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FIGURE 1-Sim pli fi ed schema tic ci1·cuit diagrams of 
conventional amplifieT circuit (A) and the 

grouncled-g,-icl amplifieT (B). 

opposite o f the conve ntional a mplifier, in which the 
cathode i s grounded for a-c potentia ls. Figure 1 
shows the grounded-grid circuit and compa1·es it 
" 'ith the conventional circuit. As a n aid to the 
understanding of these c ircui ts, t he r e have been in­
cluded in figure 3 th e corresponding simplified a-c 
equivalent circuit d iagrams, in each o f w hich the 
e ffect of the vacuum tube is taken in to account by 
r eplacing it " ·ith a fictitious generator in series 
with a r esi tance (rp) . 

Care ful s tudv of these fi o-urcs ,\·ill brino- o ut three 
' "' I"> 

fea tures of the grounded-grid ampli fier: 

1- The outpu t v oltage (a-c fJlat e voltage) is in 
phase wit h the injJut v oltage. T his is in co n tras t 
to th e conve ntional circu it in which it is 180° out 
o f phase . The differe nce lies in just which tube 
e lement is increased positive ly when the in put un­
dergoes a positive increase. In the conven tional 
circu it, a positive-going signa l makes t he grid less 
n eg:nive with resp ect to ground and to the cathode, 
so tha t t he grid-to-cathod e pote ntial cliffe,·encc, 
wh ich co n tmls the pla te current, diminishes. Thus, 
more current flows, a nd the p late vol tage 

phase ch ange of 180° be tween input and 
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FIG URE 3-Equival l ·. · . . en Ct1cuzt d10g ram s o f conven-
lzonal (A) and a1·otmdecl-grirl (B) a Jl'fi · Cl . b " J I Le1'S zn (ISS 
A se1'Vzce. T he inj'Ju t in the lat t . · 1 . . e1 zs s 1own as a 
box to mdzcate that it has intenwl 1·esistance. For 
Class R and C of'Je . t · 1 . . 1a 1on t 1e 1njntt would be 
shunted by a 1·eslslance 1·ejJresentin a the ariel-pat h 

0 0 
losses. 

ou tput vol tages. In the gro uncl 1 · 1 . - n ec -g n c Ciretut, o 
th e o ther ha nd a pos ' t ' · . -' I I VC Sig na l Inc1·en1ent ra ises 
the cathod e voltage witho ut rr · l · 1 . a ectino- tle gnc. 
Smce the cathode is a h·cacly p · · "'. I t . · • OS illve wit 1 respec 
to the gnd, th e add it io na l posi t i' vc b · 1 t ile . oost w 1c ens 
cathode- to-gnd potenti al cliff . d ' e t cnce, and r e u ces 
the pla te curren t. T he conseq . . 1 te . . · u cnt n se w p a 
vol tage IS 111 p hase with the in ·t · 1 . . Tf ·s . . I ta 1nput n se. 11 
acu o n Ill the con ventio na l and 'd · -· b ' ground ed-o-n cu-
cutts m ay e m ore cl c·1 ·l d 0 

. ' 1 Y un e1·stood b )' rcfernnrr 
to fi gure 4. 

0 

2- The d river de livers Jyowe1. d.. l 1 l 1 
I
-, f .. · J· n ee l )' to t 1e oa rc . 
,c eiimg to figu re 1 the rcacl . .1 1 . . . ' e1 WI I see that t 1e 

circuit IS so set up that the 1 fl . . p ate ClllTent 0 '\ S 
thro ugh the dnver as well as 1 1 . . ' t 1e oad. P o la n ty 
connectiOns, moreover arc s 1 1 . . ' • uc 1 t 1a t the clnve1 
tends to augmen t rather t ha n · 1 . f ' ' 1m p ee e tlus flow o 
cu rrent. Thus the drive r not 0 1 f ' . . 11 y un11sh es p owe1 
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Ftc.l tu· Pm<liral grounded-g rid 1'- f amplifier circuit. 
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to the amplifier tube (and loses pO\\·cr in the grid­
leak resistor and in the grid-path when grid cur­
rent flows) but also feeds energy directly to the 
load itself. For example, an actual inverted am pli­
fier now in use with a power output of 59 kw de­
rives 13 kw o£ that amount from the driver. 
Grounded-grid amplifiers act (for Class· A opera­
tion), as if they were conventional amplifiers con­
ta ining a tube with an amplifica tion fa ctor of 

p. + I. 

In r-f power work circuits arc often used with 
Class B or Class C operation, especially in push­
pull, where th is equivalent amplification is no 
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FIGURE 4-Vollage and current waveforms in con­
vwliunal (A) and grounded-grid (B) amplifiers, 
showing the outjJut in fJ lwse with the input in the 

I alter. 

longer + 1, due to grid path losses. While inter· 
esting, the amplification factor is not important; 
what is important is the power ga in. In the 
grounded-grid circuit, the gain is greater than in 
the conventional circuit, i( tube currents and volt­
ages arc made the same. O f course, the added 
power docs not appear from the tube by some sort 
of electronic magic, but is the power fed directly 
into the load by the driver. Practica l results of this 
fact are that drivers for grounded-gr id usc must 
have h igher ratings, and, moreover, that for a given 
power output, tubes \\'ith lesser power ratings may 
be employed in the grounded-grid circui ts, since 
the ampl ifier tube supplies onl y a portion of the 
load power, rather than carrying the full burden , 
as in the conventiona l circuit. Because of this, it 

is possible to usc the same type of tube in both 
dri,·er and amplifier. For example, in the RCA 
100 Me FM transmitters mentioned above, the final 
output stage furnishes 3 k\\' of po\\'cr, and is driYen 
by a 1 k\r driver stage; in both stages the same tube 
type (7C2-:I) is employed. 

3-The grounded grid acts as a shield between 
grid a11d plate. This third feature is by fa r the 
most important, for from it is dcr iYed the charac­
teristic stability and freedom from parasitic oscil­
lations that ma kc the grounded-grid circu it \\'Orth 
using and considering in the fi rst place. In conven­
tional circuits, as the frequency of operat ion is in­
creased, there is reached a point where feedback 
of energy from the output circuit to the input cir­
cui t is great enough to sustain parasitic oscilla­
tions, and the amplifier becomes unstable. T his 
feedback occurs through the plate-to-grid interclec­
u·odc capacitance, which is relatively large com­
pared to the other interelcctrode capacitances. In 
the grounded-grid circuit, however, the output cir­
cu it does not affect the grid potential, si nce the 
gr id is grounded. l-Ienee, variations in plate po­
tentia l do not alter the grid-to-cathode potential 
d ifference-the plate-current-controlling factor, it 
wi ll be remem bered- and feedback is el iminated. 
Th is produces the sta bi I it y so of the 
grounded-grid circu it, permitting amplification to 
higher freq uencies without the neutralizat ion re­
quired in conventional circui ts to balance out the 
plate-to-grid intcrclcctrocle capacitance feedback . 
U nder high-power and high-frequency operation, 
some neu tralizat ion will be necessitated, but 'rill, 
in any case, be simpler than \\'ith conventional cir· 
cuits, and will ca ll for sma ller and simpler com­
ponents in the neut ra li1ing circuits. 

