 16. It contains the fol
lowing equipment: 

I RBA R eceiver 

2 RBB R eceivers 

3 RBC R eceivers 
2 R BK R eceivers 

L M Frequency Meter 

I RBV Panoram ic Adapter 

I VRW. R ecorder 

2 R CF R eceivers (T o be ins talled later) 

Five antennas are provided for these receivers and 
they are located on the port side of the ship be
tween frames 29 and 37Y:!. These a ntennas as well 
as those installed for R adio II and R adio I II are 
of the til ting whip var iety. During fl ight opera
tions is is necessary that they be lowered as they 
may o bstruct aircraft. Ease of operation in lower
ing and r aising antennas of this type is greatly 

Flag Plot, v iew look ing 
fonvm·d. 

facilitated by the usc of carefully adj usted co unrer
weights. 

UHF EQUIPMENT 

The Navy's UHF program includes the installa
tion of eight i\Iodel RDZ receivers and three i\Iodel 
T DZ transmitters on this class of carrier. T"·o of 
the TDZ transmitters and six of the RDZ receivers 
are installed in the Message Center. T he other 
T DZ and the two RDZ's-are located in Radio VIIL 
T he locations for these equipments were selected 
because there was no other suitable space ava ilable 
which would provide shorter cable runs. In Radio 
I , Flag Plot, and CIC there arc remote selector 
con trol units which in conjunction with patch 
panel connections provide complete flexibility so 
that in case of failure of its TDZ no one of these 
control stations would be rendered im potent. In 
addition to this equipment the sh ip has one MAR 
Transceiver and an RDR Receiver for portable 
and emergency use. 

V HF EQU IPM ENT 

I n the VHF installation the interesting fea ture 
is the special antenna used on one of the T BS 
equipmen ts. This specific equ ipment is the one in
stalled in R adio III and has i ts an tenna mounted 
~n the Landing Signal O fficer's Platform. T he 
regular type 66015 TBS antenna cou ld not be used 
since it is of the ground-plane type with a vertica l 
radiator. As the p la ne of the LSO platform varies 
90 degrees between its stowed and in-use positions, 
th is type of antenna could not be used. A d ipole 
antenna was manufactured, using two type 66044 
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antennas, a nd was mounted on the top or outboard 
edge of the LSO pla tform. Although the antenna 
pattern obtained with a dipole is not circu lar, the 
pattern obtained with this type of a ntenna gives 
good coverage for all azimuths. Loca ting the eli · 
po le o n the LSO platform is a disadva ntage because 
of loss of he ight O\'er locations on the superstruc
ture, it is subjected to mechanical shock " ·hen the 
pl a tform is released from the stm,·ed position, and 
it is hieldcd to orne exten t from hips to star
board by the flight deck. 

T ELETYPE 

The rather elaborate teletype system install ed 
aboard during this period p rovides a degree o( flex i
b ility and utility wh ich is believed to be higher 
than any previous shipboard installation. T eletype 
units are located in the Teletype Room, Flag P lot 
and the Message Center. By mea ns o f a tele type 
patch panel, connectio ns to any one of the RDZ's 
can be provided in additio n to the u sual lines to 
the frequ ency-shift keyers in the radio transmillcr 
rooms. Any machine can be patched for tone
channel operation of any A-3 transmitter as well 
as for FSK operation o f the TB:'II's. 

In the Teletype Room, a new commu nica tion 
space located adjacent to R adio Central, there are 
tlte following cquipmcnts: 

SX mdar indicatm· consoles in the Combat 
lnfonnalion CenleL 

6 Receivers 
6 FSK Converters 
I 1o. 14 T eletypewriter 
4 ' o. 15 T eletypewriters 
2 No. 19 Teletypewriters 

TTY Transfer Panel 
2 TH-1 / TCC-l T erminals 

The teletype Jines of the two FSA Frequen cy-Shift 
Keyers located in Radio II and R adio III, respec
tively, are terminated in j acks o n the transfer p anel 
in this space. It is also possible to con nect the out
put of any one of the six Model RDZ receivers and 
the microphone and keyi ng leads of the two Model 
TH-1/ TCC-l T erminal Equipments since these 
connections also terminate in the teletype transfer 
panel. Such an arrangement provides the advan
tage of great fl ex ibility. 

ANTENNA TUNERS 

Another po int of interest is the installatio n of 
manual antenna tuners which a re exp ected to im
prove transmission efficiency by providincr the 

. v 
proper Impedance ma tch be tween transmission 
li nes and antennas. At present these tuners are 
stop-gap devices because there is a 1·cmote ly op
erated unit under development. H owever, they a rc 
a start in the Bureau's program of replacing a n
tenna trunks with coaxial lines. 

A major problem of long standing has· been the 
need of a suitable method for efficiently transfcrrina
radio frequ ency energy from the transm itters to th~ 
antennas. The antenna tuner is one method, a nd it 
is now being given a u·ial. This unit has the ad
vantage of ·requiring a 50-ohm u·ansmission line 
ra ther than the metal antenna trunks with copper 
bus mounted on stand-off insula tors. It a [ ords a 
g~·eat reduction in w~ight_ and at the same time pro
VIdes greater water-tight Integrity. The tuners a lso 
in providing proper termination for the 50-ohn~ 
line, can greatly reduce the standing waves on the 
line and thereby make possible the efficient trans
fer of energy. Preliminary tests indicate that this 
method is feasible and seems to be one solution to 
the problem of energy transfer to antennas in the 
frequenc~ range of 2-18 l'vfc. On this ship two of 
these umts are connected to the TCK transmitter 
and the third to a model TCS equipment. 

COUNTERMEASURES 

The radar countermeasures insta llation consists 
of the Models RDO a1~d AN/ SPR-2 R eceivers, the 
Model RDP Panoramic Adapter, the 1'vfodel RD J 
Pulse Analyzer and the Model DBM) Directio~ 
Finder. All coaxial transmission lines arc term i
n_a te~ in a type Jll ~6/SPR Patch Panel. T he spe
cial feature of the JOb was the manufacture f . o a 
coupler for use With the I Y2" x 3" waveo-uide o f th 
AS-45A/ APR-6 "Y" antenna. The t> authorize~ 
coupler is not ye t avai lable. The plan R E 50F I3 JA 
" ·hich was reproduced on page <1 of the R .I.B. No: 
168 (7 April 1946), was used in the ma nu fact ure. 

T ft c new teletype 1·oom, lookiug 
toward the forward jJorl corne1·. 

RADAR 

The ex tensiYe radar altera tio ns presented anum
ber of interesting problems but the one most 
worthy of note was in the installa tion of the rela
tively ne"· SR-3 air-search radar. This equipment 
uses oversized waveguide " ·hich must be installed 
without twists, and considerable difficulty was en
countered in routing it through the long path 
from the transmitter to the antenna. From the 
experience thus obtained it is apparent that future 
installations of this type of equipment will h ave to 
be designed with the waveguide run taking priority 
over the location of the u·ansmitter. 

The SG-3 radar installation was accomplished by 
converting the SG-4X preYiously installed on the 
ship. The Elevation Control Unit, M k-8/ 4 Stable 
Element, DG Syndu-o Amplifier, Antenna Conu·ol 
Uni t and Anten na Assembly of the SG-4X " ·ere re
mO\:ecl and replaced by an SG-3 Antenna Control 
U nit and Antenna Assembly. The previous in
stallation of the SG-4X had involved a stabilized 
antenna " ·hich was d ifficult to ma intain. At the 
yarcr s suggestion the Bureau approved conversion 
of this to the SG-3 equipment with the standard 
broad vertical beam. 

Remote repeater insta llations a lso presented 
problems. The installa tion p lans used in rearrang
ing th e CIC " ·ere developed for the CVB-43, which 
used a T ype Ci\ f-23r\GU R adar Distribu tion 
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Switchboard, while this ship had a T ype eM-23AFL. 
The difficulty was that the VJ repea ter selector 
switch, which was satisfactory for the -23AGU, 
would not operate satisfactorily with the -23AFL. 
It was necessary to either modify the VJ switch or 
to install Type CM-23316 tra in-order switches. 
It was decided to modify the VJ switch, as the in
sta lla tion of tra in-order switches was not feasible 

1t was found necessary to parallel two remote 
sta tions in this ship as the RDS board has 20 out
puts, and 21 outputs were r equired. These 2I posi
tions included the 16 R emo te PPI's, 4 SX (eXHR) 
consoles (the SX console in flag plot was removed 
from this ship) a nd 1 AEW position . 

Modifications to Aviation El"cctronics ' Vorkshop 
facilities were completed o n this ship in o rder to 

The A Ell! m da,- wo,-hshop. Note the numerous faci lities) con
ven ience outlets) la,-ge woTk benches) test equipment) etc. 

on this ship. T he operation of the modified VJ r e
m o te system is similar to tha t using the eM-243 16 
switch , the o nly difference being that th e indicator 
ligh t in the selector switch incorporated in the VJ 
rem o te hav ing this modification will ligh t on any 
rad ar position or selector switch on the RDS board, 
·while the light o n a train-order switch will light 
o nly , ,·hen the RDS r adar switch is on the selected 
posi tion . 

provide bench space a nd power supplies for the 
continued operat ion of AEW carrier-based a ircraft. 
This i nstalla tion was accomplish eel in accorda nce 
with eV-33-type plans with a few minor a lter a tions. 
These al terations are be ing incorporated in th e type 
plan which will be used for the CVB-42 and 
eVB-43 install at ion . 

A II rad ar search inu ica tors ''-ere rem oved [rom 
CJe excepting the fi ghter-d irector radar consoles 

(SX) and the AE, •V indicators. ere was rearranged 
to include 4 SX consoles, 3 AE,•V indicators (I VD-2 
and 2 VJs), 3 VJ, 1 VF, and I VG-2 remote PPI's. 
The indicators for the SR-3 (which replaced the 
SK-3) and SG-3 equipments were installed in the 
PO Radar Room. 

The fire-control radar installation on this ship is 
an interim installation. It consists of 3 Mk.l2j l
Mk22/ 0-l'vlk.32/ l ; 8 Mk3'1j 2, 2 Mk34j4·, and 5 
Mk34j7 radar equipments. On 4 of the i\ Ik.3-!j 2 
equ ipments it was necessary to replace the 500-ohm 
p otentiometer R -588 in the range uni t with a 5000-
ohm potentiometer, as the Mk.63 G.F.e.s. in these 
systems h ad a Mk4j2 range receiver in place of the 
Mk2j 0 receiver. This potentiometer is supplied 
with the Mk4j 2 receiver. 

The Mk3'1j7 radars were converted from Mk3-!j 4 
by replacing R -59 I (I45 ohms) and R-592 (2800 
ohms) in the range unit with 475-ohm and I600-
ohm resistors (I % tolerance) respectively. This 
change was required by the ballistics of the Mk.57 
G.F.e.S. The Mk34j 4 radar is used when the 
Mk57 G.F.C.S. controls 40-mm and 5" / 38 guns. In 
this case the Mk57 G.F.e.S. controlled 40-mm and 

5" j 54· guns. 

