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B UREAU OF S HIPS NAY " "' EPARTM' 

* * * 

by C. f. TAYLOR, Forema11 Electro11ir s M edumir, 
Long Beach N ar;a/ Shipyard 

Unlike other U. S. Nava l Shipyards, the Long Beach 

Nava l Shipyard might be termed a "war baby"-World 

W ar II being well on its way before the yard was ded i­
cated. P ractica lly every Naval sta t ion in the Uni ted 

States and its possessions is represented by personnel 

w ho m ad e the decision to transfer to the Long Beach 

Naval Sh ipyard as career employees. 

Our goal " to keep our customers sat isfied" is the 

"must" item . Among those who keep us on our toes 

in our attemp t to satisfy are: 
1- T he 19th Fleet's preservation program rep resen ta ­

t ives . An averag e of twenty Shop 67 radio mechan ics 

and e lectr icians per day are assigned to this project. 

2- Another who can always be counted on to supply 
a large amount of work is the Long Beach Naval 
Shipyard Elect ro nics Officer. Thirty-th ree Shop 67 

men pe r day are kept busy repairing , maintaini ng, 

manufacturing and insta ll ing elect ro nic eg uipm en t 

throug hout the Eleventh N aval Distr ict Shore Estab­

lishment (including the N aval Reserve Arm11ries ), 

for which he is responsibl e. 

3- 0ne customer in particular that offers much in : ~r­
esting work is t he Navy Electronics T.aboratory, San 

Diego, California. The Long Bead· 1 Shipyard 

recen tly contracted with N. E.L. to a large 

number of sonar trainers for use with an advanced 

sonar system. 

4-N eedless to say, the Pacific F leet is our la rgest 
customer. Shop 67 averages 105 m en per day on 

shipboa rd job orders, including installation, repa ir, 

shipboard operat iona l check and calibration . 
5- The loca l Naval Supply D epot also can be relied 

upon to keep the shop busy in the repair of BuSh ips 
m ateria l in store and general elect ronic eg uipment 

regui ring overhau l, now term ed "Zebra Program." 

f o rtu nately, Shop 6 7 has a goodly number of elec­
t ronics m echanics, rad io m echanics, and e lectricians of 

above average abil ity. H owever, there is sti l l a sma ll 

numher whose abili ty is at a level below ave rage. T rain­

ing courses were in itiated two years ago ( u nder Shop 
5 1) for the betterm en t of three major weaknesses of 

the electronics personnel. The courses inc luded teletype 
maintenance and repair, fire control radar repa ir, and 
sea rch radar repa ir. A lso, d uring th is period . several 

rad io mechanics were sent to the West Coast Soun d 

School in San D iego for sona r t ra ining. A t the present 

time, under the auspices of the Long Beach City College, 

a total o f three extra -curricular courses are in p rowess 

covP· · 6 the subjects of sona r, radio, an d teletype. One 

radar and one radio course were comp leted last semeste r . 

T hrough the efforts of the shipyard t ra in ing pe rsonnel 

· the interest shown by the radio mechan ics , elect ron i c~ 
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TEST OF SU RADAR ANTENNA on gyro shop Scorsby 
equipment. 

mechanics and electricians, Shop 67 is fas t becoming a 
versatile organ.ization. 

In addition - to the BuShips electronic test equ ipment 
allowance, severa l units of test equipment have been 
devised by shop personnel to expedite repair and calibra­
tion of equ ipments. Among these time savers are : A 
portable synthetic gyro system from which is obtained 
OSC information, both l X and 36X (used aboard ship 
and in shop) ; a cleaning tank and drier patterned after 
the one used by the Bell T elephone Company for clean. 
ing teletype equipment; special canvas covers to be 
placed around electronic equipment aboard ship to pre· 

\'ent damage from assist trades; a remote control rad io­
phone panel from which a numher of receivers and 
transmitters are controlled for the purpose of ship to 

shop testing of repaired and newly installed equ ipments; 
a test panel with ind icator for the bench testing of the 
channel selector units used in Models RDZ /TDZ equ ip­
ments; a power output meter to measure zero audio level 
for 600-ohm output terminals o f receivers (the conven­
tional Type 22 19'5 meter is d esigned for '500 ohms ) ; 
a grid dip meter for dete rmin ing the app rox imate fre­
quencies of f requency multip lie r stages in receivers and 
transmitters; and a method hy w hich 100-kc or 1000-kc 

markers are adJed to the out put of a M odel LP Sig nal 
Generator throughout its ent ire frequency range, thus 

increasing the versatili ty of the LP and allowing the 
mechanic to have a constant check on its f req uency cali ­

bration. 
Radar. rad io and sonar pilot equipments are an in­

tegral part of the shop faci lities. At the present t ime 

there are three shop issues at the development stage (on 
which some action has been taken) which are considered 
necessary for an efficient productive organization. These 
issues are: Uniform approved shop practices in the re· 
pair, calibration and alig nment of all electronic equip­
ment; a method of rotating the employees through the 
three major phases of electronics-radio, radar, and 
sonar; and the use of p roduction line p ri nciples in re· 

pai r and overhau l of electronic equipment. 
The following is an example of one of our shop p rac­

tices. Following the overhaul of stabilized antennas, such 
as used with the Model SU radar, or Mark 8 stable 
elements as used with the Model SP radar, it has become 
a shop practice to test the antennas and the associated 
stable elements on the gyro shop's Scorsby equipment. 
In the case of the SU, the entire antenna is mounted on 
the Scorsby and power applied to all control and stabiliz­
ing circuits. The Scorsby is set in motion and an indicat­
ing bubble level is secured to the antenna to determine 
whether deficiencies exist in its stabilizing unit. The 
testing of Mark 8 stable elements associated with the 
SP also requires that they be mounted on the Scorsby. 
The level, cross level and t raining voltages are then fed 
into a dummy d irector recorder to determine whether 
the synchro contro l voltages are within allowable toler· 
ances. Much unnecessary work aboard ship has been pre­
vented by ut iliz ing the knowledge and facil ities of gyro 
shop personne l. 

OVERHAUL OF SP radar antenna. 

ST ANDARPIZED 
SHORE STATION 

DESIGN 
by L. H . APPLEMAN, SuperviJing Engineer, Shore Station Section, Long Beac/; Na val Shipyard 

Rapid wartime expansion and a heavy postwar mod ­
ernization program within the Eleven th N aval District 
created an engineering, fabrication and installation work 
load which could only be handled through standardiza­
tion. It has been fou nd necessary to standardize not only 

the accessory equipments, but also systems, circuits and 
even design procedures. Standardized design was firs t 
instituted when the Shore Section was confronted with 
a sudden expansion from two prewar to twenty-four 
wartime air stations . Classification of the various ac­
tivities by size and mission and the design of standard 
systems and accessories appeared to be the only method 
of attack which would ensure high quality communica-

~OIGt INPUT 

(MICROPHONE) 

SIMPLEX TR.t.NSNIT TER OPERATION 
TERWINAL BLOCKS AND JAGKSTRIPS ARE ONI TTEO 

CARRIER 
ONTROL 

FUSE D 
It EYI NG 
VOLTAGE 

tion \vithin the l imits of eng ineering and installation 
manpower. Al though elapsed time between incep tion and 
final test was the wartime cri terion, standardization has 
been fundamental in accomplishing a large postwar 

program under budgetary limitations. 
Prog ress toward standardization of planning, design 

and installation procedures has been steady throughout 
the seven-year period since 1942. Imp lementation of 
the program has resulted in cogn izance as follows: 

Planning Engineer: P rovides systems and equipment 
requirements both on a broad scale and for in· 
dividual stations. 
Design Engineer: Develops systems, ci rcuits and 

FIGUR E 1 - Simplex control system. 
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F IGURE 2- Conlro/ and receiver 
bays a/ the rerei z;ing slaliOil, 
N m•al Station, Long Bearh. 

eguipment with constant attention to simplification 
of installations and multip le use of new eguipment; 

provides production designs for all accessory equip­
ments ; and develops and i ll ustrates, when required, 
installation technigues. 

Project Engineer: Reduces planning information to 

equipment lists (cabinets, operating tables, p re­

amplifiers, simplex panels, etc. ) ; prepares circuit 

block diagrams, terminal assignment sheets, work 
reguests ; and provides overall ~upervisi on of in­
stallation and test. 

Systems 
The basic principle behind p lann ing operations, not 

new to the communication station fie ld , is concentration 

of t ransmitters and receivers in adequately spaced build­

ings. This principle has not in the past been rigid ly 

applied to air stations and othe r dispersed activit ies. 

Centralization of transmitters has been an accepted prac­

tice, but too often numerous receiving activities spring 

up in locations providing poor reception resulting in 
substandard communications. Airport control towers, 

operations radio, administ rative radio and airways com­

munications stations are general ly p lagued by li mitations 

on antenna heig ht and space and by hig h noise leve ls. 

Emphasis has therefore been placed in recent yea rs on 

improvement o f reLeiving systems through isolation and 

tentra lization . Isolation has been achieved by three 

methods depending on individual ~ ituations and avai l­

abi li ty of fund~: 

1 T he establishment of an iso lated central receiving 

station for service to all activities by new LOnstrut ­

tion or by the conversion o f an ex isting structUJ e. 
2 -Centralizat ion of receive rs at an exist ing radio room 

suffic iently close to an acceptable site for an antenna 

park, to permi t em ployment of buried RG- 85 ; u 
coaxial cable for connection to the remote antennas . 

3- lnstallation of fixed frequency h-f and v-h-f receiv­
ers in weather-proof enclosures mounted on one o r 

·more of the antenna poles, and em p loymen t of buried 

telephone cable for interconnection w ith the central 

receiving room. In this case it is necessary to install 

tunable standby and CW circui t receivers in the 
rad io room. At airways stations primarily interested 
in voice circuits, this makes an econom ical yet highly 

satisfactory solutio n. 
Every attempt is made to rack mount all eguipment 

in cen tra l receiving stations, even to the exten t of 
fab ri·cat ing adapte rs when necessary, for the various 

eguipments encountered. The avai lability of signal d is­

tributiOtl uni ts has decreased the guantity of accessory 

eguipments requir ing local fabrication. Expansion of the 

d istribution un its is generally necessary, however, since 

the average cen tral receiving stat ion employs from 30 

to 45 receivers. Stand ard 7- foot rack cabinets, Type 
CY - 597 j G, are employed extensively th roughout the 

entire system. Attenuator units are mounted in each 

receiver cabinet fo r reduction of average output level to 
zero. This has the advantage over attenua tion in the 

jack fie ld in that common cables can be em ployed 

throughout the bays for a ll circuits. Rack-mounted AM-

2 15/ U line amplifi ers are used at all remote receiving 

locations. Type- 50272 amplifiers were employed in 

early installations for am plification at remote con tro l 

point,. Due to its small size th is unit is p referred. H ow ­

ever, due to the short supply of these units, the larger 

adapteJ Type AM- 215 ;'U has been substit uted. 

Local operating positions He p rovided , when required, 

by the installation of special rack-mounting tables, which 

are treated as remote stations with zero level tone chan­
nels (receiver aud io output) supplied to each position 
from the control bays. When local operating positions 
are installed, a transmitter patch bay is included for 
remote transmitter cont rol. Receivers in operating tables 
are connected with the signal d istribution unit for an­

tenna service. 
Transmitter control has gone thro ugh a period of 

evolution resulting in the present s implexed system. It 

became apparent early that all transmitting equipmen t 

should "look" the same to all remote control locations. 

T h is meant terminal equipment to accomplish the match 

for both the carrier and audio circuits. Working from 

the transmi tter back, the fo llowing conditions are 

maintained: 

1-Trcmsmiller terminals: Carrier operated by 48 volts 

d .c., positive grounded, exte rna ll y supplied. A udio 

input, balanced , 500 ohms, -5 db input for lOO ';c 

modulation (add itional ampl ification, regui red on ly 

on T CS equipment, is supplied by a local preampli ­

fier which is powered by receiver receptacle of TCS 

power supply). 
2- Tra11mtiller t est jacks: Carrier is keyed by shorting 

the circu it (48 volts d . c. from indicating fuse strip 

applied at same terminal block ). Aud io, - 5 db 

input maximum, across 500 ohms. 
3- Tran.rmiller simplex strip: Carrier, simplexcd on 

500-ohm balanced line (operating voltage applied 

on same terminal b lock th roug h an ind icating fuse 

~uip) . 
4-Rel!lole ro11trol po.ritio11: Carrier con trol by ground-

ina cen ter tap of preampli fi er output w i,,di, .g. 

A~dio level across the balanced line, ze ro ( a \ c:r:~ge 
li ne loss= 5 db). 

fi g ure 1 illust rates, 111 a s impl ifi ed m:tnner, the u\·er-

FIGURE 3-Tzl'o-position oper­
ating table. 

all transmitter control system which is based on 

simplex operation. This system is favored because of 

the simplicity in patching voice transmitters, and the 
reduction in government contro l cable requirements and 

reduced cost where leased control li nes are involved. 
The equipment reguiremen t and the insta llation in­

volved in setting up a commun ication activity using the 
system are therefore small. For each pos ition the bare 

essen tials are : 

!- Line ampli fier (AM- 215 / U ). 

1-Speaker andj or headphones. 

1- Tone channel unit. 
1- Preampl ifier ( 11 5 vo lts a. c.) . 

1- Dynamic microphone. 
1- H and key. 
1- T elephone pair to the receiVI ng center. 
! - T elephone pair to the transmi tting cen ter. 

Remote control insta llations are multiplied as reguired, 

insta lli ng the necessary equi pment either in exist ing fi x­

tu res (e. g . control tower consoles ) , rack-mounting 

tab les in communication centers, or in rack cabinets in 

special types o f insta llations, such as tactica l air control 

centers. The combination of foresig ht in reserving rad io 

contro l pairs in a stat ion telephone system, and the 
packaged natu re of the prewired remote con trol un its, 

tables and cabinets, makes it re latively s imple to accom­

modate changing communication plans. 

Typical Installations 
The receivino station at Naval Base, Long Beach, is 

b . . . 

an c:umple o f a medium-sized central rccc 'v_,ng stat1on 

where remote antennas feed the r-f sect ion o f the Signal 

dio;tr ibution uni t. 
T he station i-; located in the commu nicati on wing o f 

the Administ r,tt io n Building. F igure 2 -;hO\\·s the L"On­

trol .md recci\ er h,tys as foll ow-, : 

/0 
m 
U1 
-1 
/0 

(} 
-I 
m 
0 

/0 
m 
U1 
-I 
/0 

() 
-1 
rn 
0 



0 
L.J..J 
1--
0 
~ 
I­
V) 

L.J..J 
~ 

0 
LU 
1---
0 
~ 
I-­
V) 
L.J..J 
0,::: 

Bays I & 2-Expanded Type B signal distribution 

unit. 
Bay 3-Transmitter remote patch bay. 

Bay 4-U-H-F RA TT terminal equipment. 

Bay 5-H -F RA TT terminal equipment. 

Bay 6-Remote cpntrol for unatte nded TDZJRDZ 
insta llation in s ignal tower. 

Bays 7 & 8-RBB & RBC receivers in special 

adapters (power supplies below, rear ac­
cess). 

Six local operating pos1t10ns are available in the re­

ceiving room proper, with four additional positions in 

the adjacent ComSecAct receiving room. Receivers in 

ComSecAct are connected with the sig nal d ist ribution 

unit for r-f input and a-f output d istribution. Two 

remote operating locations, the Port D irector and the 

Harbor Craft Base, are a lso served from the receiving 

room. 

Figure 3 shows Positions 5 and 6 in the rece1v1ng 

room. T he table is a standard two-p osition unit, and 

houses two RBB receivers, two RBU panoramic adapters 

and the u ual preamplifier s implex uni ts. These posi­

tions a re norma lly employed on th e 2-3 Me harbor 

circuits; the panoramic adapters being provided to 

eliminate the need for periodic .. rocking .. of receiver 

wning on the ship-shore guard freq uencies. 

Figure 4 shows the Na\·a l Base t ransmi tting station 

control bays containin,?: 
Bay 1- Automatic keyer for RDF calibration, 

SX 2R, LR 1 and two -iR-volt control 

power unit~. 

FrGL.RE 5 - Rnnotf: control cabinets f(Jr [l1ght tf:lt umtrol 
l\'A.\1TC, Pt . J\111g11. 

fiGURE 4-:-Trausmiller conlroi bay at the Na val Station, 
Long Beach. 

Bay 2-AM-215/U, coaxial patchbay and pre­

amplifier for local test. 
Bay 3- Three FSA keyers. 

Bay 4-Three simplex panels and the usual jack 

field. 

The coaxial patch bay terminates runs of RG-59/U 

from the oscillators of all master oscillator type trans­

mi tters and inputs to the first IPA stage on all equip­

ment adapted for FSK. T hese coaxial interconnections 

serve for frequency meter pickup and permit permanent 

installation of the FSA keyers. 
A typical large remote control unit is shown on figure 

5. T his completely assembled and wired unit was 

photographed in th~ Electronics Shop prior to delivery 

to the Naval Air M issile T est Center, Point Mugu. The 

unit has been installed in th'e launching area for service 

to both Flight T est Con trol and Sea Range Clearance. 

P ro_vis ion is made for guarding 15 receiving circuits 

whtle transmitting on 12 circuits simultaneously. Provi­

sion is also made for control from a maximum of 20 loca­

tions in each room, for bridging any or all circu its, 

and for intercommunication between control points. 

The co_mmunication plan for each launching problem is 

set up 10 the patch bay as required, to serve the Clearance 

Officer, rada r plots, AEW, etc. 