PRACT ICAL CIRCUITS 

A practical one-tu be circu it of the grounded-grid 
type is sho\\'n in figure 2. T his ,·!rcu it is ade· 
quate for certain high-power tuhcs up to frequen­
cies of -10 i\1 c or so, and for low-power tubes up to 

hundreds of megacycles. Under these cond itions, 
no neutra litat ion or the plate-to-gr id imerclectrodc 
ca pacitance (shO\rn in dotted lines) is required. 
Several small poims shou ld be observed, in this cir­
cu it: First , C" is a bias blocking condenser, whi ch 
grounds the grid for a-c potent ials, but permits 
the correct d-e bi as voltage from E,. to be applied 
throug-h the grid-leak rc i tor Second, the net­
" ·ork 1.,1 and C:,1 is the pb tc supply net­
'rork. Before lca\·ing th is circuit , \\·e should men­
tion that p ush-pu ll ci rru its a. \\'C ll as the onc-t u be 
ci rcuit arc common. 
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As higher frequencies and higher powers are 
reached, the simple self-neutralized circuit above 
fails to prevent parasitic oscillations. This failure 
is the result of feedback from three sources of un­
avoidable reactance: 

!-Inductance in the grid- to-ground path, includ­
ing both the lead i·nside the tube a nd the external 
connection. 

2-Inductance in the cathode lead (inside the 
tube) . 

3-Plate-to-cathode interelectrode capacitance. 

In one case, we have capacitive feedback similar 
to the plate-to-grid feedback which is elim inated 
in the grounded-grid circuit. In the other cases, 
the reactances are common to both inpu t and out­
put circuits, and feedback is possible. The of­
fe nding reactance elements are shown in figure 5. 

FIGURE 5-Tube reactances appeaTing at h-f and 
u-h-f f?·equencies and causing the feedback which 

pmduces spurious self-oscillations. 

Although there is some tendency for the effect of 
the plate-to-cathode capacitance to balance out 
that of the grid lead, the cancellation is not ef­
fective beyond a certain frequency. The feedback 
problem has been appreciably simplified by the 
appearance of tubes especially designed for 
grounded-grid service. Such a tube is the RCA Type 
7C24. In this tube a special grid structure pro­
vides unusually effective shielding between plate 
and filament, thus lowering the plate-cathode inter­
electrode capacitance. The grid is a large disc to 
which the glass of the tube is sealed; with the 
proper shield attached, this arrangement furnishes 
very e ffective isolation of the input from the ou t-

put circuit. With tubes of this type, the only n eu­
tralizing expedient may be the insertion of a small 
inductance Ln in the grid lead, an d the prop er 
choice of the grid bias blocking condenser. This 
is illustra ted in figure 6; neutraliza tion is e ffective 
over a wide r ange of frequ encies. At still higher 
frequencies the blocking condenser may need to be 
tuned, or Ln may need to be omitted and a tun­
able condenser substituted in order to achieve n eu­
traliza tion. 

With higher powers (100 kw, for example) at 
these high frequencies, push-pull Class B operation 
may be utilized. Moreover, a t these high powers, 
tubes especially designed for grounded-grid circuits 
m ay not be available. Under these circumstances, 
neutralization becomes somewhat more complex. 
All three of the feedback reacta nces mentioned 
above must be compensated for, since cathode leads 
are heavy and their induc_tance no longer neg­
ligible. Moreover, the large SIZe of the tubes and the 
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FIGURE 6-Pmctical one-tube groun'"ded- . . d . 
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. 1 1 equen-Cies than that of figure 2 _ 

necessity in push-pull service that they b 
. . e set apart a certam distance from each o ther and fr 

. om ground 
to prevent h igh-voltage arc-over both r 

1 
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. . esu t In a 
large amount of mdu ctlve reactance in tl . 

1e gnd-to-ground path. Moreover, the massive11 f 
. ess o the 

tubes leads to comparatively large val ues f 
1 d . d o pate-to-catho e mterelectro e capacitance. 

It is found possible to tune out the · l . 
. . 111( u ct1ve 

reactances by m sertmg a tunable condenser· · · . . rn series 
with each mductance. The adjustment is sl b 
. . . . 1arp u t 
I S an easy one. To eh mmate the plate-to-cathode 
capacitive feedback, the cross-neutralization circuit 
is indica ted. This circuit is similar to the one 
commonly used in conventional push-pull cir cuits 
to neutralize the plate-to-grid feedback by taking 
advantage of the fact that curren ts and voltages in 
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FIGURE 7-I-Iigh-power h-f and u-h-f Class B push-jJUll grounded-gTid powe1· amplifier. Shou:s full c~mple­
ment of neutmlization techniques: ]--Resonant condenseTS C17 to tun e out Tea~tance of gnd-path znduct­
ances L

17
• 2-Resonant condensers C1, to tune out 1·eactance of cathode-lead ~nductances C1, . 3-Cmss­

neu.lralizing condensers C,. to balance out feedback thmugh plate-to-cathode mterelec/rode cajJacitances 
Cvk· Has greater· power-handling cajJabilities than circuit of figure 6 . 

the two tubes are 180° ou t of phase, so that can­
cellation can occur. In fi gure 7 is shown the com­
plete se t of push-pull neu tralizing circuits, induct­
ing cross-neu tralization condensers from p late to 
cathode of the opposite tu be, and the tunable res­
onant condensers in grid and cathode circuits. 

Although this circuit seems just as complicated 
as the corresponding conven tional push-pull circu it, 
which would also have series resonan t neutral izing 
and cross-neutral izing condensers, there are several 
i111J)Ortan t advantao·es which th is circui t exhibits. 

. 0 

First, the grounded-grid circuit has only the rela-
tively small plate-to-cathode capacitance to balance 
ou t, unl ike the conven tional circuit with its rela-

tively large plate-to-grid capacitance. T his simpli­
fies equ ipment layo ut problems, and removes the 
need fo r designing special h igh-voltage condensers. 
Second , the capacita nce (stray capacitance to 
gTotmd, neutralizing condensers, etc.) which b leeds 
off energy from the plate tank circuit is much less 
because the neu tral izing condensers are smaller. 
Hence, less energy is lost, and g-reater efficien cy re­
sults. 

