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JAA TRIANGULATION-LISTENING
RANG ING SYSTEM 

• The Model J AA su bmarine sonar equip ment 
for triangu lation, listening and ra ng ing (TLR) 
was designed to meet the possibility for a listening 
ra nging equipmen t tha t cou ld be used both in pre
p aring a nd evadi ng a ttack while a submarine was 
submerged. T his equipment de termines the ra nge 
and bearing from a submarine to a bea m (-+-60° ) 

targe t by uti lizing the sound en ergy genera ted b y 
the target. The system consists essentia lly o f a sys
tem for triangu lating from a baseline on the d eck 
o[ a submarine, at the ends of whi ch are located 
two hydrophones having highly directio n al sonic 
listening ch aracteristics. R elative forward and a fter 
bearings from these hydrophones are fed to a com 
puter (triangle solver) which computes the ra nge 
of the target from the bearings a nd the known 
length of the baseline, and drives a range m otor to 
print a trace of ra nge-rate on a n associa ted recorder. 

The major units o[ the ]\[ode! J AA equipment 
are: 

2 magnctostriction line-hydrophones 
l forward tra ining mechanism 
I a fter tra ining mechan ism 
2 p reamplifiers 
2· RLI bearing-deviation indicators 

I sonic ampli fier and control pane l 
1 computer (mechanical) 
1 noise source 
2 noise-source tra nsducers 

intercomm unication system 

T he important components of the comple te sys
tem are shown in block diagram form in figure 2. 
The upper center sect io n of the diagram shows th e 
four sections o f the Compu ter : the Aided-Tracking 
Unit, the Azimuth Drive U ni t, the Triangle Solver, 
and the R a nge Recorder. On either side arc shown 
the hyd rophone trai ning sys tems. 

MAJOR UNITS 

Niagnetostrict iu n Lili('- I-l )'dro jJiw nes: T he two 
hydrophones used in this cquip 111ent arc o ( the 
stra igh t unta pcrccl 5-[oot perm anen t-magnet mag
nctostri ction type, mad e up o f te n toroida ll y-wo und 
sections. T hey arc p lastic filled , a nd arc covered 
with neoprene rubber compound . T hey are 
1110untcd o n l.>a tncs whi ch consist o l a stream lined 
sra in less steel fa iring covered with a rubber b lanket. 
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SPERRY COMPUTER - BLOCK DIAGRAM 

FIG URE 2-Block diagmm of the complete M odel 
] A A system showing the major connections. 

Tmin ing M echanisms: T he training mechanisms 
are located in the forward and after torpedo rooms. 
They are too similar to those of the l\Iodel W FA
eries topside units to warran t further comment 

here. 

RLI Bearing-Deviation Indicatm·s and Preampli· 
fiers : Sounds generated by a target are p icked up 
by the split hydrophones. T hese signals induce 
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FIGURE 3- Right-left indicating bearing deviation 
indicatm· main unit. 

voltages in each half of the hydrophone which are 
equal in amplitude but differ in phase, unless the 
sound source is in a pla ne a t right a ngles to the 
hydrophone. The ha lves of the h ydrophone are 
connected to a pair of input transformers and asso· 
cia ted preamplifiers in su ch a m anner th at one 
preamplifier receives the vector sum of the voltages 
genera ted in the two sections of the hydr ophone, 
and the other preamplifier receives the vector dif· 
ference. When the hydrophone is tra ined on the 
target, no difference voltage is genera ted, and the 
sum voltage is equal in a mpli tude to the sum of 
the two voltages in the two h alves of the hydro· 
phone. ' 'Vhen it is trained slightly off the target, a 
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HYDROPHONE ASSEMBLY 
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FORWARD 
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FORWARD 
HYDROPHONE 

STANDARD 
EXTENSION 

Fmward hydmphone assemb ly, slandm·d, and 
extension. 

dif[erence voltage is generated which is displaced 
90 electrical degrees, either leadi ng o r lagging the 
sum voltage depending upon whether the target 
bears to the right or le ft of the hydropho ne. 

T hese sum and difference signals, disp laced goo 
in phase, a re fed to the RLI unit p roper (see fig ure 
3) . T his is a two-chan nel system, o ne being· called 
the sum channel and the other the diUe1·ence chan· 
nel, both being identical u p to the last stage. In 
the input of each channel there is a 500-1 6,000· 
cycle band-pass fi l ter followed by three stages of 
pentode amplificat ion using var istors in an au to· 
matic-volume-control circu it. 

After being amplified, the signals are again 
filtered through a g-16-kc band-pass filter. The sig
nals are then shifted 45° in the sum channel and 
135° in the difference channel (a relative overall 
shift of goo) to obtain signals which are either in 
phase or 180° displaced, depending on whether the 
hydrophone is pointing to the left or to the right o( 
the target. After both signals are further amplified, 
the sum signal is passed through a phase inverter 
in order to obtain two equal signals, one of which 
is in phase with the original signal, and the other 
180° out of phase. 

FIGURE 1-M.echanical compute?· slaclt. From tofJ 
to bottom , in order, m·e the rectifier un it , m nge· 

m te assembly, f.1 ·inngle solve1·, and jJowe1· unit. 

The signals (rom both channels are now fed into 
a phase-sensit ive detector. The action of the de· 
rector resul ts in a d-e voltage, the polarity o[ whi ch 
depends upon the phase rela tionship of the sum 
<mel difference signals applied. T his d-e signal is 
put through a "chopper" and am plified . A second 
phase detector converts the chopped a.c. into d .c. 
which operates a zero-center mio ·oammeter, the 
scale o f which is marked RIGHT TRAIN and LEFT 

TRAI N. When the J AA is operated with its selector 

switch in the ATF (automatic target following) posi
tion, this d-e vol tage is fed to servo amplifiers which 
cause the h ydrophones to rotate until the voltage 
drops to zero as will be described later. 

Sonic A mplifier and Contml Panel: T he sonic 
amplifier is a three-stage audio am p lifier used for 
listening directly to the target noise in the water. 
A selector switch enables the operator to dwose 
between 1500-cycle, 3000-cycle and <1500-cycle high
pass filters as an aiel in obtaining best target identi
fica tion and bearing determination. The op erating 
controls are located on the sonic amplifier paneL 

Compu.te1· (Mechanical): The mechanical com
puter, shown in figure 4, can add, subu·act, multiply 
and genera te sine functions. From the bearing in
formation supplied by the hydrophones and the 
RLI, the computer determines the range of the tar
get and p lots i t on a moving-d1art recorder. Since 
this unit is the heart o£ the J AA system, it will be 
described in detail la ter. 

Noise Som·ce and Noise Tmnsd11ce1·s: The noise 
source is a gas tube followed by an amplifier which 
amplifies the random noise o£ the tube. The out
put of the noise source is fed to two small trans
ducers and is used for testing and lining up the 
JAA equipment. T he transducers (squealers) are 10-
inch magnetostriction devices mounted near the 
main hydrophones along the ·baseline of the ship . 

In tercom munication System : T he function of the 
intercommunication system is to provide commu
nication between the maneuvering room, where the 
main stacks are located , and the conning tower. 
T he uni t consists o £ an aud io amplifier , m1cro· 
phones, headsets and loudspeakers. 

OPERATION 

There are four ways in which the Model J AA 
system can be opera ted , these being selected by two 
four-position selector switches, one for each hydro· 
phone. The markings on the switches read IHT 

(indejJenden t hand train), SHT (synchronous hand 
!rain), ATF (automa tic tm·get fo llowing) and 1066 
(1066 is the type number of the computer). 

For searching, it is necessary that it be possible 
to u·a in the two hyd rophones independently o£ 
ead1 other. T his is accomplished by setting the 
selector switches to the JH T position . The hydro
phones are controlled by two typical servo systems: 
the after hydrophone by a 5G synchro (in the 
a ided-tracking uni t of the computer), a 5CT on the 
training shaft, a servo amp lifier and a motor geared 
to the training shaft; the forward hydrophone by 
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a 5CT synchro (in the aided-tracking unit of the 
computer), the lower 5G on the training shaft, a 
servo amplifier and a motor geared to the training 
shaft, as shown in figure 5. Both the after 5G and 
the forward SCT in the aided-tracking unit can be 
positioned either by handwheels or a VSD (vm·iable
speed d1·ive) or both simultaneously, this being ac
complished by the use of a differential on each . The 
VSD 's are used for continuous searching at slow 
speeds and they obviate the necessity of continually 
turning the handwheel during search. The for
ward VSD has another use which will be described 
later along with the aided-u·acking unit of the com
puter. 

Under certain conditions it is desirable to rotate 
both hydrophones by operating the forward hand
wheel. Tl1is is accomplished by setting the selector 
switches to the SHT position. When this is done the 
after h andwheel and VSD are inoperative, and the 
after servo system is controlled by the fonvard 
handwheel and the 5CT synchro. The after hydro
phone then listens on a line parallel to that of the 
forward hydrophone. 

Automatic target following can be accomplished 
by turning the selector switches to the ATF position, 
a fter the target has been located and both hydro
phones trained on it by operating the handwheels 
in the Aided-Tracking Unit. Under this condition 
control of the hydrophones is taken over by the 
sound stack. The servo systems between the hand
wheels a nd the hydrophones are electrically discon
nected so that turning the h andwheels has no effect 
on the hydrophone bearings. The servo systems are 
now controlled by the d-e "error voltage" output 
of the RLI Bearing Deviation Indicator (described 
previously) . As long as the hydrophones remain on 
target there is no d-e output from the RLI, the 
servos have no d-e input, and the hydrophones do 
not turn. ' 'Vhcn the hydrophones get off target, the 
RLI feeds a d-e error voltage to the servo systems 
which causes the hydrophones to rota te until they 
arc on target again. 

vVhen the selector switches arc in the "I 066" 
position, the training of the hydrophones is con
trolled from the sound stack in the same manner 
as just described under ATF, and the Computer is 
thrown into the circuit. The Computer is not used 
in any other operating position of the selector 
switches except this l 066 position. 