Equipment 
A description of a few of the accessory equipments 

FIGURE 6-Preamplifier simplex unit. 

may be of interest to complete the picture of standard­

ized design: 

Operating Table- (Fig11re 3) (Plan Rf- 23F-I056 ). 

1-Welded steel construction. 

2-Two positions per unit, available in !eft-hand, 

center or right-hand units (e. g. 6-rosition table 

composed of L, C and R sections and left and 

right ends) . 

3-0ne duplex rack per position, rolls out on tracks 

for servicing of equipment; self indexing plug 

connectors for power and controljtone circuits. 

4-Typewriter well covers slide back, eliminating 

stowage. 

5-End section IS separate unit; continuous hinge at 

rear; handle (under table) releases lock for 

access to unit terminals. 

6-Space for power supplies (v iz. RBA series) in 

space below racks (access by lift-off covers). 

7-Table top of grey Formica (cigarette and stain 

proof). 

8- Trim, and points of wear are of stainless steel. 

9-Panel light ing p rovided by recessed Jumaline units. 

Preamplifier- (Figllfe 6) (Plan Rf-500 -1073 ). 

1- Rack panel, 3Y2'' x 19". 

2-Input: Dynamic o r ca rbon microphone. 

3-0utput: Simplexed, balanced 500-ohm line to 

+5 db. 

4-Power input 115 volts, single phase, 50,'60 cycles, 

20 watts. 

5-Multiple relay provides carrier simplex, rece1ver 

muting, connects p reamp lifier to line (allows 

multiple operation of several units on same line ) , 

and loads output in OFF position to protect power 

level meter. 

6-Contains special low flux density, triple shieldeJ 

power transformer. 

7-Tube complement: 1 each 6SJ7, 6C5, 6X5. 

8-Telegraph key connects to terminal board on rear, 

or plugs into jack on panel. 

Simplex Panei- (Figure 7) (Plan Rf-23F- 881 ) 

1- Converts simp lexed line to carrier and audio lines. 

2- Six lines per strip; 3 Y2'' x 19" panel. 

/ 

FrG URE 7-Trallstnitler simplex unit. 

3-High speed relay (Advance No. 1200), panel­

mounted for inspection and adjustment; molded 

plastic cover. 

TCS Rack A dapter (Plan RJ-IOF-1061 ). 
1-Rack mounts either TCS transmitter or receiver. 

2- Panel, I OY2" x 19". 
3-Power supply mounts on intermediate frame. 

TCS Preamplifier (Piau RJ-50AA-927 A). 
1-Installed with remote control TCS transmitters . 

2- Provides conversion from 12-volt TCS carrier con­

trol circuit to standard 48-volt d . c. operation . 

3-Provides 25 db of gain, if required, ahead of TCS 

modulator. 
4-Plugs into TCS power supply receiver receptacle 

for power and input connections. 

5-Single stage, 12A6. 

V RF Rack Adapter (Plan Rf-IOD-1338 ). 

1- Panel, 17Y2'' x 19". 

2-Recorder recessed, controls flush. 

VR F Control Panel (Pia11 Rf-23£-137 3) . 

1- Panel, 5Y2" x 19". 

2- Used with each pair of rack-mounted VRF re­

corders. 
3-Provid es for automatic transfer, and for eight 

isolated input lines. 
4- Local and remote warning lig hts ind icate need for 

film replacement. 

A 1H-215 U Rack Adapter (Plan Rf-23F- 1079). 

1- D etai ls CEMB, Supp. No. 25. 

Relay l?ack Table- (Fig11re 2) Bays 2 & 3 (Plan Rf-

23f7- I077A ) . 
!- Panel, 3'/z" x 19" ; saves considerable panel space 

over Type fN- 28G (8% " x 19"). 
2- Top of grey Formica (cigarette and stain proof) ; 

hinged for access to compartment for log books, 

p.1tch cords, etc. 

Control Potl'er S11pply- (Figme 4) Bay 1 (Plan Rf-

20A/l 71 5). 
1-Panel, SY,." x 1<)" . 
2 Input 115 volts, ingle phase, 50j 60 cycle, 200 

watts. 
1 Output -48-,·olt d . c. at 3 w1ps. 

Employ~ 1132 1 rectifier . 
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MODEL VF 
COINCIDENCE GATE 

b)']. L. PLOOF, Fire Control Gro11p, 
Long Beacb Naval Sbipyard 

Numerous ships entering this yard equipped with VF 
PPI repeaters have experienced difficulty in keeping 
these equipments operating satisfactorily. Since most of 
this trouble centers around the operation of the B-scope 
and especially the coincidence gate, V-314, a brief dis­
cussion of the functions of the coincidence gate and its 
major troubles, together with their causes and corrections, 
may be of some value to the Fleet. 

A coincidence gate is basically a very simple circuit. 
It consists of a tube to which two signals are applied. 
The tube is so biased that neither signal alone will cause 
the tube to conduct, but when both signals are applied 
simultaneously, their combined voltages are sufficient to 
overcome the tube's bias and cause the tube to conduct. 

In the case of the VF, the coincidence gate, V-314, is 
a 6SJ7 tube. The two coincidence voltages are applied, 
one to the No. 3 grid and the other to the No. 4 grid. 
Negative bias voltages are applied to these grids from 
the pow~r supply. 

The signal voltage applied to the No. 3 grid is a 
square wave pulse 6 microseconds wide. Its repetition 
rate is identical with the repetition rate of the radar 

energizing the VF. 
The signal voltage applied to the No. 4 grid is a 

series of approximately 50 marker pips spaced at 6.1-
microsecond intervals. A series of pips is started by 
each sync pulse from the master radar. 

A phase shifting network capable of shifting the 
phase of these markers 360° is so geared to the Veeder 
range counter that for each 360° phase shift the Veeder 
counter shows 1000 yards change in range. 

The 6-microsecond pulse is capable of being linearly 
delayed approximately 300 microseconds by means of a 
helipot and pick-off diode. The helipot is so geared to 
the Veeder counter that for each change of 1000 yards 
of the counter, the pulse delay will change 6.1 micro-

seconds. 
Normally one of the marker pips applied to the No. 4 

grid of the coincidence tube will occur at approximately 
the middle of the 6-microsecond pulse applied to the 
No. 3 grid. The tube will then conduct, triggering the 
B-circuits. This condition should prevail at any setting 
of the range counter. 

When movement of the 6-microsecond pulse is not 
linear, the pulse will move faster or slower than the 
shift in phase of the B marker pulses. Under this condi­
tion, after the range crank has been moved several turns, 
the 6-microsecond pulse will have been advanced or re­
tarded in respect to the B marker pulse sufficiently to 
allow it to occur between B marker pulses, thus causing 
the B gating multivibrator to remain in a steady state 
condition. This is the most common cause of loss of the 
B-scope presentation. It is easily recognized by the "fact 
that the B-sweep will disappear and then reappear as 
the range crank is turned through its entire range. The 
correction for this trouble is the proper adjustment of 
R-325 and R-320. 

When the B marker oscillator is operated at a higher 
frequency than normal, the spacing between marker 
pulses becomes less than 6.1 microseconds. When the 
spacing between marks decreases to 6 microseconds or 
less, it is possible for two marker pulses to occur during 
the 6-microsecond pulse. When two marker pulses are 
"riding" the 6-microsecond pulse, the leading marker 
will trigger the B gating multivibrator but the following 
marker will have no effect. However, any slight devia­
tion in linearity of movement of the 6-microsecond pulse 
will allow the leading marker to "drop off the pulse." 
This allows the following marker to trigger the B gate. 
This trouble can be recognized by a sudden jump of 
approximately 1000 yards in range. The remedy is ad­
justment of the oscillator oven thermostat for correct 
oven temperature and readjustment of the oscilJator 
L-301 to the correct frequency. 

Most ships do not have a special thermometer for 
measuring the oscillator oven temperature. However, 
nearly every ship which has a VF installation also has 
a VJ installation. Component M-501 of the VJ is a 
Navy Type-40253 thermometer. It is carried in VJ 
equipment spares as Tag No. 1497, and this thermometer 
will serve for measuring the VF oscillator oven tempera­
ture. 

Section V, par. 4, part 3 of the VF instruction book 
outlines the procedure for adjusting the oscillator fre­
quency by use of the Model 60ACZ circular sweep scope. 
Bec.use the number of these scopes procured by the 

fl 
I 

I 

Navy was very limited, very few ships are formnate 
enough to possess one. When a Model 60ACZ sec .)e is 
not available, a Model TS-239 ;'UP synchroscope used as 
outlined below will prove to be a satisfactory substitute. 

The frequency of the oscillator can be adjusted in the 
following manner: 

With the· synchroscope sweep set at 10 microseconds 

and triggered by the applied signal, apply the phase 
shifted markers from pin 4 of V-314 to the signal input 

jack of the synchroscope. By using the 0.2 microsecond 
markers an accurate measurement of the distance between 
marker p~lses can be obtained. Coil L-301 of the oscil­
lator should be adjusted until the distance between 
marker pulses is exactly 6.1 microseconds. (This should 
not be attempted until the oven has reached its normal 
temperature.) 

In some VF units trouble is experienced in adjusting 
the slope of the pick-off diode cathode voltage as out­
lined in Sec. V, par. 4, part 3j of the VF instruction 

book, so that 1, 'Cil!' movement of the 6-microsecond 
pulse will ensue. 

The Model TS-2 39 jUP synchroscope can be used in 
the following manner to make this adjustment: 

Cou~:; the 6-microsecond pulse from pin 3 of V-314 
to the "signal input jack of the Model TS--239/UP. 
Couple the marker pulses from pin 4 of V-314 to the 
Z-axis jack. Set the sweep at 10 microseconds and trigger 
it from the signal. Adjust the signal attenuator until a 
well defined pulse appears on the scope. Turn the in­
tensity down until a series of breaks appear in the 
sweep trace. These breaks_ are the marker pulses. 

Set the VF range at 3000 yds. Adjust R-325 until one 
of the breaks occurs squarely in the center of the pulse. 
Advance the range crank several thousand yards and 
note if any shift in position of the break occurs. If so, 
make compensating adjustments by means of R-320. 
Repeat this operation at least three times because there 
is a certain amount of interaction between R-325 and 
R-320. 

VERSATILITY OF 
SONAR EQUIPMENT 

h)' MR. H. H. WAIR, Head Sonar Gro11p, Ship Sectio11, 
Long Beacb Naz,al Ship;·ard 

The Bureau of Reclamation has for some time been 
utilizing ultrasonic depth recording equipment to 
measure the silt deposits in Lake Mead, which is the 
great reservoir formed behind Hoover Dam in Nevada 
by the waters of the Colorado and Virgin Rivers. 

Models NJ-8 and NK-6 Echo Sounding Equip­
ments furnished by the Bureau of Ships and maintained 
by this shipyard are being used in plotting the growth of 
these subsurface deposits. 

The recording of the actual silt depth directly on 
the equipment recorder rather than obtaining the depth 
by comparing the new depths with the original survey 
is particularly advantageous. It was found previously 
through comparison of the varicus equipments, that the 
Models NJ-8 and NK-6 would register the total depth 
of the silt deposit, indicating both the top and bottom. 
The depth of the silt was found to be as great as 100 
feet in certain locations. The ability of the above equip­
ments to measure such great depths of silt is !.Lid to 
the fact that a low operating frequency of 14.25 kc is 

used. 
A commercial model sounding equipment was used as 

a check on the Model NJ~8, and as a s£andby unit. In 

comparing the two equipments, it was interesting to note 
that the commercial unit indicated a depth of approxi­
mately one to two fathoms greater than the Model NJ-8 
when readings were taken over silt deposits; however, no 
indication of the bottom of the silt deposit was pre­
sented. These differences in indications between the two 
equipments are believed to exist primarily because of the 
different operating frequencies employed. The operating 
frequency of the commercial model was 50 kc. 

Core samples taken of silt deposits showed approxi­
mately the first two fathoms of the deposit to consist of 
silt in suspension in the water. Chain soundings were 
compared with commercial model and NJ-8 recordings 
taken at locations where core samples were obtained. 
These comparisons brought out the fact that the Model 
NJ-8 registered the top of the silt suspension, whereas 
the commercial unit indicated the beginning of the solid 
silt. Corrections for salinity and for temperature gradients 
of the water were made in establishing the accuracy of 

the soundings. 
The above application of standard Navy sonar equip-

ment to a special assignment illustrates the versatility of 

these units. 
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ELECTRONICS 
CABLE TRACER 

by GEORGE F. MASIN, Search Radar Group, Long Beach Naval Shipyard 

Occasionally the Ship Section o f the Electronics O ffice 

is called upon to cope with a situation without apparent 

p recedent, necessitating devising an equipment or de­

veloping an idea with which to solve the problem. 

One such problem concerned a defective intercon­

necting cable supplying the hig h-voltage anode potentials 

to the Mk 13 radar forward fire control indicator scope 

on a cruiser. These potentials orig inated from a rectifier 

power uni t developing 5000 volts, which was located in 

the after fire control equipment compartment. The out­

going cable conductors were fed through 500,000-ohm 

isolation resistors and since the insulation resistance of 

each conductor was in the order of 100,000 to 200,000 

oh ms to ground, it was obvious that approximately one­

sixth of the no rmal potentials were ava ilable at the 

remote indicator. 

Since th is cable passed th rough a compartment which 

had been flooded, resistance checks using a bridge as a 

Varley loop would produce uninterpretable read ings, for , 

as was found late r, the resistance-to-g round was not 

concentrated in one area, but was con tinuously distributed 

throug hout one hund red and fi fty feet of cable. 

A t the time this problem was presented to the Ship 

Section, others had attempted to phys ica lly and visibly 

trace this cab le, with no success. In fairness to the others, 

it may be s tated tha t this cable was subsequently found 

to conta in twenty-eight different cable identification tags. 

The problem was attacked from the standpoint of 

the utilization of an influence fie ld which would 

emanate from th is cable, be o f positi,·e identification, 

and wh ich wou ld not ~u ffer undue a ttenuation through­

out the cable's leng th. 
T he electrosta tic fie ld (r-f) method was tried and 

fou nd unsuccessfu l. 
T he theory uti lized \\' ,IS th at of a magnetic fie ld va ry­

ing at an audi b le rate ( i.e:: .. 60 to 1000 cps ) , knowing 

th is variable fie ld would lend it-;elf most readily to de­

tection . 
A pick-up de' ice tai lored from a line-to-grid t rans­

former, modified by re-;tacking the: core lam inations to 

produce an open tnJ o r ai r gap, was rapidly f,tshioned. 

A portable two-stage e lc:ctronic amplifi r was develop<:J, 

operating enti relr from a 1. 5-volt flashlight cell and 

a 67.5-volt mi ni max h,tt te ry. and u t ilizin~ 1 single: 

l08GT tube. T h is amp li fi e r tncorpo rateJ Jn outpu• 

.-----------· : :·--- ------
:: g J ltoiOOif iED I.INE 

l!m Ill TO GRID T f1A14S 

L-t---------~~~O~OO~OH~N--------------J 

MAGNETIC CABLE TRACER ELECTRONIC 
AMPLIFIER. 

meter for visual indication and an earphone jack for 

audible detection. To develop the influence field, the out­

put of a Mk 22 radar 400-cycle a lternator was con­

nected to one of the conductors in the cable throug h 

a 100-watt lamp , to act as a current limi ting device. 

The other output lead from the alternator was con­

nected to the bu lkhead securely for an effective electrical 

ground . The far end of the inner cable conductor was 

also securely grounde~, thus resulting in a closed loop 

circuit carrying approx imately 1 ampere of 400-cycle a. c. 

I t was found, as had been surmised, that there was 

li tt le i~ any attenuat ion of_ the signa l with progressively 

increasmg cable length, s1nce the current through the 

cable and the resultan t magnetic fi eld was constant. 

In less than an hour aboard ship, the complete cable 

had been traced, down th rough the forwa rd d irector 

tube, throug h severa l compartments and bulkheads, to 

the after d irector tube. 

It may be pointed out that iden tification of the cable 

under test was positive and rapid , even though it was 

located , in many cases, 1n a g roup wireway with 20 to 

30 other cables. The 400-cycle tone could be picked up 

at from 6 inches to 1 foot from the conductor, and 

positive identification was accomplished th rou oh rotation 
' k b 

of the p1c up transforme r to obta in m inim um s1g nal, 

under which condition the air gap was at rig ht ang les 
to rhe influence fie ld. 

H ere was an instance of an un usual p roblem quickly 

~ urrnoun~c::d and o~ercome by the Ship Section , and which 

rbul tecl m the sav1ng of time a d t . 1 n rna e n a . 
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TELETYPE REPAIR 
'· 

b;· K. c. GRESO\XISKI, LIEt.iT. (J. G . )' USN, 

Long Bear/; Nm1ttl Sbipy:ml 

A teletype repair facility '''aS establi shed in this ship­

yard on 1 Dec~mber 1946 to provide the necessary serv­

ices for installation, maintenance, repair and l imited 

overhaul on teletype equipments located at shore ac­

tivities and on sh ips in the San Pedro area. A subsidiary 

activi ty was established in the Electronics Repair Unit at 

San Diego for s imilar services to shore activities in that 

area. 
In September 1947 the Shipyard facili ty was expanded, 

with an increase in personnel, additional work bc:nches 

and ·a fully equipped cleaning department. This cleaning 

department, d evelop ed in collaboration with the Fire 

M arshal, includes a spray booth, two cleaning baths and 

a drying oven. The procedure developed at this shipyard 

is as follows: 

1- After disassembly the uhits are placed in the spray 

booth and sprayed with cleaning solvent which re­

m9ves excessive accumulation of grease and dirt. This 

procedure prolongs the li fe of the cleansing agent 

used in the " Agitor" bath- the cleaning solven t is 
strained and reclaimed. 