T here are fi ve master control oscilla tors, i\ Ik l 
Mod 2 installed in this ship to controf the firing or
der of the i\lk34 equipments, one for each quadrant 
a nd one for main-battery con trol. These oscilla tors 
h ave four output channels at a frequency of 
I800-+- IO% cycles per second, wi th variable ampli
tudes and a fixed phase displacement be tween ou t
puts. The output triggers the modulation generator 
of the Mk34 equipments. The phase displacement 
of the oscilla tors is such as to reduce interference 
between adjacent i\Ik34 equipmcnts. This process 
is similar to phasing the Mk12 equipmcnts where 
the lobing and spark-gap motors a re phased on 
each Mkl2 installation to reduce the in terference 
between the three installations. T hese radar and 
a nd radio a lterations arc being in corporated in the 
constru ction of the eVB-43 and will also be ac
complished on the eVB-42. 

In conclusion, it is interesting to note the quan
tity of electron ic equipment installed aboard the 
Nlidway : 

Qua11li ty Equ ipment 
I 1-IOtning Beacon 

H Radio Transm itters 
72 R adio Receivers 

3 
3 
3 
8 
2 
5 
I 

4 

II 

2 

I 

4 

1 

4 
3 

5 
2 

2 

I 

20 

12 
I 

36 
2 
6 

2 

Large Air-Search R adar 
~fedium Air -Search 

Radar 
Large Sur face-Search 

Rada r 
R acon 
Large Fighter - Di rector 

Radar 
Ai rcraft Early-\Varning 

Radar 
Fire Control Rada r 
F ire Control Radar 
Fire Control Rada r 
Fire Control Radar 
Fire Control Radar 
Fire Control R adar 
R emo te Ind icator (PPI ) 
Remote Indicators (PPI) 
Remote Ind ica tors (PPl) 
ln terroga tor Responsors 
Interrogator R esponsor 
Nancy Eq u ipment 
Nancy Equipment 
Nancy Equipment 

Nancy Equip ment 
T ransponders 
RCI\f R ecciYer 
R CI\ f R ecei,·er 
Pulse analyzer 
P anoramic Ada pter 
Panoramic Adapter 
Panoramic Adapters 
Panoramic Adapters 
Direction Finder Sys tem 
R ecorders, Voice and CW 
Ech o Sounding Equipment 
Loran Equi pmen t 
R adiophone Selector 

Switches 
T eletype ~rach ines 

R ad ioson de Equi pment 
R adiophone U nits 
F requenc)•-Shift Keyers 
Freq uency-Shift Con -

ven ers 
Tele type Terminal 

Equi p men t 

T ype 
Y£-3 
(Vario us types) 
(Vario us typ es) 

SR-3 

SR-2 

SG-3 
CPJ\:-6 

SX (CXHR) 

.-\EW (PO) 
Mk 12/ 1 
1\fk 22/ 0 
Mk 32 (F.C.I.F.F.) / 1 
1\ [ k 34/ 2 
1\ lk 34/ 4 
Mk 34/ 7 
VG-2 
VF 
VJ 
Bl\f-1 
B0-1 
X3A Beacon System 
AM R eceivers 
C-3 Hand H eld R e-

ce ivers 
H Searchlight Hoods 
BK-5 
RDO series 
AN JSPR-2 
RDJ series 
RDP series 
RBV-1, 
RUV series 
RB\V series 
DIDf-1 
\'RW 
:-.l ~fC- 1 

D .\ S-3 

T ype 24502 
(Various types) 

Fi\fQ-1 
(Va rious types) 
FSA 

FR .\ 

T H - I j TCC-1 
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LOW SEN SIT IV ITY ON THE SV- 1 RADAR 
joe Bartholomew, ETi\1lc, USS Diodon (SS-349) 

On recen t P acific maneuvers, I noticed that the 
sensitivity of m y SV-1 radar h ad decreased, and I 
had a false echo at about 5000 yards on all bearings. 
" ' ith the mast o n either one of the opera ting levels, 
the battle annou ncing equipment was highly modu
lated at the SV pulse rate. O peration was normal, 
however, on d ummy antenna. 

Snooping around the pum p room where access 
ca n be had to the bottom of the m ast, I fou nd that 
the whole bulkhead was hot. I could draw a nice 
r-f arc from any part of it with a screwdriver while 
the tr ansmitter was in operation. 

\Ve clt·opped the bottom of the mast a nd found a 
li ttle oil in the wavegu ide. T here was a lso quite a 
bit of pressure in the mast. The pressure probably 
had leaked in while we were on a deep dive. U pon 
correction of these two faults, my troubles disap
peared. You can take your pick as to whether it 
was the oil or the p ressure, or the combination, that 
caused my trouble. 

Bureau Comment : The cause o f the trouble 
cannot be determined withou t more specific infor
mation about the conditions that preva iled at the 
time . Past experience has shown, however, tha t oil 
leakage through polystyrene windows can cause 
large standing waves with a possible node at the 
base o f the m ast. 

SU TROUBLES 
W. L. Monis, ETJT3, USS Ed isto (rl C-SCJ) 

Two weeks ago, when we were j ust ou t o f 
Panama and n av iga ting solely by radar, T -507 in 
our Model SU radar set burned out. \ 1Ve replaced 
T-507 in short order but couldn' t figu re the cause 
of its fai ling. A few clays later I happened to read 
your Er.ECTRO:-.J a r t icle on defective 2X 2 tubes caus
ing th i ~ sa me trouble on other SU radars. Need less 
to ~ay. we followed the ad vice o f the article and 

installed a 2X2A, possibly avert ing a recurrence 
of this same failure. 

I would be interested to know if other SU r ad ars 
in the fleet are having trouble with their 300-volt 
supply fai ling clue to overload. \ 1Ve h ave blown 
F-501 on several difierent occasions. On one occa
sion we found R -752 burned out, and on another, 
R-764, both for no apparent reason. After replace
men t with resistors with h igher wa ttage ratings, we 
have had no further troubl e. 

Bureau Comment : Failure reports received to 
elate by the Bureau of Sh ips do no t indicate ex
cessive failure of the 300-volt sup ply of the l\Ioclcl 
SU radar. It should be noted, however, that a de
fective or shorted tube V-538 could cause R -752 to 

bu rn out. 

UNUSUAL RADIO CONDITION 
USS Tume1· (DD-834) 

At 2130 GCT on the 4th of February 1917 while 
operating off the coast of Lower Califo rn ia with the 
USS Charles P. Cecil (DD-835) and the USS 
A gerholm (DD-826) we p icked up voice transmis
sion from the USS Hanson (DD-832) o n 39.4 mega
cycles (MN rad io) . The signals were very' clear and 
of about strength three. A radio check wa s made 
wi th the Hanson and they reported tha t o ur signals 
were a lso being picked u p strong and clear. 

T his ~cemcd to be very un usual beca use t he ou t
put po\\·er o[ the l\J N tra nsmitter is o nly two w;~tts 
and the distance between the H anson a nd our ship 
was grea t. The Hanson was in the Atlantic in Lat. 
34° 8' and Long. 75° 5' W , while we were in the 

Pac iftc in Lat. 32° 30' N a nd Long. 11 8° 36' ' '"· 

Uurea u Comme11t: The Bureau g reatly apprc· 
ciatcs inforn tation on incidents o f this na tu re. T his 
one is strange inclcccl . Although the t ime ancl fre
quency arc ideal for such a happenin g, the low 
power of the equipment would seem to redu ce the 
proba bili ty o f attain ing th is great ra nge. 

The 

ML-307A/ AP 

Refl ector . • • • • 

II The ML-307A/ Al? tri hedral balloon-borne radar 
reflector was originally used in connection with 
radar eq uipments to obtain data on winds aloft. 
This reflector was later adopted for use as a target 
for boresighting fi re con trol radar antennas with 
the optical systems of the associated gu ns and di
rectors. A general description of this arrangement, 
method of operation, procedure for assembly, and 
prep;tra tion for release of balloon and reflector are 
contained in Ordnance Pamphlet No. 1652 (obtai n
able from the nearest District Publication and 
Prin ting Office) . 

TRANSMITTED 
PULSE,,, 

1\1AIN ECHO ' 

SECOND 
, -·ECHO 

For cal ibrati ng and checking the range of sea rch 
and fire control radar equipments, a good statio na t-y 
target is needed. T he trihedra l reflector, when used 
as deso·ibed in OP 1652, provides an adequate ta r
get for checking the dynam ic p erformance of fire 
control radar systems, and for alio·nino· r adar an-o 0 

ten nas "· ith optics when only minor adj ustmen ts 
arc necessary. Onl y a limited amount of time, hmr
ever, is available for tracking, depending o n the 
amoun t of balloon inflation and the wind velocity 
encoun tered at the time of the tests. 

There arc occasions arising while at sea, ho" ·eycr, 
when it is necessm·y to check the radar equipments, 
and there are neither surface nor a ir targets ava il
able. In order to provide a stationary target above 
the surface of the water for checking the ranges of 
search and fire control radar equipments, the 
Pacific Fleet developed an ingenious method of 
using a ball.oon-borne radar reflector. 

A type l\ fL-307Aj AP reflector supported by a 
350-gram balloon is secured to an anchored float 

Pictorial ?·ep?·esentation of a new system for ralihrating radar eq uifJinenls. R ange R is 
indefJendenl nf th e zero-selling of tl1e mnge unit of the radar set, as explain ed in the text . 
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by means of a small nylon line, as shown in the 

figure. A lead line, in addition to the anchor line, 

is needed to keep the balloon and reflector from 

drifting about due to wind currents. 

Using the anchored balloon and r eflector as a 

taro-et the zero-rano-e setting of a radar set can be 
0 ' b 

checked by the "double echo" n1.cthod. This utilizes 

the fact that sufficient e nergy is re turned from the 

target (reflector) to cause a secondary reflection 

from own ship. This secondary e nergy reflected by 

the ship strikes the target, is again reflected,. an~ 
causes a second echo to appear on the radar mdt

cator at approximately twice the range of the main 

echo. The range between th_e m a in echo and the 

second echo can be accurately measured, and can 

contain no error due to incorrect zero-setting of the 

range unit, b ecause it is independe nt of this setting. 

To perform the actual zero-setting adjustments 

and range calibration, the procedure outlined in the 

instruction book for the particular mode l radar set 

concerned sh ould be followed. 

For best results the target reOcctor should be an

ch ored at 090 or 270 degrees relative bearing, since 

the c a rc positions at which m aximum secondary 

reflection occurs from own sh ip to the target re

flector. Likewise, for most accurate results, the re

flecto r hould be anchored at the maximum range 

a t which it is p os iblc to receive a second echo of 

u ca ble intens ity a nd amplitude. This means that 

a range of 1000 yards or longer is preferred. 

Although comparatively sma ll in size, the tri

hedral reflecto r g ives a good radar echo because its 

geome tric figuration i such that a large portion of 

the rad ar sign al is refl ected back parallel to the line 

of incidence, regardless of th e a ngle at which the 

sig na l strikes the refl ector. 

" ' hen u sed as shown in the fig ure, the reflector 

sh ould g ive be tter results tha n those obta ined when 

u sing an other ship a a targe t for range checki ng by 

the d ouble ech o m ethod. In addi tion, this arra nge

m e nt h as the ad vantage that it can be u sed while 

at a n chor in dear areas whe n there are no o ther 

targets ava ilable, and has the further adva ntage that 

underway availabil ity is no t required for radar 

ra nge ca libra tions. 

• • • 

\.OR REG I JOX 

:-- r~, E1 H ' I RO, . p. i: "J he formula on the six th line up 

from the bot tom of the page sho uld he changed to r ead 

z .. = ' Z , '><" Zr· 

UHF SELECTOR CONTROL UNIT 

T h e Bureau of Ships has recently been advised of 

difficulty experienced in making the 23497 selector 

conu;ol unit operate with the Model TDZ trans

mitter when the 20409 power supply unit was not 

used. In this connection, some activi t ies m~y be 

failing to note paragraph 4 (5) of the " Remote 

Control Instruction Book" (NavShips 900,777) 

which states "Insert the dummy plug P-102 

(A T-3106-28-9P) provided with the selector control 

unit into socket .J-102. This plug has jumpers 
soldered into it connecting pins J-A and K-L. This 

plug must be in place." 