COMPUTER 

Azirn.uth Drive Unit: This unit, shown in figures 
6 and 7, is functionally the first section of the Com
puter, so it will be discussed first. It is in opera-
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FIGURE 6-Azimuth d,-ive unit of the compute1·
front view, cove1·s 1·emoved. 

tion at all times, regardless of whether the hydro
phones are being trained by hand, variable-speed 
drives, or automatically. This is a 1- and 36-speed 
system for increased data accuracy, but for sim
plicity of discussion only one sp eed will be con
sidered. 

Geared to the after hydrophone shaft are two 
5DG synch.ros (used as 5G's) in addition to the 
SCT required for the actual training, and geared 
to the forward hydrophone are two 5G synch.ros, 
as shown in figure 5. These synch.ros, being geared 
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CAM 

FIGURE 7-Azimuth d·rive unit of the comjntte1·
,·ea,- view, cove1·s Temoved. 
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to the hydrophone shafts, repeat elecu·ically_ their 
respective bearings to the synchros of t~e A~u~ut~ 
Drive Unit. In this unit the after beanng 1s mdl
cated on a dial on the left-hand side, and the after 
synchros (5CT's) are also on the left, one over t~1e 
other. The forward bearing .is indicated on a d1al 
on the right-h and side, and the two forward bear
ing 5CT synchros are on the right, one over the 
other. Both after and forward synchros are servo 
dr iven , as shown in figure 5, and the rotation of 
their shafts represents the actual hydrophone angles 
to be used by the Triangle Solver. 

Jn figure 8, the triangle to be solved, angle a is 
the after hydropho ne bearing, angle b is the target 
a no-Ie an o-le d is the forward hydrophone bearing, 

b ' b 

side B is the baseline, and side R is the range from 
the forward h ydrophone to the target. It should be . 
noted that side R has b een chosen arbitrarily as 
the rano-e to be used, but side C represents the 

b 

range from t he after hydrophone to the target and 
could be used equally well. First we solve for 
angle b, the target angle: 

a + b+ c = 180° (three angles of a triangle 
= 180°) 

a + b = 180° -c 
and c + d = 180° (they form a straight line) 

d = l 80° -c 
therefore a + b = d 
and b = d -a 

in other words, the target angle equals the fore
ward bearing m inus the after bearing. 

The after bearing is coupled dircCLl y from the 
Azimuth Drive Un it to the Triangle Solver by 
means of a flexible shaft, and is also sent into one 
side of a differential in the Az imuth Drive Unit. 
The forward bearing is sent into the other side 
of the differential. The differential subtracts the 
after bearing from the forward bearing, so that its 
output is angle b, the target angle. T his outpu t 
is (cd by flexible shaft to the Triangle Solver. 

The two remaining 5G sy nchros of the Azimuth
Drive U ni t arc located at the top of the unit. Their 
function is to feed the forward bearing to the 
T DC (torpedo da ta computer). Their positions 
represent th e.: actua l instantaneous forward bearing, 
a nd their rate o f rotation represe nts the rate of 
change o ( forward bearing. T his forward -bea ring 
rat e-of-cha nge is fed by a flexible shaft to the Aided
Tracking U ni t and used there in a way to be 
described later . 

Trian~lr So/per: The Triangle So lver portion 
o f the Com puter de termines the range of a ta rget 

TARGET~ 

FtGURE 8-T ypical t1·iangle to be solved by the com
jJU te1·. Angle a is the after hydmphone bea1·ing, 
angle d the fonvard bearing, angle b the tm·get 
angle, side B the baseline, and side R the mnge line 

fmm the f01·ward hydmphone to the tm·get. 

by utilizing the law of plane trigonom etry kno:vn 
as "the law of sines" which states that, if one side 
and any two angles of a plane triangle are know~, 
the other can be determined from the rela tionship 
(see figure 8) : 

R c 
sin a sin c 

B R 
sin b - sin a 

(using the first two terms) 

or B sin a = R sin b 

In this equation the only unknown is R , since 
B is the fixed distance between the h ydrophones, 
and the after bearing a ngle a and the ta rget angle 
b arc fed to the Triangle Solver from the Azimut~ 
Drive Unit. The purpose of the Triangle Solver lS 
to set up the two sides o f the equat ion and balance 
th em mechanically, getting R in some measurable 
form in the process. .. 

First the heart-shaped cam o f sine uni t S-1 lS 
rota ted in accordance with the after a ngle, as 
sho·w11 in figure 5. This cam is cut so that the 
motion of its follower corresponds to the sine of 
the angle to which the cam is driven. T he output 
of S-1, therefore, is sin a) a nd this is fed to a multi
pl icr which multiplies it by B. Since B (the b ase
lin e.:) is fi xed for a particular ship, the multiplica-

• tion is done by simple gearing, the output of the 
multiplier being B sin a, one side of the equation 
we are solving. 

Similarly, the cam of sine unit S-2 is rotated in 
accordance with the target angle, the follower's 
motion being proportional to the sine of the angle, 
the output of S-2 being sin b. This cam looks like 
only half a heart, and in order to get a · complete 
sine cycle its motion must be reversed after it has 
rotated tlu·ough 90° . This is necessary because the 
target angles are so small that, in order to provide 
sufficient accuracy in the cam, the rise per degree 
must be much larger than for the after-angle cam. 
In order to limit the size of this cam, it is cut 
to represent only half of the sine function, and its 
motion is reversed to obtain the other half. Actu
a lly, in order to expand the scale still further, the 
cam is cut to represent l- sin b, and the output 
juggled to give simply sin b. The reversal is ac
complished by a Geneva intermittent sprocket 
mechanism which shifts a clutch after a certain 
number of revolutions. 

This sin-b output of sine unit S-2 is fed to the 
right-hand multiplier of figure 5. The other input 
to the multiplier is the unknown quantity R 
(range), so that the output of the multiplier is 
proportional to R sin b, the other side of the equa
tion to be solved. Since both of the inputs to this 
multiplier are variables, it cannot be a simple 
gear-ratio-type of multiplier. 

The final solution of the equation is obtained 
by feeding the output of the left-hand multiplier 
into one side of a differential, and the output of 
the other multiplier into the other side, in such a 
m anner that the motions are opposing. If these 
quantities are equal (B sin a= R sin b), the dif
ferential spider will not rotate. The spider is me
ch anically connected to a roller contact assembly 
so that, whenever it does turn, a contact is made 
and power is supplied to the range motor. 

The quantity B sin a is always being supplied 
to the differential by the left-hand multiplier, but 
the output of the right-hand multiplier, at this 
time, is only sin b. Since sin b does not equal B sin 
a, the differential spider will turn, thereby upset
ting the roller contact assembly and applying power 
to the range motor. The motor will then run until 
the contact assembly is restored and its power is 
cut off, which means that the two inputs to the 
differential have been made equal. To do this, 
the range motor has had to supply R to the right
hand multiplier (which has supplied R sin b to 
the differential) and, therefore, the rotation of the 
range motor's shaft is proportional to R - the needle 
we have been looking for in this haystack! 

The range motor also turns a counter which 
indicates the range directly. The multiplier is 
protected from being driven too far in either direc
tion by a Leadscrew Limit Stop which consists of 
a leadscrew driven by the motor and a microswitch 
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at each end of the travel. A follower on the lead
screw strikes these switches and cuts the power 
to the motor at 0- and 5000-yard ranges. 

The multiplier required for the two variables 
(R and sin b) is an interesting device. Consider 
that two variables X and Y are to be multiplied to
gether. (In this case X is range and Y is sin b.) 
First the quantities are added together by means 
of a differential. Then they are subtracted sim
ilarly. The results, (X + Y) and (X - Y) are used 
to rotate two cams. These cams are actually fancy 
pin cams, and the output of each follower is pro
portional to the square of the qu antity rotating 
the cam. vVe have, therefore, as outputs: 

(X+ Y)2 
(X- Y) 2 

= X 2 + y z +2Xl' 
= xz + y z - 2XY 

These two equations, represented by shaft rota
~ions, are fed into a differential in such a way that 
the second equation is subtracted from the first one. 
The result of this subtraction, 4Xl', is divided by 
4 by simple gear ration, leavino- us with Xl' or R 
. b 0 

sm , the desired multiplication products. 

Range R eco1·der: The Range Recorder (see 
figure 5) receives the output of the range motor 
in the Triangle Solver via flexible shaft. A stylus 
is positioned by a lead screw and thus a continuous 
trace of range is given. T he paper drive speed is 
maintained at l-inch per minute by a !-rpm con
stant-speed motor. T he paper is carried on a roller 
at the bottom of the unit, is looped up to meet the 

5G SYNCHROS 

STYLUS 

stylus, and is taken up on another roller in front 
of the feed roller. Also in the recorder are two 5G 
synchros which electrica lly repeat the r ange to the 
Torpedo Data Computer. 