I t will be seen, then, that just what neu tral iza­
tion expedient will have to be resorted to clep r ncls 
on the condi tions of operation, such as the fre­
quen cy and power, a nd upon the tube used . In 
any case, it is fou nd that the grounded-grid circuit 
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is simplc:r, easier to adjust, a nd more sta ble than 
the conYentional circu it. 

\ fodulatio n of the plate in radiotelephony in­
troduces new problems. It is fo u nd that the driver 
mu t be mod ulated simulta neously with the power 
amplifier, or phase modulation will be introduced. 
The reason for this is that plate modu lat ion causes 
the load o n the driver to vary beca use of the vary­

ing res ista nce of the a mplif1cr tube under these 
cond itions. Econom ically practical drivers do not 
possess good e nou gh voltage regulation characteris­
tics to ha ndle such load changes (indeed, the ratio 
of drive•· loads occurring during modula tion is 
about 2: 1 in resistance), w itho ut varying in out­
put vol tage themselves. As can be shown by d e­
ta il ed study, phase modulat ion will occur if the 

driver vol tage varies. By prop erl y modu lating the 
dri ,·cr, ,,·e may cancel out the driver variatio ns and 
e liminate phase m odula tio n. 

It sho uld be m entioned that, in the pract ical 
adjustment of these circuits for the proper neu­
trali zation null , a somewh at different procedure 
from the usual o ne must be followed. It is not 
possible to neutral ize a grounded-grid amplifi er by 
feeding in r-f with the plate su p ply off. Conduc­
tion of r-f current through the tube can occur as a 

2C39 TUBES AGAIN 

Failure reports on the type 2C39 electron tube 
used in the TDZ and l\IAR equipmcnts are not 
yet b e ing received by the Bureau in desired or ex­
pected number. Correspondence and verbal reports 
continue to indicate, however, that these tubes are 
failing abnormally a nd too frequently. 

Approval for the type 2C39 tube was granted by 
the Bureau aftc•- extensive factory tests, but opera­
tional tests in the TDZ and MAR cquipmcnts were 
limited. Th is fact le ft some doubt in the Bureau 
about the tubes' per formance under operating con­
dition and pro longed storage. 

In view o f the importance of the ul tra high fre­
quency program a nd the desires of the Bureau to 
gai n as much informa tion as possible o n these tubes, 
all acti vi ties with MAR and TDZ cqu ipmen ts are 
requested to fill out and forward to the Bureau a 
NAVS HIPS (r\BS) -383 Failure R eport Form im­

mediately a fter a failure of a 2C39 electron tube. 
T he form shou ld be sen t b y a ir mail from a ll ac­
tivities except those based on the cast coast of con­
tinc llta l l ' nitcd States. The card should be com­
plct<· l~ fi lled out and pari icular attention shou ld 

resul t of the ma nner in " ·hi ch the cathode and 
grid are connected, and a n r-f ammeter in th e pl ate 
circuit can indica te the fl ow o f current, even when 
the circuit is neutra lized . Conseque n tly, the fila­
ments must be cold whe n the gTotmded -grid circui t 
is neutralized. In this con nectio n it shou ld be 
pointed out that ch a nges in tube intc relcctrode ca­
pacitance between hot and cold filament condi­
tions may occur, result ing in dcne u tralization when 
filaments arc turned on after cold-fil ament n eu­
tralization . C hecking under act ua l operating· con­
di tions will be the fimtl test, and will indicate a ny 
sligh t adjustments needed. The criterion of neu­
tralization-minimum feedback of r -f e nergy- still 
holds, of course. 

CONCLUSION 

The grounded-grid circuit, especia lly ad ap ted · to 

high-power high-frequency tra nsm issio n , is exhibit­
ing in a n ever-increas ing number of insta ll ations 
its advantages of simp ler components, fewer adjust­
ments, a nd more stable operation. ' Vei n the naval 
service may well expect to see this circu it appear 
in service equipment, a long with oth c•· new tech­
niques which arc con tinua lly extending the bene­
fits achieved from electronics. 

be paid to the foll owing items which sh ou ld appear 
on the card: 

A-Model and serial number of equipment in­
volved. 

B-Socket position 111 which fa ilure occurred. 

C- Tube markings, su ch as manufacturer , serial 
number, a nd other markings. 

D- Opcrating conditions, such as voltage and fre­
quency at the tim e of fai lure. 

E-A description of the nature o ( the tube fa ilure, 
or why its performance was unsatisfa ctory. 

F- Total hours of operatio n to time of fa ilure. 

In addition to the fa i lure rep orts, it is desired 
tha t the first ftvc tubes that fa il at each activity 
(except those acciden tal ly broken or misha ndled) 

should be forwarded immediately to the following 
address: 

Commander, ew York Naval Shipyard 
Material L abora tory 

1aval Base 
Brooklyn I , New York 
Attention : Mr. J- T . Fetsch- proble m 

No. 1102-ET-6. 
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Type of Approach 

Practice Landings .. . ... . 

Instrument Landings .... . 

Last 
Month 

5,999 
245 

GROUND-CONTROLLED APPROACH 

To 
Date 

57,726 
3,205 

The Burea u of Ships desires to p ass along to its 
electroni cs personnel some of the more interesting 
d etai ls encountered by the thirty-four active 

Ground-Controlled Approach units now in opera­

tion at various Naval Air Sta tions. To accomplish 

this, it has been decided to set as ide sp ace monthly 

in BuShips ELECTRON for pertinent facts rela tive to 

this equipment. This space will conta in a "Box 

Score" of all approach da ta for the previous month ; 

in add ition, helpful operational and maintenance 

hints and other items of special interest will be 

in cl uded whenever they become available. 

The Box Score will give four figures: the num­
ber o f practice landings made during the previous 
month , the tOt(!] number of practi ce landings made 

to the date th<~t ELECTRON goes to press, the num­
ber o( rc<J l instrument landings made during the 

p revious month, and the tot<J l number o f instru­

ment land ings. "Practice landings" will be taken 

as mca uing all operational land ings which were 

aided by GCA but which could have been made 

without it; "instrument landings" will be inter­

pre ted as mc(lni ng the operational landings aided 

b y CCI\ d uring weather conditions which might 

otherwise have rendered the land ing im possible 

w ithout serious danger to planes <J ncl occupants. 

GCA BRINGS IN COMMERCIAL DC-3 

GCr\ Unit No. 23, stationed at the U. S. )."ayaJ 

Air Station, Columbus, Ohio, \ras alerted by the 
tmr~r on the morn ing of 14 September, 19-!7, to 
assist a commercia l DC-3 which " ·as Io" · on gas 
and could not reach any fi e ld repor ting other than 
" closed conditions." At the time of the aler t, the 

measured ceiling was 200 feet, visibili ty YI 6 mile. 
The pilot repor ted that he h ad fifly minutes of 
gas remaining, provided he kept his pm,·er-settings 
at a minimum. 