The instruction book has erroneously called this 

plug a "dummy" p lug wh ereas actually it is . the 

same one used in connecting the 20409 power sup· 

ply unit to the 23497 selector control unit. A lso in 

many instances the manufacturer has failed to 

solder the jumpers in place. This should be 

checked in each installation. The instru ction book 

has also failed to note that wh en plug P-102 is used 

as a cable connector for connecting the p ower unit 
to the control u nit, the jumpers must be 1·cmoved. 

Burea u of Ships drawings RE-65F-26-1£ and 

R£-8F-788B, wh ich show typical in terconnection 

diagrams for TDZ-RDZ and J\1AR-RDR equip

mcnts respectively, are be ing modified to indicate 

Chc above importa nt facts. These drawings show 

that the 20<109 power supply un it is only requ ired 

in J\ IAR-RDR installations, in wh iclt case the 

jumpers in P -102 must be removed. An a nnounce

ment listing the serial numbers of the eq uipm cnts 

shipped minus ju111pers " ·i ll be p ubl ished at a la ter 

date. 

MODEL RCK ALIGNMENT CRYSTALS 

Paragraph 4.1 3 of the instruction book for 

l\ lodcl R C K radio receiv ing equipm ent (~avShips 

900,228), spcci fi es that a crysta I for the ch an nel frc· 

quency o( 1.?1.20 mq~acycles be used whe n alignin_g 
the oscillator-multipli er stages. Crys ta ls fo r thts 

frequ ency, howevc1·, arc not available, a nd the Bu

reau of Ships docs not contemplate a ny procure

men t of them. Accordingly, it has been dec ided 

that crystals for th e cha nnel freque ncy of l 'IG. l 6 

megacycl es, wh ich arc availabl e, should be used 

for a lignment p urposes. The alignment p rocedure 

as g iven in paragraph 4.1 3 of ' avShips 900,228 re

mains unchanged except that crystals for the cha n

ne l frequency of HG.16 megacycl es arc su bstituted 

for the specifi ed 1 5 1 .20-mq~a cycle crysta 1s. This 

change should be recorded in the i nstrunio n book. 

..... ' 'P' 

HIGH-VACUUM RECTIFIERS 

M a ny instances have been reported of fuses blow
ing in the high-voltage rectifier in the Mark 34 

Mod. ~- Examination and experimentation by 

'Vestern Electric engineers reveals that this condi

tion is brought about by flaking of the ca thodes of 

the type 836 tube in this unit. This has been d e

termined to be a very common trouble in tubes of 

this type. Sin ce this tube is a high-vacuum rectifier, 
the spacing bet\\·ccn the cathode and the plate is 

very small and any fl aking will usually resul t in a 

temporary short between cathode and plate. The 

u sual cure has been to put in a new fuse a nd forget 

about it, since the tube h as genera lly burned itsc]( 

clear. Hmrever, it has been found desirable to a t

tempt to jar o ther loose p articles off by ta pping 

with a wooden block or similar instrument before 

replacing the fuse, otherwise the cycle of even ts will 

probabl y repeat i tscl£ shortl y aftc1· re ne,ring the 
fuse. 

This peculiarity of these tubes, wh ich they share 
in common with most high-va cuu m rectifier t u bcs, 
h as no c iTect on their useful life and occurs o nly 

infrequently after the tube has been aged. H ow

ever, on tubes wh ich have just been put in service 

it can cause the sh ip's techn icia ns a grea t d eal o[ 

trouble looki ng for non-existent troubles, since flak

ing- is much more pronounced until after all the 

loose part icles h ave worked themse lves o lf o r han• 

been ja rred off. T he useful life of these tube~ i ~ 

extreme ly long, and for the reaso ns me n tio ned 

above, it is inadvisabl e to ·make any rc plare tnent 

unless th e equ ipment has had several thousa nd 

hours of usc. - TVestern Electric. 

TEST FOR PROPER IAGC OPERATION 

IAGC (ln stnutr111 eous A u lo 111 atic G nin Control) 

is incorporated in the new wide-band i-f amplifiers 

D- 15303+ for i\lark 13, SS, etc., and D-1 53799 for 

l\ Iark 25 l\Iod 2. The IAGC circui t is inte nded to 

permit signals to remain visible in the presence of 

C''" jamm ing which would normally block. out all 

targets. I t also permits d etection of signals through 

5ca-rcturn and low-frequen cy modulated jamming 

or railings. The circuit provides approximately 6 

db imprm·cmcnt of the signa l-to-j am or signal- to
sea-return ra t io. 

Under ordinary conditions the op era tion of the 

1.\GC switch has li ttle e ffect upon the indicator 

p resentation a nd i t is likely to leave one in d ou bt 

as to "·ha t const illltcs proper operat ion o( the cir

cuit. For this reason the fo llo"·ing special test has 

been devised. IL has proven sati facto ry, and is 

adaptable to most systems di rectly o r through the 
use of a por table echo box. 

1- 0pera tc the waveguide sw itch to the A :'o:TE:--11\A 

posit ion (in 1 he case of the ~1 k25, to the A :'o:TEN :-IA 

:\'\;1) EC 110 BO X po it io n) . 

2-B y means appropriate to th e system under test, 

cou p le an echo box into the r-f line. 

3- \\' ith I.\GC turned o ff increa c o-ain until t he ' (") 

ta rget echo is obscured by the ring ing signa l from 

the echo box. 

1- 0pcTatc the L\GC "·itch to the o:--~ posi tion. 

The obscured target should agai n be d iscern ible o n 
!lw indicator. 
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This test h as been proven to be satisfactory and is 
recommended (or use where there is any doubt as 
to the p roper operation o f I AGC. 

- T1Veste·rn Electric 

DOUBLE RANCE SWEEPS ON THE MARK 8 

In the course of servicing an o ld Mark 8 Mod 
equ ipment, a n engineer recently enco untered a 
cond itio n of t\\·o range s" ·ecps on the control indi
cator. One s\\·eep was abo ut 10,000 yards in length 
and the other about 80,000 yards. As the range was 
increased the S\\·eep progressed to the end of the 
10,000-yard sweep then returned to the beginning 
oE the 80,000-yard sweep a nd progr essed out toward 
the end of it. Signals appeared at the same point 
on both S\\·eeps. The cause was fou nd to be double 
p ulsing of the mult i-vibrator occurring only when 
feedback was present sin ce the sweep was single 
until hio·h voltao·e was applied. Only the first pu lse 

0 0 
tr iggered the range unit, but both pulses were ap-
plied to the sweep and m odula ting circu its. 

Two remedies were found to a lleviate the situa
tion: either the pre-knock t ime could be reduced to 
what appeared to be too short an interval, or the 
cathode feedback capacitor (C-28) cou ld be in
creased , and the s"·eep reverted to normal. H ow
ever , the trouble turned out to be related to an
other series of headaches in t he range unit. 

T hree d efective tubes, an open resistor, and a 
shorted capacitor in t he range unit were ca using a 
comple te Jack of 82-kc pips on the exponentia l volt-

r 

age wave. This fact had made i t impossible to put 
the transmitted pulse in the range step by normal 
means so, apparently, someone hacl m isaclj ustecl the 
pre-knock. t ime in order to place the pu lse ip the 
step instead of correcting the range-unit troubles. 
After corrective measures were taken in the range 
unit the equipment re turned to nor mal and th e 
pre-knock t ime could be adjusted correctly without 
causing double p u lsi ng. - Hies/ern Electric. 

TEB TRANSMITTER TROUBLE 

One 1'viodel TEB transmitti ng equipment at the 
Naval R adio Stat ion, Manila, P. I., showed only 
6'100 volts on the main powet· supply recti fiers. 
Visual inspection of rectifier tubes V-25 to V-30 
showed that they d id not flash under load. R e
newal of these tu bes made no change in operation. 
R emova l of the plate connection from V-29 p er
mitted V-30 to flash, and removal of the pl ate con
nection from V-26 permitted V-25 to fl ash . It was 
apparent that a high-resistance connection existed 
some place in this circuit, eithe r p rimary or sec
ondary. The high resistance was located at the 
contacts of RL-5 and RL-6. These contacts were 
badly pitted, and the movable contact p igta il 
jumpers were badly burned d ue to the poor cond i
t io n of the contacts. A fter t he contacts were 
cleaned and readjusted, and the pigta il jumpers 
were renewed with appropriate Be lden b ra id, the 

TEB operated sa tisfactorily. 
- E. F. S. G. 

" H e sa)•S i(s o sene/, nf coune, bu t it's lite n ew mdar sltip." 

, 

By A. E. RIST, Design Section, B uSI!ips 

lll l\ fodcl SP radar equipmen ts serial numbers 
I-14 1 inclusive are affected by a new mod ification 
wh ich changes the antenna feed from the \robblcr 
type to the nutat ing type. This change, known as 
SP Field Chang·e No. 61, shou ld be accomplished 
as soon as practicable because the advantages o( 
the new feed over the wobblcr type feed arc ap
preciable. T he n utator employs a dipole type (ced 
to the pa rabolic reflector dish in contrast to the 
original wobbler feed wh ich illumi nated the dish by 
refl ecting the r- f energy into the dish from a splash 
pl ate. T he two me thods are represen ted in figure 1. 
The nu tator feed more nearly approaches the ideal 
" point-source" i ll umina tion of the dish than d ocs 

the wobblcr feed. 

Sin ce the feed system must be disp laced wi th re
spect to the center of the d ish in order to provide 
precis io n target al ignment, and since the nu ta tor 
d ipole must a lways remai n in a horizonta l position 
to mai nta in horizonta l polar izat ion or the e lectric 
fie ld, the 11utator dipo le moves in a nut ati ng· motion 
ra ther than the rotating motion employed by the 
,,.obblcr feed. The axis o[ the nutator d ipole head 
111ovcs in a circula r orbit (whose center coinci des 
,,.ith tha t o [ the dish), hut the di pole docs not rc
Vo]\'(~ about its O\\'n ax is. 

1 'he nu tator feed results 111 an amc nn a g-a in or 
approxima tely t\rice that obta ined with the 1mhb ler 
feed, d11 e to the fact tha t the energy fro m th e siclc 
lobes of th e an tenna is concentrated in to the mai n 
hean1, res ul t ing in a somc1rhat narro \1-lT bea m 
,,. id th. For the sam e r-f pmrcr outpu t from the 
tra nsmitter, targe ts Gin he detected at ranges greater 

than those previously possible. T he red uction i n 
side lobes greatly improves the radiation pa tter n 
of the antenna. 

Rectangu lar waveguide sections arc used on the 
nu ta tor instead of the circular sections employed 
o n the wobblcr feed . This ill um inates the tapered 
tra ns i t iona! section o( \\·avco·uidc between the cle-o 
vat ion axis and the eleva tio n box, resu lting in an 
overall reduction of the mismatch (measured by 
sta nd ing·wave ratio) o( the anten na. 

