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RADI EQUIPMENT 
by 

LT. FnEDEJUCK H. LAl\IAHTIN, USN 
U. S. Nava.l Electronics Liaison Office 

Fort Monmouth, N. ] . 

Within a year operational and repair p ersonnel 
hotlt afloat and ashore will b egin to encounter 
several new item s of radio equipment belonging 
to a n ew family of FM tactical radio sets developed 
by the U. S. Army Signal Corps and standardize d 
for use by all Services. This series of components 
represents eight years of planning, study, develop
m ent, and test by th e Signal Corps Engineering 
L aboratories, Fort Monmoutl1, N. J.- the h eart and 
core of electronics r esearch and development for 
tlte Army. The equipment is presently being intro
duced to th e field by New Equipment Introductory 
T eams avai la ble a t the Signal Corps Engineering 
Laboratories. 

D u ring World War II a multitude of tactical 
communications equipment was designed and de
velop ed b y the Services a nd placed in th e fi eld 
alongside m an y remaining pre-war units. B ecause 
of th e large amount of existi ng equipment and b e
cause of differences in frequency r an ge, in t yp es of 
emission and modulation, and in ch ann els and 
channel spacing, full and e ffecti ve utilization of 
availabl e equipment could not always be attained, 
and maintenance and lo~isti cs we re a staggerin g 
problem. The new Signal Corps tactical series will 
at least partia11y solve th ese proble ms. 

The major factors which wi11 p ermit th e n ew 
seri es to provide g reate r efficiency and uti lity and 
simultaneousl y to ease th e m a int en an ce and logis
ti cs problems are: 
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FIGURE !-Freque ncy spectrum of new tactical communication series. 

1- Selection of ovNiapping fn·quc n('y. b ands and 

provision of contin uou!' tunin:r. pC' rmitti ng int e r

ser vice and inter-branch comm unication an d fac ili-

0 tating channel shiftin g. (See Figlrr·c l.) 
w 

0 2- Use of FM voice t r an mission throu gh o ut tir e 

~ series. 

~ 3- Provision of a laqrer numbe r of ava ilable 

N 
channels than in \X"orld \\'ar TI sf'ts. 

-~- u~(' of standard cornponelltS a s' " !Juilding

h focks" f o r· \·ari o us a~~c rnhli e,.;. 

5- se of co mple te. s tandardize d , int erch ange

able suh-assc rnbli e!'. 
6- se of impro ved l' On ,.; t nrl'lion tech niques to 

provirl c for ra pid acres!" atHl re pair. 

T h e tac tica l sc r·ieF covers t ir e' fre crue n cy r a n ge of 

20-58A 'Tc an d ca n llf' !'uh-rli v irl e tl int o two g r·oups : 

FIGURE 2 - Re ceive r 

(XC-4) showing single 

handset attached. 

and tra nsmitter RT/ PRC-6 
un it package with external 

th e Jw r·ta bl e a nd manpackcd g roup, and th e Ye
hi cular a nd g round group. 

The po rtable and manpack ed tactical FNf g:roup 

includ es co mponents which make up th e AN/ PRC-6 

and th e A / PRC-8. - 9, anfl - 10. These w i11 b e 
ln·icfly d escr·ihed in tum. 

A I ! PRC- 6 (F igures 2 a nd 3 ) is an F r " Handie 

Talkie" typ e ra rl io set; i t is a com ple te operating 

assembl y in co rporating; all OJJ eratirw comrJonents 
~ ,., 

( r cvr-/x m tr, battery, an te nna. etc. ) in one pa ckage 

weighin:.r 6.5 p ounds. The set is capab le of Fl\f 

o pe ration on 1 of -1-3 ch a nn els in th e ran:.rc -1-7-SSA 

Nl c, with a L(, .wa tt out )Jllt for 1-m ile avcr·acrc ntJr crc. 
I~ r r 

FIGURE 3- Same as Figure 2, showing single unit 

package in operating position. 

The A_ ! PRC- 6 ca ll he h eld ill the h a nd o r slun •-.-
o 

over the shoulder fo r opera tion with an auxiliary 

lr a lldset. B a tt e ry life is 20 h ours w ith a 1 to 10 
transmit-recei \·e ratio. 

Radio Sets AN/ PRC-8, -9, and - 10 (Figure .J. ) 

are li gh tweight, portable, continuously t unable. 

b attery oper a ted, FM r eceiver-transmitters in tended 

to provide manp ack communications in th e fre

quency band 20-5-!.9 Me. The sets comist of one of 

three receivers, batte ry. ba tter y case. antenna, h a nd 

set, etc. The receiver are : RT- 17-1-/ PRC-8 (20-

27.9 l\Ic ) ; RT- 175/ PRC-9 (27-38.9 Me ) : and RT-

176/ PRC- 10 (38-54.9 Me ) . They are physicall y 

s imila r, differing elec trically only in th e d esign of 

the r -f coil units. Ea ch of the three comple te as

sembli es wei~lrs about 21 pou nds and i about 16" 

h igh, 9" wi lle an d 3" d eep. An effective range of 

5 m iles can be obta ille d by use of a 10-fo o t a n

tenna. la rger a ntenllas gi\'illg: lonp:er possible ranges. 

quelch operation is JHO\·ided; thus, b y utilizing a 

connec tin g cable two-way unatte llde d relay use is 
possi ble. 

Tire vehi cul ar aml g round t:eries uses a ·'bu ilding

bl ock" sys tem which p ermits b u ilding up numer ous 

types of assemblies with standa rd ize d compon ellts 

to suit tir e n eeds of the user. By proper select io ll 

of th e s tanda rd componen ts, m an y assem bl ies to 

serve di fferent purposes can h e obtai ned. Figure 5-
slrows h ow som e of the m a jor standard buil d in g

block compoll ents call he assembl ed to for·m ce r tain 

s tandard <:e ts which h ave been assif!lled AN nome n 

clat ure. F or example, selection of RT-68/ GRC as 

e t 1 a nd of R - 110 / GRC as an auxi l iar-y receiver, 

and add i tion of Set 2, a-f ampl ifi e r. r e transmission 

u ni t, e tc., prod uces an AN/ GRC- 7. The A~/ 

GRC-3. - -1-, - 5, - 6, - 7, - 8 assemb lies, which a re 

bein g procut·Nl for u sc hy th e l\fa rine Corps and 

in a mphibious \·essels, arc of prima ry in te rest to 

th e ::'\a\·y. Fi1£nre 6 !'h ow;: a comple te A ' / GRC-3 
:l!'!'emhJy. 

The m njo r " build iug-hlorks" a rc brie fly d e

sc ri he el below : 

1- Tirree R ecci ve r-Transrn i!te r:-:. ' c t 1: RT- 66/ 

G R C ( 20-27.9 Tc L RT - 67 ! GRC (27-38.9 Ic L a n d 

RT-68/ G R C (38-5-1 .9 'Te). T h ese unit s p ermit 

elr o ice of 80. 120. and 170 rl etenlcrl ch a nnels r c

spcct iYcl r at Pvc ry 100 ke of the tunin g ran p:e; two 

rlrann el!" may he pre-set. Approximat ely 10 miles 

r·a nge ean be obta in ed, with p owC'r outputs up to 

] 6 watts. Tir e wci p:ht is .)5 poun d;;:. These sets a re 

ve ry sinrilat· in Ftnrrttu·c, fnn r t ion , a nrl de taile d c ir·

n ri t a nd nt C'ehan iral arranp:cmcn t ; tlrey d iffer only 

in th ei r· ope ra tinp: f r·cque ncies a nd in thei r fr e

f( ncn ry-rlC't C' rrn in in p; rom ponen t~. 
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FIGURE 4-AN/PRC-1 0 compared to t he SCR-300. 

2- 0ne Receiver-Transmitter, Set 2: RT- 70/ GRC 
(47-58.4 Me). This unit provides continuous tun
in g, with d etent provisions for pre-selection of any 
two opera ting freque ncies. Approximately I mile 
range can b e obtained, with power output up to 
500 mw. T h e weight of the eq uipm ent is 25 pounds. 
This set is common to many s tandard assemblies 
and permits inter-communication b etween difl'erent 
assemblies. 

3- Three AtLxiliary Receivers : R- 108/ GRC (20-
27.9 Me ) , R- 109/ GRC (27-38.9 Me), aud R- llO/ 
GRC (38-54.9 Me ) . Continuous tun in g is provided, 
with a detent mech anism on each receiver fo r pre

setting any three frequea cies. These rece ivers are 
very similar in stmcture, ftmction, and detai led cir

cuit and mechanical arrangem ent; they differ from 
each othe r only in their operating frequency ranges 
and in their frequency-determinin g components. 
These receivers duplicate the f requency hand of 
Set 1 with which they are commonly used: thus, 
they permit one assembly to monitor two fre
quencies in the same band simultaneously. 

4-0ne A-F Amplifier: AM- 65/ GRC is a com

mon component in a]) AN/ GR C assembl ies using 
the above receivers and receiver-transmitters. 

5-0ne R etransmission Unit: C-435/ GRC ex
t ends the operat..ional fa ciliti es of the rarlio sets to 
include full duplex operation a nd automatic r e
transmission between Sets I and 2. 

6-Standardized powe r su pplies, local an d re
mote con trol boxes, mo untings, an tenn as, cahl es. 
con nectors, loudsp eaker , ha1Hlse t, h earlset, e tc. a rP 
also included in the se ries. 