The conditions for a GCA landing were far from 
ideal for Unit 23. The p ilot h ad never flom1 a 
GCr\ practice approach and h ad no v-h-f rad io re­
ceiving facilities. The unit, h aving- no workable 
tower low-frequency tra nsmitter had to communi­

ca te with the plane by relaying the informa tion 
through the tower. GCA transmitted static-free 
v.h.f. to the control tower, where the personnel 
placed their low-frequency tra nsmitter m io·ophone 
agai nst their v-h-f receiver loudspeaker. 

The pilot reported tha t h e heard the GCA unit 
loud and clear. In a short time h e ·" ·as directed to 

a landing with little difficul ty o ther tha n a reluct­
ance to stay down on the glide path during the 
las t h a lf mile of the approach . 

This landing was (l nother "save" for GCA as the 
plane had o nly 23 ga llons of gas rema ining after 
taxiing to the line. 

• • • • • • • • • 
MODEL MBF HANDS ETS 

One navy type -51061 h and-telepho ne assem bly 
(handse t) is furnished with each Model MBF 
transm itting-receiving eq uipment a t the t im e of 

original issue. These h andsets usc the Navy stand­

ard 5-wirc (green) circuit and have a 20-foot cord. 

They are not stocked nor intended to be stocked 
as separa te items and therefore a re not and will 
not become ava il able for replacement purposes. 

T he navy sta nd ard shipboard h a nd set type 

-5 1081, with a 4-foot cord attached is sLOcked a nd 

supplied for replacement purposes. In exceptiona l 

cases \\·here the -1-foot cord of the type -5 I 081 hand­

set is insufficient, the short cord ca n be replaced 

with the proper length of type Ml\ TO P-5 standard 

h eadset cable. This cable is stocked at al l elec­
tronics su pply activities. 
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• Properties o f matter which are primarily a fu~c­
tion of temperature a re called thermal .p!·op~rues. 
In this ch apter , many of th ese p.roperttes wtll be 
discussed, su ch as thermal exp a nswn, thermal con­
ductivity, m elting and boiling phe~omena, vapor­
ization, specific heat, thermal capacity, vapor pres­
sure, and humidity. 

THERMAL EX PANSION 

l\ifost substa nces expand wh en h eated and con­
tract when cooled. T his varia tion in volume does 
not change the quantity o f m atter, but d oes vary 
the density (weight per unit volume) of a given 
mass of matter. In general, the variation in vol­
ume with temperature is greatest in those sub­
stances in which a comparatively small quantity of 
heat causes a large change in tem perature. This 
is the condition found in most metallic substances. 
On this basis, it would seem that the degree of 
expansion or contraction in a given m aterial is 
primarily a function of the translational velocity 
o f the molecules. Other indications, however, such 
as greater expansion in one direction than in an­
other and variation in the degree of expansion with 
the initial temperature of the substance, offer evi­
dence that the a rrangement of the molecules and 
the cohesive forces between molecules have some 
effect on t he chan ge in volume with temperature. 

Experimental eviden ce indicates that the varia­
tion in volume with temperature is not uni form 
over a wide range of temperatures. H owever, in 
the case of most pure substances, particularly with 
the me tals, it h as been found that the expa nsion 
is reasonab ly uniform over a range of temperatures 
in ·which the molecular arrangement within the 
substance docs not change. U nder these condi tions, 
1 he volume or cubical coefficient of expansion be­
comes of importance in many practical applica­
t ions in engineering. 

The volume or cubical coefficient of expansion 
is the change in volume of a unit volume of a sub­
stance for a I ° C increase in temperature. for ex­
ample, the volume coefficient of silver is 0.000058, 
which means that one cubic inch of silver a t 5° C 
would h ave a volume of 1.000058 cubic inch es at 
6° C. For most practical work, within the range 
of temperatures where the substa nce does not 
change state, the following equation may b e used 
to evaluate the ch ange in volume with tempera­
tun~: 

V,. = V1 [I + a(Th - T 1)] 

where vh is the volume at the highest temperature 
T h, V1 the volume at the lowest temperature T ,, 
and a the volume coefficient of expansion. 

In some materials the molecular arrangement is 
su ch that, for a given change in temperature, a 
substance will expand m ore in one direction than 
in another. A quartz crystal, for example, may h ave 
a coefficient of expansion of 0.000008 in one d irec­
tion, a nd at right angles to this direction a coeffi­
cient of 0.00001 3. I n order to determine the change 
in volume with temperature in such su bstancesl 
the ch ange in dimensions must be calcu lated and 
the volu me determined from the new dime nsions. 

The electronics engi ncer h as greatest in tcrest in 
the linear expansion o[ matter, that is, the de· 
grec of expansion in one direction. The coeffi· 
cient of lin em· ex jHtnsion is th e ch a ng-e in le ngth 
of a unit length of a substa nce for a 1° C increase 
in temperature. In those cases just referred to, 

where the expa nsion is differen t in 1 he three di· 
mens ions of length, width , and depth , t \1"0 o r 1 hree 
linear coeffici ents may be req ui red, but usuall v the 
expansion is the same in al l three directio ns, for· 
tunatcly, and we speak of the lin ear coefficien t. In 
a great m ajority of substances this coefficient is 
fou nd to be nearly equ al to one-third the volume 
coefficient. The change in length over the range 
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uf tempera tures where the body does not change 
i ts state may be calculated from: 

L 11 = L 1 [I + r (T11 - T 1) ] 

where the subscripts h ave the same meaning as in 
th e volu me expansion equation and 1· is the li near 
coeffic ient of exp ansion. 

Example: 
Give n : 1000 ft of copper cable at 10° C . 
f ind: L ength of cable a t 60° . 
Linear coefficient of exp ansion o[ cop per 
0 .000017. 
L 11 1000 ( 1 + 0.000017 (60- 10) ] 
Lr 1000 (1 + 0.00085) 

1000 ( 1.00085) 
1000.85 ft. 

Table I rrives the linear coefficien t of expansion of t:> 

~nmc common materials. 

Table I • 
L inear Lin em· 

Material Coe[Jicien t Matel"ia l Coe[Jicieu t 
of of 

ExjJansion ExjJansion 

Aluminum 0.000024 Nickel 0.000013 
Antimony 0.0000 12 Silver 0.000019 
B rass 0.000019 Solder 0.000025 
Copper 0.000017 (2Pb: ISn) 
G l :-~ ss (soft) 0.0000085 Steel 0.00001 1 
G lass (h :-trd) 0.0000095 Tin 0.000027 
Glass (Pyrex) 0.0000036 T ungsten 0.0000043 
Gold 0 .0000 14 ( IOOO C) 
In var 0.0000006 Tungsten 0.000006 
Iron 0.000011 (1500° C) 
Le:-~d 0.000029 Zinc 0.000026 
Magnesium 0.000026 

Several alloys wi th very low expansion coefficients 
have been d eveloped. I nvar, an alloy of 64% n ickel 
and 36% iron, h as a linear coefficient only a fra c­
t ion of that of its component clements. T his is 
indica tive of the fact that molecular arrangement 
may h ave considerable effect upon the coeffi cient 
of exp a nsion . 