In order to prevent beari ng errors "·hen the nu
tat.or is stop ped, it is d es ired that the nutator di
pole au tomat ica ll y come to rest in the same posi
tion re la t ive to the center of the dish each time the 
nu tator power is turned off. T he correct posit ion 
o r rest is such tha t the di pole stop at the top of 
its orb it of n u ta tion . H any hor izontal d isplace
ment were present, the electrica l ax is of the bea m 
would be shi fted from the mecha n ical ax is o( the 
an tenn:1, resulti ng in bearing errors. T h is posi
t ion ing or the n utator d ipole i accomplished by 
a device called the 1\'u tator E lectr ica l U n it " ·hich 
contai ns v:n· io us 1·clays usrd to con trol the nu ta tor 
tnotor so that the d ipole is dri vcn to 1 he concct 
rest pos it ion " ·hen th e Sca nner S"·i tch is turned on·. 

T he opera tion or the nuta tor electrical u n it may 
bes t be exp la ined by rderri ng to fig ure 2. \\ 'hen 
the Sca n ner S11·itch <It the conso le is tumc-d to the 
OFF posit io n, re lay K-~ 151 is dc-cncrgi!.ecl and 
thereby cause~ rela y K-~ 1 52 to open. This stops the 
n u tator dri ,·e motor B-?1 189 hy discon necti ng one 
side or its I I 5-volt a-c supp ly voltage. .\ s rcla) 
K-.'1 15 1 closes, it connect the cner<> it ilw coil o l 
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REFLECTING ELEMENT 

FIGURE 1-(A) H'obbler Feed. (B) Nutator feed. (C) 1\7utator dipole with plastic shell1·emoved. 

time-delay relay K-3153 in series with the position

ing commutator E-3192-H. If the nutator motor 

does not stop in the correct rest position, electrical 

contact is maintained between the brushes E-3192-1 

and E-3192-K of the commutator E-3192-H, thus 

energizing time-delay relay K-3153 by connecting 

it across the line. Commutator E-3192-H is 

mounted on the drive shaft of reference generator 

B-3185 in a position such that ~v.hen the nutator 

dipole is in the correct rest positiOn, the commu

tator brushes ride the insulated segment. Approxi

mately 15 seconds after time-delay relay K-3153 has 

been energized, its contacts actuate; one set of con

tacts connects the copper-oxide rectifier CR-3 I 51 

in series with one of the motor field windings, and 

the other set of contacts energizes K-3152, which 

connects line voltage to the motor. The nutator 

lllotor now has d.c. impressed on one of its field 

\vindings and a.c. on the other. The resulta~t field 

Cattses the motor to run very slowly, and wxll not 

Petmit it to obtain normal operating speed. \Vhen 

the motor is running in this manner, its operation 

is very noisy;. the amount of chatter or growling 

is normal for this type of control and docs not 

indicate faulty equipment or wiring. The motor 

thus slowly drives the nutator dipole around to 

the correct rest position, at which point the com-

mutator brushes ride on the insulated segment, 

thereby de-energizing time-delay relay K-3153; the 

a-c supply-line relay K-3152 then opens and stops 
the nutator motor. 

Starting the nutator motor is accomplished by 

placing the Scanner Switch at the console to the ON 

position. This closes contactor K-2005 (located in 

the top compartment of the transmitter) , which, in 

turn, energizes relay K-3151 in the nutator electri

cal unit. Relay K-3151 then energizes the a-c line 

relay K-3152, which applies supply voltage to the 

nutator motor. A set of contacts on the time-delay 

relay K-3 I 53 (which is not energized) shorts the 

copper-oxide rectifier CR-3151, and the nutator mo

tor now has a.c. · on both fields and therefore op

erates at normal speed. 

Installation of the nutator kit on the SP 8-foot 

antenna pedestal is a major modification and it is 

recommended that the work be done while the ship 

is in dry dock or port. No attempt should be made 

to install the kit with the antenna pedestal 

mounted on top of the mast. Before any work is 

attempted, the complete antenna pedestal should 

be disconnected, removed, and lowered to the deck 

or to a position where ample working space is 

aYailahle. 
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• The im portance oE a reliable frequency meter 
was brought out effectively in the July 19-15 issue of 
ELECTRON. It must be remembered that a fre
quency meter is not in itself a " primary" standard 
o f accuracy. Therefore, these meters must be 
checked per iodically to insure reliability. 

.-\11 activities are required to check the accuracy 
o( thc i1· freque ncy meters against the Bureau of 

tandards tand ard frequency transmission (\\1,VV) 
in accordance with the Bureau of Sh ips 1\[anual, 
Chapter 67. 

R ecently the number of radio carr ier frequencies 

for the sta ndard frequency tra nsmi ssion has been 
ino c~sed to 8 with 7 or more transmitters o n the 
ai r at a ll times, day and night. 

.\t present the en·iccs ava ilable arc: ( I) stand
arc! radio frequ encies, (2) time a n nou ncemc nts, 
(3) tandard time intcn ·a ls, (-1) sta ndard audio 
freque ncies, (5) sta ndard musical pi tch, -HO cycles 
per second, correspo nding to :-\ above middle C, 

and (6) radio propagatio n disturbance w<~rning 

notices. .\II of the frcq uc ncics arc uscf ul fo r field 
intensity record ing by persons interested in studies 
o l radio propagation . The four highest frequ encies 
arc broadca~ t particularly [or this purpose. 

ln order that the 0:a ,·al service may make th e 
bc~t li~C of the ~ta ndard freque ncy broadcaStS 
lrom th c Bureau of Standards radio station 
\\' \ VV, the Ia te~t ~ched ulc o f these broadcasts is 
g ivcn in the accompan) ing tab le . T he ba ·ic story 
on thc~c broadca~ts, togeth er ,,·ith information on 
how to me them to ca librate :\ava l electron ic 

equipmc nt, appears o n page J6 o f Llw July 19 15 
l ·. I.HTRO'\. lt is intcrc5ting to note, however, 1hat 

in addi tion to the frequency a nd p ower output 
changes I i~tcd in the tab le, the accuracy of the frc
qucnc ie' broadca'>t has been increased . ,\II carrier 
lr<'quenc ie'> arc now maintained to an accuracy o( 
lw1 ter than one p art in 50,000,000, each 1-secontl 

time interval is accurate to one microsecond, and 
the audio frequencies vary Jess than one part in 
50,000,000. 

TABLE I-Schedu.le of WWV seroices now in effect. 

Carrier 
Freq. (Me) 

2.5 
5.0 
5.0 

10.0 
15.0 
20.0 
25.0 
30.0 
35 

Time of B roadcast Power Audio Frequeucies 
(GMT) Output (lt w) (cycles) 

2400 to 1100 1.0 '1-10 
2400 to 1200 10.0 ·1<10 
2400 to 1200 10.0 +to and 4000 

Continuously 10.0 +10 and 1000 
Continuously 10.0 440 -and •1000 
Contin uously 0.1 -140 and 1000 
Con tinuously 0. 1 410 and •1000 
Continuously 0. 1 400 
Continuously 0.1 400 

The station call Jetters ( \V\V\") a nd other announcements in voice 
are gi,·cn each hour and half-hour. 

STANDARD RADIO FREQUENCY 

The national stand ard of frequency is o f value 
111 radio, electronic, acoustic, ayd other measure
ments reqtunng an accurate Jr~qu,?); cy. Any d e
sired radio frequency, indue~ ) nicrowavc fre
quencies, may be accura tely n~Jlrccl in terms of 
the standard frequencies. This 1ili'iy be done by the 
aiel of one or more auxi liary osci lla tors, harmonic 
genera tors, and radio rccci vcrs. The accuracy of 

each of the radio carrier frequencies, as t rans
mitted, is better tha n a part in 50,000,000. 

TI M E ANNOUNCEMENTS 

The aud io frequencies arc interru pted precisely 
on the hour and each five minutes thcrcafte1·; a fter 
a n in tcrval o( precise I y one m in u tc they arc 
res um eel. 

The beginnings of the periods, " ·he n the aud io 
frequencies arc interrup ted, arc in agreement "·ith 
the basic time service of the U. S. l'\ava l Observa
tory so that they mark accura te ly the hou r and the 
successive 5-minutc periods. 

Eastern standa rd t ime is announced in tele
graphi c code each fi ve minutes . This provides a 
q ui ck reference to correct t ime where a t i111ep iecc 
may be in error by a lew m inutes. The zero-to
twenty-four-hou r system is u~cd starting with 0000 
midnight. The first two figures g i\'e the hour and 
the last t\\'0 figures g ive the nun1hcr of minutes past 
the hour. For example, at '1: 55 P:\ f, or JG55 EST, 
four fig ures (1, 6, 5, a nd 5) arc broad cast in code. 
The t ime a nnouncement re fers to the !> lart of an 
a nnouncement interva l, i. c., whe n the aud io fre
que ncies arc interrupted. h occurs immed iate ly 
a l ter the beginn ing of each five-minu te in tern tl . 
.\ t the hou r and half-hour it is fo llo\\·cd by rhe 
stat ion anno u nceme nt in vo ice. 

STANDARD TIME INTERVALS 

There is on each carrier frequency a pulse of 
0.005-second duration which occurs at intervals of 
precisely one second. The pulse consists of fi ve cy
cles, each. 0.001-second duration, and is heard as a 
faint t ick when listening to the broadcast; i t pro
vides a useful standard time interval, for purposes 
of physical measurements, and for quick and accu
rate. measurement of' calibration of timing devices 
or very low frequency oscillators. It m ay be used 
as an accu rate time signal. On the 59th second of 
cvcry-,minu te the pulse is omitted . The ]-minu te, 
4-mi'Jiu tc, and 5-minute intervals, synchronized with 
the seconds pulses, arc marked by the beginning o r 
ending of the period when the aud io frequencies 

are off. 

A t ime interval of one second marked by the 
pulse is accurate, as transmitted, to one microsecond 
(0.000001 second). A two-minute or longer in
terval is accura te to .a part in 50,000,000. 

The one-m i nut~· interval is provided in order to 
g ive time and sta t ion an nouncements and to a[ord 
a n interva l Cor . the checking of rad io-frequency 
measurements free from the presence of the audio 

frequencies. · 

STANDARD A UDIO FREQUENCIES 

· Two sta ndard audio frequencies, HO cycles per 
s.ccond a ncl ·1000 cycles per second, arc broadcast. 
They arc g iven on radio carrier freque ncies as 

shown in the table. 

The two sta ndard audio frequencies arc useful 
fm· .accurate measurement or calibration o( instru

ments operating in the audio or supersonic regions 
of the freq uency spectrum. T hey may a lso be used 
for accura te measurement of short time interva ls. 

1.ihc acwrilcy of the audio frequenc ies, as trans
mitted , is better than a part in 50,000,000. T rans
miss io n cn·ccts in the medium (Doppler effect, 
etc.) may result a t t imes in slight fluclllations in 
the audio frequen cies as rece ived ; the average fre
quency rece ived is, howcYcr, as accurate as that 

tnt nsm i ttcd. 

PROPAGAT ION DISTURBANCE WARNING 

The R adio Propaga tion D isturbance warning is 
broad cast in code on each of the s1amlard radio 

carr ier frequencies at t\renty and fifty minutes past 
each hour. l[ a wami ng is in c iTcct, a series o( 

" ,.s (in \ lorsc Code) follmrs the time annou nce
ment; if no warning is in en·cct, a series of 1's (in 
1\forsc Code) foll ows the ti me annou ncemcnL. 