T h e fu ture will prob ably see a steaJi ly irH:reasin l!: 
use of t he new t ac ti ca l seri es by all Services. 1aval 
personnel en gaged in amphihi ous and in fire sup-

port operatwns will probably b e th e 1nime N aval 
users. In such operations coordination i s of para
mount i1nportance. 

To illustrate th e coord inati on p o tenti al i ties and 
the inherent flexibili ty of the standardize d series, 
conside r th e followin g h ypo th e ti cal tac tical si tua
tion : 

B aker Compan y, l s t B attalion ,_ 114th Infant ry, 
find s hself in a precarious position on th e morning 
followin g the amphibious landing of the 14th In
fantry Di vision on an en em y coas t. After a steady 
advance, our forces had b een driven hack two miles 
hy an ene m y counte rattack during the first night, 
leaving Baker Company cut off from our forces 
about one mile from frie ndl y lines. Baker Com
pany is sufferin l! casualti es from small arms and 
mortar fire from a r i d ge line to th e east. Baker 
Company Command er d ecides to request artillery 

AN/ V HC AN/VRQ AN/ UIC AN/ PUC 
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FIG URE 5- "Building Blocks" used in various standard 
sets in tactical communication series. 

or a ir su pport to n e utralize the e n em y e mplace

m ents on th e rid ge l iu e. 

Baker Compan y has commun ieatiou s with the 
l st Battalion Command P ost, one and a half 
miles south , by m eans of AN/ PRC- 10 (I n fantry 

h and 38-54.9 Me). The Battalion Commander re

ceives th e request for support from Baker Company 
on Set 1 of his AN/ GRC- 7. U pon advice of Air 
and Art iller y Liaison O fficers that air su pport and 
ar tille r y fire are n ot available, th e Battal ion Com
mander decides to u se fire from DD-207, assign e d 
to him by the Iaval G unfi re S upport Plan. 

In o rd er to p ermit maximum coo rdination of 
Naval :_run fi re a 1Hl art ill e r y, DD- 207, a]on :_r with 
th e Artiller y antl th e Naval Gunfi re L iaison Officers, 
h a 1l been eq uippc1l wi th AN/ G R C- S's (art il le r y 
band 27-3R.9 Me); art ill e r y and N and spott ers had 
h een suppl ied with AN/ P H. C- 9 's (27-38.9 Me ) . 

N o >' po t ter is ava i la hl P a t Baker Compan y; h ow-

ever, the Battalion Comm~nder upon advice of tbe 

Naval Gunfire Liai son Officer, decides t o permi t 

retransmission d ir ect from B aker Company to DD-

207 for indirect called fire observed hy the Baker 

Company Commander. Accordingly, th e follow

m g communications system i s set up (See Figure 

7 ) . A pre-arran ged emergency infantry-hand ch an

n el is set up for transmission from Baker Com 

pan y's A!'l/ PRC- 10 to Set 1 of an AN / GRG--7 

at th e 1st B a ttalion Comm and Post. H ere th e t rans

mission s a re au tomatically re transmitted b y Set 2 

of the AN / GRG--7 to Set 2 of t l1 e N aval Gunfire 

Liaison Officer's A N / GRC-5. Once again, a u1omatic 

r e transmission occu rs, Set I of th e AN/ GRG--5 

transmitti ng to Set I of th e AN / GRC-5 on board 
DD- 207. Transmissions from DD- 207 foll ow the 

sam e pa th. Durin ~! the fire mission th e Battal ion 

Comma n de r .con tin ues to m onitor transmissions in 

th e infantry hand ' 38-54.9 Me ) by m eans of a tLxi

liar y receiver R- llO/ GRC inl:lnded in his AN/ 

GRC- 7; u pon comple tion of th e mission, the B at

talion Com man der rapidly sl•ifts hi s AN / GRG--7 

h ack to h is Com mand Net, a pre-se t ch ann el in 

Set 1. 

B y such complete use of th e .flexi b il ity of the 

tactical series, Baker Company was quickly placed 

in direct communication with its su pporting ves

sel fo r th e deliver y of ea rly and accurate n eu t raliz

ing fire, and the Battalion Commander was able t o 

r eturn to his Comma nd Net in a min imum of tim e. 

This coordination and .flexib ili ty . is not a n orm al 

p ossibil ity with earlie r tactical equipm en t. 

The Signal Corps h as expended m uch plann in g 

FIGURE 6-Jee p mounted AN/ GRC-3 equipment. 

and study e lfo t·t i u devel opi ng the concept of a 

standardi ze d series of tactica l equipment. Years of 

effor t will soon re turn large diYidends. The 0\·e r

all use of FM, th e selection of overlappin g, wide 

frequen cy b ands, an d provis ions for continuous 

tuning a nd rapid ch an nel shifti ng are lar ge strides 

towards maxinuun inter -a rm a nd inter-servi ce co

ordina ti on, which is so essential to the most ef

fective use of a vailable forces. In addi tion, the use 

of sta nda rdized comp onen ts and sub-assemblies and • 

of oth e t· careful d esigu aimed at easing mainte

na nce a nd repair problems car.ries u sing agencies 

closer to the ir goals of r educed logis tics an d l ow 

outage time. 

et 1 
AN/ GRC- 7 

Set2 ~ 

f '"' 
NGLO ! .AN/ GRC-5 

'\-set 1 

B 

0 

FIG URE ?-Hypot hetica l tactical situation showing 
use of new tactical rad io senes. 
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In con form ance with the Bureau of Ships re-
. q u est, vessels a re submitting Monthly Perform an ce 
and Oper a tion al R eports on certain electronic 
equipment. In orde r to facilitate the preparation 
of these r epor ts, the Bureau is providing a n ew 
form, NavShips 3878 (11- 50) , which supersedes 
the form s used in reportin g radar a_nd sonar equip· 
m ent and the form, avShips 3642 (11-49) , used in 
reportin g r adio, countermeasures and infra-red 
equipmen t. A sample of the new form is included 
with th is article (see F igure l ) . The n ew form, 
NavShips 3878 (11-50) , sh ould be requested as 
soon as possibl e and upon receipt, destroy th e 
p resen t supply of old forms. Orde r th e n ew form 
from District P ublication and Printing Offices. 

It is essenti al that the Bureau receive these re· 
ports in order to k eep inform ed on eq uipment per· 
form an ce an d operation. These re ports provide the 
Bureau with fi rst h and informa tion under actual 
op eratin g conditions and are, therefore, of extreme 
value to th e electroni cs program. Som e of the de
tails for th e r eport m a y be obtain ed from Ships 
E lectroni c History Ca rds and Installa tion Records. 
which sh ould be accura tely m a intained. The re
mainder of the fo rm sh ould he fill ed with da ta ob
tained d ur ing actual ope ration and p erform ance. 

Subm it on ly th e origin al copy of the report to 
th e B ureau of Sh ips. If reports i nclude radar fi re 
control eq uipment, an extra cop y sh ould be sen t 
to th e Bureau of Ordn ance. Coast Guard vessels 
subm itti ng reports sh ould send on e extra cop y to 
Commanda n t, Coast Guard. Additi on al copies of 
the report are to he made as di rected hy t ype or 
fleet commanders. 

Information concern ing the u ewest electronic 
equipment is desi red for com parison with other 

types and as a ch eck on their troubles and useful
ness, e tc. It is not desired th at r eports be made on 
all equipment. The list b elow covers electronic 
equipment, on which reports sh ould be submitted. 
This list will he changed from tim e to time as data 
on equ ipm ent is required. 

Ra.dio 
TS-587/U Noise-Field Intensity Meter 
AN/ URT-2 
AN/ URT- 3 
AN/ URT-4 
AN/ USM- 3 Test Tool Set (only for suggested new applica

tions and gene•·al remarks) 

Son(tr 

JT 
NGA/ NGA - 1 
NGB 
OKA 
QKA 
QHB/ QHBa/ QHB...:.l 
QLA/ QLA- 1 
QXB 
WFA/WFAa/WFA- 1 

Radar. 