2- The units are next placed in an Ag itor cleansing 

bath made up of one part Peotone Major and seven 

parts high g rade kerosene where they remain for 45 

minutes under constant agitation-this insures a 

thorough cleansing of all tig ht spots. The cleansing 

bath is under continuous filtering through a Fearn 

automobile filter ing element replaced by folded cheese 

cloth. By continuous fi Itering it has been found neces­

sary to add only one gallon of Pentone Major and 

seven gall ons of kerosene every s ix weeks. T he bath 

uni t is manufactured by Gary Mills, Evanston, Illi­

nois, under trade name Agi tor. 

3- The next step is to place the uni ts in a hot water 

bath maintained at a constant temperature of l 60° f . 

This bath is also agitated by air pressure. T he bath 

water is removed and the excess water b lown off. by 

air pressu re. 
4- W hen all vis ible water has been removed, the uni t 

is placed in an oven heated by eig ht in frared lamps 

and dried for 4 5 minutes at a temperature of 25 0 ° F. 
The unit is then placed in the spray booth and 

sprayed w ith light teletypewri te r oil to prevent rust 

from condensation when the warm unit is ren· .. w ed 

to the work bench for reassembly and replacement 

of worn parts. 
Concurrent with th is expansion a schedull:d major 

DISASSEMBLED TELETYPE UNITS being 
sprayed with cleaning solvent. 

overhaul program was estab lished for all teletype equip­

ment installed ashore in the Eleventh Naval D ist rict. Ex-

elusive of routine maintenance and emergency repair the 

capacity of the p resent facil ity for complete breakdown 

overhaul and reassembly is approx imately 500 teletype­

wri ters and 100 crypto machines per year. 

T he man-hours presently regu i red are as ( ollows: 

Breakdown and clean any unit 

O verhaul, reassemble. adjust and 

t c~t ?\fod 14 and Mod 1 5 TTY 

(),·<: rhau l. rf'assemble. adj ust and 

tt-.t Mod l ') TTY 

2 man-hou rs 

-10 --18 man-hours 

HO-HH man-hcur~ 
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POSITION of teletype machine IN TRANSPORTING CHEST. 

O verhaul, reassemble, adjust and 

test Crypto 1 and componen ts 40-48 man-hours 

A . routine preventive maintenance procedure and 
tech nique has been developed by the shipy::rd ~ogether 
With_ the most des~rable featu res used by the Bell System 
repair shop In this area, and is applied to all gm·ern­
ment-owned te letypes In the D istrict on a 10- 14 day 

che~u le. A copy of the maintenance pamphlet will be 
furni hed any activity upon request. 

By experiment it was found satisfacto ry and particu­
larly economical to schedule machines recently over­
hauled (first Sixth-month period ) on a 14-day schedule 
and others at 10 days. 

In connection_ w ith maintenance, the shipyard de­

veloped a c~rrymg case as a pro tection against shock 
and dust which are Inva riably encountered w hen trans­
porting teletype machines over long d istances. 

1 

Handled in a secured section of the shop bl' cleared per­
sonnel. 

This was a particular problem of th is shipyard as 
machines must be transported to activities remote from 
the sh ipyard, such as Inyokern ( 165 miles) , Barstow 
( 110 miles ), San Diego ( 103 miles ) and Litchfie ld 
Park ( 3 75 miles ) , which necessitated an exten sive re­
check for maladjustments, broken parts and dust. 

Construction of this case is relatively s imple and m­
expensive. The following parts are used : 

One chest, Type CH- 50- B (transporting cover for 
TGj 7B Model Te letypewriter). 

Four plunger spr ings, Part No. 52270 67, used in 
Model 278 Diesel Eng ine Sp ring Injector. 

One rectang ular wooden base, dimensions to con­
fo rm with the chest base. 

The assembly _will be obvious from the photog raphs, 
and firm mounting of the teletype machine is amp! 

p rovided by the four holding-down bol ts provided i~ 
the chest. 

MODEL SR-2 T-201 TRANSFORMERS 
~ recent Fleet Per forma nce and Ope rationa l Report 

adv ised that transformer T 20 I in the recei,·er un it of 
the Model SR 2 RadJr Equipment had fa il ed. The fol­
lowing excerpt is taken from th is report: 

' "Fuse F 202A in the reLeiver un it fai led . Trans­

former T 201 was fou nd with secondary N o. ~ 
open and ~ewndaries No~. 1 ,tnd 4 ~horted. The 

rran~former \\"as swollen, apparent ly d ue to ove r­

hc,lllnp. The: replacement transformer {rom spare: 

parr' /1.1d a note slati ng that seconda ries No->. 2 and 

) \\tre re,·er~ed. It i~ bel ie ved that the original 

tran, (orm<:r had the -.ame: rC\ er~a l hut h,,d not 

been wired to compensate fo r the error . The resul t 

was that all 6.3-vo lt tubes were supplied with a 
filament voltage of 5 volts and vice versa. In add i­

tion, the 5-volt, 3-ampere seconda ry was overloaded 

300 ( r to 400' i and probably ca used the overheat­

ing and fin al fai lure of T - 20 I . The transformer 

was replaced and correctly wired. The receive r 
then operated norma lly." 

It is Su)!gested that if other ships with Model SR 2 

Radar Eguipmt nts encoun te: r ;;i m ilar fai lur<:s . the T - 201 
transfo rmer fi lament \'O itages he checked fo r proper 
termi nal connections. 

NAVAL · ESERVE 
~ Am· f:m DYnAmiC DEmonsTRATOR 

In the summer of 194 6 were heard the orders of 
"single up-cast off!" as the Eleventh Naval District 
Naval Reserve Electronics Program moved s lowly from 
limbo and g ot underway for \vhat has proven to be a 
long and interesting cruise. 

Three Naval Reserve Off1cers were p laced on the 
staff of the Commandant, Eleventh Naval District, to 

administer to the particular needs of th is phase of the 
new N aval Reserve. The grind of procurement of per­

sonnel and materia l consumed every waking (and some 

s leeping ) moments of all three of these officers. Suffice 
it to say that theirs was indeed a H erculean task. The 
first step was the establish ment of Naval Reserve Fox 
broadcasts. These arrangements were completed with 
the assistance of the Dis trict Communica tions Officer, 

and emitted from a spare transmi tter at NPL, by remote 

control f rom the o ld receivi ng sta tion at Point Loma. 

In the interim, selection of sites for e ig hteen author­

ized N aval Reserve T raining Centers went forwa rd . Each 

site was given the benefit of a n actua l radio survey by 

the DREO, wi th the e nd result that all NRTC's are 

favored with bette r-than-average rad io locations. 
Seven complete install at ions have thus far been made, 

and two addi tional ones are in progress. Complementing 

these training cen ters are twelve Elect ron ics Warfa re 
Companies and fifty-two Electronics \XIa rfare Stations 

which have been established. In add ition, the Dist rict 

boas ts of the possess ion of one DO, two DE's, two 

LCI (L) 's and two SS's wh ich are in constant use by 

the N ava l Reserve in unde rway training . 

P lann ing for a ll but one tra ining center has been ac­
complished b}" N ava l Reservists. The entire procurement 

prog ram has been directly in th e hands of the Assis ta nt 

E lect roni cs O fficer fo r N ava l Resen ·e, and his stall. con­
sist ing o f one Reserve Chief Radio E lectr il ian and one 

Rese rve enli sted yeoman . All M &:P 's, work o rder re -

0 

~:: ·~J'I 

quests and other usual pclper details have been handled 
"by the Reserve, for the Reserve." With the g uiding 
band of experienced planners, shop design and shop 
superin:endents and their staffs, the Reserve has designed 
special racks, tables, pole struts, antenna mounts, com­
munication consoles and a special platform-mounting for 
gyro compasses, and the various shops have fabricated 

same, in addition to h aving reconditioned many items o f 
electronic gear. All in all, it might well be sa id that 

e very shop in the Long Beach Naval Shipyard has con­
tributed its fu ll share of support and in terest in the 
rea lization of the completion of the Eleventh N aval 
D ist ri ct R eserve Elect ronics Program. 

Last 
Type of Approach Month 

Practice Landings . . . I 0,238 
Landings Under Instrument 

Conditions . . . 3 73 

To 
Date 

202,966 

8,896 
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SOME FORMULAS 
for Calculating the Ranges 

of Radar Sets 
by E. V. PERRY, JR., Sear~/; Radar Design Section, Bm·eatt of Ships 

Introduction 
A collection of formulas for . calculating the range 

of radar sets is contained in this article. Radar is by 
now such an essential part of a modern Navy that 
the basic formulas for calculating radar ranges are rea­
sonably well-known. Less familiar to most personnel, 
however, are the methods for calculating these ranges 
for radars with complex scans. Less familiar to most 
personnel, too, are the methods for computing radar 
ranges when variables other than those presented in the 
commonly-presented radar formulas must be considered. 
Consequently, there is need for empirical information of 
this type, and for the formulas presented in this article. 
No implication is intended that this group of formulas 
is all-inclusive, but it is felt that they may be of value 
to those who may have to calculate .radar ranges, or to 
those who may desire to find the effect on radar range 
of varying certain of the parameters. 

List of Symbols Used in the Formulas 
f3 
F 

= I-F bandwidth of receiver in cycles per second 
= Repetition rate in pulses per second. 

f = Transmitter frequency in megacycles per sec­
ond. 

FIGURE 1-Effect of pu!Je t'epe­
tition frequency F on the mini­
mum .detectable signal Smin 

(from figure 20 of U. S. Na-rial 
Research Labo·ratorJ Repm·t R-
3007). 
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= Gain of receiving antenna, expressed as a 
power ratio, relative to the radiation recep· 
tion characteri"stics of an isotropic receiving 
antenna (one which receives equally well in 
all directions). 

= Gain of the transmitting antenna, expressed 
_ as a power ratio, relative to an isotropic radia­

tor. 
= Gain of the antenna expressed as a power 

ratio, relative to the gain of an isotropic an­
tenna, when the same antenna is used for 
transmitting and receiving. . 
300 T . . . = -f- = ransmtttmg wavelength 10 meters. 

= Height of antenna above the sea in meters. 
= Boltzmann's constant, with a numerical value 

o~ 1.37 x I0-23 watt-seconds per degree Kel­
vm. 

= Power loss, expressed as a ratio, due to TR 
and pre-TR tubes. 

- Twice the product of the power loss per foot 
of waveguide expressed as a ratio, and the 
length of waveguide used. 

= Indicator collapsing loss. 
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PTp 

= Loss due to product of sweep speed and 
pulse length not being optimum. 

= loss due to closing· (incoming) target. 
= Scanning loss. 
= Noise factor of the receiver power expressed 

as a ratio. 
= Number of hits on the target made by the 

radar beam in eight seconds. 
= Number of transmitter pulses in eight sec­

onds. 
- Operator constant, with an approximate value 

for the average operator of 2.5, when ex­
pressed as a ratio, and 4 db, when expressed 
in decibel units. 

- A factor in the expression for the minimum 
detectable signal which indicates the effect of 
·varying the repetition rate. 

= A factor in the expression for the minimum 
detectable signal which indicates the effect of 
varying the product T{J from its optimum 
value. 

Pt = Peak power transmitted during each pulse. 
RPMH = Azimuth rotation rate of the antenna in 

revolutions per minute. 
Rmax = Maximum reliable radar range in meters. 
S = Indicator sweep speed in seconds per milli­

meter. 
Sm 1 n = Minimum detectable signal in watts of power. 
SPMv = Vertical antenna scanning rate in scans per 

minute. 
a = Effective cross-section of target to radar set in 

square meters. 
a = Target elevation from ship in degrees above 

horizontal plane. 
eH = Horizontal beamwidth in degrees. 
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8\. = Vertical beamwidth in degrees. 
T = Temperature of 300° Kelvin. 
T R = Time in seconds between completion of one 

azimuth sector scan and start of the next 
sector scan. 

T8 -- = Time in seconds required to scan a complete 
azimuth sector. 

Tv = Fraction of vertical scan actually used (a por­
tion of the scan is lost because the antenna is 
returning to the point where it will begin 
the next scan; this fraction is the remainder). 

., = Pulse length in seconds = pulse length in 
microseconds x 1 o-o. 

V = Vertical angle scanned in degrees. 

Basic Formulas 
The basic formulas for computing the range of radar 

sets and containing the more important of the design 
parameters of the equipments are as follows: 
1-For a searchlighting radar with an A-scope presenta­

tion: 

R = r . _4.84 -~tr2f3GtGruA2 . (.!..) ¥2] V-i 
max L(47r)3(NF)KT(rf3+1)2 SO meters. 

2-For a searchlighting radar with a PPI-scope presen­
tation: 

R ...:...[-~·84 Ptr2/3G 1Gru.,\2 ( F )V2]Y4 
max- (47r) 3 (NF)KT(T!3+1)2' 12.5 meters. 

These formuias do not include the effects of the 
"operator factor" (Ok), the power loss in the waveguide 
(Lwg), the power loss in the duplexer system (TR and 
pre-TR losses, L,.R), or the effect of departure from the 
optimum value of the product of the sweep speed and 
the pulse width on the oscilloscope used (L8r). 
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Radar Range, Calculations Incorporating 
Experimental Data 

There is another form of the basic rad~u equation 

which we sl·i.iil use in conjunction with certain auxiliary 

formulas and experimental data to permit us to compt:te 

ranges for certain types of scanning radars, u:,ing a 

PPI presentation. This form of the equation, which is 

for installations in which the same antenna is used for 

both transmitting and receiving, is as follows: 

[ 
PtG2uA_2 ]~ 

Rmax = -(4 ) 3 S . meters. 
7r nun 

3-

The minimum detectable signat-" S.a m may be 
pressed in terms of a number of other factors: 

4- smin = KT(3 (NF) pl-,pT/JOkLwgLTRLcLs;Lrls 

f'X-

The factor in minimum detectable signal which de­

pends on the pulse repetition rate, PF may be (\btained 
from the graph in figure 1. 

If either T or /3 is varied this variation will cause a 

cha~ge in the minitn~m detectable signal_ P 713• Figure 
2 dxsplays the appro~unate effect on Smin for <.!~·:iation 
of either T or f3 when the other is maintained constant. 

The operator factor results from the fact that the 

operator is human and will not peform at 100% effi­

ciency, thus lowering the value of the mini!Tlum detecta­

ble signal still further. Tests have sl•o'-''n that the 

OperatOr faCtOr Qk may be taken as 4 db for the avPr­
age experienced operator. 

The w_aveguide in the radar set has a finite though 

-.smdll reststance, and it is necessary to include the factor 

from this cause, Lwg· This quantity is twice the power 

loss ratio per foot of waveguide times the length of 

waveguide involved. There are, of course, additional 

iUiill 
I 

§ 
~ IZ 

~ 

0' 04 06 00 t z l • ' • 'e \0 
,.~HC(Nt 

' ! 

FIGURE 3-The scanning ln.u in db a.r :t function oj .·/·:: 

n11mber ·of hits in t:igbt secoJlds NP!I (expreSJed as a 
percentage of the ~·p/Jeti::.J" rate Fin pt~ises per rr-rrmd 

(
Nila ) ~p-·Y JOn ). 

losses in the TR and pre-TR tubes in the duplexer. The· 

loss from these latter causes is lumped into the quantity 

LTR and usually is approximately 1 db. 

Any presentation of radar infonnation which super­

imposes sweeps containing no signal on sweeps con­

taining an echo will cause this "extra noise" to be 

integrated with the echo, resulting in a loss of signal 

visibility. In a scanning radar, for example, if 1h~ 
beam sweeps vertically we will receive no signal where 

the beam does not intercept a target, but will be re­

ceiving noise all the time. Whc:;n the beam sweeps 

across a target, we will receive· both an echo signal and 

noise. Since PPI sweeps at any azimuth contain all the '· 

vertical sweeps, the "extra noise" will tend to mask the 

signal by lowering the signal-to-noise ratio. Such a 

loss of signal visibility may be termed the "indicator 

collapsing loss," Lc. This may be estimated with the aid 

of figure 3 (a). A formula which may be used for cal· 

culating the collapsing loss of a vertically-scanning radar 

with a PPI presentation is: 

Variation of the pulse length on a PPI screen will 

vary the minimum detectable signal, producing a loss 

,LsT· It has been determined by test that optimum dis­

cernibility is achieved when the product of the sweep 

speed S in millimeters per microsecond and the pulse 

width T in microseconds is approximately 0.8 mm. Devia~ 

tions from the optimum will vary the minimum detecta­

ble signal according to figure 4. 
If a target is close enough to the radar so that it has 

previously been detected, then that target has "recognition 
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FIGURE 3 (a)-The i11dicator collapsing loss in db as a 
flmction of the number of beam-widths in the collapsed 
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value" for us at the time, and, as it moves out from 

the location of the radar, we can still identify and detect 

it when the echo is weak because it is known to us. For a 

target coming in, the target has to get close enough that 
the echo signal will become strong enough to force its 
attention on us and by its prominence indicate without 

question that it is from a new target and is not just noise. 

The range at which we can still detect and identify a re­

treating target is greater than the range·. at which an in­

coming target is first recognized as such. We may express 

this effect on the minimum detectable signal when the 

target is coming in on the radar as 11• It depends on the 
percentage of the total oscilloscope face watched, and 
on the azimuth scan rate. The curves in figure 5 

approximate the loss from each of these factors; the 

total loss Lr in dH is the sum of the effects of these two 
factors. 