Trrms[e1· of I-Ieat.-Heat m ay b e transferred 
from one po int to another by three processes: con­
vection, radiat ion , and cond uction. The convec­
ti on process explains how gases and l iquids are 
h ea ted. " ' h en a conta iner of water is placed over 
a sou rce of heat, the wa ter at the bottom of the 
contai ner heats more rapidly tha n tha t n ear the 
top. \Vater , at any temperature above 4° C, ex­
pands with increasing tempera ture. The cooler 
water, h avi ng grea ter density, sinks and forces the 
warmer water to r ise toward the surface. The cu r­
rent established in a liquid or gas b y a difference 
o f tem perature between two points in the med ium 
is called a convect ion current. It is by mea ns of 
such cu rrents th at heat energy is distributed 
throughout the medium. 

0 DISTANCE FROM HEAT SOURCE--

WjmM§JM!§B!IIM$$$$!§/!J/1/III!JIIJ 
'II, 

F IG URE 1-I-Ieat transfer by condu ction (temjJemture 
dist1·ibution in a md heated at one en d). 

In connection with heat transfer by r adia tion, 
it may be mentioned that radiant energy is energy 
in the form of electromagnetic waves. The earth 
itself receives h eat energy from the sun in radiant 
form. As is well-known, electromagnetic waves 
h ave the ability to travel through empty space a t 
the velocity of 186,000 m iles per second. The full 
theory of radi ant energy will be discussed in a sub­
sequent chapter. 
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Heat energy is distributed through solids by the 
process known as thermal conduction. If one end 
of a metal rod is placed in a flame, as shown in 
figure 2, heat will travel alo.ng the rod by conduc­
tion. The hiuh-velocity molecules at the heated 
end of the rod

0 

collide with slower-moving adjacent 
molecules, forcing the latter to move at a greater 
velocity. The process continues along the length 
of the rod until the entire rod is heated. The slope 
at any point on a plot of the temperature of_ the 
rod against the distance from the heated end yields 
the temperature gradient, which is the c~ange of 
temperature per unit distance at. that pomt. T~e 
temperature does not decrease directly as the dis­
tance from the source of heat, because energy is 
being lost from the rod at .the same time by con­
vection and radiation. The greatest loss of heat 
energy occurs at the points -of highest temperature, 
therefore the curve falls off most rapidly near the 
heated end. 

In general, metals are good thermal conductors, 
whereas liquids and gases are poor conductors. 
Taking the thermal conductivity of silver as stand­
ard, we find that copper has a conductivity of 0.9, 
iron of 0.2, water of 0.0014, and air of 0.00006. 
Thus, the conductivity of silver is more than 700 
times greater than that of water and 16,000 times 
greater than that of air. 

The coefficient of thermal conductivity is defined 
as the quantity of heat in calories transmitted in 
one second throug·h a centimeter cube of a sub­
stance when the temperature difference between 
opposite faces of the cube is I' C. Thermal con­
ductivity varies somewhat with the temperature at 
which it is measured. Copper at -160° C, for ex­
ample, has a thermal conductivity greater than 
silver-a situation which is the reverse of that occur­
ring at room temperature. 

Thermal insulators arc materials with very low 
coefficients of thermal conductivity. lVIost of such 
materials are porous, the low conductivity being 
attributed to the many minute dead air spaces 
·within the material. Thermal insulation is usually 
rated in terms of density and the number of Btu 
per hour transmitted through an area of one square 
foot when the temperature gTadient is I') F per inch 
of thickness. Rock wool, a non-inflammable ma­
terial often used to insulate buildings, is rated at 
0.26 Btu/hr at a density of 6 lb;'ft\ while celotex, 
a wall board material made from sugar cane fibre, 
is rated at 0.34 Btu/hr at a density of 13 lb/ff1

• 

Rock ·wool is the better insulator at the density 
specified, because it conducts a smaller quantity 
of heat per 1mit time. 

The inter:est of the electronics engineer in ther­
mal conductivity is mostly qualitative. The power· 
handling capability of most electronic devices is 
limited by the ability of the device to dissipate or 
radiate heat energy. Heat must be conducted from 
high temperature areas and radiated into the sur­
rounding space if the temperature of the device 
is to be held within safe limits. Good design neces­
sitates the use of materials of hig·h thermal con­
ductivity with adequate surface area to provide the 
necessary radiating surface. For many years air­
cooled vacuum tubes were limited to a maximum 
power dissipation of the order of a thousand watts 
because of the inability to obtain the necessary 
heat dissipation in tubes of reasonable size. By 
means of heat-radiating fins plus forced air circula­
tion, the power-handling capacity has been stepped 
up to Jiore than five kilowatts. For vacuum-tube 
power ratings greater than five kilowatts it is cus­
tomary to use water cooling methods. 

The student should remember these basic prin­
ciples of thermal conductivity: 

1-The quantity of heat passing through a con­
ductor is proportional to the cross-sectional area of 
the path, the time of flow, and the difference of 
temperature across the conducting path. 
2-The quantity of heat transferred in a given 
time decreases as the length of the path increases. 
3-For small differences of temperature the quantity 
of heat radiated from a heated body into the sur­
rounding atmosphere is approximately propor­
tional to the difference in temperature between the 
body and the surrounding air. 

4-For large differences of temperature between a 
heated body and the surrounding medium, the heat 
radiated varies approximately as the fourth power 
of the absolute temperature. Theoretically, an ideal 
radiator will dissipate 24 or 16 times more heat if 
its absolute temperature is doubled. 

MELTING AND BOILING 

The change of state that occurs when matter is 
transformed from the solid to the liquid state is 
known as fusion. The reverse process is called solidi­
fication. Crystalline solids have well-defined melting 
and freezing temperatures. Amorphous materials, 
on the other hand, pass from one state to another 
gradually, so that no fixed melting or freezing tem­
perature can be specified. Some solids break down 
sharply from the solid to the liquid state at the 
melting temperature, whereas in others a certain 
amount of plastic deformation occurs as the tem­
perature approaches the melting point. Cast iron 

.. , 

cannot be welded because it maintains its crystal­
line structure up to practically the melting tem­
perature. Steel is easily welded, however, because 

. it becomes plastic at a temperature below that at 
which melting actually occurs. 