AN/ SQS(Serics ) 
AN/ SQG(Series ) 
AN/ BQR- 2 
AN/ BQR- 3 
AN/BQR-~ 

AN/ BQS-2 
AN/ BQS- 3 
AN/ UQC- 1 
AN/ UQN- 1 

Mark 22 Moll 1 SG- 3,1i SV- 2 ss Ser ies 
25 and Molls 
34 " 
3;j " 
39 " 

AN/ BPS- 1 
AN/ BPS- 2 
AN/ SPN- 8 
AN/ SPN- 12 
AN/ SPS-4 

S0 -4. ;; , 6, 10 SV- 3 ST 
SP sx V H 
SP- 2 SX- 2 VJ 
SR- 2, 3, 6 VK 

AN/ SPS-6 Series 
AN/ SP S-ll 
AN/ SRR- 1 
AN/ SRR- 6 
AN/UP X- 1 

VL Series 

It is not requ ired th at a report h e submitted for 
the equipm ent listed a b ove, if th e equipment has 

ELECTRONICS PERFORMANCE AND OPERATIONAL REPORT 
NAVSHIPS 3878 (ll- ~0) 

FROM: 8 0 
(Ship's Nam e, Type and Hull No . ) (FLEET) 

1'0: Chief, Bureau of Ships 

CHECK EQUIPMENT CATEGORY REPORTED ON 

Submit original ONLY to Bureau 

CLASSI FICATION (Confidentia l, etc. Date 

0 
PERIOD OF REPORT 

0 FROM TO 

MODEL OR TYPE OF EQUIPMENT 

D RADIO 0 RADAR D SONAR8 D OTHER 8 
Se rial Numbe r 0 
Hours of Operation During 8 Period of Report 

Hours NOT In Oper ating Condi- 0 lion During Period Of Report 

Overall P erformance 

0 POOR 0 - 40% 
% % % % % AVERAGE 40 - 70% 

GOOD 70 - 100% 

Applicable Field Changes 0 NOT Accomplis hed To Date 

Maximum Reliable Range 

G (Radio, counte rmeasures and 
infra-re d) 

MI G E MI E MI E Ml E Ml E Maximum Reliable R adar 
Range• 

Minimum Reliable Radar rosG E YDS E YDS E YDS E YDS E 

Range• 15 

Altitude At Maximum Reliable G Radar Range 

Average Echo Box Ring T ime G 
Average Voltage Standl'ng 

G Wave Ratio In Radar 
Trans mission L ine 

Maximum Echo Sonar Range G)vos YDS YDS YDS YDS 

Maximum Listening Sonar 
G YDS YDS YDS YDS YDS 

Range 

Maximum Sounding Sonar 
0FMS FMS FMS FMS FMS Range 

GENERAL REMARKS (Report Ambient and Equipment Temperature ln DEGREES l.! undue heating occurs, 
Interfe r ence encounte r ed, voltage fluctuation, major failu r es , new applications , unusual 
propagation and oceanographic conditions, Inadequacy of te s t equipment aboard, explan
atio n of unusual performance o f operational difficulties, etc .) 

' SIGNATURE 

MI 

YDS 

51-29703 

8 

% 

E 
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•NOTE: Report Signal to Noise Ratio ln E Units CLASSIFICATION (Confldentlal , e tc. ) f':::\ Report- Ships - 192 

\31 
FIG URE 1-New monthly Performance and Operational Report, NAYSHIPS 3878 ( 11 -50). 
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not been in operation or if there is no operational 
or material data to he reported. In the future, it 
is not required to submit reports on TDZ, RDZ, 
MAR and RDR equipment. 

Note that this form is to he used to report on all 
electronic equipment. A single form will accom
modate six equipments of the same model or type. 

An explanation of the items marked on the sam
ple copy is as follows: 

(I) Ship's Name, Type and Hull Number- It 
is important that the ship's name, type and hull 
nwnher he completely given. 

(2) Fleet- Enter either the word Atlantic or 
Pacific (fleet to which the vessel is assigned). 

( 3) Classification- Indicate the proper classi-
fication of the report. · 

( 4) Date- Enter date that the form wa.s filled 
out. 

( 5) Period of Report- Enter the period of time 
covered by this report. 

( 6) Equipment Category- Check the equip
ment category reported on. Only one category 
should be reported per sheet. 

(7) Model or Type of Equipment- Indicate 
the model or type of equipment being reported. 
Only one model or type of ~quipment should he 
reported per sheet. 

(8) Serial Number- .Report the main serial 
nwnber of the equipment. Do not include serial 
nwnhers of the component parts. 

(9) Hours of Operation During Period of R~
port- Indicate the number of hours ·the equip
ment was in operation during the period of this 
report (Item 5) and not the total hours in opera
tion since installation. 

( 10) Hours Not in Operating Condition During 
Period of Report- Indicate only the number of 
hours the equipment was not in operating condi
tion due to component and tube failures or other 
troubles which prevented normal operation. 

(11) Overall Performance- Indicate in per
centage whether the performance of the equip
ment was good, average or poor, using the key 
listed on the form. Base the rating on such items 
as reliability, stability, ease of tuning, sensitivity, 
operation, etc. If equipment has a PPI, also base 
rating on target discemibility, persistence and 
clarity. If equipment reported on is sonar, the per
formance rating should also he based on range and 
hearing errors, sloppy train, return echoes from 
target, depths and continuous contact at limiting 
range. 

(12) Applicable Field Changes Not Accom
plished To Date- Indicate only the field changes 
which have not been accomplished to date of this 

report. This data should he taken directly from 
Electronic Equipment History Cards, NavShips 
536, and Field Change Record Cards, NavShips 
537. Complete lists of the field changes necessary 
to keep the equipment at optimum performance 
are given in sections of maintenance bulletins de
voted to the particular equipment concerned. 

Note: The data reported in the following items 
should be consistent with the purpose for which the 
equipment wa~ designed. 

(13) Maximum Reliable Range (Radio; Coun
termeasures and Infra-Red)- State the known 
maximum range at which reliable contact was 
maintained during the period of the report. 

(14) Maximum Reliable Radar Range -The 
maximum reliable radar range is the range at 
which a particular distant target is first recognized 
as a definite target producing a consistent echo. 
This range should he reported in miles. For ex
planation of the "E" units see Item (23). 

( 15) Minimum Reliable Radar Range-- The 
minimum reliable radar range is the range at 
which the echo hegins to merge into t11e trans
mitted pulse, but is still consistent and recogniza
hle. This range should he reported in yardi. For 
explanation of "E" units see Item ( 23). 

(16) Altitude At Maximum Reliable Radar 
Range- The altitude of the targets (planes or 
land) used in reporting the maximum reliable 
radar range should he listed. 

( 17) Average Echo Box Ring Time- Specify 
the average ring time in yards as computed from 
checks made during the period of this report. 

(18) Average Voltage Standing Wave Ratio In 
Radar Transmission Line- Indicate the average 
voltage standing wave ratio (numerical value) in 
the transmission line of equipment reported as 
computed from checks made during the period of 
this report. Under general remarks (Item 22), re
port any unusual ratios. 

( 19) Maximum Echo Sonar Range- Indicate 
the maximum reliable echo range obtained under 
good water conditions as determined by Bathy
thermograph readings. The range should be re
ported in yards. 

(20) Maximum Listening Sonar Range -Indi
cate the ma~imum reliable listening range obtained 
under good water conditions as determined by 
bathythermograph readings. The range should be 
reported in yards. 

(21) Maximum Sounding Sonar Range- Indi
cate the maximum reliable sounding range ob
tained under conditions of a sea state of three or 
more. The range should he reported in fathoms. 

(22) General Remarks- Include any comments~ 

not covered in the above, such as those indicated 
under General Remarks on the form. Give de
tailed information as to any unusual trouble en· 
countered in operation and exceptional mainte• 
nance required. Suggestions and comments relative 
to improvements in design features, test or service 
equipment usefulness, changes and new applica· 
tions, adequacy of spare parts, tubes, instruction 
hooks, etc., should he submitted. In reporting 
sonar equipment, designate own ships speed and 
target type (surface ship or submarine) for ranges 
listed under Items (19) and (20). The Bureau 
also desires any information that may not he de
scribed herein, but that would be of value to t11e 
electronics program. This is not to he CC?DStrued 
as authority to modify t11e equipment in any way. 

This report is not to be confused with the fail
ure report. form. All activities should continue 
to report all failures of electronic equipment on 
the NavShips 383 Failure Report Form, whether or 
not a special operational report is submitted. 
Field Changes should he listed on the Field Change 
Record Card, NavShips 537. Field Change Report 

CODE SIGNAL TO 

DESIGNATION NOISE RATIO 

I TO I 

Card, NavShips 2369, should be mailed promptly 
upon completion of field change. 

(23) Note "E" Units- The "E" unit indicating 
the signal-to-noise ratio is desirable when giving 
maximum and minimum reliable ranges. This can 
readily he determined by taking the ratio between 
the height of the echo being ranged and the aver
age height of· the noise level (grass). The radar 
signal-to-noise designation chart (Figure 2) was 
prepared in order to provide a standard signal-to· 
noise reference. The ratio of signal to noise is 
expressed in terms of the "E" units in the manner 
indicated in the chart. 

When listing ranges or when indicating signal 
strength, include the code designation in "E" units. 
The "E" units and typical patterns are given for 
optimum control settings. When the "E" Wlits are 
indicated for optimum settings, it will provide the 
Bureau with the information required to make a 
more accurate analysis of radar performance. 

( 24) Signature- The report should be signed 
by the Commanding Officer o~ the vessel. 

(25) Classification- same as Item (3). 

TYPICAL ECHO 

PATTERN STRENGTH 

INTERMITTENT ECHO 
E-1 OR LESS - BARELY PERCEPTIBLE 

WEAK 
E-2 2 TO I -- .. 