As the gre~t majority of modern equipments scan in 

azimuth, in elevation, or in both, we have a loss due to 

th~ fact that we only get echo pulses when the beam 

sweeps across some sort of reflecting target. A portion 
of the output energy is lost when no reflection occurs. 
This loss is the "scanning loss," L8 • It may be calculated 

by using the following formula, which holds fairly well 
down to a minimum of approximately five hits in eight 
seconds (eight seconds is the average time in which the 

eye and the scope integrate in such a manner that the 

eye cannot distinguish the particular way in which th:· 
echo pulses were received) : 

6-Scanning loss=~ ~:: or 10 log10 ~ db . 

The number of hits in eight seconds for a radar scan­

ning both in azimuth and in elevation is given in the 
formulas below which are derived in the Appendix: 
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Figure 3 may be used to aid in calculating the scanning 

loss. 

Additional Factors Influencing Radar Ranges 
O_xygen and water vapor will absorb r-f energy and 

will decrease the range of radar sets when the trans­

mitter frequency is high enough. Although the curves 
lJl figure 7 do net show us directly how to compute 

the loss from this attenuation, they do show us the 
frequencies at which it must be reckoned with, and show 

us its. frequency dependence. 
If the beam is searchlighting · with its nose on the 

horizon there will be reflection from the ocean. The 

·approxi~ate effective range in case of such reflection 

may be obtained from the relation: 

9- Rmnx with reflection = 
. . (" . 27rh sin e ) 

(Rmax without reflectton) 2 sm ).. 

Calculating Radar Range by Extrapolation 
from Radars of Known Characteristics 

It is possible to estimate the effects of varying any 

parameter~ thereby permitting extrapolation from the 

existing radars of similar characteristics. Those param­

eters which enter into the basic formulas to the ~-power 
are "one-way losses," influencing either the transmitting 

or receiving system. Those entering in to the Vrpower 
are "two-way losses," influencing both the transmitting 
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FIGURE 4-Eifect on the. mini­
mllm detectable signal Smin of 
variation of the prdse length on 
tbe PPI screen in mi/limetel's 
(from {ig11re 12 of U. S. Naval 
Research Laboratory Repo1'1 R-
3007). 
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and receiving systems. If the necessary· test information 
is available, tlie ·n:1ethod of extrapolating is the most 
accurat~ means· of.cQ_mputing radar performance. Certain 
paramete~-~re jn~ependent, and the effect on the range 
of their- vatiatloii'~ tan be determined from .figure 6. 
These parameters are:-
1-The peak power Ph which is a one-way loss. 
2-The waveguide loss Lws• which is a two-way loss. 
3-The TR-loss LrR, which is a one-way loss. 
4-The receiver noise NF, which is a one-way loss: . 
5-The· target echoing area u,, which is a one-way)~s~-

The target echoing areas for some common rurcraft 
are: -. 

T tfrget u(square meters) Vari~tlon (db)< 
B17 75 5.7 
PBY 50 4.0 
SNB 20 0.0 
FBF 8 -4.0 
PSI 4 -7.0 

If any of the remaining parameters (A, G, p, T;·P) 
are varied, correction will be required on the other 
parameters as listed below: 
!-Wavelength,\. -----· 

a-Wavelength variation effect is shown in figure 
6, and is a two-way loss. 
b--Antenna gain variation, a two-way loss, see 
figure 6. 
c-Number of hits (formulas 6, 7, and 8), result­
ing in a change in smin (one-way loss, see figure 
6). 

2-Antenna gain G. 
a-Antenna gain variation from figure ~' a two­
way loss. 
b--Number of hits (formulas 6, 7, and 8), and 

FIGURE 5-Eifect on tbe mini­
mum detectable sixnal Smin of 
the percentage of the total oscil­
loscope face watched and the 
azim11th scan rate in revo!tJ­
tions per minute <from figt~re.r 
8 and 9 of U.S. Naval Research 
Laboratory Report R-3007). 
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resulting effect on Sm 1n (one-way loss, see figure 
6). 

3-1-F bandwidth /J. 
a-1-F bandwidth, see figure 2 for change in Lrp· 
b-Change in 10 log10 (/3 ± 6./3) 1 {3 and result­
ing effect on Sm 1 n of the change in Lrp and of 
this change (see figure 6, one-way loss). 

4-Pulse width T. 

a-Pulse width variation, see figure 2 for change 
in Lrp· 
b--Pulse length on PPI screen (S X T), see fig­
ure 4. 

5-Pulse repetition rate F. 
a-Pulse repetition rate, see figure 1. 
b--Number of hits (formulas 6, 7, and 8) and 
resulting effect on Smtn (see figure 6, one-way 
loss). 

Appendix-Derivation of Formula for 
Scanning Loss 

The .number of hits is considered to be the number 
of pulses transmitted while the target is on or between 
the 3 db points of the radar beam. 

0--H. . I F 9v T 60 1 1ts per verhca scan = y' v· SPMv 

11-Fraction of azimuth beamwidth moved per vertical 
scan. (This should never be more than one or 
coverage is incomplete) 

I-~-' 

360 (RPM11 ) 

= 9H(SPMv) 

12-Hits per frame= area bounded by eH and V = 
Formula 10 divided by formula 11 = 

60 FevTv 9 11 (SPMv) Ffv9v9H 
V(SPMv) . 360 (RPMH) = 60V(RPM1~) 
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13-Number of frames in eight seconds for continuous 
scanning= 

RPMH + 1 
7.5 

14-Number of frames in eight seconds for sector 
scanning= 

8 
T8 + TR 

7-Number of hits in eight seconds for continuous 
scanning= 
Formula 12 multiplied by formula 13 = 

N FTv8v8H ( RPMH + 1 ) 
us= 60V(RPM

11
) • 7.5 

( 4u) 3 

KT!J 

NF 
PF 

ok 
P;p 

Lwg 

LTR 

= 1oa.s, inverted = I0-3.3 

- (1.37 X I0-23) (300) (1.2 X 106) 
= 4.9 X 10-15 watts, 

- 10-15 X 100.69, inverted = 1015.0 
10-0.69 

- 12 db, inverted = 10-1.2 

- 1170 pps =-10 db, 
inverted = 101.0 

= 4 db, inverted = 10-0.4 

- 1. 2 (Optimum) = 100.0 

- 1 db 0 2, inverted --:- 10-0.2 

- 1 db = 10-0.1 
4) 1032.0-l ><; 10-9.89 = 1022.15 

1Q5.5-l 
s-Number of hits in eight seconds for sector scan­

ning= 
Formula 12 multiplied by formula 14 = 

.1 (meters .1 ) 105.54 = 345,000 meters= 188 1D1 ~s 1828 = m1 es 

N _ . FT"eveH_-==--=-
Hs- 7.5V(RPM~)-(Ts + TR) 

Sample Calculations 
The following sample calculations are for the height 

finding system of the SX radar. The calculated Rmax of 
46.5 miles, scanning, compares favorably with the re­
ports from the fleet on the SX, although it is somewhat 
optimistic as no factor is included for system performance 
being less than peak. 

I. Searchlighting range on PPI (~ - .Bmm. )­
Formulas 3 and 4. 

20 

= .6 X lOG watts 
= 37 db 
= 10 square meters 
= 0.085 meters = 

10-2 X 100.03 squared 

= 105.78 
= 107.40 
= 101.0 

= 10-4.0 
101.80 

~ bY 
~ 

II. Scanning loss (4 rpm, 10 scansjsec vertically) 
-Formula 6 

/ 

Hits/vert scan = 1170 X ~. X 0.89 X 0.10 . 11 
= 10.4-Formula 10 ~ 

360X4 
Azimuth beamwidth moved/vert scan= 

3
.5X 600 

= 0.68-Formula 11 

Hits/frame= l0.4 = 15.3-Formula 12 
0.68 

4 
No. of frames in 8 sec = -- + 1 - 1.53 

7.5 

-Formula 13 
No. of hits in 8 sec = 15.3 X 1.53 = 23.4 
-Formula 13 
Scanning loss = 13.6 db--Figure 3 ,. 

(for 23·4 X 100 = 2%) = 46% of range 
1170 

-Figure 6 
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Rmax scanning= 188 X 0.46 = 86.5 miles 

III. Indicator Collapsing Loss-Formula 5 

I 
11 

Lc = 10 log,0 \ 1.1 = 10 log10 3.16 = 5 db 

From .figure 6 (one-way loss) 5 db = 75 % 
of range 

Rmnx = 86.5 X 0.75 = 65 miles 

IV Presenta tion loss (7" scope 50-mile range)­
Figure 4 

X S 1 X 10 X 
0.3 X 25.4 _ 

.,. = 50 X 12.2 X to 0 -·124 

= 1.1 db= 95 9'o of range 

Rmnx = 65 X 0.95 = 62 miles 

V. Loss due to a closing target- Figure 5 

= 5 db = 75 % of range 

62 X 0.75 = 46.5 miles 

Non: Information is gathered from the following 
sources: 

N.R.L. Report R- 3007 
Dr. R. M. Ashby-N.R.L. Field Station , Boston 
Mr. L. V. Blake-N.R.L. 
Mr. R. S. Sargent- BuAer 
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Distribution of BuShips ELECTRON is not limited to 
Naval activities alone. Many copies of the magazine 
go each month to Marine Corps, Coast Guard, and Naval 
Reserve activities as well. 

It is Bureau policy to deliver this magazine to as 
many activities within those services as we can. 

Distri bution lists must be kept current, however; they 
must be altered from month to mon th as activities come 

and go and as reguests are received. 
Reguests from regu lar Navy activ it ies are screened 

and acted upon by the Bureau. Reguests from Marine 
Corps, Coast Guard, and Naval Reserve acti vities are 
screened by key agencie~ within the respective services. 
These agencies keep their own distribution lists. They 
are shipped bulk quantities of ELECTRON and in turn 
distribute copies to individual act ivities. 

Copies of the magazine intend ed for Naval Reserve 
activi ties are shipped to the Commandant of each Nava l 
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FIGURE 7-Power attenuation in decibels per kilometer 
of an r-f signal transmitted through tbe atmosphere 
(one-fif th by weight of oxygen a/ 76 mm. Hg pressure, 
and C017/aining 10 grams of water vapor per mbic meter ). 
From V olume I of the M .I.T. Laborat01·y Series. 

District, marked Attention, District Reserve Electron· 
Warfare Training Officer. Each Reserve command '~s 
turn distributes to individual activities within its 0 n · wn 
district. 

Copies consigned to Marine Corps activities are ' sent 
to the Depot Quartermaster (Stat ionery) US M · . ' · · anne 
Corps, 7 34 Schuylkdl Avenue, Philadelj)hia Pen 1 . . • nsy _ 
van1a. All requests from Manne Corps activities should 
be sent to that address. 

Coast Guard activities are served by the Coast G . . . . ' uard 
D1stnct Headquarters. Inc! JVJdual Coast Guard 1 · 

I . l d s 11 ps 
anc statiOnS s 10ul address correspondence co . . . . ncernm"' 
d1stn but10n to the District Coast Guard Offi1 . . b . . . cer WJth m 
the1r ow n d1stnct. 

Experience has shown tha t this is the be t . . . . s way to 
hand le tillS phase of the dJstn butJon of ELE CT . " RON. By 
domg so we are actua lly cutting red tape not Jd · . . . , a<.< mg 1t, 
so tha t m the end all act1 vities are more effect· 1 d · ' ' 'e y serve . 

.. 

THE REPLACEAiBLE SUBASSEMBLY 
AND ITS EFFECT 

ON NAVAL ELECTRONICS 

by FRANK S. QUINN, JR., LIEUT. COMDR., USN, 
Syste-ms Branch H ead, Electronics D esign Dit;ision, 

B11reau of Ships 

Twenty-Jive years ago the electronic eguipment aboard 
a combat vessel, though bu lky and inefficient by pres­
ent standards, was small in quantity and the problem 
of where to put it was minor. So great has been the 
growth, in number and complexity, of the electronic 
instruments now considered necessary for the prosecu­
tion of Naval warfare that today there are those who are 
seriously proposing that a new type ship be created. 
The primary mission of this proposed type would be to 
carry electronic eguipment and engage in "electronic 
warfare." 

Faced by the problem of how to get the necessary 
electronic equipment aboard ships and combat vehicles, 
many have turned to "miniaturizations" as a possible 
answer. The size of electronic equipment has constantly 
become smaller over the years-the electronic portion of 
the radio in your living room is a midget beside a 
comparable receiver of twenty-Jive years ago.. Research 
and development with the specific end of making elec­
tronic assemblies as small as possible has produced 
some remarkable results. The use of printed circuitry 
and other technigues has made possible the proximity 
fuse, a complete transmitter and receiver in the nose of 
a five- inch shell. The two-way wrist radio used by Dick 
Tracy.' of comic strip fame, is but one step beyond 
today s ach1evements and perhaps will become a reality 
tomorrow. 

The prospect of making electronic eguipments smaller 
and thereby makmg 1t possible to place the needed in­
st rumen ts aboard our ships, aircraft, and tanks, and at the 
same time saving important guantities of critica l mate­
rials, has fired our imaginations and brou oht forth 
.. . • . . b 

mJmatunza.tJOn prog rams." .But let us be wary. The 
mJn1atunzat10n programs to date consist of a catalogue 
of commercially ava ilable small parts; research and de­

,·elopment programs inves tigating printed circuitry, as· 
~embly techniques, etc.; the use of commercially avai l­

able small components by design engineers where these 
hold some promise of meeting se rvice requirements; the 
development of a wry few mini ature equipments and 

subassemblies. In truth, there is an awareness among 
engineers of the advantages to be gained by reducing 
size and an effort to realize these advantages, but there 
is no true program. By such means we can eventually 
get the small equipment we need, after a sufficient num­
ber of years have elapsed for this evolutionary process 
to produce its effect. However, to continue in this way 
offers li ttle hope of solving our immed iate problems and 
loses some of the greatest advantages to be gained from 
the present trends in the electronics art. 

There are two other things that it would be most 
desirable to do to our electronic eguipment at the same 
time that we make it smaller and lighter: .first, reduce 
the nu mber of repair parts which must be stocked for 
maintenance purposes and second, make the equipment 
easier to maintain. As you probably know, it used to be 
the custom to allow a manufacturer making eguipment 
for the Navy to use compone~ts of any s)1ape, size and 
color that pleased him so long as the eguipment ·was 
serviceable and did the job for which designed. This 
played hob with supply. When the last war ended the 
Navy was procuring and stocking some th ree-guarters 
of a million different electronic items, and electronic 
spare parts boxes were so numerous aboard ship that 
their proper storage was a real problem. 

We are greatly reducing the number of items which 
it is necessary to stock for maintenance purposes by 
reguiring that electrically similar components have the 
same physical dimensions so tha t they may he used 
interchangeably, and the supply system has been re­
modeled to meet the problem of the spare parts boxes. 
Thi s prog ram, however, is at present being applied only 
to normal-sized components. If we don't get starte l 
pretty soon on the li ttle ones, we are going to fin d 
ourselves in the same situation with them that obtained 
for those of normal size at the end of the war. 

It is not necessar}' to dwell on the need for simpli­
fying maintenauce. It is a matter of common knowledge 
that it take l wo or three years to train a man to be a 
competent mai ntenance man for one or two equipment~ 
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-and then he does not reenlist. It takes thorough 
training and more years of experience to produce general 
purpose maintenance men who can service most of the 
electronic equipment aboard a ship. 

There is a development in the electronics art, closely 
connected with the effort to make equipment even smaller 
and lighter, that holds promise of alleviating both of 
these conditions. This is the concept of "subassemblies." 
As anyone who has stud ied electronics at all is aware, 
for the purposes of study and analysis the circuit of any 
but the simplest equipment is broken down in to sub­
circuits and these are studied individually. For example, 
a conventiona l superheterodyne receiver circuit may be 
broken down into a rad io-frequency section, a first de­
tector or mixer, intermediate-frequency section, a second 
detector, and an audio-f requency section . As the engi­
neers made equipments smaller and smaller, the point 
was reached where the size was so small and the wiring 
so involved that the ski ll of a watchmaker was required 

to work on them. T o simplify the job, they began 
building the subcircuits as units and then connecting 
them together to form the complete equipment. They 
called these units "subassemblies. " In some cases they 
embedded the whole subassembly in plastic to p rotect 
the small parts and intricate wiring and attached a plug 
so that the whole subassembly could be plugged in like 
a tube. In other cases the subassembly was enclosed in 
a box, or left open on an individual chassis which could 
be connected or disconnected at will. These are '" pack­
aged subassemblies." We thus arrive at a defini tion of a 
packaged subassembly as a portion of a complete circuit 
which is constructed, and may be replaced, as a unit. 
Such packaged subassemblies may also be procured, 
stocked and issued as uni ts. 

Now it is clear that if we break the circuit of a radio 
receiver into five subcircuits and construct each of these 
as a packaged subassembly, then (aside from such ac­

cessories as antenna, speaker and power supply) , the 
receiver has but fi ve major, replaceable com ponents. The 

power supply might easily be another packaged subas­

sembly. Moreover, whereas it takes a skilled technician 
to locate and replace a defective capacitor or resistor in 
a conventional receiver, the average housewife could 
replace packaged subassemblies in such a receiver until 
it worked again. She does something comparable every 
Christmas when she finJs and rep laces the bulb that has 
burnt out in the string of lig h ts on the Christmas tree. 