The presence of a warn ing means that radio 
propagation dis turbance is anticipated within 12 
·hours, o r is in prog~·ess, with i ts most severe effects 
on radio u·ansmission paths crossing the ?\orth At
lantic; i.e., those paths fo r which the conu·ol points 
of transmission l ie in or near the northern auroral 
zone. Radio propagation distur bance is character
ized by low intensities, accompanied b y flutter or 
rapid fading on the normal frequencies used at the 
different times of the day, or by complete black
out of signals. By shifting to lower tha n normal 
freque ncies for that t ime of clay, it may be possible 
to get signa ls through, a lthough with lower than 
norma l intensi ty. Owing to increased auroral-zone 
absorption during the disturbance, however, it may 
be impossible to h ave usable transmission on any 
high frequency. Also, during a period of radio 
propagation disturbances, direction-finder observa
tions may be unrel iable. 

If no warning is in effect, satisfactory tra nsmis

sion should be possible on the normal frequencies 
for the different rimes of clay. 

The usual daily time for changing the announced 
warning_ is 2100 Gl\IT. H owever, the warning is 
issued at any hour when disturbance becomes 
no ticeable or anticipated. The announ cement is 
returned to normal whenever conditions seem 
quiet. Thus any time a radio operator questions 
recept ion on North Atlantic paths, it would be 
advisable to check with the \\' \ VV announcement 
to sec whether conditions arc considered by the 
B ureau o( Standards as suflicicntly disturbed to 

make a "·arning desirable. 

The radio disturbance warning docs not apply 
to sudden ionospheric disturbances, which are un
predictable. These occur on ly at times when at 
least part o( the transm ission path is in sunlight. 
This type of disturbance is characterized by the 
received intensity dropp ing to zero very rapidly, 
usuall y within a minute or so, and rema ining out 
from a few minu tes to two h ours. The c[cct is 
greater on th e lower high freq ue ncies, and on paths 
close to the eq uator or whose co ntro l poin ts a1·c 
close to noon. U sually the on ly transmiss io n pos
si blc du ri ng a sudden io nospheric d isturba nee is by 
VLF or by ground waves over short paths. The 
usc of the highest frequency avai lable, as lo ng as i t 
is belo"· the max imum u sable f:·cqucncy (ur the 
path in question, ma y shorten the duration o f the 

radcollt. During the nC'xt few yea rs. while approach
ing su nspot maximum, thc!>c sudden ionospheric 

disturbance will increase in intensity a nd fre
quency of occuJTencL'. They arc cau eel by erup
t iolls on the sun, IIJ orc of which arc observed d ur
ing t he )Cars around sunspot maximum. 
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• The phenolic air pipes (E-2575) which support 
the oscillator tubes (V-101, V-102) in the SR-2 
Transmitter should be replaced if excessive play de

velops in the oscillator tube locking mechanism. 

The play can be determined by grasping the oscil
lator tubes (as though to release them from their 

normal operating position) and noting any circular 
motion without turning the assembly through the 
detent position. When the play exceeds approxi
mately 20 degrees on either air pipe, that air pipe 
should be replaced. The replacement should be 
made according to the following procedur-e: 

I. Remove the oscillator tubes (V-IOl and V-102) 
as directed in the equipment instruction book page 

7-57. Where space permits, remove the transmitter 

left side to provide easier access to the oscillator 
assembly. 

2. Remove the tube access door and the hinged 
lower shield from the oscillator assembly. 

3. Remove the flexible blower air duct from the 
flanges below the oscillator lower housing assembly. 

4. Turn the anode tuning dial to zero. 

5. Pull up the threaded portion of the tube socket 
and remove it; the tube socket is then exposed. 

6. 'Vith the aid of a mirror and small screw driver, 
remove, from the inside of the tube socket holder, 
the keys which lock it to the top of the phenolic 
air pipe. 

7. Replace the tube socket removed in step 5 over 
the tube socket holder. Insert the tube socket un
der anode contact fingers with a slight twisting mo
tion. CAUTION-Be sure to get all contact fingers 
oveT the tube socket sleeve befm·e seating tube 
socket in detent position. · 

8. Turn tube socket and holder assembly in the 

direction to unscrew it from the top of the phenolic 
pipe. Remove entire assembly. 

9. Remove the fi-32 screw from the bottom of the 
phenolic. pipe. 

REPLACEMENT 
OF SR-2 AIR PIPES 

10. Turn anode dial to approximately 5.0. Then 
unscrew phenolic air pipe from the threaded flange 
at its bottom end. 

11. Remove three screw holding flanges to the os

cillator lower housing assembly casting. Drop air 

pipe through opening, thus removing it. 

12. To replace the phenolic air pipe, insert its 
small end up through the bottom of the oscillator 
lower housing casting. Replace flanges on the lower 
housing assembly and screw bottom of the air pipe 
into the top flange. 

13. Insert tube socket and tube socket holder as

sembly through the anode contact fingers and scr~w 
it to top of phenolic pipe. NOTE-Be careful wzth 
anode contact fingers. 

14. Remove tube socket as explained in step 5. 
Grasp the tube socket holder in one hand and turn 

the air pipe until it projects through the tube socket 
holder base the thickness of the retaining keys. In
sert the keys into top slots of pipe. Rotate the pipe 
until the key holes are aligned, then replace screws. 

15. Replace tube socket in the tube socket holder, 

inserting it un'der anode contact fingers with a slight 
twisting motion. CAUTION-Be su're to get all con
tact fingers over the tube socket sleeve before seat
ing tube socket in detent position. 

16. Place tube socket in the detent position of the 
tube socket holder. This position is determined by 
noting a spring action when the top of the tube 
socket is gently pushed down. 

17. Screw the air pipe into the flange in a direc

tion to obtain exactly 3.093 inches between the top 

outer edge of the tube socket assembly and the un

deflected edge of the grid contact fingers. 

18. When this critical dimension has been ob
tained, drill and tap a 6-32 thread in the phenolic 

pipe, using the hole in the flange as a pilot. Re
place the 6-32 screw and complete the assembly of 
the oscillator performing steps I, 2, and 3 in reverse. 
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6V6 INSTEAD OF 6K6 

In the early production models of the RBO
series radio receiving equipments the design in

cluded the use of a type 6K6-GT tube as the power 

amplifier V-109. However, the _specifications 
changed and in later models, espe_cially the RB0-2, 

this tube was replaced by a 6V6-GT jG. Further
more this new tube is now considereq proper for 
this application in all models of the RBO series and 
in the iuture should be used to replace the 6K6-GT 
tubes \\·hich fail in operation. 

The parts list and the spare-parts list in the 

equipment instruction book and its supplements 

should be corrected accordingly. 

• 

REACTIVATING TV TUBES 

To obtain maximum efficiency from television 

pickup tubes, such as the I850A iconoscope and the 

2P23 image orthicon, it is recommended that they 

be given alternate periods of active use and rest. 

After the I850A is operated for 200 to 300 hours, 

its sensitivity may diminish somewhat and it should 

be given an idle period of 2 or 3 months. During 

this time it generally will recover much of its orig

inal sensitivity. However, the tube should not be 

left on the shelf without being operated for a pe

riod of more than six months. 

After 200 or 300 hours of use, the 2P23, too, 

should be taken out of operation for a period of 2 

to 3 weeks in order that it may recover its original 

resolution and sensitivity. Spare tubes should be 

placed in service for several hours at least once a 

month to keep them free from any traces of gas 

which may be liberated within the tube during a 

prolonged storage. 
-RCA 

Perchloric 

Acid Type 

Batteries 

• There are in use two different types of small 

"Villard 6-volt storage batteries encased in clear 

plastic containers. One type is the ~onventional 
lead-sulphuric acid type battery, and w1th the exer
cise of proper precaution in handling the battery 
and the electrolyte, it is entirely safe. The other 
type employs perchloric acid as an electrol?'te and 
is potentially dangerous. Both types, when 1n oper
ating condition, bear a close rese~blance to each 
other in size, shape, and case matenal, but may be 

distinguished by the symbols embossed on the bat

tery case. The lead-sulphuric acid ty~e be.ars the 

designation NT-2, while the perchlonc ac1d type 

bears the symbol P-5-6 Navy Type No. 19042. When 

new, belore being placed into service, the perchloric 

acid type battery can be further distinguished by 

the fact that the acid container is made of a clear. 

plastic, fitting on top of the battery case and 

strapped to it with blue cellulose tape. 

Perchloric acid type batteries are dangerous in 

either the operating or non-operating· condition be

cause the electrolyte tends to seep out of either the 

container or the battery case ·by direct action on the 

case or the sealant. The seepage of this perchloric 

acid tends to char all carbonaceous materials, wood, 

paper, etc., forming with them explosive or spon

taneously combustible material which in some cases 

may even be ignited by impact. 

There is no warning of any kind or any statement 

as to the composition of the battery acid on the 

Navy type C\VB-19042 cardboard battery container 

or on the battery case itself. Filling instructions for 

this battery caution agait1st spilling acid on the 

hands or clothes, but do not give the reason or the 

type of acid used. The Bureau of Ships has pub

lished no previous safety regulations governing the 

handling or use of perchloric acid type batteries. 

Accordingly,· it is pointed out here that any per

chloric acid type battery must not be stowed adja

cent to combustible material, must not be used in 

aircraft (pending the issuance of standard safety 

precautions), and must be destroyed if the electro

lyte has turned dark or cloudy. Any organic mate

rial which has come into contact with perchloric 

acid is to he considered potentially dangerous. 
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MODEL TDZ MODI FI CATIONS 

8 Certain Model TDZ transmitting equipments 
have been found not suitable for shipboard instal
lat ion (sec p. 6, ELECTRON for February, 1917). In 
order to improve these equipments, four modifica
tions to the automatic tuni ng system and the 
drawer mechanism have recently been authorized. 
The first replaces the automatic tuning control 
sw itches S-125 and S- 127 with switches of improved 
design . The new design incorporates switches 
S-125C <J nd S- 127-B as integral parts of the switch 
assemb lies S-125 and S-127 respectively. S-1 25C a nd 
S- I 27B each consist of a single-pole breaker-type 
switch actuated by an accurately cut cam. T hese 
switches are connected c[ ectivcly in parallel with, 
and function as a vern ier control of, rotary switches 
S-l25A and S-127 , respectively. The ho ld-in cir
cu its of the tuning-motor control relays K-1 17 and 
K- 118 arc fina lly to be made and broken through 
the new added breaker switches S-125C and S-1 27B 
instead of through rotary s" ·i tches S- 125A a nd 

-1 27A , -.- hich now serve as distributors to route 
the circuits for the proper channe l through the 
breaker switches. ince these added brea ker 
wi tches have final control over K-1 I 7 and K-11 8, 

i ncons i~tcnci c between the making and break ing 
poin c- o ( the several contacts o n rotary switches 
S- 125A and S- 127A do not a[ect re lay o pera tion. 
The cam-operated brc<t ker switches arc inherentl y 
more accurate than rotary s" ·i tchcs and, sin ce fin er 
control is thus achi eYccl, the ys tcm becomes more 
d ependable. 

The second mod ification is the instal lat ion of 
snubber as cmblies, or ct o( neoprene snubbers, 
at the rea r of the liding dra,rers in the transmitter. 
These ~nuhbers serve to restrain relative motion be
tween the drawers a nd the cabin et under conditio ns 
of ~evere vibration or shock. Also the rear ''" ir ing 
channel i ~ secured to the ca binet frame at two ad
ditiona l points to g i,·e i t additio na l support a nd 
to prcvt'nt its fl ex ing bet"·ecn the or ig ina l po in ts 
ol ~u pp<)rt. 