ECHO 

GOOD 
E-3 4 TO I .J_ ECHO 

.JL STRONG 
E-4 8 TO I 

ECHO 

16 TO I JL VERY STRONG OR 
E-5 

OR GREATER SATURATING ECHO 

FIGURE 2-Radar signal-to-noise designation chart (E units). 
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Sample propagation expectancy chart for submarine 
S- and X-band radars operating in the northeastern 
Asiatic area in the month of January. Contours 
indicate per cent of total time that ranges longer 
than normal may be expected. Similar monthly charts 
are being prepared for surface ship antenna heights, 
for lower freque ncies, and for other strategic areas. 
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radar 
range 
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Two forecas ting aids dcsi~ned to provide F leet 
units with a "cr y tal ball" for predictin g favorabl e 
radar and u-h-f radio ranges are now be in g pre
pare d by th e U. Iavy E lec tronics Lahora tory. 
The fi 1·st of th ese a ids, which is intended for usc 
aboard submarin es, is a radar duct. calculatnr th at 
will enable subm ari ne p e rsonnel to determine th e 
ex tent of th ei r - and X- hand radar co,·eragc. 
even thou~h n o targe ts a1·c ava ilabl e for a dircc.:L 
coverage estim a te. T h e second forecastin g a iel. 
whi ch can be utilize d b y both submari ne a nd sur
fa ce ships, is a series of propagation expectancy 
charts covering three stra tegic ocean a reas. Each 
ch a r t cons is ts of contours sh owiug the per cent 
of th e total time, on th e average, that propaga ti on 
ran ges longer th an normal m ay h e expec ted in th e 
regions en closer! by the contours. 

Both th e cal cula tor and t h e expectancy ch arts 
arc hasccl on studies that h ave heen conductc1l 
over man y years to dete rmine tJ ~e re la t ionshi p 
between weath er condi tions and radi o-radar propa
ga tion. From these studies, it h as b een found that 
one of the most im portan t weather ph enom ena 
affecting radio-radar ranges is a conditi on _known 
as a n almnspheric duct , consistin g generally of a 
la yer o f warm rlry air overlyiu g a region of cool 
moist air. T h e laye r of warm a ir causes a down
ward re fraction or h endin :r of ra d io " rays." thu5, 
in effec t, channcl i n~ th e radio energy around the 
c urve of th e earth. T his r esults in ra dar or u-h -f 
radio ran ges two o r three times normal. 

Unfortunately, the presence or absen ce of such a 
duct is seldom associated with an y of the eas ily 
n oti ced weath er ph enom ena such as clou rls, rai n, 
thunder , e tc., so that it is usua ll y impossible to 
de te rmin e from casual observa tion wheth er con
ditions arc suit able for extended p r·opaga tion 
ran ges. the NEL duel calcul ator is designed to pro
vide a m eans of de te rmining, from simple m easure
m ents mad e on shipboard, th e presen ce of very thin 
surface ducts of a type freq uently encounte red at 
sea. The m easure m ents r equired a re wet- and dry
hulh air tempe ratures, sea surface te mperature, and 

wind veloci ty. Because this type of duct affects onl y 
h igh-frequency radars situated at h eights of less 
than 50 feet, the calculato r canno t b e u sed for 
radars ope ra ting b elow S-han d freq uencies or for 
surface sh ip radars u sin1! mas th ead an tennas. How
ever, it sh ould b e very valuable for det ermining 
sul; marine S- and X- b and radar coverage. 

T h e propagation expectancy ch arts b eing pre
pared by NEL are based on pas t meteor ological 
r ecords indicatin g the occurren ce of both surface
based a nd eleYa ted ducts. Ex tensive meteorolo~i cal 
data h ave b een accumul at ed from radiosonde m ea
sure ments made in all parts of the world o\·e r a 
p eriod of many years. From a sta ti stical tudy of 
th ese data, th e h eight, thi ckn ess, and freq uen cy of 

Duct calculator for determining coverage of submarine 
S- and X-ba nd ra da rs. 

occu rrenee of ducts can he dc te r111incd, an d propa
gation ex pecta ncy contou rs ean h e plo tt ed fo r 
,·a ri ous frcq uenci<:'s a n d a ntenn a h ei g:h tR. T hree 
gen eral re~-tions arC' he in!! ro,·e red a t pre~en t : north
east Asia, south ea t Asia, and th e Midd le Eas t. 
Separa te sets of twelve monthly ch a rts a re being 
pre pared fm· each region, for each frequency range 
covered, and for both Rubm ari ne and surface shi p 
an tenn a h e iglrts. T h ese ch ar ts are cxp ecLerl to b e of 
i nte res t to tac ti cal p lanni n:r g roups, as wen as to 
Fleet radio and radar pe r·son nel. 

T he submari ne calcul ator· will b e made available 
to F leet units in the ver y n ea r future for test an d 
evalua ti on. In orde r to a llow eorrcct ion of th e cal
culato r and the expecta rl('y eh artR in th e light of 
operational result ~, F leet un its using th ese fore
casting aids are bein ~ r equested to forward to NEL 
all opera tional data and re~<ults obta ined in 
employin g the devices. 
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MARK 34 MOD 2 
U.S.S. Hunt ington (DD-781) 

WE Company fiel d en gineers report that th e 
Mark 34 Mod 2 radar equipment on board the 
U.S.S. Huntington ( DD-781) h ad b een completely 
saturated with salt water during h eaYy storms 
while returning to th e United tales. Prior to ar
rival the ship's technicians had started and almost 
completed clean in g the water-soaked equipment. 
WE Company en gineers report that the very 
prompt attention given by ship's technicians to th is 
clean up job undoubtedly saved many hours of 
overhaul work to 1he equipment. The field engi
neer was able to ch eck out the equipment in ad
justment for optimum performance in nine h ours. 
This is an excellent example of the saving m 
time and material that can be effected by promp\ 
attention to a mai ntPnance problem. 

U.S.S. Henley (DD- 762) 
In making Fiel d Change ~o. 17 to the CW-

23APW Range Un it it was found n ecessary l" 

plane off .022" from the h asc of Idler Assembly, 
BL-79227, in order to ha,·e it mesh properly wi th 
mating gears. T h e Oi llite bearing on the rear end 
of th e range unit dri\'C sh af t was replaced with an 
eccentric h earing 0.01" ofT center 111 orde r for 
f;pur gear ES0- 682513- 21 to h ave proper clear 
ance in gear teeth. This hearing was ecured with 
a 5 40 allen cup point r-oc·kf't h ead set screw. 

.1. R. Yo T 

It is to be noted that changes to the subject Oi ll ite 
bearings have been reported as necessary and ac
complished by other field engineers on this equipment. 

MODEL QGA 
Fleet Sonar School 

The followin g quotation 1s from the general 
notes of th e Philco Field Engineers who ch ecked 
over the QGA eq uipment at the F leet Sonar School: 

"All uni ts we re ch eck ed for cold solder joints 
and resol dering was done wh ere necessary. As 
th e equipment had b een worked on b y inexperi· 
enced p ersonn el, much resohle rin g was required 
to precl ude troubles now dormant. The 
equi pment at p resen t, i.e., less th e r equired fi eld 
chan ges, I S in excellent operating condition. In 
order to h elle r m ainta in this conditi on , it is r ecom · 
mended that : 

" 1- A preventive mainten an ce sch edule b e m · 
augurated at th e earli est opportunity and, 

"2- Closer surveillance he k ept on students 
performing re pairs on the equipment. 

"T h e latter would preven t, or minimize such oc
currances as colcl solder - join ts, inco rrect wiring, 
etc." 

- B. E. . ToHHETTI and F . R. Sc t-INECt<ER. 

MK 25 MOD 2 
U.S.S. Rochester (CA-124) 

Range Error Detector Mk 31 / 0 D-153556 

A very di stort ed wave sh ape was noted on range 
refe ren ce voltage. This feeds the ran ge error 
detector anJ im posed a poor wave shape on T2 and 
th e dem ollu lator. T he trouble was 1raced to a 
ground on the 115-,·olt ran ~c re fe rence voltage, 
whi ch wa in turn trace d to a 1-!•·owul on th e ship's 
gyro. 

D. o. S tr UCK 
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The following is a lis t of all instruction books dis
tributed ft·om 8 December 1950 to 1 April 1951. 
T h e most recent previous l i t of instruction books 
distributed appears m the March 1951 issue of 
B uSHIPS ELECTRO!\. The key to the abbreviations 
listed und er th e h eadi ng "Edition" appears below. 

Supplem ent a ry lists will b e published in B uSmPS 
ELECTHON at regular in terTa ls, as additional m 
strnction books are distributed . 

Abbrt:· I vintiou Editiou 
Abbrc· 
~·iatimt Eclitiou 

C Commercial l\H l\Iaintenanre 
Publication . Instructions 

Ch. Change OH Operators' 

CI Complimentary 
Handbook 

Instruction :; P Preliminary 

DB Descr ipt ive Instruct ion Book 

Booklet RS Revision Sheets 
FC Field Change S Supplement 
113 Instruction 

Book 

IH Installat ion 
Handbook 

IS Instruction 
Sheets 

SIC l\1- 8 l\larCor 
Parts List 

SP Spare Parts 
Catulogue 

T Temporary 

MH MaintenatH'e Tl\1 Teclmical 
Handbook 

Model 

AN/ FRT-1 
AN/ F RT-5 
AN/ GRC-13 
AN/ MPS-1 

AN/ PDR- RA 
AN/PDR-27 
AN/ SPA- I (XN- 1) 