Aided Tmcking Unit: So far the primary func
tion of the Aided Tracking Unit has been described 
as p~·oviding the means for training the h y?ro
phones either by hand or by variable speed dn_ves. 
The unit performs one other important functwn, 
however. If the target is lost temporarily, it is pos
sible to keep the forward hydrophone trained to 
approximately where the target should be found 
again, assuming no change of target speed or course. 
Some of the causes for losing a target could be 
a ship coming between the hydrophones and the 
target, the target being lost in own ship'~ wake 
during a turn, something going wrong w1th the 
sound stack, or similar reasons. 

The Azimuth Drive Unit is continually feeding 
the actual forward bearing to the TDC (torpedo 
data· computer), and the forward bearing rate to 
the Aided Tracking Unit (see description of t.he 
Azimuth Drive Unit). The TDC takes the In
stantaneous bearings provided and computes a for
ward bearing rate and repeats it to the 5B synclu.o 
of the Aided Tracking Unit (see figure 5) . Tlus 
synchro has a dial with a single index line attached 
to its rotor, and it will rotate co ntinuously accord
ing to the computed forward bearing rate. Out
side of this dial is a ring, also with a single index 
line,' and free to turn independentl y of the synchrc. 
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This ring is driven by the actual forward bearing 
rate, which is being receive~ by flexible shaft from 
the Azimuth Drive Unit. Both dial and ring rotate, 
and if the computed rate from the TDC is not the 
same as the actual ni te from the Azimuth Drive 
Unit, the dial and ring will not rotate in synchro
nism. To facilitate comparing these rates, the 5B 
synchro can be turned by hand to line up the two 
indexes, this being accomplished by turning the 
center handwheel of the unit until these indexes 
line up. 

Now suppose something keeps signals from reach
ing the hydrophones. This means that the RLI 
Bearing-Deviation Indica tors ca n suppl y no error 
signals to the train ing servo amplifiers. Control 
of t he hydrophones must then be assumed by the 
handwhecls or variable-speed drives, or th e target 
will be lost. First the selector switches arc changed 
to the SHT position, which throws out the com
puter a nd switches control of the after hydrophone 
to the forward handwheel (as described under 
Operat ion). T he TDC is still sending a computed 
forward bea ring rate which appears on the rotor 
of the 5B synchro in th e Aided Tracking U nit, this 
rate bei ng based on the latest known data. If the 
fonv(lnl va ri abl e-speed dri ve is set so th(lt the ring 
around the 5B rotor dial rotates in synchronism 
with the rotor, the two hydrophones will be turn
ing at a rate equal to the computed rate. \ 1\fhen the 
obstructing object has passed on ou t o( q1e way, 
the hydrophones wjll be pointing approxima tely 
toward the target rather than off in anoth er quad
rant. \1\lhen the signals become sufficientl y strong, 
the after proj ector can be trained back to the tar
get, the compu ter agai n switched in, and only a 
minimum of time will have been lost. 

SPEED 
MOTOR 

TERMINAL BLOCK C 

The variable-sp eed drives are used to conu·ol the 
rotation of the hydrophones. Referring to figure 
5, the constant-speed disks are rotated a t a constant 
speed derived from the Recorder paper-feed motor 
via a flexible shaft. Bearing on each disk is a ball 
with a second ball directly above it. This top ball 
makes. contact with a roller which is free to rotate, 
and which presses the balls together and against 
the surface of the flat constant-speed disk so tha t 
the motion of the disk is transmitted through the 
ba lls to the roller. The balls are held in position 
by a carriage which can be positioned along- the 
diameter of the disk and the length of the roller 
by means of a knob. The speed of rota tion of these 
balls, and hence of the roller, is proportional to 
their dista nce from the center of rota tion of the 
disk (where the speed is zero). H ence a variable 
speed is o btained, and the direction of the roller's 
ro ta tion can be changed by movi ng the ball car
riage from one side o f the center of the constant
speed disk to the other. 

Used differently, the VSD can become an inte
gra tor. \1\Thile this has no bearing on the operation 
of the Model J AA equipment, it is a point of 
interest and m ay be used in some future model. 
Instead o[ be ing positioned by hand , s11ppose that 
the ball carriage is disp laced from the cen ter o[ 
the disk an amount proportional to the rate of 
change of something (range, for example) . If there 
is no change in range, the ball carriage rcm(l ins at 
the center of the disk, and the roller remains sta
tionary. V\l ith the ball carriage d isplaced from the 
cen ter, however, the roller would turn at a rate 
proportional to its distance from the center. T he 
angular position of the roller a t any instant would 
then correspond to how mu ch the range had 
changed, or, in other words, to the integral of the 
range rate. 
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• The present methods used in the testing and re
pair of teletype machines are becoming inadequate 
due to rapid expansion in this field. The most 
common of these is accomplished by connecting 
each machine to a teletype transmitter through an 
arrangement of wires, switches, a rheostat, and 
meter. It is a good method and covers all the test 
requirements, but is not adequate for handling 
the present volume of teletype maintenance activ
ities because only one machine can be tested at a 
t ime. Some of the larger activities, finding it prac
tically impossible to carry on efficient maintenance 
by this method, turned to on their own and set 
up new test methods in an effort to solve the prob
lem. ~lany of these ideas were very good and will 
be screened by the Bureau in the near future so 
that the better ones may be combined to form a 
new standard set up. H owever, for the present 
the Bureau wishes to pass on one of the more prac
tical methods so tha t all activities may benefit. This 
method " ·as developed by the T eletype Repair 
Shop a t the Marc Island 0-!aval Shipyard, where it 
is now in use. 

T heir method uti lizes the same genera l test pro
cedure as that generally in use, but it repl aces the 
haphazard connection arrangement with a small, 
compact p atch panel containing the rheostat, meter , 
a power switch, and a series of j acks. \Vhcn 
mounted in a work bench and provided with 110-
volt d-e power, the panel will permit several ma
chines to be set up on the bench and tested one 
against the other. All wiring is internal and a ll 
test connections for the teletype machines and test 
equipment are made through the usc of plugs and 
the p anel jacks. Where desired , a number of these 
panels may be used to provide test ing facilities for 
a larger number of machines. I n fact the lVIare 
Island shop has panels installed in ten work 
benches and connected in a ser ies arrangement 
which, with 7 pairs of line jacks on each p anel, 

will handle seventy machines. R ep orts indica te 
that this arrangement cuts testing time approxi
mately fifty percent and results in more efficient 
maintenance. 

Details of the p anel are sh own in the wiring 
diagram, which also shows sample test connections. 
The internal wiring is very simple, consisting of 
the seven sets of line jacks and a series circuit con
taining the power switch , milliameter, rheostat a~d 
the two test j acks. T he line jacks are arranged 1~ 
sets of two connected in series. W hen the panel IS 

used as a separate uni t there are no external con
nections required excep t for 110-volt d-e power, 
bu t in an arrangement such as tha t u sed at Mare 
Island i t is necessary tha t the line jacks be con
nected in ser ies with the corresponding j acks on the 
other panels as shown in the diagram. The other 
section of the panel, the ser ies circu it, p rovid es all 
the requirements of a n elemen tary teletype co ntrol 
·circuit. Power is wired permanently in to the panel, 
current can be controlled as desired by m eans of 
the meter and rheostat, and the two j acks provide 
a means for inserting the tele type transm itter and 
teletype machine in to the circui t. Th is circu it 

Closeup of one of the TTY test panels w hich p1·o
v ides 7 tie lines to othe,- wo1·k benches. 

MaTe Islan d .TTY wmk bench 
setu p for m ultiple testing of 

~ machines. 

can also be used to provide power for a maximum 
of ten machines by inserting a patch cord between 
one of the local test jacks and a line jack as shown 

in the diagram. 
All in all this test panel seems to be very prac

tical. I t has been used to such a good advantage 

by the originating activity that it shou ld also prove 
helpful to others. For the benefit of interested 
activities it is in teresting to note that the ten panels 
at Mare Isla nd were bu ilt of salvage m aterial and 
the entire installation was m ade at a cost of only 
ten man clays. 

TEST PANEL NO. I 

(

t.OO ITIONAL SETS ) 
OF • L INE• JACt<S 
AS R[OU tREO ~-----r 

IL __ _ ~===t::=~R~~ 

~-------------

1 =r-- ------ - - - ---J-1 o B;t~~ 
. TESTED 

TEST PANEL NO. 2 I I : 

L ·:y-----------ro ADDITIONAL TEST 
( PANELS AS REQUIRED 

Schematic of one of the test panels, showing ex 
ternal wiTing and patching TequiTed fm· multiple 

testing. 
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MODEL TDY Fl ELD CHANCES 

• In order to clarify the field change situation for 
the Model TDY countermeasures equipment, the 
following list of field changes has been .compiled 
by the Bureau: 

# 1-TDY-Addition of Start-Stop R esistor. 

#2-TDY-Extension of Lower Frequency of TDY 
with Manual Antenna Mount. 

#3-TDY-Installation of Motor-Driven Antenna 
Mount and Control Indicator. 

;#:4-TDY-Modernization Kit. 

;#:5-TDY-Conversion of Model TDY to TDY-a, 
and Model TDY-1 to TDY-la. 

;#:6-TDY- Simplification of Monitor System. 

#7-TDY-Tube Injector Modification. 

#8-TDY-Replacement of Two R eflectors in 
TDY-aj TDY-la Antenna System. 

;#:9-TDY-Relocation of Magnetron Tube Clamp. 

;#:10-TDY-Addition of Remote Antenna R -F 
Switch in CAPR-lOAFJ Antenna ·Ped
estal. 