Tht' third mod ificatio n cons i ~ts o[ attach ing 
auxiliaJ"} contact ~prings to the ex i~ t i ng corHacts a t 
the rear of the sliding dnHrers a nd to the tcH 
harnc~'ic~ which plug into the transm itter cab ine t 
,rJwn tiw dnm crs arc removed for scrvici ng. Thc!>e 
added contact ~prings provide grea ter con tan pre~
~lllT and limit the tra\'el o f the contact under arci
dc·n ta l ~Ir e~~-

'llw fourth modification consists of replac ing the 
lubrican t in the gear box of the master au tonr at ic 

tuning system. T he new lubricant has better ad
hesive properties and provides better l ubrica tion 
of the motor drive worm and its mating gear. 

These fo ur modifications have been grouped to

gether :nto Field Change No. 1 for the i\fodel 
TDZ-"i\Iodification to Automatic Tuning System 
and Drawer Mecha_n ism" and can be obtained 
through regu lar channels. I t should be realized, 
however, that accomplishment o f th is fi eld change 
does not make these equipmcnts suitable for sh ip-. 
board instal lation unless specifically au thorized by 
the -Bureau o f Ships. 

• 

SUBMARINE L<?OP ANTENNAS 

Activit ies currently engaged in compiling ship 
e lecu·oni cs inventories of submarines are requested 
to be particularly carefu l in rep orting the Navy 
type numbers and serial numbers o[ unclerw<~ter 

loop radio an tennas. Severa l submarines h ave 
specia l loop antennas aboard, a nd others have im
proved mode ls o( the N avy T ype To. 66097 a n
tennas, which can be id entified on ly by the ir serial 
numbers. T he Bureau o [ Ships is anxious to obta in 
a ll available in formation o n the performa nce of 
the various types of loop antennas, and it is essen
tia l th at accurate records of these installat ions be 
ava ilabl e in the Burea u. 
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CONCEPTS 
OF ENERGY 

• 
Basic Physics- Part 2 

• i\ fo t of the fund amental idea concerning en
ergy, work, and power stem from Newton·s work, 
and arc based upon the application of mechanica l 
forces. 1( the studcn t thoroughly u ndcrsta nels the 
basic mechanica l concepts, he will have little diffi
cu lty in applying them to the principles of electri
ca l energy, work, and power. 

FIGURE l-It is sometimes stated that l'•lewton 
Teceived inspiration for !tis tlteor·y of !P·avita

tion when an ajJple fell 011 !tis head . 

Energy is a commodi ty the same as grain, cotton, 
steel. or meat. Each purchase of fuel, be it coal , 
gas, gasoli ne, or o il, is, in effect, a p urchase of en
ergy. Energy exists in a variety of forms. The elec
tron ics engineer has a vital in terest in these various 
forms because many of the devices used in his work 
are energy-converting machines. In fuels, such as 
coal, for example, it is stored as chemica l energy, 
<tnd may be convened to heat energy by burning. 
H eat energy may be conver ted in a steam or gaso
line engine to mechanical energy. i\fechanica l en
ergy may be converted to electrical energy, which 
in turn may be conver ted to l ight or sou nd energy. 
An electric motor converts electrical energy to me
cha nical energy, a genera tor reverses th is process. 
The tra nsforma tion of electrical energy to heat en
ergy in an electric heater is the reverse of the en
ergy transformation th<tt takes place in a thermo
couple. The famil iar loudspea ker and microphone 
perform reverse transform ations of energy. A . 
storage battery, when being charged, stores elec
tr ica l energy in chem ica l form, and then, dur ing 
the period of d ischarge, reverses the process, con
verting chemica l energy to electrica l energy. 

CONSERVATION OF ENERGY 

A fundamental );1\r o( physics states tha t en
ergy ca n be ne ither crea ted nor destroyed. En
ergy is put to usc by convert ing it from one form 
10 another. For examp le, th e inca ndescent lamp re
ceives electrical energy and converts it lO light and 
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heat energy. The primary function ol the lamp is 
to convert electrical energy to light energy. The 
incidental production of the heat energy is unde
sired, but must be accepted in order to obtain the 
light energy. In every energy conversion there are 
certain undesirable conversions, of which this is a 
typical example. Engineers refer to these by
product conversions as losses, not in the sense that 
energy is lost or destroyed, but to mean non-useful 
energy. In any energy-converting device 

Input energy= useful output energy+ non-useful 
energy 

Non-useful energy is sometimes difficult to evalu
ate in terms of its different components. For exam
ple, in an electric motor some energy is converted 
to heat in overcoming bearing friction, some is con
verted to heat in overcoming air resistance, and 
still more is converted to heat in overcoming mag
netic friction and the electrical resistance of the 
motor windings. It is customary simply to group 
all non-useful energy as a loss. 

EFFICIENCY 

l\.fachines are rated in terms of the efficiency with 
which they convert energy in one form to useful 
energy in another form. 

useful output energy 
Efficiency =" -------

input energy 

Efficiency is expressed most often in terms of per 
cent. An electric motor that is 85% efficient will 
produce 0.85 unit of mechanical energy for each 
unit of electrical energy delivered to the machine. 
The remaining 0.15 unit is converted to heat en
ergy in overcoming the internal losses of the 
machine. 

WORK 

The qualitative definition of energy is "the ca
pacity to do work." Energy is rarely apparent in a 
physical sense unless in the form of action-such 
action indicating that ·work is being accomplished. 
'Vork itself being the conversion of energy from 
one form to another, any method by which work 
can be measured is applicable to the measurement 
of energy. 

The quantitative concept of work develops most 
naturally from experience in lifting a weight. A 
certain effort-a force-n1ust be applied to lift a 
weight of one pound through a distance of one 

foot. We feel intuitively that in lifting the weight 
we have done a certain amount of work; Twice as 
much effort and hence twice as much work is done 
if the weight is doubled in size or the distance 
through which it is moved is doubled. '·Vork, then, 
is proportional both 'to the effort or force applied 
and to the distance through which it acts. 

vVork =force X distance 

W=Fd 

where the force F .represents the effort exerted 
along the line of motion of the body. 
. The engin~er considers force as a vector quan

tity because It has both magnitude and direction. 
M?re often than not, as we know, forces are ap
phed at an angle with respect to the direction of 
the motion they produce. The total force exerted 
by a man pushing a wheelbarrow is made up of 
two components, one acting in a vertical direction 
to hold the legs of the wheelbarrow clear of the 
ground, the other acting in a horizontal direction 
to produce forward motion of the wheelbarrow. 
Only the horizontal component accomplishes ac
tual work on the wheelbarrow. This is· called the 
effective force, and represents the value that would 
be used for Fin the formula w = Fd. The vertical 
comp t · h onen may tne t e man, but once the wheel-
barrow is elevated it does not perform work. 

It. · · . Is mterestmg to note that physics does not con· 
stder work as being done unless motion occurs. An 
~.tlas supporting the world on his shoulders is do· 
mg no wm:k in the sense in which physics defines 
the word. 

WORK UNITS 

. In the l'vf.K.S. system the absolute unit of work 
~s the newton-meter. A newton is that force which 
Imparts an acceleration of one meter per second 
per second to a . mass of one kilogram-in other 
words, a newton-meter is the work done by a force 
of one newton acting through a distance of one 
n~eter. The newton-meter has been given the spc· 
ctal n.ame of joule. It is a unit of importance in 
elec~nc~l and electronics work. Public utility com
pames. 1 ~ may be noted, sell joules of electrical en
ergy. A JOUle of electrical energy accomplishes the 
same amount of work as a joule of mechanical or 
heat e~ergy, even though the methods by which the 
work IS measured may differ widely. 

In the C.G.S. system the unit of work is the 
dyne-centimeter, referred to as the erg, and is the 
·work done by a force of one dyne acting through a 
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distance of one centimeter. The erg is a very small 
unit compared to the joule. !~deed, 

1 joule = 10,000,000 ergs 

The gravitational unit of ·work based upon 
F.P.S. units is the foot-pound. It is equivalent to 
the work done by a weight of one pound acting 
through a distance of one foot. Quantitatively, 

'.York= weight X height 
W=H'h 

In the definitions of work note that the factor of 
time does not enter at all. The work done in lift
ing a weight of 100 pounds through a distance of 
50 feet is the same whether it is accomplished in 
ten seconds or ten hours. 

POWER 

Power is the work ·accomplished in a given time. 
~Iany engineers use the word "power" as a syno
nym for "energy." This is a practice the student 
should avoid. Energy is measured in terms of how 
much, power is measured in terms of hollJ fast. 
Failure to grasp this difference in meaning is often 
a source of trouble in advanced electronics instruc-

tion. 

If l\fotor A hoists 1,000 pounds through a dis
tance of 50 feet, and 1\1otor B hoists a weight of 
500 pounds through a distance of 100 feet, both 
motors accomplish 50,000 ft-lb of work. There is 
a temptation to assume that Motor A, because it 
1noves the greater weight, can accomplish more 
work in a given time than Motor B. Actually, 
without a time factor in the statement, there is 
no way in which Motor A can be distinguished 
from :Motor B. If Motor A accomplishes 50,000 
ft-lb of work in two minutes, and l\1otor B takes 
one minute to accomplish the same work, then 
:Motor B must accomplish work at a greater rate 
than lVfotor A. If both motors are operating at 
maximum work capacity, then l\fotor B is more 
powerful than l\·Iotor A. 

Po·wcr, then, is defined as the rate at which work 

is done. 

Power= 

p:_ 

work 

time 

The unit of power in the 1\LK.S. system is the 
joule per second, which has been given the special 
name wntt. A machine that accomplishes 500 
joules of work in 20 seconds is working at the rate 
of 500/20 or 25 watts. In the F.P.S. system the 

unit of power is the foot-pound per second. How
ever, in practice today, the ho1·sepowe1· finds greater 
application. James Watt, inventor of the steam en
gine, experimented with a large draft horse, and 
found that the animal could accomplish about 
33,000 ft-lbs of work per hour. The standard 
horsepower is now defined as 

1 hp = 33,000 ft-lbjhr = 550 ft-lbjsec 
I hp = 746 watts 

El~ctrical macliinery is usually rated in terms of 
power output. It is plain that if the rate at which 
a machine can accomplish work is known, the 
amount of work that can be done in a given period 
of time is easily calculated. The output of an elec
tric motor is frequently expressed in horsepower. 
A motor rated a 5 hp is capable of a power output 
of 5 X 550 or 2,750 ft-lbjsec_ under proper condi
tions of operation without serious overheating of 
the machine. The output of an electric generator 
is usually given in watts or kilowatts at a specified 
pressure or voltage. A 220-volt machine rated at 5 
kw is one capable of delivering a power output of 
5,000 watts at a line potential of 220 volts under 
proper operating conditions without serious over
heating of the machine. 

Note that the output of electrical machinery is 
usually limited by the maximum temperature the 
machine is designed to withstand. Some of the in
put energy is converted to heat in overcoming the 
internal losses of the machine, and causes the tem
perature of the machine to rise. This temperature 
increase must be small enough so that the internal 
insulation of the machine is not endangered. It 
is well to remember that the conditions under 
which an electrical machine is to be operated must 
be taken into account when applying the power 
rating. '.Yhen electrical machinery is operated in 
spaces where the ambient temperature is high or 
ventilation is very poor, it is usually necessary to 
limit the power output to a value somewhat less 
than the rated value in order to avoid excessive 
temperature rise in the machine. On the other 
hand, when conditions are favorable, it is often 
possible to operate at a power output in excess of 
the rated value without excessive temperature rise. 