At about th is point the reader must be asking how I 

propose to achieve these wonderful resul ts. Let us retu rn 

to our radio recei\·er. T he re arc many like it in use in 

the Na\·y. They differ in outpu t powers and fideli ty of 

audio-reproduction. and they cover different bands of 

radio freguen(ies. bu t they a ll have the same fi ve sub­

Ci rcuits which may he hutll as tive packaged subassem­
blies. Moreover, each subassembly may be completely 

described electrically by a limited number of parameters. 
For an audio amplifier these would be input impedance, 
output impedance, upper and lower half-power fre­
quencies, required driving signal level, gain and power 
output. 

If we formulate a set of parameters for each of the 
five subcircui ts, we may then descr ibe any superhetero­
dyne receiver in terms of these paramete rs. If we were 
to collect such descriptions of all the receivers of this 
type in use in the Navy and analyze them, we would 

One of the many operating positions possible with 
the Motorola FM HANDlE-TALKIE UNIT. 

find that, in spite of the differences in the detailed ci r­
cuitry, the parametric descriptions of any one subcircui t 

would fa ll into a comparat ive ly small number of g roups 
within wh ich the diffe rences would be small. It is 

then possible to buil d a packaged subassembly, making 
it as small as avai lable technic1ues will permi t, which 
will he representati ve of the subcircuits in any par­
ticular group. If the analysis and design are properly 
carried out, this representat i,·e subassembly '' ill be 
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EXPLODED VIEW of the standard 
Motorola FM HANDlE-TALKIE 
UNIT. 
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capable of performing all the electrical functions re­
quired of any number of the g roup which it represents. 

In d esigning our subassemblies we should also do 
some standardizing on physical shape and size. We 
mig ht require, for example, that all audio amplifiers for 
communicati<:ms use be capable of fi tting into a rectangu­
lar solid two by three by six inches and be fitted with 
a standard plug at one end. They would then all be 
physically in terchangeable. Such standard ization should 
be carried out for each class of subassembly, with due 
regard to desired p hysical configuration of the com­
p leted equipment and recognizing that it may be desir­
able to have more than one standard shape and size for 
a particular class. 

There are those who will object that such standardiza­
tion would f reeze the design of electronic equipments 
and p revent progress in the future. This is not true. 
I t would still be possible to design better and smaller 
audio amplifiers within the size limits established as 
standard, and as furth er advances justified it, standard 
sizes could be modified, new subassemblies introduced 
and new groupings developed to perform new functions 
or to perform old funct ions better. 

The advantages to be gained from such a program are 
tremendous : 
1-Electronic equipment would be made as small and 

light as possible utilizing presently known tech­
niques. This would go far toward solving the 
problem of how to get the necessary instruments 
and weapons aboard ou r ships and aircraft. 

2- The mul tiplicity of components at present necessary 
for maintenance would largely be replaced by a com­

paratively few standardized subassembl ies. In many 

cases these could be manufactured at so little cost 
that it would be economically preferable to discard 
them when they became defective. They could be 

procured, stocked and d istributed in the same man· 
ner that tubes are now hand led. 

3-Shipboard maintenance of electronic equipment would 
be greatly simplified. Much of the present difficult 
and time-consuming trouble shooting would be ac­
complished by simply replacing subassemblies until 
the defective one was found. These defective sub­
assemblies could be either discarded, or in the case 
of subassemblies the cost of which justified repair, 
turned in to a shipyard or a central repair depot. 
At a central repair depot the numbers of assem­
blies to be repa ired would justify specialized test 
equipment, permanent test setups and specialization 
of personnel. One man might well work on only 
one type subassembly, and whereas it takes years to 
train a man to service complete equipments, he 
could be trained to service one or two type subas­
semblies in a matter of months. This would be a 
tremendous advantage in time of war or national 
emergency when it becomes necessary to expand 
the armed forces g reatly. Years could be saved in 
training repairmen. 

One manufacturer of commercial communi_cations 
equipment has produced a small two-way rad io set 
utilizing the packaged subassembly technique and has 
set up a servicing system closely para llel to the supply 
and repair system proposed here. The company claims 
lower production costs, g reater ease of maintenance, 
and g reater flexibili ty of equipment as compared with 
conventional designs. 

I t should be recognized that not al l elect ronic equip­
men t can be broken into replaceable subassemblies, nor 
can all shipboard maintenance be reduced to the plug­
g ing in of new subassemblies until the defect ive one is 
found . Enough can be accomplished, however, to make 
a prog ram such as that outlined here very worth w hile. 
Such a program would in effect reguire the redesign of 
all our e lectron ic equipment. T h is is a t remendous job 

reguiring years and large sums of money- but can we 

afford not to undertake it ) 
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THE DEVELOPMENT·OF 
CATHODE-RAY-TUBE 

by E. C. GARRISON, Electronics Engineer, Office St~pships and N/0, Newpm·t News, Virginia 

ln. the December 1948 ELECTRON ORBIT, we offered to pt~blish, with ftdl credit to the a11thor, the best article re­
cewed from the field on rrThe Antecedents and Development of the Cathode-Ray T11be." This (lfticle is the res11lt. 
Congrat11lations and thanks, Mr. Garrison-Ed. · 

The achievements and international language of sci­
ence so transcend national political boundaries that it is 
extremely difficult to say that any one man was the sole 
originator of a device. 

The above is particularly true in the case of the 
cathode-ray tube. Although most writers credit Crookes 
as the inventor, to those whose criterion for credit 
is con~tructive use of the results of an experiment, this 
may 5'ot be acceptable. With this in mind, this article 
intends only to show the development of the cathode-ray 
tube by listing the major experimenters and their con­
tributions. 

The. first step in the development of the cathode-ray 
tube began in 1752 when Watson discovered that elec­
tricity passes more easily through a partial vacuum than 
through air at atmospheric pressure. Morgan added to 
this in 178), r.eferring to the glow obtained when elec­
tricity was passed through an evacuated glass vessel. 

The second step began in 1831 with Farraday's in­
vention of the induction coil and his subsequent experi­
ments with magnetism and the luminiferous ether, 
recording a phosphorescent glow in 1838. He also in­
troduc~d the terms "anode," "cathode" and "electrode." 

The third step began in 1855 when Geissler developed 
a better vacuum pump and consequently obtained a 
greater degree of evacuation in tubes. He developed 
this idea commercially and began making tubes in all 
shapes and sizes, which by electrical discharge in rarefied 
gases produced nearly all colors except the red of present­
-day neon tubes. His tubes were widely used in labora­
tories and were known as "Geissler Tubes." 

From here, the actual development of the cathode­
ray tube began by successive stages. In 1859 J. Gassiot 
described an experiment in which he undoubtedly ob­
taiAed a beam (cathode-ray). In 1869 ]. Hittdorf pub­
lished experiments on electrical conductivity in gases, 
showing that the current flowed in a straight line, could 
throw a shadow, could he deviated by magnetic fields, 
and could be focused. He also discovered the use of the 
incandescent cathode. In 1876 Goldstein confirmed Hitt-

dorf's experiments and introduced the name "Kathoden­
strahlen" or cathode rays. He also discovered, in 1886, 
the corresponding positive rays from the anode. 

Crookes achieved the first fluorescence of a tube and 
determined that zinc sulphide gave the brightest glow. 
In 1870 he invented a target type tube and proved that 
the rays came from the negatively charged electrode or 
cathode. In this same year he devised another tube 
which contained a small paddlewheel, free to rotate, and 
demonstrated the mechanical properties of cathode radia­
tion. In 1879 he demonstrated that a narrow beam of 
rays could De obtained by passing them through a slit. 

Varley, in 1871, had suggested that cathode rays con­
sisted of charged particles and in 1892, H. A. Lorentz 
formulated the electron theory. In 1895, J. Perrin re­
viewed previous experiments and devised a tube, using 
a perforated metal disc in lieu of the target of Crookes 
tube, obtaining a glowing spot o~ the anode. Possibly 
as a result of these experiments, interest in cathode 
rays revived and Wiechert, Kaufma~n and J. ]. Thomson 
began experiments. 

J. ]. Thomson in 1897 proved the cathode ray to be 
composed of "electrons," a name first proposed by J. 
Stoney, and founded the theory of thermionic emission. 
About 1908 K. F. Braun developed the Braun Tube. 
He produced a narrow guided stream of electrons, de­
flected it electrostatically and made it trace patterns on 
a fluorescent screen. The tube was further modified by 
B. von Rosing who modulated the electron stream to 
follow lights and shadows of the image. The evolution 
and development continued through, among others, 
Zworykin, Dumont and Farnsworth to the present-day 
cathode-ray tube. 

Since so many scientists have contributed to the de­
velopment of the modern cathode-ray tube, the assign­
ment of credit is left to the reader. Even in this ac­
count it must be remembered that the names of many 
experimenters have been omitted, including the first 
Russian whose name, up to the date of this account, 
has not been released by Tass. 
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TUNING MODELS SU/-1 
TRANSMITTER-RECEIVERS 

Tuning the transmitter-receivers of the Models SU/-1 
Radar Equipments requires two men. \Vhile one man 
tunes the transmitter-receiver, the second man observes 
the scope on the indicator. Due to lack of communica­
tions or other reasons it is often unsatisfactory to tune 
the equipment even ~hen two men are available. To 
provide a tuning indicator for use at the transmitter­
receiver, an adapter was devised for tuning the Model 
SO series transmitter-receivers where a similar situation 
exists. It was distributed as Navy Field Change No. 
103-SO. This field change is also applicable to the 
Models SU/-1 Radar Equipments. 

The adapter furnished in the field change kit must 
be used in conjunction with an a-c output voltmeter 
having a sensitivity of 1000 ohms-per-volt. If the meter 
does have an "output.. position, it will be necessary to 
use a blocking capacitor ( .005 mf) in series with .the 
center conductor of the adapter output cord so that the 
d-e plate voltage will not be impressed ?n the meter. 

The receiver output cathode-follower tube V-3111 
is removed from socket X-3111 and inserted in the 
adapter. The adapter is then inserted in the X-3111 
output socket. The output cathode-follower tube has 
now been converted to an amplifier tube by the iASer­
tion of a resistor in the plate circuit as shown in figure 
1, and is ready for operation. . 

The Bureau of Ships approves the issuing of field 
Chang~ No. 103-SO for use with Models SU/-1 

ADAPTOR 

C3124 
.01 

---1 

0 

8 

fiGURE 1. 

Radar Equipments. Howe\'er, since there is only a 

limited quantity of SO field change kits available, in 

stock, it is suggested that, where the supply is short and 
time is available, these adapters be fabricated for the 

Models SU/-.1 equipments. 

INCREASED DISTRIBUTION 

of 
NavShiP:S. 4110 

Previously the distribution of the Ship Electronics In­
stallation Record, NavShips 4110, was limited to eight 
copies because this was the maximum number that could 
be produced by the tabulating machines in one printing 
without seriously impairing legibility. 

A new duplicating process which makes additional 
copies available has now been put into effect in the 
Bureau. The following is the new distribution of Nav­
Ships 4110 for Aetive Fleet ships. No change has been 
made in the distribution of copies for Reserve Fleet 

ships. 

Copies 

3 

5 

1 

1 

2 

1) 

Activity 

Ship (one for Operational Commander) 

Type Commander (3 ~~r overha~l yard. to 
be forwarded with sh1p s work hst) 

Home Yard 

Each Service Force Commander 

~
Atlantic Fleet Ships: 

1-CinCLantFlt 
1-ComSecond Task Fleet 

'~Pacific Fleet Ships: 
1-ComFirst Task Fleet 

', 1-Held for future disposition 

Bureau of Ships (one copy for ComOp 
DevFor ships) 
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MAINTENANCE OF 
MODEL DBM/-1 ANTENNAS 

. A. number of the Model DBM Radar Direction Finder 
~qmp~ent an tennas have been found with the hub on 
he spmner base completely b roken off Th ' f ·1 1 . · · ts at u re 1as 
)een attnbuted to weak construct ion and the type of 
naterial used. I t h as 't d . necess t ate the replacement of 
1ntennas whtch were otherwise in good d. · con ttton. 

Mr. Chester J. Brox of the Puget Sound Naval Shi -
yard has developed a simple m ethod of · · P b k . repamng these 

ro · en spmner bases. It requires the e- d' . . xpen tture of 
approxtmately e tght man-hours labor and shi d ·1 
b

.
1
. pyar avat -

a 1 tty. 

FIGURE 1. 

The spinner base on the left of figure 1 shows the 
broken hub and contracting locking nut . arrangement. 
The spmner base on the right shows the boss on the 
base after being machined and drilled t t k . o a ·e a new 
flange wtth the original contracti ng locking nut. F ig ure 

2 is the desig n draw · f tl fl .. . m g o 1e new ange and ongmal 
locktng nut, both of which are machined from solid 
CRES stock. Whenever possible, this repa ir shou ld be 
effec ted rather than the replacement of the entire unit. 

. - ,. 
4 X i6 KEYWAY 

' 10 - ~2 NF 
!4 HOLES l 

FLANGE 
MATERIAL- COLO ROLLED STEEL 

I" 
I 4" - 18 THRO 

ORIGINAL NUT 

MATERIAL : CORROSION- RESISTANT ST EEL 

FIGURE 2. 

MODELS SR-3. SR-6 AND AN/SPS-6 SERIES 

STANDING WAVE RATIO TUNER ASSEMBLy 

Bu:eau of Ships Drawing RE l OF 627B is a p lan 
showmg .constructiOnal details for fabricating a standing 
wave rat10 tuner assembly for the Models SR-3, SR- 6 
and ~N/SPS -6 Senes Radar Equipments. Blueprints 
of t h1s drawtng ha' e been dtstributed to all concerned 
activities. 

The follow111g instructions are additional to those 
given under "Note" on the drawing and should be 
considered as part of the procedure outlined thereon : 

1- lf the SWRT is to b b ' It · . e u1 tnto the section of wave-
gutde a I read}' attach · h d. . . . ed to t e trecttonal coupler tlus 
sectiOn should be d '. remove to p revent small parttcles 
of metal f rom fa lling into the 'd All . . wavegu t e m-
stde and outside edg d · . . . es an corners of the wavegu1de 
slots and m ses shou ld be cl d 1 A ll ean an smoot 1. 
burrs should be removed with 1 h . crocus c ot . 

2- Each t tme a new mag · net ron ts replaced the SWRT 
should be readj usted. ' 

I · ' 

I REPAIR OF 
RADAR MATTRESS TYPE 

ANTENNA ARRAYS 
Recent reports recei ,·ed by the Bureau of Ships in­

d icate that all antenna arrays of the Models SA, SC and 
SK ser ies Radar Equipments subjected to one year or 
mo re service in the weather, have the parallel hollow 
members of the array completely disintegrated leaving 
only the paint. Inspections have disclosed that these 
members have corroded from the inside due to excessive 

condensation of moistu re. 
In order that this disintegration may be retarded, it 

is recommended that ali hollow members of these 

antenna arrays be treated with raw linseed oil. This may 

be accomplished as follows: 
1-Drill and tap a hole O'tG" bolt) at lowest point 

(bottom side) of each hollow member. 
2-Drill and tap a hole (%G" bolt)* at highest point 

( top side) of each hollow member. 
3-The hollow member can now be filled by introducing 

raw linseed oil through the bottom hole by pressure 
pump, or by stopping up the bottom hole and in­

troducing the oil through the top hole. 
4-T he oil should be retained in the hollow member for 

one hour and then drained off. 
5- Next allow the raw linseed oil to dry for thirty-six 

hours. 
6-Stop up the hole at the highest point of each hollow 

member with a o/tG" bolt. 
7-Leave the bottom hole of each hollow member open. 

This will permit any water. that may get in to drain. 
T he Bureau of Ships letter Serial C-982-790 (982) 

over C EN28/ A2-ll dated 7 August 1945 outl ined a 
procedure for the inspection and repair of Models SA , 
SC and SK series radar equipment antenna arrays. Enclo-

*Larger hole may be drilled in hollow member provided 
member is not weakened. 

sure (A) of this letter is being republished in part as 

follows : 
" (a) Standard inch size red or yellow brass tubing 

cut to length should be used for the dipoles. 
If tubing of this size is not available, red brass 
pipe tubing l.P.S. or SAE 1030 steel tubing 
may be turned down to obtain the proper size . 
Sheet brass and brass rods should be used for 
the bazookas. Parts should be joined by silver 

brazing. 
"(b) The increased failure rate of antenna arrays in­

dicates that all antenna array framework and 
dipoles should be inspected quarterly and those 
installed directly aft of the stack should be in­
spected monthly by the Radar Officer. The stack 
gases contain sulfur compounds which form sul­
fur ic acid. The combination of hot stack gases 
and a salt atmosphere creates a very corrosive 
condition, which combined with vibration ac­
celerates deterioration of the paint film . Further, 
any break in the paint film permits almost 

immediate rusting of the base metal. 
" (c) When it has been noticed that the paint has 

started to crack or rust on the dipoles or frame­
work of the antenna, immediate action should 
be taken to clean the entire surrounding surface 
from old paint, soot, rust, etc., using a good 
strong power wire brush. The cleaned surface 
should then be 'vi ped with a cloth containing 
linseed oil so as to produce a light oil film, and 
then repainted, using a hand brush, with two 
coats of 52Pl8 zinc chromate primer, and with 
not less than two nor more than four coats of 
haze gray paint, formula 5H. Brass dipoles neeJ 
not be coated with a primer. " 

ERRORS IN MODELS LAF /-3 INSTRUCTION BOOKS 
T he instruction book for R-F Signal Generator 

Models LAF and LAF-3 (NavShips 900,516) contains 
an e rror in the title of Tables 8-2 and 8 3. Table S- 2 
should be entitled "Combined Parts and Spare Puts 
List by Symbol Designation for Model LAF Signal Gen­
erator.'' Table 8-3 shou ld be entitled "Combined Parts 
,1nd Spare Parts List b)' Symbol D esignation fo r Model 
LA F ) Signal Generator." The t i t l e~ were inadvertently 
reversed. The table of contents. however. o;hows the cor-

rect titles. Pen and ink corrections should be made to 

copies already in the field. 
This instruction book supersedes the " Preliminary In -

struction Book for Navy Model LAF Signal Generator" 
(Contract No. NXsr 39271 ) and "Preliminary Instruc­
tion Book for N,wy Model LAF 3 Signal Generator" 
(Cont ract NXsr- 53163). The final hook i :J.vai lable 
.md should be requisitioned in the u~u.1l manner if on\ 

the preliminary books are ahO.trll _ 
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THE MON-KEY . 
ELECTRONIC MONITOR AND TRANSMITTING KEY 

The Bureau of Ships in its continuing efforts to im­
prove from a technical standpoint the guality of manual 
transmission of communications, has carefully examined 

the Mon-Key, an electronic monitor and transmitting 
key. A quantity of 25 of these electronic monitor and 
transmitting keys are being made available to the follow­
ing activities under Contract NObsr--44726 for tr ial and 
evaluation tests and comparison \vith conventional speed 
keys: 

OINC, NAVAL COMMUNICATION STATION, 
CHELTENHAM, MD. 