# 11-T DY-Replacement of Magnetron Filament 
Leads. 

# 12-TDY-Addition of Second Magnetron Seal 
Blower. 

# 13-TDY-Installation of Spacer Band for Mag
netron Filament Leads. 

# 14-TDY-Change and R elocation of Bleeder R e
sistors. 

# 15-TDY-R eplacement of Pump Seal Assembly. 

# 16-TDY-Improved Conversion of Model TDY to 
T DY-a, and Model TDY-1 to TDY-la. 

# 17-TDY-Cancelled. 

# 18-T DY-Upper Frequency Kit. 

Field changes # 1, 2, 3, 4, 6, 7 and 10 are con
sidered by the Bureau as having been completed on 
a ll of the affected equipments, and are included in 
this list for identification only. Electron ics Officers 
should be contacted for the field-change kits re
quired [or changes # 12 and 15. These changes 
are within the scope of the ship's force, and the kits 
include complete detailed instru ctions and all the 
parts and materia l required . 

Field changes #5, 8 and 16 require yard ava il
ability, and an Electro nics Officer should be con-

tacted for their accomplishment. Comple te infor

mation on changes #9, II, 13, 14 and 18 is not yet 

available, but will be disseminated as soon as 

possible. 

MODEL ROC LUBRICATION CHARTS 

Lubrication charts for the Model RDG r eceiving 

equipmen t entitled "Lubrication Chart-RDG 

Equipment" are in the process of being distributed. 

These charts bear the short title of NavShips 250-

970-5. 

In view of the small number of Model RDG 
equipments being distributed, and the limited nur_n· 

· · · 1 d - 'b t'on will ber of charts available, the 1111t1a 1stn u 1 

be only two copies to each Electronics Officer . at 
various selected shipyards. Only ships havmg 
Model RDG equipment aboard should apply to the 
nearest Electronics Officer for these charts. E lec· 
tronics Officers should request copies of these charts, 
when needed, from the Bureau of Ships, Code 253, 
o n Form avGen 47 using both the long· and short 

ti tie of the charts. 

"-and then I rejJiaced t!te hl)•stwn and adjusted 
the cav ity." 

t · 

J 

SR-3 AND SR-6 WAVEGUIDE AND FITTINGS 

In order to prevent the use of excess waveguide 
and accessories with the Models SR-3 and SR-6 
radar equipments, installation activities are cau
tioned to use no more than the amounts supplied 
with the equipments. Transmission line (wave
guide and fittings) is furnished with the Models 
SR-3 and SR-6 as follows: 

SR-3 SR-6 

Waveguide 100 ft. in ten 10-ft. 100 ft. in ten 
(RG-6g/U) sections 10-ft. sections 

Flanges 

Elbows 

25 pr. (25 male and 15 pr. (15 male and 
25 female) 15 female) 

5 goo E-bends; 5 goo 5 goo E-bends; 
H -bends; 5 45° E- 5 goo H -bends 
bends; 4 45° H-bends. 

In addition, all necessary gaskets, nuts, bolts and 
lockwashcrs are furnished. Any material not used 
in the installation should be returned to the Naval 
shipyard stock, since the Bureau of Ships is not 
planning to furn ish transmission line spares at this 
time. 

BATHYTHERMOGRAPH BLISTER 

Recent failure reports received in the Bureau of 
Ships indicate that recurrent derangements of the 
Model OCN submarine bathythermograph are re
sulting from faulty installation of the CTB-10599 
temperature unit, in both the upper and lower 
mounting positions. It appears that during instal
lation, the four 1" %-24 mounting bolts (part 
No. A.-220) are either broken or lost, and standard 
steel bolts substituted for them. These steel bolts 
soon erode due to oxidation and electrolytic action, 
allowing the temperature blister to loosen or fall 
o ff. This breaks the small cap illary tube and 
renders the bathythermograph useless. 

To prevent this type of failure, the Bureau of 
Ships requests that all yards and repair facilities 
take corrective action a t the earliest availability 
on any subm arine having an OCN insta llation. 
The suggested correction is the usc of stainless
steel or monel-metal hex-head bolts which may be 

obtained by the activity or made from %" or %" 
hex stock. Incidentally, ·lock washers were not 

furnished for this applica tion by the contractor, 
and the ir use is not recommended. Consideration 
should be given, however, to the careful applica
tion o f a paint preservative. 

CHANCE IN BATHYTHERMOGRAPH 

ALLOWANCE 

The Chief of Naval Operations has informed 
the Bureau of Ships that ba thyth ermograph equip
men t is not required by CA and CL division flag
ships, but is required by carriers attached to Anti
Submarine ·warfare (ASvV) Hunter-Killer Groups. 
Accordingly, installation and electronic supply ac

. tivities' are advised that the changes listed in the 
accompanying table will be incorporated in the 
next revision of t~1e elecu·onic equipment allow
ance lists. These changes are published here as ad: 
vance information and for guidance in planning 
new installations pending formal promulga tion by 
Shipalts or letter as appropriate. 

CA Heavy Cruisers 6 
(division flagships) 

CL Light Cruisers 5 
(6000 tons "AA") 

CL Light Cruisers 
(10,000-ton d ivision 
flagships) 6 

CV Aircraft Carriers 6 

CVE Escort Aircraft 4 
Carriers 

CVL Small Aircraft 6 
Carriers 

ERI OR IFF?? 

Change 

Delete Bj T equipment 

Delete Bj T equipment 

Delete Bj T equipment 

Change footnote No. 5 to 
read " If assigned ASW 
Hunter-Killer Group " in 
lieu of "Carrier Division 
Flagships." 

Change foo tnote No .. 5 to 
read "If assigned ASW 
H unter-Killer Group" in 
lieu of "Carrier Division 
Flagships". 

Change footnote No .. 5 to 
read " If assigned ASW 
Hunter-Killer Group" in 
lieu of "Carrier Division 
Flagshi ps." 

The Committee on Nomenclature a:nd Termi
nology for Joint Air Defense, which is a sub
commit tee of the J oint Army-Navy Communica
tions Board, h as recently ruled on the correct 
term inology for the equipment and field wh ich we 
now identify by the letters "IFF" standing for 
" Identification, Friend or Foe." The ruling states 
that the actual cquipments used for identification 
pu rposes, both present and future, shall continue 
to be called " IFF cquipments," such as the Mark-3 
IFF System, bu t the frelcl (broad, general aspects) 
shall be known as "ERI," Electronic R ecognition 
and Identification. All Naval activities concerned 
should note this change in terminology. 
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Calculating 
Great-Circle 

' 

Bearings • • • • • • 

By Lt. Comdr. I. L. McNally, USN, Bureau of Ships 

c=:_ 

• The problem of determining 31-·eat-circle bear
ings between two points on the earth's surface pre
sents itself to the electronics tech nician in the 
orienta tion of directional antennas. It is the pur
pose of this article to demonstrate a method by 
which the correct azimuth of a directional antenna 
may be calculated by the u se of simple trigonome
try. All of the required functions may be found in 
any standard trigonometric table and, if care is 
exercised in the calculations, the results w ill be 
accurate to a fraction of a degTee. 

Calculations involving only plane trigonometry 
are sufficiently accurate up to ten degrees on the 
earth 's surface. Great-circle paths over distances 
up to 500 nautical miles do not deviate from the 
rhumb line by over one-quarter of a m ile. 

EXAMPLE 1: 

Determine the true bearing from Cavite to San 
Francisco and from San Francisco to Cavite. The 
geographical positions of the two stations are: 

San 

Francisco Lat. 38° 05' 50" N, L ong. 122° 16' 42" W 
Cavite Lat. 14° 29' 37" N, L ong. 120° 54' 07" E 

A lways draw a sketch of the problem and label 
the points as shown in figure 1. The station closest 
to the Nor th Pole is always designated B. 

A little care must be exercised in determining the 
d ifference of longitude (DL

0
) if the stations are 

located on either side of the date line or the prime 
meridian. If the latitude is south, it is given a 
negative sign, in which case the addi tion or sub
traction must be clone algebraically. 

Prepare a work sheet as follows: 

L a = lati tude of point A = 14° 29' 37" 

Lb = latitude of point B = 38° 05' 50" 

DLo = d ifference of longitude = 116° 49' 11 " 

X = half difference of longitude = 58° 24' 35.5" 

Y = half su m of latitudes 

L b + L a 
---- = 26° 17' 43.5" 

2 

Z = ha lf difference of latitudes 

L 0 - L n 
= J 1° 48' 06.5" 

2 

Listing and looking up the trigonometric func
tions, 

X = 58° 24' 35.5" cot X = 0.6147 

Y = 26° r7' 43.5" sin Y = 0.4430 cos Y = 0.8965 

Z = 11 ° 48' 06.5" sin Z = 0.2046 cos Z .= 0.9788 

Two new angles, V and W , (stepping stones to 
the answer) must now be calculated from the fol
lowing formulas by substitution of the values listed 
above. 

cos Z cot X 
tan V = --,·--y=-

sm 

.9788 X .6147 
= 1.3582 

sin Z cot X 
tan W =-----

cos y 

.4430 

.2046 X .6147 
= .1403 

.8965 

v = 53° 38.2' 

angle A = V- W = 45° 38.9' true 

angle B = V + W = 61° 37.5' 

T o express angle B as a true bearing, measured 
from Nor th in a clockwise d irection, subtract from 
360° , or angle B = 360° - 6 r 0 37.5' = r98° 22.5' 
true. 