PRACTICAL UNITS OF WORK 

Because the joule and the foot-pound are com
paratively small units, it is customary, in practical 
work, to usc units of much larger magnitude. The 
kilowatt-hour represents the work done in one hour 
by a uniform power of 1,000 watts. Since one hour 
is equivalent to 3,600 seconds, 
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1 kw-hr = (1,000 joules / sec) X (3,600 seconds) 
= 3,600,000 joules. 

The horsepo" ·er-hour, u sed rather infrequently 
in e lectrical work, is equivalent to 1,980,000 ft-lb. 
One kilowatt-hour corresponds to about 1.3<1 
horsepo"·er -ho urs. By remembering that the 
horscp o"·er-hour is representative of the work clo ne 

by a large d raft horse in o ne ho u r, the reader h as 
some idea of the economy of electrical energy. Pub
lic utility com p anies sell electrica l energy t? the 
average fam ily user at approximately five cents per 
kw-hr. Large i ndustria l users may purchase su ch 
e nergy at less than one cent p er kw-h r. 

POTENTIA L EN ERGY 

The e nergy stored in a body as a result of the 
state or po i tion of the body is called potential en
ergy. The energy s tored in a bod y as the result of 
the motio n of the body is called hinetic e nergy. 
Potential e nergy is o fte n called sta tic or rest energy. 
Kine tic energy is ofte n refer red to as dynamic en
ergy. 

A body suspended above the surface o f the earth 
posses es mech a nica l potential e nergy because work 
was clone o n the body in moving it about the sur
face of the earth . A stretched rubber band pos
sesses clas tic potential energy because work was 
done in stretching the band. The e nergy in a lump 
o f coal is chemica l potential energy resulting from 
the chemi ca l condition or state of the coa l. 

Applying the formul a for work to the case of 
liCting a weight of one pound a dista nce of one 
foot against the force of gravity, i t is readil y seen 
that one foot-pou nd of work has been performed . 
;\ foving the we ight one foot h as put it in a new 
position; the act that a new position has bee n 
ach ieved docs not in itself mea n that the we ight 
has ga ined potential energy, but the fact that work 
was done on the we ig ht in placing it in the new 
position docs mean t hat it has pote nt ia l e nergy
one foot-pound in amount. T his potentia l e nergy 
is potentia ll y avai lable-he nce th e name- and will 
he regained if the weight is moved back to its 
original posit io n. The a mou nt the weigh t gives 
back, of course, will be exactly one foot-po und, 

since energy can be neither created nor destroyed. 
T he gravitational po te ntial e nergy stored in a 

body by vi1·t ue o f its position is g iven by 

Since 
then 

PE = "·eight X height 
PE = Tl'h 
Tr = mg 

PE = m[!lt 

" ·here h represents the distance the body 1s ele
vated above a selected referen ce level. 

REFERENCE LEVEL 

This is an important concept. Full understand
ing of it will make clea r th e often difficult prin
ciple of posi tive and negative voltage drops in a n 
electrical circuit. For instance, i f a fi ve-pound 
weight is ra ised from the floor to a table" top three 
feet above the floor, i t will ga in 3 X 5 or 15 ft-lb of 
energy in reference to the floor. If t he floor is fif
teen feet above the surface of the earth, the weight 
when resting on the floor contains 15 X 5 or 75 
ft-lb of energy with respect to the sur face of the 

earth. ·when the weight is resting on th e table, the 
energy stored in the weight in reference to the sur
face of the earth will be 15 + 75 or 90 ft-lb. If the 
surface of the earth at the poin t at which th e weight 
is ra ised is 1,000 feet above sea level, the en ergy 
stored in the weight on the table top in re ference 
to sea level is 

PE = (1,000 X 5) + (15 X 5) + (3 X 5) = 5,090ft-lb. 
I 

It should be evident, th en, that the potential en
ergy stored in an elevated bod y is relative in nat ure 
- it depends upon the reference level established i n 
making the measurement. vVh cn a reference level 
is not g iven, it implies that the sm"[ace of the em·th 
is to be used as n 1·e[e1·ence level. In some cases 
the reference level is assumed to be the earth's sur
face at sea level. Instruments that fu nction on the 
basis of pressure are often ca librated in tem1s of 
a tmospheric pressure at sea level (about H -.7 lb 
sq uare inch) . This is the pressure exerted b y a 
v:nical column of mercury 29.92 in ch es (76 em) 
l11gh. A steam pressure or water p ressure gauge 
reads pressure above atmospheric p ressure. Abso
lu te pressure is measured in terms of zero at
mospher ic pressure; that is, in terms of a perfect 
vacu um. 

Electr ic pressure may be measured in electrica l 
circuits with respect to a ny poi nt in the circuit. If 
the pressure measures above the pressure at th e ref
erence point, it is said to be positi ve; if it measures 
below the reference pressure, it is sa id to be nega
tive. \Vhcn no reference level is g iven, it im p lies 
I he pressure is measured with respect to th e Jo"·est 
potentia l point in the circu it or in reference LO 

ground potential. 

ELASTIC ITY 

E lasticity is that property of matter \\·h ich per
mits it to stretch, com press, or bend under the a p-

plication of an external force and then to return to 
it_s original shape when the external force is re
moved . A body is strained beyond the "elastic 
limit" when it · is unable to return to its original 
shape after the external force is removed. The ap
pl ied force must do work in deforming the body; 
this work sets up internal stresses within the body. 
It follows, then, that these stresses arc capable of 
accomplishing work when the body returns to its 
original shape. Familiar examples of phenomena 
involving the elastic property of matter are the 
vibrations of musical insu·uments, the transmission 
of sou nd, and the rustling of leaves. All matter is 
clastic to some extent- s.ome substances being more 
so than others. A strip of steel , for instance, IS 

more elastic than a similar strip of lead. 

The fundamental law of elasticity is called 

Hooke's law and is gjven by 

F =kl 

"·here F is the internal force set up in opposition 
to the applied external force, l is the distance over 
which the Sll·ain takes p lace, and k is the "clastic 
consta nt" of the material. The elastic constant rep
resents the deformation produced by a unit force . 
The ord inary spring scale is a~ example of a prac
t ical application of this law. In such scales the 
amou nt the spring stretches is always directly pro
portional to the weight (wh ich is a force) being 
appl ied, provided the weight docs not exceed the 
elast ic limit of the spr ing. 

Certain materials possess a properLy of electrical 
elasticity that is in many ways comparable to me

chanical elasticity. A capacitor is a device in \'vhich 
electrical energy may be stored in potentia l form 
by virtue of the electrical elasticity of the materials 
in the device. Electrical elasticity, as would be ex
p ected, varies with the type of material. Mica, for 
instance, has a greater electrical elasticity than hard 
rubber. Again in analogy to mecha nica l elastici ty : 
J( a sufficiently high potential is appl ied across a 
ca pacitor, the clastic limit will be exceeded and 
the capacitor w ill break clown. T he mechanical 
clastic consta nt, represented by the sym bol h in 
H ooke's law, has an electrical equ ivalent that is 
ca lled the "dielectric constant" o( the material. 

I< INET IC ENERGY 

A body in motion possesses dynami c or kincri r 
e nergy by virtue of its motion because work "·as 
d o ne o n the body to cstabli h the motion. This 
kinetic energy must be conver ted or tra nsf on ned 

to some other form of energy before the body 
comes to rest. The kinetic energy of a body in 
motion depends on the mass and velocity of the 
body. 

Because the formula for kinetic energy finds 
many uses in the study of electrical principles, it 
"·ill be derived step-by-step here. 

The force F required to impart acceleration a 

to mass m is 
F = ma 

The work clone by force F in moYing mass rn 

through distance d is 

TV= Fd = mad (1) 

.-\ body starting from rest and accelerating at a 
uniform rate will, at the end of timet) have a final 
Ycloci t y of 

from wh ich 
v = nt 

,, 
l= 

a 

T he average: Yclocity during tillle I IS 

vn ... = i11itinl rwlocity + {i 11al ve /ucit')' 

2 

(2) 

1( the body starts from rest, the initial velocity is 
zero. Since the final velocity is nt) the average 
Yclocity is 

n + at at 

2 

The dista nce d traversed in time is 

d = 11,01• X t 

Since 
nt 

Vny = -
2 

then 
a/ (I) at" 

£1 = ---=-
2 2 

(3) 

v v~ 
Since from (2) t =-, then t" =- . Su bstituting 

a a" 
for t~ in (3) 

I = a (11" ) = v" 
( -- -

2 a" 2a 

:\fultiplying by a 
v" 

ad =
<> 

' ub tituting rhi Yaluc for ad in (1) 

/117'" 
1L' = 11/{lr/ ~ --

2 
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But the kinetic energy of a body is equal to the 
work done in placing the body in motion; hence-

?nv~ 
KE = -

2 

It is evident from this formula that velocity has 
a greater effect on the kinetic energy of a moving 
body than does mass. }'or example, if the velocity 
is constant and the mass is doubled, the kinetic 
energy is twice as great.: but, if the mass is constant 
and the velocity is doubled the kinetic energy then 
becom es four times as great. 

TRANSFORMATION OF POTENTIAL AND 
KINETIC ENERGY 

The oscilla ting electric circuit is of primary im
portance in electronics engineering. In the follow
ing paragraphs will b e established the basic prin
cip les of the operation of such circuits. 

A weight of W pounds when raised h feet above 
the surface of the earth gains Wh foot-pounds of 
potential energy. If the weight is permitted to fall 
back toward its original position, the p otential en
erg-y will decrease in direct proportion to the d e
crease in h. At the instant t he weight strikes the 
earth the value of h is zero, and hence the potential 
energy must be zero. Therefore, the potential 
energy is maximum at the instant the weigh t begins 
to fall , and zero at the instant it strikes the earth. 

Consider nmv the k inetic energy of the falling 
weight. At the instant the weight is r eleased the 

1nv2 
velocity is zero; since KE =-- , the kinetic energy 

2 

will be zero when the velocity is zero. As the weight 
falls, the velocity increases and brings an increase 
in k inetic energy. At the instant the weight strikes 
the earth the velocity is m aximum; hence, the ki
n etic energ-y is ma ximum. 

If the " ·eight fa lls in a vacuum so that the ef
fect o f air resistance m ay be neglected, no work 
is clo ne by the weigh t as it fall s. By the law of 
conservatio n of energy the total energy-potential 
plus kine tic-possessed by the ·weight must be con
sta nt. U nder these condi tions potential energy 
a t the instant the weight is fi rst released mt1st equal 
the ki netic energy a t the instant of impact. At 
a ny instan t of t ime b e:wce n these two extremes, 
the total energ-y in the system m ust be a combina
tion of potential a nd kine tic energy, and must 
satisfy the cond itio n 

111712 

PE + KE = Wh = --
2 

where PE and KE represent instantaneous values of 
potential and kinetic energy, T~Vh the m aximum po-

1nv2 
tential energy, and the maximum kinetic 

2 

energy. 

There are many typical examples of transforma
tions between potential and kine tic energy. Thus 
rainfall is trapped in reservoirs located above sea 
level. Such water storage is nothing more than 
a storage of potential energy.' The water is released, 
and, as it flows toward sea level, the potential 
energy is converted to kinetic energy and used to 

drive water wheels and turbines. In the pile driver, 
the kinetic energy of an engine is converted to 
p otential energy by hoisting a heavy weight. This 
weight is then p ermitted to fa ll, the potential 
energy being converted to kinetic energy during 
the fa ll. ·when the weight ~s trikes the pile, the 
kinetic energy is converted to heat and mechanical 
energy in driving the pile into the earth. Other il
lustrations will come readily to the mind of the 
reader. 