CINCLANTFL T 

CINPACFLT 

COMFIRSTT ASKFL T 

COMSECONDT ASKFL T ON U.S.S. M ISSOURI 
(BB-63) 

COMSI.XTHTASKFLT ON U.S.S. ALBANY (CA-
123) 

COMOPDEVFOR ON U.S.S. ADIRONDACK 

(AGC- 15) 

COMN'AVFORCESWESPAC ON U.S.S. ESTES 
( AGC- 12) 

--.2._W_2 _ __/__ 
SEL. SW. 

KEY 

. 56 

39 

33 

RB 

18 

.56 

.39 

. 33 

1.5 

RC 

3.6 MEG. 

2.0 MEG. 

1.1 MEG . 

.75 MEG. 
r -
1 

.68 f 
MEGL __ _ 

3.0 MEG. 

CHASSIS 
8 COVER 

COMDESLANT ON U.S.S. YELLOWSTONE 
(AD-27) 

COMDESPAC ON U.S.S. DIXIE (AD- 14) 

CINC, NAVAL COMMUNICATION STATION, 
GUANTANAMO BAY, CUBA 

CINC, NAVAL COMMUNICATION STATION, 
PORT L Y AUTEY, F.M. 

CINC, NAVAL COMMUNICATION STATION, 
ADAK, ALASKA 

CINC, NAVAL COMMUNICATION STATION, 
GUAM 

S.O., NAVAL SHIPYARD, NEW YORK FOR 
COM 3 RADIO NEW YORK 

S.O., NORFOLK NAVAL SHIPYARD FOR COM 
5 RADIO NORFOLK 

S.O., NAVAL SHIPYARD, CHARLESTON FOR 
COM 6 RADIO CHARLESTON 

S.O., NAVAL STATION, SAN JUAN FOR COM 
10 RADIO SAN JUAN 

S.O., MARE ISLAND NAVAL SHIPYARD FOR 
COM 12 RADIO SAN FRANCISCO 

.0~ 
v 

R6 
7501l. 

'"~' ·~"\ LI NE 
PLUG 

INSULATED FROM 
CHASSIS . 

NOTE. 
RA,RB,RC CONSIST OF 
18 RESISTORS @ 5% TOL. 
RB• RA ,RC• TWICE RA. 

RB 
400 OHM 
ADJUSTABLE 

10 WATT 

COt FIGURE 1. 

-. 

, • 

S.O., PUGET SOUND NAVAL SHIPYARD 

TRIAL & EVALUATION FOR COM 13 RADIO 
SEATTLE 

S.O., NAVSHIPYD PEARL HARBOR FOR COM 
14 RADIO H ONOLULU 

S.O.; NAVAL SUPPLY DEPOT BALBOA FOR 
COM 15 RADIO BALBOA 

S.O., NOB, KOD IAK FOR COM 17 RADIO 
KODIAK 

The Mon-Key, as illustrated, serves a d ual purpose­
that of keying a transmitter and of monitoring the actual 
keying. Similarly, the unit can be used as an audio 
oscillator for code practice and instruction. It is sug­
gested that the Mon-Key be operated by itself at fi rst 
while becoming fam iliar with the functions of the unit 
and the action of the key. After a little p ractice, opera­
tors, 'includ ing speed key artists, will be able to use the 
key to fu ll advantage. Holding the key paddle to the 
left, a series of "dashes" wi ll be heard coming from the 

relay or speaker (depending on the location of the tone 
control knob). Hold ing the key paddle to the right a 
series of "dots" w ill be heard . By holding the key in 
one position and turning the speed switch, an increase 
or decrease of the keying speed \vi ii result. T he dashes 
will always be three times as long as the dots, however, 
and the spaces between successive dots or dashes will 
be egual in length to a dot. This is good because most 
operators tend to make dashes too long when using a 
Vib roplex type key. Letting the key make its own series 
of dashes is the hardest operation, and many a "CQ " is 
emitted with more than a couple of dashes on the end. 
Releasing the dash contact when a perfect Jetter has 
been made, however, is soon learned . There is no 
"swing" possible with the Mon-Key. By practicing the 
alphabet a few times and noticing the letters \vhich have 
been sent incorrectly, operators will soon be using the 
key perfectly. 

In compar ing the Mon -Key with the Vibroplex type 
of semi-automatic transmission key, it wi ll be found that 
the undesirable characteristic of the Vibroplex, namely 
hig h speed transmission of dots and slow speed trans­
mission of dashes, is not p resen t in the Mon-Key. The 
Mon-Key's re lationship o f dot, d ash and space is always 
proper, regardless of the speed of transmission. The 
highest nominal keying speed for the Mon-Key is 4 5 to 
50 wpm . 

Operat ion f rom 11 0 volts a. c. or d . c. is possible. A 
multivibrator (see figure 1) controlled and triggered by 
the key, emi ts pu lses of proper length and spacing to 
form accurately timed dots and dashes. These pulses, in 
tu rn, control a keying relay tube which actuates a sensi­
t i\·e keying relay. T he keying relay has two sets of con­
t,tcts, one set being b rought out to the terminals on the 
bottom of the key marked "T " "T." A ground termina l 
marked "G " is conn ected to the aluminum case cover and 

chassis of the unit. These parts of the Mon-Key, when 
connected to a non- induct ive keying circuit of a t rans­
mitter, will replace any standard hand-operated key. T he 
relay contacts will safely handle 2 amperes in a non­
inductive circuit. 

The other set of contacts on the relay controls the 
plate current of a triode vacuum tube audio oscillator 
which actuates a 2-inch dynamic speaker (or headphones 
when connected) . 

A flexible insulated ground wire, about 3 feet long, 
is connected to the ground terminal with an alligator 
clip on the loose end. 

One end of a flexible double conductor cable is con­
nected to the relay contacts "T " 'T ." The other end 

is terminated in a two-contact, flat surface plug for con­
nection to the shorting switch receptacle of a hand key. 

The following controls and jacks are located on the 
front panel : 
1-An ON and OFF switch controlling the filaments of 

the three tubes. 
2-A six-position switch for ad justing the speed of the 

dots and dashes while maintaining proper ratio of 
length to speed. 

3-A tone control for the audio monitor which also 
serves to switch off the audio tone. 

4-A phone jack. By connecting headphones, the loud­
speaker will be disconnected. T he tone control also 
operates with the headphones. 

Activities receiv ing these Mon-Keys are rc:guested to 
forward tc:st information, data , comments, and recom­
mendat ions to the Bureau of Ships, Code 983 . Com­
ments on the comparison o f the operation o f the Mon­
Key with COJWentional hand keys and speed key , arc 

especially invited. 
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MONTHLY PERFORMANCE 

AND OPERATIONAL REPORTS 
SONAR EQUIPMENT 

All sonar-equipped vessels will submit by confidential 
letter a Monthly Performance and Operational Report 
on certain sonar equipments. 

It is essential that the Bureau of Ships receive these 
reports in order to keep informed on sonar equipment 
performance and operation. These reports provide the 
Bureau with· first-hand information under actual operat­
ing conditions ·and . are, .therefore, of extreme value to 
the sonar program. Some of the details for the report 
may be obtained from the ship's Electronic History 
Cards and Installation Records, which should be accurate­
ly kept. The remainder of the form is to be filled in from 
operational data and bathythermograph slides or cards. 

One copy- of the report should be sent to the Bureau 
of Ships. Coast Guard vessels submitting reports should 
send one extra copy to the Commandant, Coast Guard. 
Other copies of the report are to be made as directed by 
type or fleet commanders. 

An outline of a sample form is included with this 
article. In general, it is not intended that the reports 
be confined to the spaces indicated, but rather that the 
sample be used as a guide. An explanation of items (a), 
(b), (c), (d), (e), (f), (g), (h) an~ (i), as referred 
to in the form, follows: 

(a) Transducer(s) Information. (1) Distance of 
transducer from bow (frame number). This data can be 
obtained from the installation records and plans. {2) 
Depth of transducer-above keel for submarines and 
below keel for surface craft and submarines. 

(b) Field Changes Accomplished. This data can be 
taken directly from the Electronic History Cards if they 
are up to date. Give only the numbers of the field 
changes that have been completed. 

(c) Total Hou,.s of Ope,.ation. To Date--Dm·ing 
this Pet·iod. If possible, indicate the total hours the 
equipment has been in operation from the date of in­
stallation to the date of the report. Also, indicate the 
hours the equipment has been in operation since the last 
monthly sonar report. 

(d) Total Hom·.r of Operation Lost D11ring Period of 
thi.r Rep()rt. The time lost refers to equipment shutdowns 

due to component and tube failures and other troubles 

which prevented normal operation. 
(e) General Perf ormcma ( _omments pertaining to 

general performance are reguired. Errors in ranges and 

bearings, sloppy train, etc. should be listed. Equipment 
performance is to be rated as follows: 

Excellent 

(1) Echo Ranging Equipment-tOO% return echoes 
from target for all "ping" transmissions during 
normal search speed and at limiting range for 
the day. 

(2) Listening Equipment-Continuous contact at lim­
iting range for the day. 

(3) Echo Sounding-tOO% return echoes for all 
"ping" transmissions at all depths within the 
scale limits of the indicator and recorder. 

Good 

80 to 90% of that listed for excellent. 
Fair· 

60 to 70% of that listed for excellent. 
Poor 

Less than 60% of that listed for excellent. 

This should be f~llowed by a statement of the general 
reasons which contributed to the description given such 
as "Equipment is very reliable, steady, easily tuned and 
p_ut into operation," or "Equipment i~ more dependable 
smce personnel has become more familiar with it " etc 
If t~e e~uip~ent has a PPI, state whether targ~t wa~ 
readily d1scermble, persistent, clear, etc. 

(/) Operational Difficulties. Describe the nature of 
all interference encountered; that is, tell the amount 
and . what e~ect i~ had on the scope pattern and the 
relative arc m whtch the interference occurred. If pos­
sible, state the causes of all operational difficulties en-
countered and what steps if any t k t d , , were a en o reme y 
them and the results obtained. State what interference 
the shi~'s sonar ~aused to other equipment, and what 
preventive steps, If any, were taken to reduce it. Own 
ship:s screws are _always a source of noise and their arc 
of m.terference IS fairly well known but "spokes" 
sometu~es appear due to dome reflections. Any voltage 
flu~tuat10n or frequency change of the power supply 
whiCh affects the sonar equipment should be reported. 

. (g) Ran,~e T ~ble: Maximum RanRe Obtained. This 
w~ll be the . max1_mum range at which a target was ob­
tamed and tdentlfied as a target. Sonar J\fessage. This 
will be the sonar message at the time of run on obtained 
target. Type of Target. This will be "SS," "AP," "DD," 

' ' 

SONAR-MONTHLY PERFORMANCE AND OPERATIONAL REPORT 

~·F I 

Ship --------------------~----------------------------------------------------CNnme> 
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-1 /, ":..:/ ~ype)~ (Hull ~o.) 

Equipment Model--·~-~-·· Ser. No. __ 3;...;S~/:........_ Date Inst~lled t)t' I .. r- :By {bco/':'t/ Bt),ol .l?v;4;7" 
'? d /~-:·: :~/ j / !.> 

(a) Transducer(s) Located at Frame(s)--------------------------

Distance of Transducer (s) : Below Keel in Operating Position ----------------­

Above Keel in Operating Position ----------------­

(b) Field Changes Accm_nplished -------~--~-----------------------------------------

Period of Report ___ ............ _________________ to ------........_;.-----~-----
/ 

(c) Total Hours of Operation, To Date_"'< ____ During this Period-~,.-----~?_'-.;;..../_-_....;;./_.---'----
( ~/·_1 

(d) Total Hours of Operation Lost During Period of this Report --------------------

(e) General Performance: Excellent ( ), Good ( ), Fair (/ ) , Poor ( ) 

(f) Operational Difficulties /-- ,., 

(g) Range Table: 

Maximum Range 
I Depth 

I I Operating Frequency ( kc) Obtained (yards) 
Sonar Type of 

I 

! 
Sea 

Message Target Condition I 

Ranging Listening 

I 
I TMget I Own 

I 
I Echo Ranging I Listening Eqpt. 

Eqpt. Eqpt. (estimated) , (if SS) I Eqpt. (tuned to) . (bandwidth) 

I 

I 

I 

'! . , I 

I 
I 

I 
j 

I 

I i 
I 

I 
I 

I I ! 
I I 

(h) Sonar Personnel 

Name(0wdR~i~~): O~mting---------------~----------
' . 

Maintenance --------------------------
(i) General Remarks __ __...__...:__ ___________________________ _ 

·lr· 

Copies to: 
BuShips (!--Attention Code 983) 
Comdt. Coast Guard (1-When report is submitted by a Coast Guard vessel) 
(Other copies as directed by fleet or type commanders) · 
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etc., as identified. Depth . Surface ships will report the 

estimated depth of a target that is submerged. Sub­
marines will report own depth and est imated target 
depth. Sea Condition. This will be the average sea 
condition at the time of contact. 0 perating Frequency. 
(a ) Echo Rang ing Equipment-Driver and receiver 
runed to . . . . . kc. (b) Listening Equipment-Band-
width ..... kc. 

(h ) Sonar Persqnnel. Identify by name and rating 
the men with sonar training, e ither as operators or main­
tenance men. 

{i) General Remarks. Add here any remarks not 
covered in the above items. Include new uses of 
equipment or suggested changes in use of equipment to 
achieve better results. Some of these uses may be hap­
pened upon by chance or come from proposals by 
operators or maintenance men. T his is not to be con-

trued as authority to modify the gear in any way. 

Commanding Officer 's remarks are specifically requested. 
Information concerning the newer sona r equipments 

is desired for comparison with other types and as a 
check on their troubles. usefulness, etc. It is not desired 
tbat reports be made 0 11 all sonar. The list below covers 

sonar equipments on wh ich reports should be submitted. 
This list will be changed from time to time as older 

equipments are dropped and new ones added. 

JT 
NACj NAD 
NGAj NGA- 1 
NGB 
OKA 

OMA 

QDA 
QHBj QHBaj QHB- 1 
QLAj QLA- 1 
QXB 
WFAfWFAaj WFA- 1 

It is not req11ired !bat a report be s11bmi11ed for tbe 
equipmenls listed aboz;e if the equipment has not been 
in operation. 

This report is not to be confused wi th the failure 
report form NavShi ps 383. All activities should con­
tinue to report all fail ures of electronic equipment on 
the NavSh ips 383 failure report form, whether or not 
a special operational report is submitted. 

MONTHLY PERFORMANCE 
AND OPERATIONAL REPORTS 

COMMUNICATION AND 

COUNTERMEASURES EQUIPMENT 

In order to facilitate the prepa ration of monthly per­

formance and ope.·ationa l reports for communication 

and countermeasure equipment, the Bureau of Ships 

will supply a form, Navshi ps 364 2 (3-49 ) , a sample of 

which is included wi th this a rticle. A pad o f fifty has 

been furnished to each active ,·esse! in the fleet, and ad­

di tiona l forms may be obta ined from District Publication 

and Printing O ffices. 

Note that six separate eq u ipmen ts may be reported 

on a sinl-(le form, and that the: cl assificat ion has been re­

duced to re.ilm ted. 

The exp lanation o ( the items on th<: form a re con ­

tained in the: M<~ rch i ~~ue o f B uSHIPS ELECTRON, the 

only ext eption being t hai under the heading 'Tota l 

H ours In Operation .. it i, net <: <; , ary to repo rt on ly the 

hours of operau or. for the pe riod o f the report. Th e tota l 

hours of opera tion since the date of installat ion of the 
equipment are not required. 