If the great-circle dista nce is desired, the follow
ing formula may be employed: 

d = 120 arc tan nau tical miles [
(sin V tan Z)] 

sin W 

sin · V = 0.8053 
tan Z = 0.2089 
sin W = 0.1390 

(.8053 X .2089) . _ . o 
arc tan = 01 c tan 1.2r 03 - 50.42 

.1390 

d = 120 X 50.'12 = 6050 nautical miles. 

p 

DLo 

FIG URE I-P1·ojJe-r form of working drawing for 

problems in which jJoints A and B m·e both in the 

No-rthem H emisphe-re. 

FIGURE 2-Wo,-king sketch faT Northem and South

em H emisphere pmblem. 

EXAMPLE 2: 

In this example points A and B are located on 
opposite sides of the equator, as shown in figure 2. 

A 60° S, 10° E B = 40° N , 80° W 

X 45° 

Y 40 + (-60) =-ro o 

2 
z 40 - (- 60) = 50° 

2 

Disrega rd algebraic signs and look up functions: 

cot X = 1.000 

y = roo sin Y = 0.1736 

z = 50° sm Z = 0.766 

tan V = .6428 X 1. = 3.703 

.1736 

tan W = .766 X l = 0.779 

.9848 

v = 74.9° w = 37.9° 

cos y = 0.9848 . 

cos z = 0.6428 

A = V - W = 37° = 323° true 

B = V + W = lr2.8° tru e. 

A = V -W = 37° = 323° true 
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The intensive natuTe of the cwTicu lum fOT ETl\1. 
tmining has created an uTgent need for· a text 
fitted to the cuniculum. The Standm·ds and Cuni
culum Division of the Bureau of Naval Pe,-sonnel 
has undeTtahen the prepamtion of such a text. 

Since considerable time will be Tequi1·ed to com
plete the full text, the w ·gent need for electmnics 
instruction material jJrompts this printing of indi
vidual assignments of the text in the ELECTRON. 

These assignments will seme as a ref1·eshe1· course 
for rated technicians and as prepamtory work for 
striken. There are no restrictions on the repmduc
tion by Naval activities of this unclassified mate
rial for training pw·poses. Constntctive o-it icism of 

the course material is desiTed and should be for
warded to the Bureau of Naval Pe,-sonnel, attention 
Pe1·s-11. 

A numbe1· of test questions will be included at 
the end of each assignment. The questions m·e de
signed to encoumge individual th ink ing and to test 
the unde1·standing of the comjJleted assignment. 
AnsweH to test pmblems will be included with a 
subsequent assignment. 

The fiHt couTse of inst1·uction will deal with basic 
jJhysics and elemen laTy electricit )'· A comjJanion 
cou,-se, not yet slaTted, will deal with the m athe
matics essential to an understanding of elect1·ical 
and electmnic ci1·cuits. 

Elementa.r.y 

CHAPTER I- MEASUREMENT 
• All the engineering sciences are based upon the 
fundamental principles of physics . Physics is con
cerned with the basic concepts of matter, energy, 
and measurement. Instruction in physics in a 
course of this type must necessarily be limited, but 
the student will bear in mind that so-called ad
vanced engineering is li tt le more than a wider ap
plication of basic physical principles. 

Instruction in ph ysics may be broadly classified 
as qualitative and quantitative. Qualitative knowl
edge provides the necessary "know why," ·whereas 
quantitative knowledge provides the "know how." 
When the time available for instruction is li mited, 
it is customary to cur ta il qualitative instruction. 
This practice has two major disadvantages : first, 
the greater the limitation on quali tative instruction 
the greater will be the dependence p laced upon the 
student's memory; second, lacking qualitative 
knowledge, the ultimate engineering level to which 
the student may aspire is limited. Once adequate 
qualitative knowledge is acquired the engineer 

te~ds to become self-sufficient, new developmen ts 
bem g mastered by self-study methods. The cle
s~ rab~l ity of ~laci~g maximum emphasis on qualita
tive m structwn 1s evident in the old adage, "the 
man who knows how may always h ave a job, but 
the m an who knows why will always be his boss." 
~fathematics is t!1e pr.imary tool by wl!ich qualita
tive knowledge 1s converted to quan tative knowl
edge. The statement "an electromotive force is that 
force which establishes an electric current in a cir
cuit" is qualitative in tha t it simply defin es what 
an electric force accomplishes. T he statem ent "the 
current in a resistive circuit varies directly as the 
applied electromotive force" is a quantitative sta te
ment. In a m athematica l way it indi cates that if 
the electromotive force applied to a circuit is 
doubled the current in the circuit should be 
doubled. However, the second sta tement has little 
mea ning without the first; for there is nothing in 
the secund that describes th e nature o f an electro
motive force. In other words, qualita tive instruc
tion is required in order to give meaning to quanti
tative methods, one form of instru ction com ple
menting the othe1:. 
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SC IENTI FIC MEASUREM ENT 

It is impractical to discuss the concepts of physics 
without · some idea of the systems of measurement 
in common use. Measmement itself is a vitally im
portant subject for the engineering student. Engi
neering theory is substantiated by experiment and 
measurement. The qualita tive knowledge of the 
scholar becomes the quantitative knowledge of the 
enginee-.· tl.trough measurement. It is quite possible 
to be thoroughly conversant with the principles of 
a subject and yet be incapable of performing rou
tine measurements on a specific equipment. 

By international agreement the met1·ic system of 
measurement has been adopted for all scientific 
measurements. The great advantage of the meu·ic 
system is its decimal nature. Shifting_ from larger 
to sma,ller or smaller to larger units is accomplished 
by the simple process of shifting the decimal p oint. 

1 kilometer 
1 meter 
1 centimeter 
l mil limeter 

1000 meters 
l 00.0 centimeters 
l 0.00 millimeters 
I 000 microns 

In the United States and Great . Britain the SO· 

called English system of measurement is u sed in 
domestic commerce. The fundamental units of this 
system are the foot, the pound, and the second . 
Engineers usua lly refer to it as the F.P.S. system. 
The student will be familiar with this system from 
everyday usage. 

In the metr ic system the fund amental units are 
the meter, the kilogram, and the second. However, 
when science adoptee!- the metric system, the centi
me.ter, the gram, and the second were adopted as 
the fundamen tal units of length, mass, and time. 
This scientific system was called the C.G.S. system. 
H ere the centimeter represents l OOth of a meter, 
and the gram lOOOth of a kilogram. At the time 
the C.G.S. system was adopted electrical science was 
in its infancy. T he word "elecu·onics" had not yet 
been coined. As electrical and electronics knowl
edge increased, clear definition of electrical and 
magnetic units became necessary. In 1935 the In
ternational Electrotechnical Commission adop ted 
the M.K.S. (met er-kilogram-second) system for all 
scientific work. It has been proposed that a 'fourth 
fundamental unit, the ohm, be adopted in order 
to facili tate duplicati on of certa in electrical stand
ards. If this is clone, the M. K.S. system will then be
come the M.K.O.S. system. 

Most of the confusion that now exists in scientific 
measurement is the result of shifting from the 

C.G.S. to the M.K.S. system. Older engineering 
texts were committed to the C.G.S. system. More 
modern texts are using M.K.S. units. In this course 
emphasis will be placed upon M.K.S. units with 
certa in C.G.S. units being defined to give the stu
dent a working knowledge of tha t system. 

FUN DAMENTA L UN ITS OF M EASUREM ENT 

All units may be classified as either fundamental 
or derived. The (unclamental units are the units of 
length, mass, and time: All other units are capable 
of definition in terms of these fund amental units. 
I n the M.K.S. system the fundamental units are 
the meter, the kilogram, and the second. The orig
inal definitions of the fundamental units were in
tended to meet certain broad specifications. They 
were to be simple and hence easily understood. 
They should permit establishing standards that 
could be easily maintained and duplicated. They 
shou ld apply anywhere in the umverse, would not 
change over long periods of time, and could not 
readily be altered by any action of man. In the 
final analysis no unit met a ll of these specifications. 

Unit of L ength: The fundamental unit of length, 
the meter, was originally intended to be one ten
millionth of the distance, measured along the sur
face of the earth, from the equa tor to the n orth 
pole. 

More accurate measurements h ave disclosed that 
this distance is 10,000,880 instead of 10,000,000 
meters as originaily measured. Today the standard 
meter is represen ted by the distance between two 
para llel lines, at 0° Centigrade, on a bar of plati
num-iridium alloy stored in the vaults of the In
ternational Bureau of \ 1\Teights and Measures n ear 
Paris, France. Two copies of the standard meter, 
called the National Pro totypes, are held in the 
U. S. Burea u of Standards. Copies of these proto
types are ava ilable to industry and institutions 
needing them for ca libration purposes. Congress 

3600 
has lega lly defined the standard yard as -- of a 

3937 
standard meter . 

l meter = 39.37 inches 
1 foot = 0.3048 meter 

30.48 centim eters 
in ch = 2.54 centimeters 

Unit of Mass: The standard unit of mass in the 
metric system is the kilogram. Although m ass and 
weight a re different properties of matter, it is pos
sible to define one in terms of the other. It was 

c 
z 
() 

s;: 
til 
VI ., 
m 
CJ 

-...a 



0 
UJ 

u. 
l/) 
l/) 

<( 
_.J 

u z 
:::> 

00 

GRAM 

KILOGRAM 

POUND 

CENTIMETER 

METER 

FOOT 

SECO N D 

SECOND 

SECO ND 

F IGURE ! - Fundamental units of mass, length, and 
time. 

originally intended that 1000 cubic centimeters of 
water, at the temperature of maximum density 
3.98° Centigrade, should represent the standard 
kilogram weight. The discovery of heavy water in
dicated that equal quantities of water did not al
ways weigh exactly the same, so today the stand
ard kilogram weight is a cylinder of platinum
iridium alloy maintained in the International 
Bureau of Weights and Measures. Two National 
Prototypes are maintained in the U. S. Bureau of 
Standards. Congress h as legally defined the avoir-

1 
dupois pound as --- of a standard kilogram 

2.2046 
weight. 