OSCILLATION 

' Vhen energy is transformed from one fo rm to • 

another, and then back to the first form, i t is sa id 
to be oscillati ng. The action of a p endulum is in 
nearly p erfect analogy to the action of an oscil
la ti.ng ~l ectrica l circuit. A careful study of the 
osC1ll atmg p endulum, with particular attention to 
the concepts involved, will m ake it much easier to 

understand the oscillating electrical circuit when 
it is encountered later on . 

Now to consider the p end ulum: In Fio·ure 2, 
p otential e 1:erg~ is stor.ed in the pendulu~n bob 
'V by elevatmg 1t to position A above the reference 
level XY. ' !\Then the weight is r eleased, it falls 
toward posit ion B, gaining momentum as it (a il s. 
If the effects of air resistance and friction in the 

I ' 
' ' ' ' ' 

F i GURE 2- Tlte oscillating fJenclulum. 

bearing Z are neglected, the kinetic energ)' of the 
b ob at point B should equal its potential energy 
at p oint A. The momentum of the bob a t position 
B causes it to continue toward position C, but now 
the kinetic energy is being transformed to poten
tia l energy. At point C the bob pauses for an in
stant, the kinetic energy is zero, and the potential 
e nergy is again a maximum. The process is re
peated as the weight returns to point A. It is im
portant to note that the action taking p lace as 
the weight moves from A to C differs from that 
taking place from C to A only in one respect. The 
weirrht 1·everses di?-ection at each extreme of the 

0 

swing. 

Moving from A to C the energy is transformed 
from potential to kinetic and then back to poten
tial form. Such action, in which a change of direc
tion occurs, is called an al ternation. The next alter
n ation differs from the preceding one only in the 
direction in which the bob moves. In passing from 
A to C and back to A again the pendulum com
pletes one cycle of events. A cycle consists of t'~o 
successive al ternations in opposite directions. In 
order to identify any selected alternation from the 
one preceding or following it, a cli[erence in direc
tion is indicated by use of the plus and minus signs. 
Figure 3 is a representation of how the kinetic and 
poten tial energy varies in the pendulum. Move
m ent from A to C is considered positive and from 
C to A negative. The solid curve representing 
kine tic energy begins at zero a t position A, rises 
to a maximum at posi tion B, decreases to zero a t 
position C-at which point it reverses direction and 

repea ts the variation. T he broken curve, represent
ing potential energy, is maximum at position A, 
decreases to zero at position B, and rises to maxi
mum at position C-at which point it reverses 
direction and repea Ls the variation in amplitude. 
Note that both cur\res have the same maximum 
value, a condition that is true only i f the losses in 
the pendulum system are eliminated. 
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F IGU RE 3- 0 sci/latory exchange between hin r lic 
and fJotentia l energy in the oscillating fJendulum. 

The time required for the pendulum to complete 
one cycle (two successive a ltern ations) is called 
the period of the pendulum. If this time is ex
pressed in seconds the number of cycles completed 
in one second is 

I 
f = 

t 

" ·here f is the frequency of oscillat ion in· cycles per 
second. 

T he pendulum traverses a certain horizontal 
distance in moving from A to C and back to A 
again. This distance may be considered for our 
purposes here as the wavelength of the pendulum 
and is rept:esented by the Greek letter A. (lambda) . 
Although the velocity of the pendulum varies from 
zero at points A and C to a maximum at point B, 
it h as a certain average horizontal velocity. T he 
average velocity, frequency, and wavelength are 
a ll rela ted by the formula 

average velocity 
Frequency = ------

' ravelength 

v~,. 

f = 
A 

This is an important formula in electronics engi
neering. Important, too, is the meaning of the 
word alternation, and especially of the words cycle, 
period, frequency, and wavelength. 

The ideal pendulum (one without losses) exists 
only in theory. However, once the theory of such 
a pendulum is established, i t is a simple m atter to 
qualitatively predict the action of a practical pen
dulum. Air resistance plus friction in the p endulum 
fulcrum acts continuously to transform some of 
the energy in the system into heat energy. This 
loss causes the pendulum to swi ng in an arc that 
decreases steadily in length as energy is lost from 
the system. ' "'h en all the origin al energy has been 
converted to h ea t, the pendulum comes to rest. 
Figure 4 represents the series of waves produced 
by a pendulum as the origina l energy in the system 
is permitted to dissipate. Such a series of cycles 
may be said to consti tute a wave-train. An oscilla
tion of this type in which the amplitude decays 
in this manner is said to be damped. The more 
rapid ly energy is converted into heat in the pen
dulum, the less will be the number of completed 
cycles in any wave-train. Indeed, if the energy loss 
per cycle is made sufficiently great, it is even pos
sible for the pendulum to b e unable to complete a 
fu ll cycle or to s"·ing in the other direction at all. 
Jn such a case it is no longer an oscillating device . 
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DAMPED WAVE CONTINUOUS WAVE 

FiG URE 4-Conlinuous-wave and damjJed 
oscillations. 

The pendulum is an excellent timing device 
because the period is independent of the mass of 
the bob, and within reasonable limi ts is indepen
dent of the length of arc through which the pen
dulum swings. The period in seconds of a simple 

pendulum is givent by • v: 
where l is the length of the pendulum and g is the 
gravi tational constan t. T he p eriod is affected only 
by the length, and not by the mass or length of 
arc. 

In the pendulum clock a source of potential 
e nergy, usually the clock spring, supplies the energy 
tha t keeps the pendulum in motion. Through an 
escapement mechanism, small increments of energy 
are delivered to the pendulum at just the right 
insta nt o f t ime to supply the energy lost from the 
system in the frictional losses. T his impulse is 
usually d elivered at the instant the pendulum is 
passing through th e lowest position in the arc of 
s·wing. Under su ch conditions the p endulum gen er
ates continuous osci llatio ns of equa l a mpl itude a nd 
identical p eriods. Through a system of gears the 
pendulum drives the time-indicating mechanism. 

In the oscillating electrical circuit three electrical 
quantities arc involved: inductance, which stores 
ene rgy in kinetic form , capacita nce, whi ch stores 
e nergy in potential form , and resista n ce, which 
converts some of the energy to heat e nergy. L ike 
the pendulum in the clock, the circuit will gener
ate continuous waves if energy imp ulses a re deli v
ered to it to just compensate for the energy con
verted to heat. The inducta nce and capacita nce of 
the circuit in combina tion con trol the "electrical 
le ngth" and h ence th e freq uency of oscilla t ions. 
This type of circui t will be discussed later in a con
siderably more de ta iled manner. 

EXERCISES 

I. V1'hat is the quantital ivc definit ion o f power m 

terms of mass, leng th . a nd t ime? 

2. A 20 hp elevator motor will li ft what load in 
pounds through a distance of l 00 feet in 20 sec
onds? 

3. \ 1\Tha t must be the length of a p endulum in feet 
to have a period of one second? One-half second? 

4. A 2.5 kilowatt generator is 83 % efficient. ·what 
input in horsepower is required for full output? 

.~. A 10 lb force applied to a loaded pulley causes 
the pulley to ro tate at 200 rpm. If the p ulley is 
1 foot in diameter what power is being d elivered 
to the load? 

fi. A punch press exerts a pressure of 40 tons per 
square inch when punching a hole 2 inches in 
diameter through a sheet of steel 1.5 inches thick. 
How much work in ft-lb is clone in punching one 
hole? 

7. \1\Th at kinetic energy in ft-lb ts possessed by a 
3000 lb automobile moving at 80 mph? At 40 
mph? 

8. If a gasoline eng ine develops a force of 200 lb 
in keeping a 3000 lb automobile moving at <!0 mph, 
what is the p ower in hp d eveloped by the motor? 

<J. A motor-driven pump having a n . overall ef
ficiency of 70% pumps 600 ga ll ons per minute of 
water (equivalent to 80 cu. ft. per min.) from a 
well 50 feet deep. A t a cost of 3 cents p er kw-hr, 
what will be the cost of operation for a ten-hour 
clay? 

10. A typical public u til i ty ra te sch edule for elec
trica l energy specifies a rate of 3.5 cen ts for the 
first l 00 kw-hr, 3 cents for the next 150 kw-hr, and 
2.5 cents for all amounts over 250 kw-hr. Compute 
the cost of 485 kw-hr of electrical e nergy under this 
schedule. 

Answers to Exercises, C hapter I. 

I. (a) 17 em. 
(b) 2500 ma. 
(c) 5.2 megoh ms. 
(d) 0.00031 v . 
(e) 40,000 kc. 

2. (a) 1.91 5 ft. 
(b) 9.84 in. 
(c) 2.51 m2. 
(d ) 61 i n ~ . 

(c) 1.304 kg. 

3. -0.5 ft /scc2. 

-1. 9.75 mj scc2, 2-1.'1 m. 

5. 3.2 newtons. 

6 . 980 d ynes. 

7. -J ftj sec2 . 
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TYPE 53349 ANTENNA FILTER FOR TDZ 

O n page 1-6 of the :\Iodel TDZ transmitting 
equi p ment instruction book (NavShips 900,809) 
there occurs the statement in reference to the Type 
53349 antenna fi lter that "The fil ter should be em
ployed only when necessary, as the transmi tter out· 
put is decreased when it is used." A nother state
ment relative to the filter is made on page 2-17 
where it is stated that "This fi lter should be u sed 
only ""hen the ha rmo nic output of the TDZ trans
mitter may interfere with the output of other trans
mitters aboard ship, such as radar systems. \ t\Then 
th e filter is employed, power ou tput of the TDZ 
transmitter may be reduced as much as 25 % because 
of reflect ion in the transmission line caused by the 
characteristic impedance of the filter unit." Still a 
third time, on page 3-9, the instruction book sta tes 
that "This filter shou ld not be used unless neces
!-tary. since power o utpu t of the TDZ transm itter 
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will be reduced somewhat on certain frequencies 
when the filter is used. Before this unit is installed, 
consu l t the E lectronics Officer for approval." 

It is only to be expected tha t a fter reading these 
sta temen ts in the instruction book, many ETM's 
and insta lling act ivi ties wou ld be h esitan t about 
connecting and using the filter without first ob
taining approval. It is a lso to be expected that 
man y persons m igh t interpret the 25% reduction of 
the power ou tput as being a substantia l loss, 
whereas it is actua lly eq uivalent to only abou t 1.3 
decibels. 

The Bureau considers tha t the advantages to be 
ga ined by elimina ting spurious emissio ns above 
400Mc ou tweigh the disad vantage o f this small Joss 
of radi ated power. Accordingly, regardless o f what 
the instruction book sta tes abou t not u sino· the 

b 

53349 antenna fi l ter , the Bureau desires tha t this 
fil ter be used in every shipboard installa tion. 

If your tho ugh ts are of that lovely 
dan cing girl , tha t's fine, and we wish we 
had her te lephone number, too . Ah , yes. 
That's fin e, th at is- unless you are abou t 
to ser \' ice some high-voltage equipment. 
T hen, p-f-f.f-t ! And yo u become the 
answer to an embalmer's prayer. O ne 
moment 's carelessness ca n cause death. 
Be safe. Concentra te on the equipm ent. 
Save a ll o th er th ough ts un ti l th e job is 
completed , or yo u ma y be completed be
fore the job is. 
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