The March issue of ELECTRON also carried a list of 
egu ipments for which P & 0 reports were requi red . This 
list is cancelled. Beg inning immed iately, reports shou ld 
be fo rwarded to the Bu reau of Ships, Code 983, on the 
following egu ipments : 

Mode l TDZ Radio Transm itting Equipment 
Model RDZ Radio Receiving Equ ipment 

Model MAR Radio T ransm itting and Receiving Equip­
ment 

Model RDR Portable Rad io Receiving Egu ipment 

T S 5871 U Noise-Fi eld Intensity Meter (only whe:. 
used during the month) 

ME 11 / U R-F Wattmeter 

AN USM 3 Test-Tool Set (only for suggested new 
ap pl ica tions and gene ral remarks ) 

r 

. , 

-· 

CD 

COMMUNICAT ION AND COUNTE RMEASUR ES EQUIPMENT 
. MOHTHLY PERFORMAHCE AHD OPE RAT I OH REPORT 

Submit orig i nal only to Bureau of Ships 

SH IP TT~~ R T Tl\TT) I 8ND TT\IG (XXX ~0) - PER I 00 OF REPORT 

EQU I P!~E IIT MODEL TDZ RDZ RDZ 
SER IAL llO. 725 850 853 

DATE OF IIISTALLATIOfl 12 Jan 1949 12~an 1949 12 Jan 1949 

l flSTALLED BY 

Bost on Boston Boston 
TOTAL HOURS 
!U OPERAT I ON 105 125 120 

RESTRICTED 

1 March thru 31 March 1949 

.. 
HOT£ 1 - Report only the hours l ost as a d irec t result of equ1pnent de/1c 1ency durrng t h1s perrOd on t he /ollc~nne lrne: 

® HOURS LOST DUR IIIG 
~PE~R~IO~D~IS~e~e ~to~re~'I~J----L-~2~0~----~--~o~------~-5~-------L-----------L----------~-----------

@ 

t' @) 
'· \ · 

® 

® 

® 

HOT£ 2- ~~~F~~MAIICE 1 00~ -EXCELLEMT 90%-VERY GOOD 75%-GOOD 60%-FAIR 0%- I KOPERABLE 
GEIIERAL PERFORW•IICE 
(St!t: ¥o : c 2 • &nt tH' 

60 100 90 p~ .. Ct!n :agel 

MAX I MUM RE ll ABLE 
RAr~GE r s tot e 
frco~..e nc )J 10(277 .8) 15(282.4) 12(268.8) 

Type-66147 
132' above 

Type- 66147 
132' above 

T ype- 66147 
136' above 

MHEtHIA LOCA 1 ION wat erline, water l ine, waterline, 
peak of peak of foremast 

,n<;;;trrast Tt6~wast SG- 6 pflat -
!for m I PVP 1 

FIELD CHAIIGES 
3 & 4 1, 3 &4 1 & 3 ACCO~PL I SHED · 

.. 

EL ECTROfl IC Jones, F. L ET1 1 1/2 yrs. 
'lA INTENANCE 

Adams , A. D . ET2 1 yr. PERSOil flEl 

SUGGESTED IIEW APPLICATIONS 

None 

GENERAL REMARKS (I f a d dit, ona l s t:net: '-S rcoui r t'd U $C! r t~wn:o sid~) 

One' (1) t ype 2C39 tube burned out after 230 hours oper at i on . T uning difficulties 
previously enc ounter ed with TDZ cor rect ed s ince last r eport. 

Field Change No. 4- RD Z f or RDZ 4t853 has been r equest ed and will be installed 
upon r ece ipt. 

SIGNA I U ~ [ 

RESTRI CTED STOCKED IH COS Rl PORT -S ti I PS-66 

8- 1 '11 12 
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BASIC PHYSICS PART 18 

The tremendous field of electricity and electronics 

encompasses many varied types of measuring _devices 

to visually ind icate the current and voltage in vital parts 

of electrical circuits. The actual type of instrument en­

countered will depend upon the particu lar application. 

In laboratories, electrical measuring and ind icating in­

struments will be capable of much g reater precis ion than 

those normally utilized in equipment such as power 

switchboards, radio or radar transmi tters and thousands 

of other electronic eguipments. 

Although official definitions vary f rom usage some­

what, in electron ics practice the words "meter" and 

"instrument" are employed almost interch angeably to 

refer to a device which indicates and measures the value 

o.f s~me physical quantity under observation. The guan­

ttty ts usually an electrical one in electronics, of course. 

Superimposed upon this general equivalence of the 

words, however, are several fine d istinctions. W h en in 

practice in electronics we think of a "meter," we usually 

conjure up a picture of a rather small-sized device, more­

or-less ~el f-contained , indicating the values of the more­

common electrical units, such as voltage and current. 

The common, three-inch mill iammeter is an example. 

The word "instrument" brings to mind a somewhat 

larger, somewhat more de licate and p recise device, more 

elaborate in outlay and often more complex in operation , 

consisting of several separate elect ron ic LOmponents, 

which may include meters. Instruments in this sense 

tend to be employed to measure the less-common physi­

cal quantities. Jn any case, these are somewhat fin e 

distinctions, rather loosely applied in practice; generally, 

the words are more-or- l e~s interchangeab le. 

Fundamental Principles of Meters 
Electrical measurin~ device~ are designed to utilize the 

effects produced by current, voltage, etc. in an electrica l 

r ircuit to furni~h a measure of t he quantity under 

measurement. There are tn~trument s based on the effects 

manifested by both current ,1 nd \ oltage, but in practical 

Ill~ 

applications In the field of electricity we will find that 

the g reater majori ty of measuring devices are of the 

type which depend upon the effects of currents. The 

definite relationship given by Ohm's Law between the 

c~rrent, voltage, and resistance of any circuit makes pos­

stble the measurement of voltage and resistance as well 

as current by cu rrent-operated meters, as explained later. 

An electric current may be detected and measured by 

a device designed to utilize any of the previously-studied 

effects a current produces. These are the mag netic 

effect, the heating effect, and the electrolytic effect. 

The Magnetic Effect of Current 
When a conductor of any kind carries an electric cur­

rent a magnetic fi eld always appears about the con­

ductor. It has been previous ly shown that a mechanical 

force acts on such a current-ca rrying conductor when it 

lies in another magnetic fie ld, and that the force acting 

~n. the conductor is directly proportional to three quan­

tities : 1- the strength of the fie ld, 2- the magn itude of 

~he curren t, and. 3- the length of the conductor lying 

m the field . This mechanical force can easily be meas­

ured and used as an indication of the amcunt of current 

in the conductor .. The O'Arsonval and other types of 

Instruments operating on th is principle are described 

later. 

The Heating Effect of C urrent 
A metall ic conductor becomes heated and ccntinues 

to develop heat as long as current fl ows. This is 

attributed to thermal agitation by the electron flow 

within the metal 1tsel f. When a current 1 .flows in a wi re 

between two points in an electrical circuit whose 

poten tial difference is E, \\'e have f units o f electricity 

failing each second through c1 potential di fference E. 

This represents ~ loss of potential energy, according to 

the laws of ph}'Sics, egual to J:.l units per second. Since, 

by Ohm's Law, E = IR, the rate at wh ich energy is ex-

' 

pended in the wire is P = J2R un its per second. This 

transformation of electrical to heat energy is called the 

expended power and is d issipated as heat from the wire 

as fast as it is produced, when a steady current state is 

reached. This heat energy can easily be measured and 

used as an indication of the amount of current fl ow in 

the conductor. Meters depending on this principle a re 

hot wire and tbermo-co11ple meters (described later on) . 

The Electrolytic Effect of Current Flow 
During the study of electrical conduction through 

liquids, it was found that an electric cu rrent, when pass­

ing through certain metall ic salts in solu tion, will liber­

ate a mass of a s~bstance which is proportional to ' the 

quantity of electric cur rent. M ethods of elect rical 

measurement utilizing this principle require so much 

auxilia ry equipment that it is not applicable to ordinary 

electrical measurements. 

Utilizing the Magnetic Effect of Current 
To illustrate and describe the instruments that are 

actuated by the magnetic effect of an electric current, 

some principles learned in previous parts of this course 

will be briefly reviewed. 

Ampere derived the fundamental relation between 

the di rection of current flow, its attendant magnetic field, 

and the force that would be exerted through the inter­

action with another magnetic field. This princip le was 

used in explaining the theoretical operation of the elec­

tric motor described in Basic Physics, Part 14. Arsene 

.i 

~~ ~~21t_ 
FORCES REPE~ r @B) 
FORCES CANCEL: 

FIG URE 1- T he direction of f orce sboum as a res11lt of 
cancellation of [l11x lines in a D'Arsont•al meter. A 
11•eaker field rewlts. 

D'Arsonval is generally cred ited with the first applica­

tion of these magnetic re lationshi ps to a device w hich 

will indicate the presence of current flow by its magnetic 

effect, hence the name D' Arson val movement is used 

when describi ng a meter of this type. 

\XIhen a wire is placed in a magnetic field and an 

electric current is passed through the wire, it experiences 

a force tending to force it out of the field. As illustrated 

in figure 1, the reaction between the magnetic .field of 

the magnet and the lines of force p roduced by the wire 

is such that the field is st rengthened on one side of the 

wire and weakened on th e other, and the wire is ac­

cordingly forced in the direction of the weaker field. 

This force is directed in such a manner that the con­

ductor wi ll tend to move at right angles to the lines 

of flux produced by the permanent magnet. The force 

in dynes may be expressed: 

F = Bx lxL 
10 

where B is the flux density in lines p er squa re centi­

meter, I the current in amperes, and L the active length 

of the conductor in cent imeters. 

If a sing le- turn coi l is placed in the magnetic field 

c 

FIG URE 2-A method for obtaining a 1111ijormly-radial 
magnetic field. 

as shown in figure 2A, and is free to rotate much the 

same as a simp le motor, the interaction of magnetic 

fie lds produced by current .flow in the coi l will cause a 

force to be exerted as shown in the sketch. This is the 

familiar motor action, but when applied to electrical 

measuring instruments, it is known as the 0 ' Arson val 

principle. 
The forces acting in the J_Uanner shown in figure 2A 

wi ll tend to rota te the coil about its pivot axis. Since 

the combination of force act ing on each conductor tends 

to produce rotary motion, it is in actuali ty a torgue. The 

value o f a torgue is expressed in units of force and 

d istance; the d istance in th is case is the pe rpendicular 

d istance from the pivot ax is to the conductor upon 

which the force is exerted. The torgue or turn ing effect 

is proportional to the current only when the conductor 

is passing the flux lines at rig ht ang les, but it will be 

noted that as rotat ion contin ues from the position shown 

in figure 2 A, the ang le between the flux produced by t he 

field and the motion of the conductors w ill become less 

than 90 degrees. The refore, since the force on a con­

ductor \·aries a. the s ine fu nction of the ,1ngle at which 
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the atJc· lines are cut, the torque in the example shown 
will decrease. This feature is undesirable in an indicat­
in{ de~ice because of complications that arise when a 
scale is to be calibrated. 

Figure 2B shows the method used in the D'Arson­
val-type meter which permits a constant-flux field that 
is radially perpendicular to the axis about which the 
moving coil rotates. The core material is constructed 
of soft iron in the form of a cylinder which is fixed 
in position between the pole pieces of the permanent 
magnet, so that there is an air-gap of uniform dimen­
sions opposite each pole face. The flux lines are per­
pendicular between opposite .faces- of the air gap, as 
shown in figure 2B, because flux lines have the property 
of assuming any shape that will shorten the flux path in 
air. 

When a current-carrying coil is placed with freedom 
to rotate in the air-gap of figure 2C, any movement of 
the coil will move it at right angles to the flux in the 
air-gap. Thus, the force and resultant torque developed 
will be proportional to the strength of the permanent­
magnet field and the ampere-turns of the coil. The 
torque will not depend upon the angle of displacement 
opposite the pole faces, but, when the turns of the coil 
reach the interpolar regions at the top and bottom of 
the sketch, the distortion of the magnetic field will 
cause a decrease in the torque. 

The direction in which the force acts will be deter­
mined by the direction of the cu.rrent flow in the con­
ductor and the direction o{ the flux in the magnetic 
field. Hence, as shown in figure 1, for a reversal of 
current flow, the magnitude of the force remains un­
changed so long as the same field exists and the same 
quantity of current flows. 

Since the magnetic field about a current-carrying 
conductor is concentric and counter-clockwise (when 
one looks in the direction of current flow), a measuring 
device of the moving-coil permanent-magnet type can 
be used to indicate the direction of current flow as well 
as the magnitude. , 

The flux across the air-gap in a moving-coil meter­
movement must be as constant as possible over long 
periods of time, if calibration -is to be reliable. To meet 
this requirement, the permanent magnets used in meters 
are artificially-aged so that their strength will not ap­
preciably change with time. Artificial aging is necessary 
because the rapid quenching of permanent magnets dur­
ing heat treatment produces sudden changes in their 
molecular structure, and it may be several weeks before 
the magnet becomes adjusted to a stable magnetic con­
dition, because a change in magnetic properties accom­
panies any molecular change. 

Methods of aging vary. For instance, one method is 
to immerse the magnets in oil at 120? C. for one hour, 
during which the magnets J.re sometimes subjected to 

mechanical vibration· or an alternating magnetizing and 
demagnetizing force. However a magnet is aged, the 
process reduces the residual magnetism by possibly 20%, 
but tends to bring the magnet to a more permanent 
state. When permanent magnets are used for instru­
ments and meters it is most important that their strength 
shall not change wi~ time. 

The o•Arsonval Galvanometer 
A galvanometer is defined as an electrical apparatus 

for measuring current strength. It is usually inserted 
directly in the circuit to be measured, since its current 
requirements are quite small. The D' Arson val gal­
vanometer depends for its operation on the force act­
ing on conductors in a magnetic field. This instrument 
is very important because most direct-current measure­
ments of current (and voltage) are made with it. It is 
also used in conjunction with thermocouples, copper­
oxide rectifier units, and vacuum tubes ·to make many 
alternating-current measurements. 

FIGURE 3-Basic D'Arsonval or moving-coil meter moz,e­
ment shown withollf scale or frrotective case. 

A sketch of a D' Arson val-type meter is shown in 
figure 3. A permanent magnet made of an alloy such 
as tungsten steel, cobalt steel, or aluminum-nickel-cobalt 
(Alnico) produces a strong magnetic field. The current 
to be measured or a known portion of it is passed 
through the moving coil which is situated in the con­
stant field of the permanent magnet. The motor action 
resulting from the magnetic reactions of the field about 
the turns of the moving coil and the field produced 
by the permanent magnet causes the coil and the at· 
tached pointer to turn; the strength of the current is 
thus indicated on a suitably-calibrated scale. 

The Operation of the Permanent-Magnet 
Moving-Coil Mechanism 

The simple explanation just given is the basis for a 
large majority of electrical measuring instruments. Of 
course, the different manufacturing details and varia­
tions for different applications cause instruments of dif-
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ferent manufacturers to v~ry in size .. and physical shape. 
The D' Arson val instrument shown in figure 3 is typical 
of most permanent-magnet m~ving-coil me~anisms. 

The pole-piec~s serve to intensify the field at the ends 
of the permanent magnet and concentrate the magnetic 
lines of force \Yithin the region desired. The cylindrical 
soft-iron core provides a good magnetic path for the 
flux between poles of the magnet, thus producing a uni­
form field in which the moving coil travels. This com­
bination materially lengthens the life of the meter 

· magnet because the actual air-gap is very short, and since 
the field is concentrated about the moving coil, stray 
external magnetic fields will have little effect. 

This uniform air-gap is visible in figure 3 as the 
space through which the moving coil rotates. Reference 
to figure 2C should clarify the physical relationship of 
the moving coil to the air-gap between the pole faces of 
the magnet and the soft-iron core. 

The moving-coil is usually wound of from twenty to 
fifty turns of fine copper wire on a rectangular frame as 
shown in figure 4. The frame is lightly constructed of 
thin aluminum, and is fastened to the shaft which is 
pivoted at each end in jewel bearings to minimize 
mechanical friction. A pointer attached to the shaft 
provides external, visual indication of the displacement 
of the moving coil. The shaft is counter-balanced. 

A flat, spiral spring at each end of the shaft serves to 
conduct current to and away from the turns in the c_oil. 
These metal springs provide the opposing force agamst 
which the moving coil acts when current flows, and are 
also used to return the pointer to rest or zero on th_e 
seal~ when there is no current flow through the co1l 
winding. 

It is obvious that at zero current there must be zero 
force on the moving coil ; hence, at zero on the scale, 
the needle rests at the relaxed position of the springs. 
The torque is actually working against the restraining 
force of the springs. This fact is accordingly taken into 
consideration during the design of the springs. An 
idea of the magnitude of this restraining force may be 
obtained by applying Ampere's Law to the coil of a 
galvanometer. 

At any position of the coil in the air-gap where the 
flux is uniform and at right angles to the direction of 
coil movement, the torque is proportional to twice the 
force acting on the turns on one side of the coil. By 
restraining the coil movement with springs whose force 
is proportional to displacement, the movement of the 
coil will then be proportional to the current flow, and 
can be indicated on a uniform or equally-divided scale. 

Since the moving element must be very lightly con­
structed, the use of this type of instrument as a series 
meter in which the total current is measured is limiteJ 
to circuits involving very small currents. However, as 
will be shown later, by the use of appropriate shunts, 

the instrument may readily be adapted for use as an 
ammeter or voltmeter of practically any range. 

An electrical instrum~nt must be damped. If not, the 

FIGURE 4-Au enlttt"ged sketch of the moving co~/ of a 
D' Arsonval meter tvhich is pit,oted to move rn the 
tmifo,.m-flrtx field between the pole-pieces and the 
cyliiJd,-ical soft-iron t"ore. • 

pointer will not go directly to a given value of c_urrent 
and stop, but will swing to and fro, only commg to 
rest after a considerable period. To provide this damp­
ing or to make the instrument "dead-beat," the moving 
coil is wound on an aluminum frame. The edges of 
this frame are clearly visible in figures 3 and 4. When 
this frame moves in the air-gap, it cuts across the 
lines of force and a current will be induced as a result 
of the generator action. This induced current is called 
an eddy c11rrent and it like:wise has its magnetic field, 
but the polarity of the field is opposite to that_ of th_e 
field in the air-gap; thus, the motion of the movmg cod 
is opposed by a force which is proportional to the speed 
at which the moving coil cuts the flux lines. 
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The opposition to coil movement afforded by in­
duced eddy currents in the aluminum framework causes 
the pointer to swing somewhat more slowly to a given 
position, but once it arrives there, there will be little 
tendency to oscillate about that position. This is elec­
trical damping as compared to other methods (such as 
air friction damping) that are also used in electrical 
instruments. (The air-friction type has an enclosed air 
chamber in which a screened vane is swung against the 
air.) 