AN/ SPS-I(X . 1) 
AN/ SPS-6 
AN/ SPS-6 
AN/ SPS-6 
AN/ SPS-6 

Short Tit le 

NAVSHIPS 91169 
NAVSHIPS 91183 
NAVSHIPS 9123:i 
NA VSHIPS 913H5 

NAVSHIPS 91311 
NA VSHTPS 913-11 
NAVSHIPS 9121Ci 

AVSHIPS 913i5 
1 AVSHIP. 910!!1 

AVSH I PS 910!!1.2 
N:\ VSHTPS 910!!1.3 

A VSHTPS 91081 A 

Manual 

Edition 

Ch 1 
ChI 
Cit 1 
Mainl. 
Prints 
C:lt 1 
m 
JR ancl 
CHI 
lB 
Il3 
0H 
MH 
SP 

Model 

AN/ SPS-6 
AN/ SPS-6 
AN/ SPS-6 
.AN/ SPS-6 
AN/ SPS-7 (XN-1) 
AN/ TIP-2 
AN/ UQN-1 
AN/ UQN-1A 
A / URA-6 
AN/ URD-2 
AN/ URD-2 
AN RD-2 
AN/ URD-2 
AN/ URD-2 

AN/ URM-25:\ 
CP-87/ U 
E-6/ S 
E-6/ S 
IM-58/ U 

JT 
1\'IAY 
OCJ 
OKA-1 
OSA 
PP-311AIPD 
PP-3RR/ U 
PP-3R8/ U 
PP-Iii1/PD and 
DT-62/PD 
RCO 
SG-Iib 
SG-f-b 
SG-61J 
SG-Iib 
SG-31/ U 
SG-31 / U 
SP-600-JX 
SR-3 
SR-3 
SR-3 
SR-Ii 
T13S Series 
TDZ Servire and 
R<>•1nir Mm,ual 
T ED 
TS-18/ill / UP 
TS- 1PiiC/UP 
TT-t:i!fG 
TT-ti. ''ll. S9. 
70/ UG Tele
Tvnewriter.; 
TV-~/TT 
TV- 3/U 

VH 

Short Title 

NAVSHTPS 91081 
NAVSHIPS 9H1l!5 
NAVSBIPS 98186 
NAVSHIPS 9818•1 

A VSBIPS 91324 
365-190i 
NAVSHIPS 91268 
NA VSHIPS 91360 
NA VSBIPS 91355 
NA VSHlPS 98152 
NAVSHIPS 98210 
N A VSHTPS 98211 
NAVSHIPS 98212 
NA VSHIPS 91198 

NAVSHTPS 91379 
A YSHTPS 91387 

NA VSHIPS 913~8 
NAV HTPS 91348 
NAVSHTPS 91386 

AVSHIPS 98165 
NAVSHTPS 91392 
N A VSHIPS 900,996 
NAVSHTPS 91333 (A ) 
N A VSHIPS 900.93 7 (A) 
]\' I VC:FifPc; 91133 
NAVSHIPS 91137 
N A VSHTPS 9R2U7 
NAVSHTPS 913H2 

NAVSHlPS 900.255A 
A VSHTPS 913H•l 

N A VSHIPS 91384.2 
N <\ VSRIPS 9138-U 

<\VSRTT'S 9138-U 
NAVSHTPS 91:181 
N '' V<:;f'I'TT'S 91 :l95 

AV l:JfPS 9140~ 
N A VSHTPS 900.539 
NA VSHTPS 981 Ri 
N "vc;mrs 9R1 82 

<\ VS'R TPS 981 RR 
1\ VS'RTT'S 9UO.S90 
AVSHTPS 91328 

AV<:;HTPS 91:lS7 
<\ VSRTPS 91 HS 

N <\V'\RTP<:; 91~i6 
N 1\ V'\fHPS 912 q 
N i\ VSRlPS 91393 

NAVSHIPS 9125-1 

NAVSHTPS 90(!.9:!4 

Edition 

T-1-
FC -#7 
FC .:t1<l 
FC -=16 
IB 
SIG l\1-8 
IB 
IB 
T-4 
FC #l 
FC#2 
FC T'=3 
FC#4 
T-1, T-2, 
Ch 1 
IB 
IB 
JB 
Tl 
IB, T-1 and 
T-2 
Cb 1 
JB 
Ch 1 
IB 
T-1 
IB 
T-1 
FC #] 
IB 

SP 
IB 
OH 
MH 
SP 
IB 
Maint. Print~ 
CIB 
T-4 
FC #10 
FC #11 
FC # 12 
T -1 
T-1 

TB 
In 
TB 
TB 
IB 

SIG M-R 
T / 1 ann 
T-2 
T - 1 
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Model Short Title E<litiou Model Short Title Editiou 

VJ NAVSHIPS 900,829(A) T- 1 VL NA VSHIPS 98176 FC# l 
VK N A VSHIPS 900,986 Ch 2 V-35/U NAVSHIPS 91310.-1 SP 
VK N A VSHIPS 900,986 Ch 3 NAVSHIPS 91368 m CBGX-10563-A 
VK NA VSHIPS 98150 FC #2 
VK NAVSHIPS 98lii FC # -~ Navy Headset 
VK-2 NA VSHIPS 91300 IB (4950iA) 
VK- 2 NA VSHIPS 91391 !VInint. Prints Ultra-Ohmmeters NAVSHIPS 9U22 

MEASURING SENSITIVITY QF MODEL Roo·s 
MODIFIED BY F.C. NO. I 

With the modifica tion of Model RDO Radio 
Receiving Equipm ent by Field Change No. 2-RDO, 
which adds a preamplifie r stage to the i-f input, a 
new procedure for sensitivity m easurement is re
quired. The stage gain sensitivity measurements 
given in Table I , Section 4, Paragraph U , Page 26, 
of the Instruction Book for Radio Receiving 
Equipment, Model RDO (NavShips 900,527- IB 
are no longer applicable in U1is case. 

The procedure described below is to be u sed 
to de te rmine the overall sensitivity of the receiver. 
The procedure g iven in the instruction hook for 
alignment of the i -f stages, Section 4, Paragraph 
14, i s not sup erseded by the procedure described 
below and must still b e e mployed for: receiver 
al ignm ent. 

1-Rem ove the Model RDO from the cabinet. 
Insert the TN-28/ APR- 1 t uner unit. 

2- R emove the bottom shield cover from th e IF
AF amplifier ch assis. 

3-Connect the positive test lea d of a vacuum
tube voltmeter to Prong 5 of tube socket X-207 
and rrround the other test lead on the chassis. Set t> 

the vacuum-tube voltmeter on th e lowest volta ge 
range. 

4-Connect th e Model RDO r eceive r to the 
power source. 

5- Connect the signal generator Model LAF 
series to the anten na input of th e TN- 2B/ APR- L 

6-Set the signal gene rator to 200 Me. 
7- Tune th e TN-2B/ APR- 1 to the signal :zen er a-

tor output. 
8- Set the follo,vin ~J; receiver controls : 
a- T h e HECf.PTIOi'i switch to A\'c-on· position. 
h- The Nt I E l.l~II'H!B·OV'l'PUT i\1ETF.H switc h to 

OFF position. 
9- Turn off th e signal output of the s i ~J;nal 

generator and turn thP rece iver I!F CA I N con t rol lo 

maximun1. 
10- R ead th e yoJta~e as iudi cated hy tl1 e vaeu

um-tuhe voltmeter connected to Prong S of th e 
tube socket X- 207 and r ecorcl th e valu e. 

11-Set the RF CAIN control to a reading of 9 
on th e HF CAI N control marking. 

12- Tunl the s ignal generator output on and in
crease the signal generator output level un til th e 
volta..,e indicated by the vacuum-tube voltmeter 

0 

is the same as that r ecorded in St ep 10 above. 
R ecord the signal generator output level. 

13- Increase th e signal generator output ]eve] 
hy 3 db. R ecord th e voltage indicated by the 
vacuum-tube voltmeter. 

14-Decrease the signal generator ou tput level 
to approximately 80 db b elow 0.1 volt. 

15- Turn the RF CAIN control to maximum. 
16- Adjust th e signal generator output level so 

that the voltage as ind.icated by th e vacuum-tube 
voltmeter is th e sam e as that r ecorde d in Step 12 

above. 
17- R ead the signal gen erato r output l evel. It 

should not be less than 80 db below 0.1 volt. 
18--If the sensiti v ity i s b elow that given above, 

ali gn the receiver hy the procedure given in the 
in struction book, Section ..J., Paragraph 14. 

ERROR IN BULLETIN FOR 
F.C. NO. 7-

AN/SPS-6/ 6A/ 6B 
Fi eld Cku we Bull e tin ( TavShips 9811:>5 ) for 

N avy Field Own~J;e Inmber 7- A /SP S- 6, AN/ 
SP S- 6A, A /SP '- 6B speeifics th a t the fi eld 
eh an12:e i s equi valen t lo an a lteration. Thi s is in 

error and sh ould he corrected as fol lows : 
On Pa:ze 2, Paragraph o. 2 · dele te Lines 3 

throrwh 7 and in sert "TH JS F IELD CH ANGE IS , 
EQUIVALENT TO A HEPAlR A D SHOULD 
BE ACCOMPLI SHED AT THE EAHLlF.ST OP

PORTU lTY BY NAVAL SHIPYARD ELEC

THO .LCS E l Gl NEERS OH FIELD E LECTRON

ICS ENG1l EER S". 

u ER 
T lAZAR OS 

All per sonnel working with Tube T ester TV-3/ U 
are warned to exercise cau tion wh en testing m etal 
sh ell and metal base tubes in octal socket X-107. 
A line voltage is present at P in #1 of X-107 when 
sh ort test switch S-113 is in any of the sh or t test 
positions. Metal tubes have Pin #1 connected to 
the shell or base and consequently lin e voltage is 
p resen t a t th e m etal sh ell or base of th e tube. I n 
addition, wh en any of the selector switches are in 
the fol lowing positions : 
FJI.A~IENl' F II.AMF.Nl' CHID PI.ATF: SCIIEEN C.\THODE SUPPIIESSOI1 

C S 2 N one Non e 2 2 
and SHOBTS switch is in the TUBE TEST position, a 
fra ction of the line voltage (through C-105, 0.1 mf) 
is present at the m etal shell or base of the tube. 
T liese voltages are present regardless of U1e posi
tion of the line swi tch S-106. I t is not r emoved b y 
:zrounding the ch assis of th e tube tester. 