"\Vhcn a solid melts, it absorbs heat; when a 
liquid solidifies, it gives up heat. If a thermometer 
is packed in cracked ice, it will stabilize at a read­
ing of 0° C. If heat is applied and the mixture 
is kept well stirred, the temperature will remain 
at 0° until all the ice has mel ted. '•Vhile the ice 
is melting, the heat energy is being used to over­
come the cohesive forces between the molecules, 
rather than to increase the average molecular veloc­
ity. Experiment reveals that one kilogram of ice 
at 0° C will absorb 80 kcal of heat during the trans­
formation from the solid to the liquid state. The 
figure 80 kcal is called the latent heat of fusion of 
water. In accordance with the law of the conserva­
tion of energy, converting one kilogram of water 
to ice will release 80 kcal of heat. The latent heat 
of fusion is the quantity of heat required to over­
come or establish (depending on whether the 
change in state is from solid to liquid or liquid to 
solid) the cohesive forces between molecules, and 
has been measured for practically all crystalline 
solids. It is of importance in some fields of engi­
neering. The quantity of heat req}tir:d to co~we~t 
a given mass of material from the sohd to a hqmd 
state is given by: 

Quantity of heat = mass X latent heat of fusion 

Q1 = mh1 

The presence of impurities in a substance can 
affect the melting and freezing temperatures radi­
cally. Glycerine, a substance often used as the base 
of anti-freeze solutions, freezes at 63° F, but a 1:1 
solution of glycerine and water freezes at -9° C. 
The presence of salt and other impurities in sea 
water lowers the freezing point to -8.7° C. 

VAPORIZATION . 
The process by which a solid or liquid is con-

verted to the gaseous state is known as I 1ajJoriw­
tion. There arc three general processes of vapori­
zation: 

!-Evaporation, in which vaporization takes place 
at the surface of a substance, 
2-Boiling, in which vaporization takes place in 
all portions of the substance, and 
3-Sublimation, in which a solid passes directly to 
the gaseous state without passing through the usual 
intermediate liquid state. 

A light fall of snow gradually disappears even 
though· the temperature remains below freezing. 
Camphor will pass directly from the solid to the 
liquid state at normal atmospheric temperatures 
and pressures. At temperatures and pressures 
which are higher than normal, however, camphor 
will melt before evaporating. 

The kinetic theory explains evaporation as tak­
ing place through the action of those molecules in 
a substance that arc moving at velocities in excess 
of the average velocity. There are always a few 
such molecules in any substance, and if they are 
located near the surface of the material, they may 
have sufficient kinetic energy to escape into the 
surrounding space. As the temperature increases, 
the number of such high-velocity molecules in­
a·eases, and n1ore and more escape. The tempera­
ture at which the average velocity of the molecules 
represents sufficient kinetic energy for practically 
any molecule to escape from the liquid is called 
(the boiling point. Gas bubbles are formed in the 

t. liquid by high-velocity molecules which beat 
' against those of lower velocity. The low density 

of these bubbles forces them to rise to the surface, 
where the high-velocity molecules can escape into 
the atmosphere. 

Evaporation and boiling are both processes 
which cool the remaining matter, because the es­
cape of the molecules of highest velocity from the 
substance lowers the average velocity of the re­
maining molecules. A familiar example is the 
evaporation of perspiration from the human body, 
N aturc's method of cooling. Since remote times 
it has been known that water will be cooled if 
placed in a porous earthenware vessel where evapo­
ration will take place through the walls of the con­
tainer. 

It was prc\'iously explained that a kilogram of 
icc at 0° C absorbs 80 kcal of heat in melting, and 
that the temperature of a water-ice mixture, if it 
is kept well stirred, will remain constant until all 
the ice is melted. .-\ similar condition exists in the 
conversion of water to water \'apor. 1f a kilogram 
of water at 0° C and normal pressure.' is placed 
over a source of heat, the temperature ,.,·ill gradu­
ally rise until it reaches the boiling point of water, 
I 00° C. It will require I 00 kcal of heat to effect 
this change in temperature because one kcal of 
heat is absorbed for each I , C-inCI·ease in tem­
perature. After the water reaches the boiling point 
-no matter how much heat is applied-the tem­
perature will remain constant until all the water 
is converted to vapor. It requires about 5·JO kcal 
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of heat to change one kilogram of water at 100° 
C to vapor at 100° C. The temperature will re­
main constant until this heat is absorbed. The fig­
ure, 540 kcal, is called the latent heat of vaporiza­
tion of water, and represents the energy required 
to overcome the forces of cohesion between mole­
cules in the liquid state. Each substance capable 
of being vaporized has a particular latent heat of 
vaporization. If the assumption is made that no 
chemical reaction occurs, the quantity of heat re­
quired to effect vaporization of a given substance 
can be calculated from 

Total heat= mass X latent heat of vaporization 

Qv=mh, 

Vapor pressure.-1£ a small quantity of water is 
placed in a closed container, the evaporation process 
will gradually increase the number of vapor mole­
cules in the enclosure, and the inner pressure will 
rise above the pressure outside the container. If the 
temperature remains constant, the space inside the 
container will eventually become saturated with 
vapor molecules, and the internal pressure will 
cease to rise. At the saturation level, the number 
of molecules escaping from the liquid per unit 
time is just equal to the number of vapor mole­
cules condensing into liquid form. The difference 
between the internal and external pressure at the 
saturation point is called the saturated vapor pres­
sure of water at that temperature. If the experi­
ment is repeated with containers of different sizes, 
it will be found that the saturated vapor pressure 
is independent of the volume of the container; it 
will be found, however, that the larger the con­
tainer, the greater will be the time required for 
evaporation to bring the pressure to the satura-

Table II 

Tempemture Saturated Vapor 
oc Pressure in em Hg 

-10 0.215 
0 0.458 

10 0.921 
20 1.75 
30 3.18 
40 5.53 
50 9.2.? 
60 1-1.9 
70 23.4 
80 35.5 
90 52.6 

100 76.0 

tion level. If the experiment be repeated at differ­
ent temperatures, it will be found that, as the 
temperature increases, the saturated vapor pressure 
also increases. Table II shows the increase in water 
vapor pressure for each I 0° C-increase in tempera­
ture from -10° C to 100° C. 

Normal atmospheric pressure is equivalent to the 
pressure exerted by a column of mercury 76.0 em 
high. Note that at 100° C, the boiling point of 
water, the vapor pressure just equals the normal 
atmospheric pressure. The boiling point of any 
substance is the temperature at which its vapor 
pressure equals the external pressure. Alcohol, a 
more volatile liquid than water, has a higher vapor 
pressure than water at any given temperature; in 
fact, alcohol boils at 78° C, and at that tempera­
ture it must develop a vapor pressure equal to 
normal atmospheric pressure. 