The Electrodynamic or Dynamometer 
Type Instrument 

The American Institute of Electrical Engineers de­
fines an electrodynamic instrument as an instrument 
which depends for its operation on the reaction between 
the current in one or more moving coils and the current 
in one or more fixed coils. 
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The basic difference between this instrument and the 
permanent-magnet moving-coil instrument is that no 
permanent magnet is used. Th~ magnetic field wh ich 
reacts against the moving coil is produced by fie ld coils 
instead. T hese are large coils of many turns of wire and 
may be seen in figu re 5 (one of the field coils has a 
portion removed for clarity). I t will be noted that the 
rest of the meter is constructed much the same as the 
D'Arsonval movement, in that the moving coils are at­
tached to a shaft which is restrained by springs and to 
which is a.flixed a pointer for exiernal scale indication. 
As indicated in fig ure 5, there a re two fixed-field coils 
and one movable coi l. 

The connections to the coil are made so that the 
magnetic fields produced by the fixed coils are of the 
same d irection and directed along the axis th rough the 
field coils. T he magnetic field produced by the mov­
ing coil will tend to a lign itself w ith the lines of force 
produced by the field coils. T he reaction between the 
two magnetic field s produces a torque that overcomes the 

FIGURE '5-The baJic_ m?ve~Jtent of the electrodynamic 
or d;numometer-type md1ccttmg imtmmem. 

res_training force of the ~pring~ anJ mO\ e~ the imlicating 
pomter accordingly. 

The magnetic field produced by the fixed coil is 
proportional to the current flow ing, as is the magnetic 
field produced by the movable coi l. The force on the 
movable coi l and the attached pointer is caused by the 
mteraction of the~e two fields and is proportional to 
the1r produd. H ence the force on the moving coil , or 
the deflection of the need le, is proportional to the 
current times the current , o r <.u rrent squared. For th is 
reason, the scale marks of equal wrrent differences are 
crowded together at the lower end anJ are widely 
~eparated at the upper enJ. 

When the in:.trument is useJ to measure alternating 
currents, the magnet1c field.'> of both the fixed and mov­
&ble coils are re\ erseJ ~unultaneou~ly with e\ ery reversal 
of turrent Therefore, the J1 reL£1011 of force acting be-

tween the coils remains unchanged in both halves of the 
a-c cycle, and the deflection of the pointer is always in 
the same direction and will be dependent only upon 
the magnitude of the current flow. There are no ter­
minals marked "plus" and "minus" on an a-c meter, 
for wh ich proper polarity must be observed when con­
nections are made. 

The Concentric-Vane Type Meter 
The soft-iron-vane type meter depends for its action 

on the deflection which takes place as a result of the 
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FIGU I~E 6-:-A graphic example of tbe meth od by which 
the 1epulsron betu•een l1ke poles can be utilized to 
produce rotary 11/0I'ement. 

repu lsion of two magnet ized pieces of soft iron (see fig­
ure 6A ) . Figure 68 shows two pieces of soft iron of 
special shape. The larger i ~ in the shape of a tongue and 
the: smal_ler m ere ly rectangular. In the position shown, a 
flux, as md1cated by the verti<.al arrows will cause both 
!Jie:<.e~ o f soft_ iron to be magnetized. If u1e tongue-shaped 
1ron 1s fixed 1n position and the smaller rectangular piece 

of iron restricted to move at a fixed distance from the 
larger, the fo rce of repulsion will be to the rig ht. This 
restriction of movement is accomplished by curving the 
fixed vane in a cylind rical fashion and p ivoting the 
movable iron p iece on a shaft as shown in figure 68. 

T he concentric-vane o r moving- iron instrument (as 
shown in fig ure 7 ) depends for its action o n the de­
fl ection which takes p lace ·between two p ieces o f soft 
iron bent concentrically and placed wi th in a coi l. 
Fastened to the inside of the coi l is a fixed cylind rical 
piece o f soft iron. Th is p iece of iron is purpo~ely made 
unsymmetrical so that the in ner, movable, soft-1ron pole-

RESTRAINING 
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VANE---' 

BEARING 
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FIGURE 7- Cflt-au,ay view of the repulsion-type or mOil­
ing-iron meter. 

p iece wi ll deflect in a g iven d irect ion. The movable 
pole-piece is attached to the shaft, which is pivoted in 
jewel bearings. The two pieces of iron are held but 
a small d is tance apart, and any movement is restrained 
by the coiled springs. When the coil is energized, it 
magnet izes both pieces of iron in the same di rection, with 
the result that they repel one another. T h is repu lsion 
causes a movement of the movable iron, and hence th is 
meter is called a repulsion-type meter. T he extent of 
movement depends on the amount of exci tation produced 
by the coi l and the tension of the spri ngs. 

The scale of this type of instrument is neither linea r 
nor of the current-squared variety because the final shape 
of the scale can be modi fied h}' the shape of the fixed 
pole piece as well as the concentric vane. This instru­
ment has the same advantage as the dynamometer 
type in that it may be used on alternating as well as 
direct cur rent. When used on a. c., the reversal o f mag­
netism due to the a lternating current wh ich occu r in 

the coil also change the polarity o f both p ieces of iron 
so that the deflection remains constant in di rection . 

Instruments That Utilize the Heating Effect 
of Current 

Measuring devices that depend on the heating effect 
o f an electric current are called thermoammeters. The 
heating effect is a fu nction o f the power expended and 
varies as the square of the current (hence a device ac­
tuated by tem perature wou ld have a non-li near scale 
ca libration) . 

There are two genera l types of thermoammeters, the 
hot-wire ammeter and the thermocouple type. T he hot­
wire type depends for its operation upon the prope rty 
possessed by all pu re metals of expanding when sub­
jected to heat. T he thermocouple instrument uti lizes the 
potential difference developed ac ross a junction of two 
d issimilar metals when the junct ion is heated . 

The explanation of the hot-wire type instrument is 
gi\·en, not as a detai led study o f the meter itsel f, but 
rather to show by an example the manner in wh ich the 
work done by any cu rrent varies with an increase or 
decrease of the current in a circu it. 

H ot-wire instruments indicate current magnitude by 
mechanical coupling to a metall ic wire whose coefficient 
of linear expansion is accurately known, such as p latinum 
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F IGURE 8 - 11'' orkin~ sketch of a hot-ll'ire type thermo­
ammeter. 

wire of constant cross section. Figu re 8 shows a work­
ing sketch of a hot-wire instrument. T he p latinum 
resistance wire is heated by the passage of current and 
expand s or stretches. This allows the sp ri ng to contract 
and move the pivoted pointer across a suitably-calibrated 
sca le. The scale is calibrated in te rms of the square of 

the current. 
T he applicat ion of this type of instrument is limi tecl 

in the fie ld of present da}' electron ics because of its 
mechanical complexi t}' and the lack of permanence of 

its calibrations. 
T he thermocouple ammeter has practica lly replaced 

the hot-wire type o f meter. The operation of the 
thermocouple meter depends upon the f a<.t that when 
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physiCal contact ts made between two dissimilar metals 
and the junction is heated, a difference of potential is 
built up across the junction. The magnitude of the 
potential difference is a direct function of the types of 
dissimilar metals used and the temperature of the junc­
tion. This is the Seebeck Effect explained in Part 14 of 
Bash Phys;cs. A sensitive 0' Arsonval galvanometer is 
connected across the thermocouple and is activated by 
the current which flows as a result of the voltage de­
veloped across the heated junction. 

Two types of thermocouple instruments will be dis­
cussed. They are the direct-contact and the separate­
heater type. Both consist of thermocouples that are 
heated by the power expended in a resistance wire as 
a result of current flow. 

The arrangement shown in figure 9A is employed in 
most thermocouple meters in use today. In contact with 
this heater element is the thermocouple junction. When 
the current to be measured is passed through the heater, 
power equal to JZR. is dissipated in the heater, ra i~i ng 

f iGURE 9-T he two types of thermoco11ple ;nstmments 
rommon!y 11sed. 

the temperature of the thermocouple junction. This 
causes a d-e potential difference to exist between the 
cold terminals of the thermocouple, and this voltage 
will force a direct cu rrent through the sensiti\·e moving 
coil instrument. The amount of current through the 
meter will be determined hy the voltage across the 
junction and the resistance of the coil movement. 

Although special wires are used in high-grade thermo­
couples, a voltage \vii i he produced between any two 
unl ike wires in di rect contact; for instance, at a junction 
between pieces of copper and iron at a temperature of 
100° C. there will he produced approximately one­
thousand th of a volt across the thermocouple. In sen­
sitive thermocouples the wi res are very delicate, so they 
are mounted in an evacuated g lass bulb with the heater 
leads and the meter leads brought out through glass 
seals. This protects them from mechanical i nj~ ry, ~re­
vents air f rom conductinJ! heat away from the JunctiOn, 
and consequently makes the thermocouple more sensitive. 

The separate-heater type of thermocouple, shown 

in figure 9B, is particularly well-suited for measurements 
i~ radio-frequency circui ts. It has been specially de­
stgned to reduce the errors that thermocouples introduce 
into r-f circuits. Because of the importance of this 
meter in communication circ..uit measurements, it will be 
encountered quite often. 

The insulating bead is placed between the heater and 
the thermocouple junction. This bead electrically in­
sulates the thermocouple junction from the heater wire. 
The material chosen for the bead, however, has good 
heat conducting properties, so that the heat from the 
hea~er is readi ly co~ducted to the junction. By carefu l 
choiCe and constructton of this bead, the separate-heater 
type thermocouple has been made almost as sensitive as 
the contact type in which the heater and junction are in 
metallic contact. 

Ammeters and Voltmeters 
Instru~en ts for •.neasurt~g current and potential dif 

ference 111 commern al appltcations are gal f ' vanometers o 
a more substantial type than laboratory · t . . ' ms ruments. 
There ts no structural difference between an ammeter 
and a v.o ltmeter, ~nd b~th deflect in proportion to the 
~u rrent m the movmg cod. The difference between them 
1s one of electrical resistanGe The inst t d . · rumen s are e-
s1gned so that their introduction into a · · f ctrnut or pu r-
poses of measurement will not change . hl . . ' apprecta y the 
quanttttes they are intended to measure 

In the ammeter the coil is provided 'tl b 
II d 1 

Wt 1 a y-pass 
ca e a SIJ//111, connected di recti}' 1 " . across t 1e meter 
termmals so that the current in tile .1 .11 b COt WI C on ly a 
sma ll hut definite part of the entire c t . . ' . urren tn the Cl r-
n ut. The ammeter has a ver}' low re · t 

. SIS ance so that the 
potenttal drop across it will be small N 

b k 
' · atura lly care 

must e ta en to have enough resist . 1 '. . · . . a nee tn t 1e ct rcltlt 
assoc1ated wtth th1s meter so that th . 
I
. . e current wdl be 
1mtted to a value within its range A 

b 
· n ammeter shou ld 

never e connected across the so f urce o em f f 't 
would almost certainly burn out imm d. 1· · ., or 

1 

e tate y 
In the voltmeter, the movable .1 . · 
· . · . cot ts connected 1n 

sertes wtth a res1stance so that th . 
d 

. ' e tnstrument tna}' he 
connecte d1rect ly across a SOL f 
t k I 

. . . . lrce o e.m.f., and }'et 
a e on y a small current. A voltm t I . . . e er 1as a hu>h re-

Sistance so as to d1vert as little . 0 

the ci rcuit to whicl ·t · current as poss1hle from 

I 
1 t IS connected. In a sense the 

vo tmeter protects itself because f . 1 . • ' 
I 

o 1 ts 11gh res· t . 
1ut care must he · d ts ant e, ' exerose not to appl . . 
ences exceed ing tl . Y potenttal dtffer-

le range of the tnstrument. The ran c 
of a vo ltmeter can he extended ·r d . g 

dd
. . 1 es tred by the s ( 

an a ttlonal series resistance ext I u e o 
S 

· erna to the inst 
uch an auxiliary resistance . II d . . . rument. 

ts ca e a nw!l!plter. 

Ammeter Shunts 
A shunt is a conductor of low . . 

carry the bulk of tl r resistance designed to 
le tne current, while setting up a 

potential difference across the terminals of the meter 
sufficient to cause the· proper value of current to flow 
through the instrument. The resistance of the shunt 
tor a particular instrument can be found by calculations 
involving Ohm's Law. The scale may be, and usually is, 
graduated and marked in terms of the . line current to 
which its indications are proportional. The meter and 
shunt must pe properly suited to one another, and 
·shunts are not interchangeable without due considera­

tion b~ing given to the resistance of the meter. 
When calculating the shunt to be used with a met€r 

movement to extend its range of measurement, all the 
laws that apply to parallel circuits are used. It must 
be borne in mind, however, that the current-carrying 
capacity of the moving coil is the governing factor. Be­
fore a shunt is designed, the resistance of the moving 
coil element and · the current to produce a full scale de­
flection must be known. The resistance of a moving coil 

used in typical- o.ne-milliampere meters produced by 
several manufacturers is twenty-seven ohms. Applying 
Ohm's Law, we find that the voltage across the meter 
terminals necessary to obtain a full-scale deflection of 
one milliampere will be 0.027 volts. Suppose it were 
desired to extend the range of sud1 a meter to a full­
scale deflection at 50 milliamperes line current. This will 
require a meter shunt that will by-pass all except the one 
milliampere needed by the moving coil for a full-scale 
deflection. By Ohm's Law, it was found that 0.027 volts 
would cause one milliampere to flow through the mov­
ing coil ; therefore, the resistance of the shunt must de­
velop an IR-drop of 0.027 volts when 50- 1, or 49 
milliamperes flows. By Ohm's Law: 

Sbt~nt ,·esis/mue = 0·027 = 0.551 ohms. 
. 0.049 . 

This shunt can be made from ordinary cotton-covered 

copper wire. According to A.I.E.E. standards, 1,500 

circular-mils for each ampere of current should be al­

lowed, to avoid serious variation in the shunt resistance 
due to temperature change. By consulting a wire table 
we find that the size of wire that will most nearly carry 
49 milliamperes without exceeding its capacity is 31 
gauge, whid1 is ~a ted at 53 ma, and has a resistance of 

132.7 ohms per 1000 feet. The length of 31-gauge wire 

for a shunt with a resistance of 0.551 ohms would be: 

0. 551 4 . h -
1
- - X 1000 X 12 = 9.7 1/lC f!S 
32.7 

'fh is length of wire may be conveniently wound on 

a wooden spool and connected across the meter termi­
nals. 

Simil ar calculat ions can be used to find the resistance 

of any shunt to extend the range of an ammeter. Of 

course, when the shunt must carry currents in the vicinity 
of 100 amperes, extreme care must be taken to insure 
tha t the contact resistance is low, and that the heat de­
veloped may be adequately dissipated in air. 

Voltmeter Multipliers 
A multiplier or external resistance to extend' the 

range of a voltmeter, is a series resistance whose value 
is great enough to limit the current through the moYing 
coil to its rated value. For instance, a typical one­
milliampere meter with an internal resistance of twenty­
seven ohms can be made into a Yoltmeter of practically 
any range and the scale calibrated in terms of voltage. 

The calculation of the values of resistance of a suita­
ble multiplier can be handled the same as that of a 
simple series circuit where one resistance is known. 
Suppose a multiplier is desired that will enable the 
above meter to be used for voltage measurements up 
to 250 volts. The total resistance that will l imit the 
current to one milliampere at a potential difference of 
250 volts can be calculated through Ohm's Law: 

250 .· 
R = t-=-::-

0 
= 250,000 ohms. 

.001 

Therefore, the resistance required in series with the 
meter would be 250,000 -27, or 249,973 ohms. Usually 
the resistance of the meter is neglected when the value 
of the multiplier is over 100 times as great. 

Orpinary voltmeters used for circuit indication or for 
test purposes are designed around a meter and multiplier 
that will provide a resistance of 1000 ohms per 
across the source ofil.;m.f. 

In using voltmeters thus based on 
of ammeters, the user must be sure 
does not draw so much current that 
measurement are altered. This is i 

Combination Ammeter and 
As was just shown, a simp1 

used with appropriate shunts 
either currents or voltages over 
possible to mount n single 
and switch in the shunt or 
of individual calibration 
a mul tirange scale is p 

Answers to Bt~s · 
I.- Equivalent delta resista 

R, = 4.7 1 ohms. 
R2 = 4.00 ~hms . 
R.s = 15.7 ohms. 

2.- Et]uivalent rts istancl:' ;, :. 3) 1 

3.- Current flow th rough five-voi t lxll 
Direction of current is up. 
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the temperature 
causes a d-e potenti" 
cold terminals of the 
wil! force a direct curr6f~~~'"' 
coil instrument. The . 

junction and the res ist 
Although special wi 

couples, a voltage will 
un like wires in direct co 
between pieces of copper 
I 00° C. there wi ll he 
thousandth of a volt 
sitive thermocouples the 
are mounted in an 
leads and the me 
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vents air f rom co 
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