I kilogram = 2.2046 pound 
I ounce = 28.35 grams 

For all practical purposes one cubic centimeter 
of water weighs one gram. 

Unit of Time: The fundamental unit of time, 
the second, is the same in all measuring systems. 

I 
It is defined as --- of a mean solar day, a dura-

86,400 
tion of time exactly equal to 24 hours or 86,400 
seconds. It is known that tidal friction is gradually 
decreasing the speed of rotation of the earth so tha t 
the mean solar day will gradually increase but it 
will be several m ill ion years before this change be
comes important. 

T he standard second is made available through
out the world by means of radio time signals. A 
master clock, maintained at the Naval Observatory 
in 't\Tashington, D. C., is regulated by suitable as
tronomica l observations. When this clock is used 
to modulate a radio transmitter, the duration of 
time between second ticks is exactly one standard 
second. 

M ETRIC TA BLES 

Metric tab les of measures will no t be included 
in this text, as they are available in a varie ty of 
technica l publications. As a l as t resor t r eference 
may be made to the tables listed under t he word 
"metric" in any college standard dictionary. There 
is li ttle necessity for the student ~o memorize such 
tables, but it is im portan t to memorize the various 
prefixes used to indicate the different magnitudes 
of metric units. The m ost importa n t of these pre
fixes are listed here. 

P1·efix 

mega 
(or meg) 

kilo 
hecto 
dcca 

(or deka) 
dcci 
centi 
milli 
micro 

Multiplying 
Factor Indicated 

by Prefix 

one m illion 
one thousand 
one hundred 

ten 
one-tenth 
one-hundredth 
one-thousandth 
one-millionth 

Example 

megohm 
kilocycle 
hectoliter 

= 1,000,000 ohms 
= 1,000 cycles 
= 100 liters 

decam eter = 10 meters 
decibel = 0.1 bel 
cen timeter = 0.0 1 m eter 
mill iampe1·e = 0.001 ampere 
microvolt = 0.000001 vol t 

THE LANGUAGE OF PHYSICS 

In the early stages of physics training, the stu
den t is primarily concerned with learning the 
language or the vocab ular y of the subj ect. New 
words arc constantly being introduced, a nd it is 
important to learn their exact meaning. In some 
cases a new word will be defined, the n this word 
will be used to define a second eng ineering term. 
Failure to understand the first will make i t impos
sible to understand the second. It is th erefore im
portant to p lace em phasis on learn ing the exact 
meaning of each engineering term as soon as i t 
is m et. 

In the following pages some of the most comm on 
words peculia r to physics will be d efin ed . Only 

those considered of maximu m importance to an 
understanding of electrical p1) nciples will be dis
cussed. In presenting the words, an attempt will 
be made to define them qualitatively and then 
quantitatively so that the student may get some 
idea of how derived uni ts are obtained from the 
fundamental units of length, mass, and time. 

L ength: Length is the extent of space or dis
tance between points along a prescribed path. In 
measuring length · it is usually assumed that the 
measurement is made along a straight line; ·that is, 
along a path that represents the shortest distance 
between two points. However, length may be meas
ured along a curved line: the circumference of a 
circle is measured in units of length. (The student 
may think of a curved line as a very large number 
of very short straight lines joined end to end.) 

·when more than one dimension of length is in
volved in a measurement, it is customary to use cer
tain words to describe each dimension. I n stating 
the dimensions of a rectangular box the greatest 
dimension is usually referred to as the length, the 
next greatest the width, and the shortest dimension 
the depth or thickness. T hus the statement that a 
box has dimensions 3 X 2 X 1 (read 3 by 2 by l ) 
meters mea ns the box is three meters long, two 
meters wide, and one meter deep. 

The fundamental unit of length (a distance) in 
the M.K.S. system is the meter, in the C.G.S. sys
tem the cen timeter, and in the F.P.S. system the 
foot. The centimeter is one one-hundredth of a 
meter, and the foot is about 0. 305 meter. One 
meter is about 3.28 feet. 
ra. 

Area: Area is defined as the extent of surface. 
Unit area is a square, one unit long and one unit 
wide. A square centimeter is the area enclosed by 
a square measuring one centimeter on a side. \•Vhen 
the statement is made that a surface has an area 

.-4cm _.. - --- 8 em 
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FIGUR E 2-Fow· di{fe1·ent shapes, all of the same m·ea. 

of 16 square centimeters, it means that sixteen unit 
squares would just cover the surface. I t also means 
sixteen u nit squares would cover an area equal to 
that of a given surface no matter how the squares 
are arranged. T herefore an area of 16 cm2 could 
apply to any number of d ifferently shaped surfaces, 
for area does not define shape. T hus 16 cm2 de
scribes the area of a circle 4.51 em in diameter, the 
area of a square 4 em on a side, the area of a rec
tangle 2 X 8 em, 16 X I em, or 5 X 3.2 em, etc. See 
figure 2. 

It is evident that to measure area we must make 
at least two measurements of length. In the case 
of a square or rectangle, 

Area = length X width 
A= LHl 

where A will be in square units when L and W are 
expressed in units of length. The unit of area is a 
derived unit based upon the product of two meas
ures of length. The idea of "square unit" comes 
from the fact that a product like "length times 
length" is called "length squared" in mathematics. 

More involved measurements are necessary in 
order to determine the area of irregular surfaces. 
The area of figure 2c can be found by adding the 
areas of its parts. Thus 

A= (3X3) + (2X 2) + (3X I) = 16 cm2 • 

The area of many small irregu lar surfaces, even 
those bounded by curved lines, may often be esti
mated to a fair degree of accuracy by laying the sur
face off in unit squares or by dividing the surface 
into a number of regular parts, the area of which 
can be calculated individually, and then added. 
The area of any surface is equal to the sum of the 
areas of its parts. 

The unit of area in the M.K.S. system is the 
square meter (abbreviated m2 ) , in the C.G.S. sys
tem the sq uare centimeter (cm2 ), and in the F.P.S. 
system the square foot (ft 2) . \1\That is the multi
plying constant to convert square meters to square 
ccn ti meters? 

l'olume: Volume is the extent of space enclosed 
11·i thin the boundary surfa ces of a body. T o de
lcrm inc the volu me or a regular body, at least three 
measurements of length are required: 

Volum e = length X width X depth 
I'= L!VD 

Vol u1nc is sa id to have dimensions of "length 
cubed" bcca usc i l is the product of three factors 
of length. The unit of volume is a cube having 
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V = 3 X3X3 =27cm3 

FIGURE 3-The unit of volume is a cube with sides 
of unit length. 

sides of unit length . See figure 3. Considerable in
genuity is often needed to m easure the volu me of 
irregular bodies. Sometimes it is p ractical to divide 
the given body into a series of regular sh aped p arts 
and then apply the rule tha t the total volume is 
equal to the sum of the volumes of all the indi
vidual parts. Figure 4 demonstrates ano ther m ethod 
of measuring the volu me of comparatively small 
irregular bodies. The volume of water d isplaced 
by the body when submerged in water is equal to 
the volume of the body. 

The unit of volume in the M.K.S. system is the 
cubic meter (m3

), in the C.G.S. system the cubic 
centimeter (cm3), and in the F.P.S. system the cubic 
foot (ft3) • 

75cm~ 

50cm:
3

~ II 
25cm~~ 

f/ ' 1\ Ul' 

V: 75-50 = 25 cm3 

FIGURE 4-Meastaing the volume of an in-egulm·ly
shaped object by measw·ing the volume of liquid 

it displaces. 

Velocity : The dictionary may define "speed" 
and "velocity" as the " rate of motion," but to the 
engineer there is a definite difference in the meaning 
of the two words. T he speed of an object simply 
states how rapidly the body is moving without any 
indication of the direction in which it is moving. 
To the mathematician, speed is a scalar quantity; 
that is, one that indicates only magnitude or size. 
But velocity is a vecto1· quantity; that is, one that 
indicates both magnitude and direction. A body 
may move at constant speed and yet any selected 
point on the body may be moving at a variable 

velocity. A wh eel may roll along the surface of 
the earth at constant speed but any point on the 
rim of the wheel will h ave a variable velocity be
cause the ~:lirection in which the point moves con
stantly changes. 

The word "rate" a lways implies a ratio. Unit 
veloci ty is a uni t ra tio involving the fundam ental 
units of distance (length) and time. 

Unit velocity = distance per u nit time 
distance 

time 

d 
v = -

t 
In the M.K.S. system the unit of velocity is the 
meter p er second, in the C .G .S. system the unit is 
the centimeter per second and in the F.P.S. system 
the foot per second. T h ese m ay be written m j s, 
cmj s, a nd ftjs, respectively. 
Other units of velocity are miles p er hour, revolu
tions per minute, etc. These units are a lso used in 
measuring sp eed. 

Accelemtion: Acceleration is defined as the rate 
of change of velocity. Acceleration is said to be 
uniform when the change in velocity per unit time 
is a constant. Non-uniform acceleration exists when 
the rate of change of velocity is variable. Accelera
tion is said to be positive when the velocity is in
creasing and negative when it decreases. 