..... recommended that 
an insulat ed rod be used 
for tapping . 

It is recom m ended th at an insula ted rod be used 
for tappin g on the short test and t hat the operator 
make certain that th e switches a re n ot in any of t h e 
posit ions m ention ed w hen i nserting nr rem oving a 
m e tal sh ell or base tube (NOTE: Filament switch es 
will never Jlormall y he in thi s position. In m ost 
l'ases th e suppressor switch will he in Position 2. ) 

The factors con tribu ting to th is hazard h ave been 
l'Orrec te d in la tet· eq uipmen ls find arc not present 
in th e Mo1lel TV- 3/ U tube tester s of serial 981 
anrl above . To co rrec t thi s h azarrl in Tnhe T ester 
T\'- V U's below serial 981 , th e Bureau of Ships 
iF JHOl'essinl!: a fi eltl ch ange. 

SPECIAL COVERING NO 
LONGER NEEDED ON 

GERMANIUM CRYSTAL 
DIODES 

Attention is called to the article relating to packag
ing of sil icon and germanium crystal diodes on Page 30 
of the February 1951 ELECTRON magazine. 

The Bureau of Ships (Code 836c) has stated that, due 
to the higher current rating of germanium type crystals, 
no protective; non-magnetic type shielding is necessary 
for this type. Silicon type diodes, however, should con
tinue to be protected. 

TELETYPE PUNCH BLOCKS 
T eletype punch block m ain tenance and r ep air 

h as becom e a more difficuJt problem since materials 
have become scarce and costly. Durin g mainte
nance of r ep erforator s, it i s found that the punch 
block sometimes becom es fouled with dirt, grease, 
and minu te chaff from the tape. In order to clean 
it properly, it is necessa ry to tak e the block apart. 
Three precautions are advisable a t this point. 

1- Don' t take off U1 e guide plate. 
2-Have extra sprin gs r ead y for the stripper 

pins, as they have an unusual abi l ity to get lost. 
3-If th e punch block is t ak en out for r eplace

ment, U1e entire item should he assembled with 
the die plate fastened t o the body of t h e block with 
its screws. These parts a re m ated and if separated 
will cost extra to be match ed again at tJ1e factory. 

Separation m ay be averted b y assembling the 
block wi th the screws p rovi ded for that purpose. 
T h is i s a m uch better m ethod than tying them to
:zeth er w ith string, rubber bands, or other make
shift meth orls wh ich wi ll probably b ecom e broken 
or separa ted wh en left to the effects of tempera· 
tur:e, tim e, e tc. Since these item s are usually st ored 
until U1ere are en ough of th em to return to th e 
factor y. it is essen tial th at th e assem bly remain 
intact ind efi nitely. 

GREASE PENCILS FOR 
REFLECTION PLOTTERS 

G rease pen cils a rc ava il able f rom standard Navy 
office suppl y stock for use wi th r eAection plotters. 

T he pencils may he ordered throu~J;h routine sup
pl y ch an nels h y Stock N umber 53- P - 28264-210 
and bl ack replacem ent learls arc avai lahl e under 
Stock umbe•· 53- P - 28026- 600. 

These two i tems are usually stocked in th e office 
f'11(1pli cs i!'f:lH' slor(' rooms of most' Naval activities. 
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Bistable M ultivibrator Using Two Transistors 
T he fi rst transistor mul tivibrators to be describe<} are 

analogous to the basic Eccles-Jordan type of circuit using 
vacuum tubes. In fact if the assumption is made that the 
base of the transistor corresponds to the grid of the tube 
and that the emitter of the transistor corresponds to the 
cathode of the tube, the circuit is seen to be quite similar 
to the Eccles-Jordan multivibrator (See Figure 1). In 
operat ion, if transistor # 1 is conducting heavily its col
lector potential will be near ground, thus holding #2 
in a state of low conduction by making its base potent ial 
positive with respect to its emitter. The appl ication of a 
trigger pulse to both emitters will cause the circuit to 
revert to its other stable state with transistor # 1 in low 
conduction and transistor ~2 in h igh conduction. This 
operation will be clear from an analysis of the feedback 
loops. 

However, the analogy with the Eccles-Jordan circuit is 
not nearly as dose as might be e.xpected from a super
ficial examination. T here are two fundamental charac
teristics of transistors which make the circui t of Figure 
1b differ from the vacuum tube circuit of Figure 1a. 
One of these d ifferences ar ises f rom the odd shape o f 
the transistor gain function. F igure 2 shows how the 
current gain changes with emitter current. A family of 
curves has been plotted to show also .the variation of cur
rent gain with changes in collector current. {Ic3 is the 
largest collector current and Icl> the smallest ) . In a 
quiescent condition one transistor of the multivibrator 
will be in high conduction, operating on the righ t-hand 
portion of the curves in F igure 2. The other t ransistor 
will be in a low conduction and operating on the left
hand portion of the curves near zero emitter current. 

TRIGGER 
(NEGATIVE) 

POSI T IVE SUPPLY 

NEGATI VE 

BIAS 

(A I 

(T h is assumes that the cu rrent gain curves of Uni ts 1 
and 2 are simila r to those of F igure 2.) 

Since the high gain region lies to the left of the 
operating point of one transistor and to the rig ht o f .the 
operating poin t of the other, the ci rcuit can be triggered 
into operation with either positive or negative trigge r 
pulses on the emitters. This action may be expla ined 
as follows: In orde r to t rigger w ith positive pulses it is 
necessary for these pulses to have a g reater effect on the 
transistor that is in low conduction than they have on 

TR IGGER 
( POSITI VE OR 

NEGATIVE) 

NEGATIVE SUPPLY 

( B ) 

NEGATIVE 

BIAS 

FIGURE !-Comparison of tra nsistor bist a ble multi
vibrato r (b) with Eccles-J ord a n circuit (a). 

-1 

the uni t that is in h igh conduction . Conversely, to trig
ger with negat ive pulses the g reater effect must be on the 
unit that is in h igh conduction. An examination of 
Figure 2 shows that th is wi ll be the case if both transis
tors have characteristics similar to those shown. 1l1e 
cu rves a lso indicate that negat ive input pulses are prefer
able since the current gain curves decrease much more 
rap idly on the negat ive side. In the experimental circuits 
this was fou nd to be true. 

Another di fference between the transistor and the 
Eccles-Jordan multiv ibrator is that the res istor between 
base and ground , analogous to the g rid resistor in the 
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EMITTER CURRENT 
(MILLIAMPERES) 

OPERATING POINT OF 
HIGH CONDUCTI ON 
TRAN SISTOR 

0.4 0 . 5 

FIG URE 2-Transistor curre nt g ain as a fu nction of 
e mitter current. C urves for three values of collector 
current are shown. 

vacuum tube circuit, p roduces regeneration m each 
transistor. (As will be d iscussed later, each transistor 
may in fact have two stable states w ithout reference to 
the other.) Th is regeneration may assist in the operation 
of the circuit but it of ten p roduces und esirable oscilla
tions involving ·only one of the un its. For this reason, 
the base return resistances must usually be kept less than 
10,000 ohms. H ence, while the circuits seem to be iden 
tical, their operation involves somewhat d ifferen t p rin
ciples. 

P ractica l values of constants for th is circu it using a 
supply voltage of 45 volts are: 

Collector Resistance ... . 
Base Resistance . .. . . . . 
Feedback Resistance ... . 
Emitter Resistance . ... . 

5,000-25,000 ohms 

3,000-10,000 ohms 
15,000-50,000 ohms 

500- 1,500 ohms 

Capacitors may be used in parallel with the feedback 
resistors to increase the feedback at h ig h f requencies. 

F igure 3 is a variation of the circuit in F igure 1b 
which departs even more from the Eccles-Jord an multi
vibrator. H ere, coupling C~ has been added between 
the emitters of the two units and t riggering may be ac
complished by the application of positive or negative 
pulses to the base of the first transistor only. Briefly the 
action is as follows: W ith # 1 in hig h conduction and 
#2 in low conduction, a positive trigger p ulse at the 
input decreases the current in # 1. T he resulting re
generative action through the coupling resistor and the 
second transistor causes # 1 to go into low conduction 
and #2 to go in to h igh conduction . O n the following 
input pulse the change back to the orig inal condition is 
accomplished by a combinat ion of a positive pulse cou
p led to the collector of #2 and a negative p ulse on the 
emitter of #2 derived by d ifferentiation of the t rigger 
pulse ~- Since d ifferentiation is required, th is part of 
the cycle must start at the trailing edge of the input 
trigger. Operation may consequently depend to some ex-

c, 
TRI~GER 11--+-1 

(POSITIVE OR 
NEGATIVE) 

NEGATIVE 
BIAS 

FI G URE 3- Variation of the basic tra nsisto r bist a b le 
multivibrator. 
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FIGURE 4-Schematic showing transistor equivalent 
T network with resistors in base and collector and a 
voltage generator in the emitter circuit. 

tent' on the shape of the trigger pulses. From a practical 
standpoint, however, this limitation is not severe and in 
several applications the modified circuit of Figure 3 has 
been found somewhat more stable than the circuit of 
Figure 1. Typical values using a supply voltage of 45 
volts for this circuit are: 

Collector Resistance ... . 
Feedback Resistance ... . 
Base Resistance . . . . . . . 
Emitter Resistance ..... 