It should be evident that a liquid can be made 
to boil in two ways: by increasing the temperature, 
or by lowering the external pressure. Similarly, 
increasing the pressure raises the boiling point. 

Humidity.-r...foisture condensation in electrical 
and electronic equipment often presents serious 
maintenance problems. The problem is aggravated 
in poorly-ventilated spaces and in tropical climates 
where the growth of fungi is accelerated by com­
paratively high temperatures and humidities. 

The atmosphere always contains some water 
vapor because the process of evaporation occurs at 
all temperatures, even those below freezing. The 
absolute humidity of the atmosphere is defined as 
the weight of the water vapor contained in a unit 
volume of air. It is usually expressed in grains per 
cubic feet. One grain is equivalent to 0.0648 grai11· 

Because the atmosphere is a mixture of dry air 
and water vapor, atmospheric pressure has two 
components: 1-the pressure resulting from the dry 
air, and 2-that resulting from the water vapor. 
A barometer reads the sum of these two pressures. 
For any given temperature, evaporation continues 
until the pressure rises to the saturation level. The 
quantity of water vapor required to produce satura­
tion in a given volume of air will depend upon 
th~ _temperature, warm air being capable of con· 
tammg ~ greater quantity of water vapor than 
cooler au. The degree of saturation or the so­
called Telative humidity is of greater importance 
than the absolute humidity because it may be used 
in combination with a reference temperature to 

predicate the likelihood of rain, frost, snow, sleet, 
or fog. Bodily comfort is also a function of relative 

humidity. A comparatively high temperature may 
be comfortable if the air is dry, whereas saturated 
air at lower temperatures may produce consider­
able discomfort. The degree of satw·ation or ,·ela­
tive /tumidity is the 1·atio of the mass of moisture 
actually p1·esent in a given 1.1olumc of air at a given 
temperatu1'e to the mass of moisture required to 
produce saturation at that temperatw·e. 

Relative Humidity 

moisture in unit volume 
of air at a given tern-
perature 

moisture required for 
saturation at the given 
temperature 

The vapor pressure is approximately propor­
tional to the amount of water vapor present, so 
relative humidity may also be defined approxi­
mately by: 

Relative humi~ity at vapor pressure 

reference temperature saturated vapor pressure 

Consider the case in which the relative humidity 
is 50% at 7~° F (24° C) . The saturated vapor 
pressure at this· temperature is equivalent to the 
pressure exerted by a column of mercury 2.24 em 
high. The pressure of the water vapor at 50<f0 

relative humidity will be 0.50 X 2.24 = 1.12 em 
of mercury. If the temperature is now decreased 
to 55° F (13° C), the air will become saturated, 
because at this temperature the saturated vapor 
pressure is 1.12 em of mercury. At 55° F the rela­
tive humidity is 1 oo~o· and any further decrease 
in temperature will cause some of the water vapor to 
condense. The temperature at which the air be­
comes saturated and condensation begins is called 
the dew-point. The relative humidity may be calcu­
lated from the dew-point temperature and a curve 
of temperature versus saturated vapor pressure. 
The dew-point may be measured by a condensing 
hygrometer, which consists of a thin glass plate 
arranged so that it may be cooled on one side by a 
stream of cold water or by the evaporation of 
ether. The opposite side of the plate is exposed 
to the atmosphere. As the temperature of the plate 
is gradually reduced, at some temperature a mist 
or film of water forms on the exposed side of the 
plate. The temperature of the plate at this point 
is taken as the temperature of the contacting air, 
and represents the dew-point temperature. 

In poorly-ventilated ship spaces, warm air is 
cooled by contact with the walls and equipment. 
If the relative humidity is high, a comparatively 
small drop in temperature may cause moisture to 

condense or to "sweat" in a thin film on the equip­
ment. Such condensation causes corrosion, and, 
under conditions of high humidity and tempera­
ture, encourages the growth of fungi on both metal 
and insulating surfaces. The high voltages often used 
with electronic apparatus make this a serious prob­
lem, because even a small amount of fungus growth 
or condensation can cause flashovers, reduction in 
power output, or complete failure of the equip­
ment. Preventive maintenance requires adequate 
ventilation of spaces in which equipment is oper­
ated, daily operation of equipment to keep it dry, 
and, where fungus growth may be a serious prob­
lem, special tropicalization treatment to retard such 
growth. Under severe conditions, it may even be 
necessary to air-condition ~paces in which important 
electronic equipment is located. Emergency meas­
ures often necessitate heating idle equipment in 
some way to keep the temperature above the dew­
point. 

Specific heat.-The specific heat of a substance is 
defined as that heat (in caloTies) 1·equiTed to mise 
the tempemtm·e of one gmm. of the same substance 
l°C. In the case of water, the specific heat is ap­
proximately unity over the range of from 0° to 
I 00°, because the calorie is defined as the heat re­
quired to raise one gram of water 1 o C. Copper has 
a specific heat of 0.093, which statement tneans that 
one calorie will raise the temperature of one gram 

l 
of copper --or 10.75° C. The specific heat of a 

0.093 
substance varies somewhat with temperature. Icc, 
for example, in the range of from 0 to -20°, has a 
specific heat of 0.5, just half that of water. If the 
range of temperature is not too great and the sub­
stance docs not change state, the specific heat may 
be considered a constant. 

THERMAL CAPACITY 

The thermal capacity of a machine is the quantity 
of heat required to raise the temperature of the 
machine I ° C. The heat required to raise a mass 
of m grams through a temperature of I o C is given 
by: 

Heat in calories = mass in gTams X specific heat 
capacity of the material. 

H=mch 
The quantity of heat required to change the tem· 
perature from T1 to T 1 degrees is 

Q = mch (T1 - T;) 
, .. ·here Q represents the quantity of heat necessary 
to produce a change in the temperature of the body 
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from T , to T 1. The change in tempera ture is as· 
sumed to be sm a ll enough so that the specific heat 

may be considered a constant. 

Electrical motors and o-enerators are often rated 
0 

in terms of the maximum p ermissible temperature 
rise above normal room temperature (20° C or 
68° F) . A machine rated at a m aximum 40° C tem­
perature rise should not be loaded to a point where 
the temperature rises above 60° C or 142° F. 

It should be noted that the thermal capacity of 
a machine varies directly as the m ass. The Jcu·ger 
a machine, the more heat is required to produce 
a g iven temperature rise. Experience teaches the 
eng ineer to judge thermal capacity in terms of size. 