Unit accelera tion is represented by unit change 
in velocity in unit time. If a body is moving at a 
velocity of ten feet per second and each second the 
velocity increases by 2 feet, then the acceleration 
is two feet per second per second. This is usually 
written 2 ftj sec2 • If the velocity is decreasing a t the 
rate of 2 feet per second the acceleration is -2ftj sec2 

• 

velocity 
Acceleration = - ---

Since 

time 

v 
a = -

t 

d 
V=-, 

t 
then in terms of fu ndamenta l units 

d 
a =- -';- t 

t 

d 
a =

t" 

U nit acceleration in the M.K.S. system is the 
meter per second squared, in the C.G.S. system the 
centimeter per second squared, and in the F.P .S. 
system the foot per second squared . 

In physics an important example of acceleration 
is that caused by gravity acting upon a fl·ee-falling 
body. Any body fa lling in a vacuum toward the 
earth accelerates at a constant rate. T his rate 
varies slightly with the distance of the body from 
the center of the earth and at various points over 
the surface of the earth, but in physics this varia
tion is usually neglected and the acceleration 
caused by gravi ty is taken as 9.80 meters per second 
squared, equivalen t to 32.2 ftjsec~. Let us neglect 
the effects of air resistance; then if a body starts 
from rest and fa lls toward the earth, at the end of 
the first second it wi ll have a velocity of 9.80 mj sec, 
at the end of the second second the velocity will be 
9.80 + 9.80 or 19.60 mj sec, at the end of the third 
second 19.60 + 9.80 or 29.40 mj sec, etc. Each 
second of fa ll increases the velocity of the body 
by 9.80 mj sec. H the body is thrown upward 
against the Coree of gnvity, the velocity would de
crease uniformly at the rate o[ 9.80 mj sec. The 
constant of gravitat ional accelerat ion is represented 
by the symbol g. 

g = 9.80 mj sec" = 980 cmj sec2 = 32.2 ftjsec~ . 

vVhen acceleration is uniform, it may be calcu
la ted by measuring the velocity at the beginning 
and end of a known time interval. 

(fi nal velocity) - (initial velocity) 
Acceleration = . . 

(duratiOn of time mterva l) 

for example, if a car is moving at 45 mph at the 
instant the brakes arc app1ied and three seconds 
la ter the velocity has decreased to 30 mph, the 
acceleration is 

a= 
30 - 45 

3 
-5 milcsj hourj sccond . 

\Vhen the acceleration is non-uniform, this formu la 
yields the average, or mean accelerat ion. In the 
example above, if the speed o( the car decreased 
to 35 mph at the end of the first second and then 
to 30 mph in t.hc second and third seconds the 
average acceleratio n wou ld still be - 5 m ilesj hourj 
second. 

T he fin a l velocity of a uniformly accelerating 
body may be calculated from 

v1 = v; +at 
where v

1 
is the fin a l velocity, v; the ini tia l velocity, 

a the average acceleration d uring the time interval 
1. The average velocity of a uniformly accelera ting 
body over a given time interval is 

V =---
2 

W hen the average velocity is known, the d istance 
through which a body moves in a given time t is 

d =Val · 
An automobile moving at 30 mph accelerates at 
the rate of 5 mj hj sec for six seconds. Through 
what distance will the car move in this time in
terval? 

v1 = 30 + (5X6) = 60 mph 

30+ 60 
v = 45 mph 

2 
6 sec = l j 600 hour 

3 
d = 45 X l j 600 = - mile = 396ft. 

40 

Mass: Mass was defined by physicists, many, 
many years ago, as a measure of the quantity of 
matter contained in a body. This definition leads 
to the logical conclusion that mass should be a con
stant [or any given body. A gallon measure should 
hold a gallon of water on the earth, the moon, or 
anywhere in the universe. After formula ting this 
qualita tive definition, scientists were at a loss for 
many years as to how it could be placed in quanti
tative form. I t was the work of Sir Isaac Newton 
that eventually solved the problem. The quantita
tive relations which he established give a basic 
understanding of the words mass, force, and weight. 
T he student must grasp these quantitative relations 
because from them are derived the fundamental 
concepts of electromotive force, electrical work, 
energy, and power. 

Force: In order to define mass quantitatively, it 
is first necessary to define the meaning of "force." 
first impressions of Coree come from muscular 
effort. Intuition tells us that muscular force may 
be used to change the direction of motion of a body. 
A baseball player realizes intuitively tha t greater 
force is required to throw a baseball [rom first to 
third than from first to second base. T he same in
tui tion tells us that more effort or Coree is required 
to move a large body a given distance than to move 
a smal ler one of the same material through the 
same d istance. T herefore the quantity of matter in 
a given body determines the force needed to move 
it through a given distance. It is easier (tha t is, 
less force is required) to stop a thrown baseball 
than a rifle bullet, a lthough the baseba ll may con
tain several times more matter than the bullet. 
H ence the velocity of a body must a lso have some 
control over the force required to change the mo
tion of the body. T hese rela tively simple ideas led 
Newton to believe that force, mass, and velocity 
were related in some definite man ner. As a starting 
point he defined force as an action exerted by one 
body on another tending to change the state of mo
tion of the body acted upon. Note particu larly that 
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:\ewton did not say tha t applying a force always 
_resulted in a change in motio n. Lifting an object 
is eq uivalent to applying a force that changes the 
d irection of motion of the object li ft~d. H owever, 
if the body is sufficiently heavy tha t the applied 
force cannot move it, then the force simply tends 
to change the direction of motion . 

Anyone stepping from a moving vehicle notes 
that his body tends to continue in mo tion in the 
d irection of the vehicle. Similarly i t is much easier 
to step aboard a moving vehicle i£ a person is mov
ing in the same direction and a t the same speed as 
the vehicle. Analyzing experiences of this type led 
1'\ewton to formula te his fi rst law of motion wh ich 
states that evePy body continues in a state of rest 
or unifoTm m otion unless the app lication of some 
ex ternal force compels a change in that state. An 
important proper..q o£ matter becomes evident from 
this law. I t is called ine1·t ia and is defined as that 
prope,-ty of matteT by v irtue of w hich it tends to 1·e
main at Test or in uni{o1·m m otion unless external 
forces are operating upon it. In the study o f elec
tr icity it will be fou nd that the electrical property 
called inductance is nothing m ore than the inertia 
of the electrical circuit which acts to oppose any 
change in curren t flow ing in the circuit. 

By a series o£ simple experiments and observa
tions Newton noted that application of a known 
force to a given body would impart a given velocity 
to the body. If the mass of the body were increased, 
the same force would impart a lower velocity. If 
the mass was decreased, a higher velocity would re
sult. A body in motion then possesses a property 
that does not ex ist when the body is at rest. H e 
called this property momentu m and on the basis 
of exper iment establ ished the relation 

momen tum = mass X velocity 
M = mv. 

Since velocity is measured in terms o£ u nit length 
(distance) per u nit time, then the fundamen tal 

dimensions of momentum are 

md 
M =- . 

t 

In the M.K.S. system the uni t of momentum would 
be the k il ogram-meter per second. 

When the motor of an automobile exer ts a driv
ing force upon the car, the force acts to accelerate 
the movement of the car. In moving, the car mu st 
overcome the opposing forces of friction- friction 
in .the dr iving system of the car , the fr ictional re
sistance of the a ir, and the resistance offered by the 
road over which the car moves. T hese opposing 

forces all increase as the velocity of the car in
creases. \ !\Then the applied forces exceed the oppos
ing forces, p ar t of the applied force is cancel~ed in 
overcoming the opposing forces; the rem amder, 
called the ne t or effective force, is u tilized in ac
celera ting the for ward motio n of the car. Since the 
opposing forces incr ease with velocity, a ~nal 
velocity will eve ntu ally be attained for any g1v~n 
applied force. When the opposing forces h ave bL~ Il t 
up to a point where th ey just equal th~ a~phed 

. force, the effective force is zero, the velocity IS con
stant, and the acceleration is zero. The forces are 
then said to be in equilibriu m. 

Considering on ly the e ffective force acting o n a 
body, it can be shown t hat t he greater the m ass of 
a body the less will be the accelerat ion imparted by 
a given force. If the appl ied force is constant, 
doubling the mass of a body will h alve the accelera
tion, and halving the mass will d ouble the accelera
tion. From these co ndi tions N ewton formula ted 
his second law of motio n which sta tes tha t the 
effective force acting upon a body is di1·ectly pro
portional to both the mass of the bod)' and th_e 
acceleration produced by the fo?·ce. Note that th~s 
law gives a quanti tative defi n ition of a force. I t IS 

the basis o f severa l important electrical p rinciples. 

force = mass X acceleration 

F =ma 

md 
Dimensionally, F = - - . 

t2. 

Un it force is that force which will impart u nit 
acceleration to un it mass. In the M.K.S. system this 
unit is ca lled, appropria te ly enough, the n ewton . A 
newton is that force which will impart a n accelera-
t. f d to a mass 1on o one meter per second per seco n ' . 
of one kilogram. In the C.G .S. sys tem the _unit ~f 
force is called the dyn e and is tha t force which will 
impart an accelera tion of one cen timeter per second 
per second to a mass of o ne gram . 

T he importance of Newton's work in quan tita
tively defin ing force is that it yields a useable defi 
nition of mass. 

F = ma 

F 
m = 

a 

F d . · easily meas-orce a n acceleration are quanti ties . 
ured. U n it mass can now be defined . One kilogram 
o f m ass is th at m ass which will be accelerated one 
meter per second per seco nd by applying an effec
t ive force of one newton . 