5,000-25,000 ohms 
10,000-50,000 ohms 

2,ooo-1o,ooo ohms 
500- 5,000 ohms 

General Design Considerations 

The multivibrator circuits that have been discussed 
above depend to a large extent on the direct-current 
characteristics of the transistors. Since these characteris
tics vary considerably between transistors, the circuits may 
often be asymmetrical for best operation. Both the cir
cuits described are quite critical with r,espect to the values 
of the base resistors and emitter biases. However, once 
the proper constants are obtained and the circuit is oper
ated from a single power supply, stability with respect 
to the supply voltage and the trigger amplitude is com
paratively good. Variations of-+- 10 to 20 per cent in sup
ply voltage, and of several hundred per cent in trigger 
amplitude are usually permissible. Good operation can 
usually be obtained with trigger voltages as low as 
V2 volt. 

The speed of trans1t10n from one state to the other 
varies considerably with different transistors. For units 
having good high-frequency response, the transition 
period (one direction only) rna y be between . 2 5 and .1 

microsecond while other transistors may give transition 
times as large as 2 microseconds. The circuit of Figure 

1 b was operated as a bistable counter up to about one 

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

meg.1cyc1e. 'lhe operation at 500 kilocycles appeared to 
be quite satisfactory although the wave shape at one 
megacycle was hardly good enough· to be differentiated 
into usable output pulses. However, by choosing transis
tors carefully it appears quite possible to build a circuit 
of this type to operate at frequencies up to one megacycle. 

The transistor circuits shown in Figure 1 and Figure 
3 were designed to oper~te at 45 volts. The current re
quired is usually five to seven milliamperes resulting in 
a power drain of close to 250 milliwatts per stage. How
ever, it is believed that this figure can be cut by a factor 
of two to four if lower supply voltages are used. 

Bistable Multivibrator Using One Transistor 
As mentioned above, it is possible to devise a bistable 

multivibrator using only one transistor. This circuit is 
of particular interest in that it differs considerably from 
those possible with vacuum tubes~ In order to show 
clearly how this multivibrator can have two stable states 
the equivalent circuit approach, combined with measured 
curves of the transistor constants, will be used. It should 
be pointed out that although this analysis makes use of 
"small signal" or alternating-current transistor constants 
it is valid since these constants are measured over the 
entire range being explored and are only applied point 
by point to predict stability. 

Figure 4 is a schematic using the T network, alter
nating-current equivalent circl;lit and showing a transistor 
with constants re, rb, rc, and rm connected to a load re-

300 
} ~ .' 

sistance RL, a base resistance Rb and an emitter resistance 
Rc. A source of driving voltage e1 is shown in the emit
ter circuit. The application of Kirchhoff's laws to this 
network yields three independent equations whose solu:
tion gives the three currents. The output current i2 can 
be shown to be: 

. ~+~+~ 
12 = e1 (re+Re) (rc+RL+rb+Rb) + (rb+Rb) (rc+RL-rm) 

(1) 
Substituting rb' for rb+Rb and rc' for rc+Re 

. rm+rb' 
12 =e1 re' (rc+RL+rb') +r,,' (rc+RL-rm) 

A point of instability obviously occurs when i2 

with e1 finite or when 

r0 (rc+RL+rb') + rb' (rc+RL-rm)==O, 

from which 

rm= 
(re' +rb'),(rc+RL) +re'. 

rb 

(2) 

(3) 

(4) 

This point is reached when the second term of Equa
tion ( 3) becomes negative and equal to the first term. 
For this to occur rm must be greater than rc + RL and 
either r1/ or the difference between rm and rc + RL must 
be large. Note that both r/ and R~. are positive terms 
and hence tend to preserve stability .. 

In the multivibrator circuit to be described, all circuit 
elements may be pure resistances, and a circuit identical 
with that of Figure 4 is obtained except that e1 = 0. If 
Rb is made large enough and RL and Re small enough 
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FIGURE ·5-Curve showing rm as a function of le and indicating st_ability limits for two values of R~.. 
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FIGURE 6-Piot of Re and rc as functi~ns of le for the 
transistor of Figure 5. 

the conditions of Equation (3) can be satisfied in most 
cases so that the circuit becomes unstable. Both emitter 
and collector currents now tend to increase rapidly and 
would reach very high values if there were no limiting 
action. However several factors limit this increase. The 
positive resistances in both emitter and collector and the 
normal variation of rm are all limiting factors. Referring 
to Figure 5, rm (the solid curve) is shown to start low 
at negative values of emitter current, build up rapidly to 
a peak, (which occurs here at an emitter current of ap
proximately 25 microamperes) and then decreases again 
as emitter current is increased still more. Curves for 
higher values of collector current would lie above the 
curve shown but will have approximately the same shape 
(see the current gain curves of Figure 2) . Even at 
high collector currents the value of rm falls quite low 
for high emitter currents. Consequently the regenerative 
process proceeds until the transistor is operating on the 
right-hand portion of its curve at higher emitter and 
collector currents. 

The curves of Figure S and Figure 6 have been 
plotted 'to show how several factors combine to permit 
two stable states of operation. In Figure 5, the· heavy 
curve is a plot of measured values of rm for a certain 
transistor , operated as indicated. Figure 6 shows the 
measured values of r(' and re for the same transistor over 
the same operating range. These values were obtained 
with very small alternating currents. The dotted curves 
of Figure 5 were plotted from the solution of Equation 
( 4), hence they represent the \•alues of rm at the edge 
of stability. All r111 values higher than these indicate 
unstable conditions and lower values represent stable 
conditions. The point at which the actual rm curve 

crosses the dotted curves determines where the transition 
from one stable state to the other would be expected to 
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start. Note that the dotted curves at low values of emit
ter current are controlled largely by the rapidly chang

ing values of r., while at the right on the plot rc is 
essentially the only remaining variable. 
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FIGURE 7--Basic single-transistor bistable circu its. 

Experimental checks have been made of the transition 

points with the circuit constants of lines A and B. These 

points are indicated in Figure 5 by the short, vert ical, 

dotted lines. Note that in every case the points occurred 

on the stable side of the predicted transition value. This 

discrepancy is very probably due to inherent t ransistor 
noise which causes the circuit to "trigger" over into the 

unstable region slightly before the conditions of Equation 
(3) are satisfied. As would be expected the agreement 
between the actual transition point and the predicted 

transition point is better on the low current side since 
the two curves intersect at a much steeper angle. 

Thus, it has been shown that the existence of the two 

stable states and the transition from one to the other may 

be predicted with reasonable accuracy by the application 

of equivalent circuit theory and experimental measure
ments of the transistor constants. Although an analysis 
of a given bistable circuit by this method requires rather 
complete knowledge of the transistor characteristics it 
should nevertheless furnish valuable correlation between 
the ~om~only k~own transistor constants and this type 
of CJrcmt operatiOn. 

Not all transistors have the high peak of rm at low 
emitter currents as shown in Figure 5. As a result, not 
all transistors exhibit bistable operation in the circuits 
to be described. As indicated by Equation ( 4 ) the con
dition of ins tabili ty is satisfied with a minimum value 

of rm when RL and R0 are both zero. Even under these 

conditions, transistors having rm curves without the peak 

of Figure 5 do not exhibit two stable states. 

Figure 7a shows the basic circuit suggested by the 
mathematical analysis. Figure 7b shows another circuit 
which is capable of two stable stites by virtue of the 

positive feedback directly from collector to emitter. 

Those famili.a~ with th~ t ransistor field will recognize 
that the add1t10n of th1s· feedback path is very similar 

to increasing the rb of the trans istor equivalent circuit 

therefore, the circuit of Figure 7b may be analyzed i~ 
much the same man ner as that of Figure 7a. T he former 

has a disadvantage in that a h igh impedance collector is 
coupled back to a low impedance emitter I t h b · as ' een 
found that a circu it combining both of these P · · 1 . . nnop es 
IS somewhat more stable than e1ther circuit b itself 
Such a circui t is shown in F igu re 7c H ere a y · · · capaotor 
has been included across the feedback res1'sto f 1 r rom co .. 
lector to emi tter. This increases the high f requency 
coupling between emitter and collector and tends to de-
crease the transition time from one state t t l h o 1e ot er. 
In all of these circu its, triggering has bee h n s own on 
the emitter by means of positive input pul It · ob ses. 1s .. 
vious that this will p roduce the trans1·t· f 1 1on rom ow 
conduction to high conduction. Howeve tl h r, 1e c ange 
from high conduction to low conduction 1 b may on y e 
accomplished by a negative pulse. This is obtained by 
allowing the input pulse to deveJo1) a t" . . . nega 1ve over-
shoot by dlfferent1at1on. Hence in the · ·t h . . . • ClrCUI S own, 
d lfferent1at1on must occu r in condenser c f tl · · or 1e Cl rcu1t 
to trigger from high conduction to low co d t ' Tl · n uc 10n. 11s 
might seem to introduce der)endence 0 · 1 . n mput pu se 
w1dth and shape, however as in the tw t · · • o- rans1stor or-
cuits, impedance changes at the emitter t d ·d h en to a1 t e 
desired effect (Sec the emitter impedanc f F' . . e curve o •Jg-
ure 6 ) and from a pract1cal Vlewr)o1'nt th · · 1 

C CirCUit laS 
good stability. 