DISSIPATION OF EN ERGY 

~Ian has learned to accomplish most energy 
transformations with a fair degree o f efficiency, the 
one exception being the transformation of heat 
energy to some other form. The kinetic theory 
offers a logical explanation for the low efficiency 
obta ined in transformation of h eat energy. The 
on ly practical me thod ever suggested for obta ining 
mechanical energy from heat energy is to supply 
heat to a compressed gas a nd use the force of ex. 
pansion of th e gas to operate a mechanical device. 
This is the fundamenta l principle of the gas, steam, 
and Diesel engines. T he explosion of a mix ture of 
gasoline vapor and air in the cylinder of a gas 
engine generates a large quantity of heat which 
gives the molecules of the mixture a high velocity. 
The kine tic energy of these molecules may be used 
to exert a force against a piston. As long as the 
kinetic energy of the molecules permits them to 
exert a force greater than the force opposing the 
movement of the piston, the piston will move, and 
heat energy will be converted to mechan ical energy. 
The real cause of low efficiency can be traced to the 
fact that only those molecules moving in a d irec­
tion parallel to the motion of the p iston do useful 
work. Molecu les beati ng aga inst the walls of the 
cylinder do not exert a force against the piston. 
The laws of probability indicate that an average of 
only one-thin! of the molecules in any expanding 
gas will be moving along a line parallel to the d i­
rection of movement of the piston; hence, on ly one­
third of the molecules in the cylinder exert a pres­
sure o n the piston. The remaining two-thirds 
simply beat futilely against t he walls of the cylinder 
ca using the temp erature of the engine to rise. 

In any heat engine, h eat energy flows from th~ 

hot gas to the a tmosphere or cooling med iu m. I n 
flowing t hrough the eng i-ne, some of the h ea t energy 

is converted to mechanical energy. Since all heat 
engines function on a basis of the flow of heat 
energy from a h igher to a lower level, it follows 
that a difference of temperature is necessary before 
heat energy can be converted to mechanical energy. 

Heat energy is sometimes called "decadent'. 
energy because it is so difficult to transform to 

other forms, and because in all machines some 
energy is more or less wasted in the form of heat. 
Perpetual motion machines are im possible to 

achieve because they would necessari ly h ave to bc-
100% -efficient. In every mach ine some of the input 
energy is converted. to heat, usually by some form 
of friction. Undesired heat energy in a machine i~ 

considered a loss although no real loss of energy 
occurs. Design engineers are vitally concerned with 
methods tha t will minimize the undesired trans­
formation of energy to heat. 

EXERC!SES-PART 5 

. 1. In a certai n suspension bridge the support­
mg. steel cables are 6000 feet lo ng. The bridge was 
des1gncd for a winter-summer tempera ture range of 
- 15° to 105° F. '"'hat expansion in fee t can be 
expected in· the supporting cables. over this r ange 
of temperatures? 

2. How many Btu of heat are required to con­
vert 1 lb of water at IQO o c to vapor a t the same 
temperature? 

. 3. A tank containing 1000 kg of water is placed 
m an unheated storage shed . The outside tempera· 
ture is such that the shed loses heat a t an average 
rate of 8000 calories per minute. H ow many days 
will be required to [rceze the water under these 
conditions? 

4. If the temperature is 70o F a nd the d ew-point 
soo F, what is the relative humidity? 

5. At 70° F and 60% relative humidity the 
atm~spheric pressure is 77 em of H g. V\lhat pro· 
poru on of the atmospheric pressure is d ue to wa ter 
vapor? 

ANSWERS TO EXERCISE PROBLEMS. pART 4 . 

l . 33 feet. 

2. 0.0000193 lbj in". 

3. - 38 to 675° F. 

4. 122° F. 

5. -400. 

6. 8 ft. 

7. 313° C. 

8. 778 ft-lb = I Btu. 
9. 9050 kcal. 
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INVENTORY INSTRUCTIONS 

II r\ new pa mphlet enti t led, "Instructions for ~ fa in­

taining Ship Electronic Equipment I nventory Sys­
tenl , .. h as bee n p ubl ished by the Bureau after a 
compilation o[ a year's experience in operating and 
handling the Navy's ne"· equipment in\'cntory sys­
tenL The pamphlet, identif1cd as 1'\a\'Ships 900, 135, 
con tains a ll the information and data necessary 
for the proper processi ng of the inventory forms 
by both fl eet and fi eld activities. It has been dis­
tri buted to all active ships, and type commanders; 
to commanders o[ a ll reserve fl eet grou ps; to com­
mandants of all naval distr icts, nava l bases. and 
nava l sh ipyard s; and to al l industri;tl mana~crs and 
assistant industr ia l managers. 

:\ll prev ious data and instructions concerning 
this syste111 arc no"· su perseded and shou ld be 
destroyed so as to prevent any confusion or erron­
eous actio n at some future da te. In the futu re the 
in formation and instruct ions in th is pamphlet arc 
to he follo"·cd by a ll activiti es concerned with the 
lllai ntcnance of th is system both anoat ;ll)d ashore. 

Part icu lar at te ntion is invited to Sect ion 1\' of 
the pamph let, wherein it is stated that the on ly 
ti 111e a naval sh ipyard is requ ired to submit a cor­
rected im·entory to the Bureau is when that activ­
ity has cOJn p lc tcd yard overhaul or has made some 
change in the electro nic installation on a sh ip. 
T h is inve-ntory re port is made hy simpl y correct-

ing the previously printed im-cn tory form (:'\av­
Sh ips -1 110) with red pencil or red ink. and return­
ing this same form to the Bureau of Ships. Ship 
electronic inYcntory reports by sh ipyards arc not 
required at any other time or in any other form. 

I n nand shipyards th e inventory is handled in 
the fo llowing manner. The Burea u furnish es a 
copy of the ship·s printed inventory to the home 
yard \rhcrc it is put on file. J( the overhau l or 
cha nge is accomplished at that act ivity the form 
is remoYcd from the fil es, corrected as necessary 
and returned to the Bureau . I n case the overha ul 
or change is to be accomplished by a yard other 
tha n the home yard, the form is removed from the 
files and forwarded to the Electron ics O fficer a l 
tha t yard . It is then aYa ilable for usc in pla n ning­
the overhaul and for correct ion and retu r n to the 
Burea u at the complet ion of the ch;t n~e or cha n~es. 

I t is desired to c·mphasi1c particu larl y the fact 
that the im·cntorics shall not be retyped or re­
written for subm ission to the Burea u. .\ !though 
it is not necessary, th e im·cntory may be copied 
for loca l files: nevertheless th C' machine pri nt ed 
copy, :\';n ·Shi ps ·1110, supplied by the Bureau must 
be corrected and returned . The suhmis~ ion of a 
ret yped ropy C' lll ails an llnbel ic,·ablc amount of 
unnecessary labor in the Hurca11 \rhich can not he 
accomplish('<( ,,·ithout ttnjtiSt ifi ahk del a ~. 
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