1·'~----~--

Newton's third and final law of motion states 
that for eve1-y action upon a body the1·e is an equal 
and opposite 1·eact ion. I n essence this third law of 
motion means that Body A cannot exert a force on 
Body B unless Body B pushes back against Body A 
with an equal force. A sheet of paper cannot stop 
a r ifle bullet because it is incapable of exer ting an 
opposing force equal to the force of impac~ ~f th_e 
bullet. A force is util ized or expended by p1ttmg 1t 
against an equal and oppos~te force. 

Weight: An a ttempt has been made up to this 
point to explain mass and force without reference 
to weight s6 as to avoid confusing the student. 
W eight is a property of matter and is defined as a 
measure of the force of gravity acting u pon the 
mass of a body. \.Yeight is a measu re of force, the 
force of gravity, acting upon a given body. In an 
earlier par agraph the gravitational constant g was 
defined, although it was stated that g was not 
strictly a constant. T he ra te a t which a free-fall ing 
body accelerates under the in fluence of gravity 
varies with the distance of the body from the center 
of the earth. The value of g at sea level is greater 
than on a high mounta in top. T o some extent the 
density of the earth's crust causes the gravitatio~1al 
constant ~o vary slightly, the value of g bemg 
greater ovei' areas of high dens~ty. Si~ce weight is 
a measure of the force of gravity actmg u pon the 
mass of a body, the weight of the body will vaxy in 
accordance with the variation in the value of g. 
The primary difference be~ween mass and weig~t is 
that m ass is a constant (m dependent of gravity) 
whereas weigh t may vary, although it is customary 
to consider weight a constant. 

Although the force of gravity varies _a t di fiere r~t 
points on the earth's surface and at d1 fferent a lti
tudes, the range of variation is not very great. A 
mass that weighs 2000 pounds at sea level will 
weigh abou t 1999 pounds at an ~l t i tude of one mi l_e 
above sea level. Since the r adiUs of the earth IS 

slightly less at the poles than a t the equator, the 
va lue of g will be somewhat less at the equator 
than at the poles. I t varies from about 9.832 mjsec~ 
at the poles to 9.7799 m j sec" at t~1e equ~tor, ? oth 
these va lues being for sea level. Smce weigh t 1s an 
important proper ty of matter in commerce, Con
gress has fi xed the legal value of g at 9.80665 
mj sec", and weigh t measu ring devices arc calibrated 
in terms of this value. 

The quanti ta tive relation between weight, mass, 
and g is given by 

W= mg 

Confusion results from the fact that m ass and 
weight are measured in units that have the same 

name. A mass of one kilogram weighs 9.80 kilo
grams, a mass of one gram weighs 980 grams, a mass 
of one pound weighs 32.2 pounds. T o avoid con
fusion, it is customary to use the word "mass'· to 
indicate that the measurement does not involve the 
force of gravity, and the words " force" or "weight". 
to indicate that the constant g is involved . A 
"pound force" is the force exerted by gravity on a 
pound weigh t. Measurements that are indep enden t 
of gravity are called absolute values. Those de
penden t upon the force of gravity are called grf171i · 
tat ional values. 

Gravitationa l Un its: The fact tha t 

from which 

W = mg 

1n= 
w 
g 

has led to a system of units based upon the gravita
tional constant g. Absolu te units are based upon 
the rela tion 

F 
U L = 

a 

It is interesting to note that W j g is a constant, al
though both W and g may vary. The variation is 
always such that weight d iv ided by g yields the 
same q uotient. T o avoid confusion, the gravita
tiona l units will not be defined here. When neces
sary to clarify fu ture discussions, they will be de
fined at the appropriate point in the text. 

L aw of Unive?"Sal Gmvita tion: ewton 's law of 
un iversal gravitation is of genera l interest because 
it is very similar to two laws in electr ical engineer
ing that form the basis of the electromagnetic and 
electrostatic systems of un its. ' ewton reasoned 
that every body in the universe attracted every 
other body with a force directly p roportional to the 
masses of the bodies and inversely proportional 
to the square of the d istance between them. 

fun 1m 2 
F = - --

d~ 

where F is the force of attraction, m 1 and m2 the 
respective masses o( the bod ies, d the d istance be
tween them, and k the constan t of proportionality 
whose value depends upon the units in which the 
other values arc measured . If 111 1 is the m ass of the 
earth and d the radius of the earth, then 

hm 1 

g ~ d2 • 

Since h and m 1 are constan ts, if the radius o[ the 
earth is constant then g is the constant of grav ita-
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tiona! attraction. This leads to the quantitative 
definition of weight 

F = W ==- m 2g. 

PROPORTIONALITY CONSTANT 

T he so·called constant of proportionality, usually 
represented by the symbol k, is a part of all engi
neering formulas; however, it is customary to omit 
writing it when the value of k is unity. The stu
dent will have little difficulty in visua lizing the 
nature of k if he remembers that the value of h is 
dependent upon the units in which other terms of 
the formula are measured. Consider the statement 
" the area of a rectangle is directly proportiona l to 
the length and width of the rectangle." This state
ment is true regardless of the units in which the 
area, width, and length are measured. It is sym
bolized as 

A o: LW 

where the symbol o: is read " varies as." This is a 

statement of proportionality which becomes an 
equation by introducing the constant of proportion
al ity, 

A= kLW. 

T h e value of k will depend upon the units in which 
A, L, and W are expressed. This is a general 
formula th at applies in all cases. ·when written 

A = L W 

it is a special form ula that is t rue only when A L 
and W are expressed in u nits such that h = 1. Fo; 
examp le, if L and W are in feet a nd A in square 
feet, then k equals unity because the unit of area, 
the square foot, is measured in feet--the same unit 
that is used to measure L and W . H owever, if A 
is expressed in square yards and L and W in feet, 
the value of k is no lo nger u nity. ~Iultiplying L 
feet by W feet yields a p roduct LW square f eel. 
Since one square yard is equal to 9 squ are feet, the 
product LW sq uare feet is nine times too large 
for the value of A in q uare yards. 

To convert square fee t to square yards it is neces
sary to divide by nine or perform the eq uivalent 
operation of multiplying by one-ninth . 

L ft X W ft L W ft" 
A yd 2 = = --

9 ft" 9 ft" 

Since A = kL W, 

1 
the n k =-

9. 

LW 1LW 

9 9 

This value of k is not so obvious whe n one-ninth is 
expressed as a decimal value--

A = 0.111 LW 

which would yield a value for A accura te o nly to 
three significant fig ures. 

In establishing a system of measurement, the 
fundamental idea is to d evelop units so that in 
basic formulas the value of k is equa l to unity. 
H owever, in many d erived formulas, or when shift
ing from one system to another , or when using 
mixed units, the value of k freque ntl y is greater or 
less than unity. This o ften results in odd numeri cal 
constants appearing in the formulas. It should be 
no ted that k is a n abstract number and d oes not 
involve a ny p articular unit of measurement. The 
engineer views the formula 11 = hL W as a gen~ral 
formula true in a ll cases, wh ereas A = LW IS a 
special case in which the units used are such as to 
make k = I. 

TEST QU ESTIONS 

I. (a) 1.7 decameters ... . ...... centimeters 
(b) 2.5 amperes = ............ milliamperes 
(c) 5,200,000 ohms = .. . .. . . .. . . megohms 
(d) 310 microvolts = . . . . . . . ....... . . volts 
(e) 40 megacycles = .... .. .... .. kilocycles 

2. (a) 6.28 fee t = ............... .. .... meters 
(b) 25 em = . . . . . . . . . . . . . . . inches 
(c) 27 ft2 = . . . . ............ square me ters 
(d) 1000 em" = . . . . . ......... cubic inches 
(e) 46 ounces = .. ... . .. ........ kilograms 

3. A body has a present velocity of 12 ftj sec. In 
I 0 seconds it has a velocity of 7 ftjsec. What is the 
mean acceleration? 

1. A body starting from rest and h aving uniform 
acceleration moves in the fourth second through a 
dista nce of 11 2 fee t. \•Vha t is the accelera tion in 
meters per second squ ared ? Throug h wha t distance 
in meters does the bod y move in the third second? 

5. A body having a mass of 4 kg is moving at the 
rate of 8 m j sec. A t this instant a force begins to 
act upon the body in the directio n o f motion and 
a t the end of 20 seconds the velocity has increased 
to 24 mj sec. Determine the mag niwde o f the 
efiective force. 

6. A gram weiglu is equa l to wh at force in dynes? 

7. A spring bala nce is ca rried in a ba lloon tha t 
is ascend ing vertically. \ .Yhat is the vertical accel
eration in fee tj sec" of the ba lloon if an 8-ounce 
weight causes the ba lance to read 9 ounces? g = 32. 

DON'T BE A TERMITE! · 

The termite a bove is going thro ugh this copy ol E LECTRO!': 

without learning anything. 

There is a tendency- we arc al l human- to read only the arti
cles applying to pet eq uip111 ents. This reduces the usefu lness o f 
the magazine. \ Vhy do tha t? Thi s is your 111agazinc. By reading 
and understanding every arti cle you can gain [or you rselr a well
rounded understanding of the principles involved 111 ma ny dif
ferent types of electronic equipment. 

Don't be a termi te. R ead a ll articles th oroughl y ami get as 
mu ch i n fo r/1/alio n out o ( them as you ca n. 

- ·· -I~ 

~ , 

~~ 
~ 

n. 
\.18 



Coming events cast their shadows be
fore them-for the alert technician to 
see. Carefully planned periodic inspec
tions and testing will often warn of im
pending breakdowns. Once warned, the 
technician can often correct the condi
tion before an actual failure occurs, 
thereby averting many emergency repairs. 

DON'T DELAY • • DO IT TODAY 