Figure 8 shows one complete stage of a decade 
counter. This is the circuit found most sat· f t 

. . IS ac o ry as a 
s111gle-tra~S1Stor ~ounter stage. The circuit of f igure 7c has 

been modified sl1ghtly by the introduction of the t rigger 

pulses to the collector, the addition of a capacitor from 
collector to ground, and the add ition of a crystal diode 
which passes a single posit i\·e pulse to the next stage. In 
this case, triggering from high to low conduction is ob

tained by differentiat ion of the pulse which appears on 
the emitter, and in tegration of the pulse which appears 

on the collector. The combination of these two effects 
gives good trigering from high to low conduction and 
the ci rcuit does not seem to be unduly sensitive to either 

trigger amplitude or shape. 
O perationally, the single-transistor counter stage ex

hibits somewhat the same characteristics as the two-unit 
circuit. Constants arc quite critical for a g iven transistor 

but when the complete circuit is in operation from a 
single voltage source good stability with respect to trig-

ated successfully up to 250 kilocycles. It appears proba
ble that with a carefully selected transistor such a circuit 

could be operated at frequencies up to 500 kilocycles. 
\XIhen operated from a 45-volt source this circuit takes 

a current of about two milliamperes for a power drain 

of 90 milliwatts. Here again, a considerable power sav
ing might be effected by reducing the supply voltage. 
A circuit similar to Figure 7c has been operated as a 

single-stage counter with a three-volt supply. 

Other Counter Circuits 
For many counter applications circuits other than the 

bistable types just described, are required. These cir
cuits fall into two general classes, astable and mono

stable (astable referring to the free-running type, and 

FIGURE B- One stage of a pulse counter. 

ger amplitude and supply voltage is again obtained. 
T ypical circuit constants for ope.ration with a 45-volt 
supply arc: 

Collector Resistance 10,000-30,000 ohms 
Base Resistance.. . . 3,000-10,000 ohms 
Feedback Resistance 15,000-50,000 ohms 
Emitter Resistance.. 500- 5,000 ohms 
c2 . . . . . . . . . . . . . . 100- 500 micromicrofarads 
c~ . . . . . . . . . . . . . . 100- 800 micromicrofarads 

T he transition time from low conduction to high con-
duction is quite rapid. For transistors with good high 
f requency response it may be 1/ 10 microsecond. From 
high conduction to low the transition time is apt to be 
longer and will of necessity start at the traili ng edge of 

the trigger pulse. T his tends to limit the upper frequency 

of operation. A single stage as shown in figure 8 (ex

cept that the diode circuit has been omitted) was oper-

monostable referring to the type that must be triggered 
once for each cycle of operation ) . In general, the cir
cuits to be discussed may be either of these types, de
pending upon the bias voltages applied. While multi
vibrators of these types using two transistors have been 
built, they seem to have no advantage over circuits that 

use one transistor; consequently only the latter will be 

discussed here. 
These circuits also have the requirements for oscilla

tion stated mathematically in Equation (3). However, 
in this case, the transition from one stable state of con
duction to another is accomplished by incorporating a 
time constant (either RC or RL) into the circuit. These 
circuit constants compel the unit to pass into the un
stable region (indicated in Figure 5) at regular intervals. 
\XIhen operated in a monostable condition the circuit 

is so biased as to ha,•e one continuously stable state. 
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Triggering pulses must then be provided to drive the 
unit into the unstable region. 

Three basic astable or monostable oscillator ci rcuits 
are shown in Figure 9. The circuits of Figures 9a and 
9b differ from the bistable multivibrator of Figure 7a 
only by the addition of shunt capacitance in the col
lector of the emitter. 1l1e circuit of Figure 9a functions 
in much the same manner as a single gas-tube osci llator. 
When in an astable condition, condenser C alternately 
charges and discharges. It charges when the transistor 
is in its low conduction state and discharges when the 
transistor is in its h igh conduction state. This action pro
duces a sawtooth collector voltage wave and approxi

mately rectangular pulses at the base and the emitter. 
Synchronization may be achieved by the int roduction of 
an external pulse somewhat before the time the circuit 
would normally reach the _transition point. For this pur-

R 

may be desig ned to be quiescent either in high or low 
conduction. This follows from the peaked rm and cur
rent gain curves shown in Figures 2 and 5. · The low 
current condition is generally preferred in practice, due 
to its greater inherent stabil ity and for reasons of power 
economy. For triggering at a given point in the circuit, 
the two modes of operation offer a degree of freedom 
in selecting trigger pulse polarity. Generally speaking, 
this is not a great advantage because the oscillator may 
be triggered by a pulse of either polarity depending upon 
the point of application. In a l ike manner, a pulse of 
either polarity may be obtained from each operating con
di tion depending upon where the output is taken. In 
general, output pulses o f f rom one microsecond to sev
eral thousand m icroseconds in width are available from 
these circuits. Astable operation can read ily be obtained 
up to frequencies of at least three megacycles. 

NEGATI V E .__ _ _ BIAS 

(AI (8) (C) 

FIGURE 9-Three basic re laxation oscillator c ircuit s. 

pose, positive pulses may be applied to the emitter, or 
negative pulses may be applied to the base. 

In the circuit of Figure 9b, the time constant is em
ployed in the emitter ci rcuit. However, its operation is 
simil ar to that of the circuit of Figure 9a, except that in 
this case the capacitance charges to its greatest negat ive 
voltage while the transistor is in a state of hig h con
duction. 

A somewhat different type of operation is characterized 
by the circuit of Figure 9c. H ere an inductance replaces 
the resistance in the base, and frequency is determined 
by the time constant afforded by L and the resistance of 
the transistor and its associated components. Operation 
is brought about by the voltage variation on the base 
caused by the change in the rate of current flow through 
the inductance as the unit passes through the unstable 
region. 

These circuits have an unusual feature in that they 

Fre quency Divider Circuits 
The rela..xation oscillator circuits described above have, 

w ith some modifications, been found to be suited to fre
quency division of pulses. This requires that they be 
operated in an astable condi tion and synchronized with 
incoming pulses. Without further mod ifications, each 
of the circui ts of Figure 9 may be useful for dividing by 
two, three or fou r wi_th some degree of stability, but for 
a division rate of more than fou r some means must be 
found to stabilize operation. 

To this end several stabilized d ivider circuits have 
been devised . The simplest scheme is shown in Figure 
10. Greater stability has been ach ieved here by the use 
of two RC networks. The circuit may be triggered by 
positive pu lses on the emitter as shown, or by negative 
pulses on the base. Triggering may also be accomplished 
by the application o f negative pulses to the collector, but 
this scheme is not as desirable as the other methods, 

SUPPLY 

FIGURE I 0-Freque ncy divide r stage using two RC 
circuits. 

since a pulse of g reater amplitude is required. Even 
better stabilization may be obtained by adding an induc
tance as suggested by Figure 9c. 

FIGURE 12-An experi
mental decade counter 
using o nly transistors and 
cryst al diodes. (Four un
used socket s are shown.) 

Fig ure 1 1 indicates a divider circuit exhibiting very 
stable properties. RC networks are employed as shown 

in F igure 10 and the base impedance is replaced by a 
parallel resonan t circuit. Greatest stabili ty is obtained 
if the time constant of the emitter circuit (R1C,) is 

made approximately egual to the time constant of the 

o~--~~--.---~ 
TRIGGER 

(POSITI VE) 

c 

NEGATIVE 

SUPP~Y 

FIGURE 11- Frequency d ivider stage using two RC 
circuits and a resona nt base circuit. 

collector circu it (K~C2 ) and' the resonant frequency of 

the tuned circuit is made equal to, or some multiple of, 

the desired output pulse repetition rate. W hen the cir

cuit is triggered an osci llation is set up in the base reso

nant ci rcuit, observable in Figure 17c. When this circuit 

is adjusted so that triggering occurs on a negative going 

portion of this sine wave, a considerable degree of stabi

lization may be obtained. This particular circu it is es

pecially useful since it is capable of div iding by ten with 

good stabil ity and up to 40 with decreasing reliability. 

The divider circuits discussed here exhibit exceptional 

power economy each requiring f rom 0.5 to 1.5 mill iam

peres or a power drain of 25 to 60 mi ll iwatts. T his in

cludes power dissipated in load resistors. Positive t rig

gering action can usually be obtained with half-Yol t 

pulses applied to either emitter or base. These circu its 
have one disadvantage in that the hig h transistor noise 
tends to introduce a variation in the time delay of the 
output pulse. This variation accumulates and may amount 
to a fe,v tenths of a microsecond after the pulse has been 
passed through several divider stages. 

Demonstration Circuits 

Two experimental counters employing the circuits 

suggested above have been buil t to indicate possible 

fields to which the transistors may be appl ied. O ne of 

these is a decade counter and the other a frequency di

vider. The first to be d iscussed wi ll be the decade 

counter. 
A photograph of the counter is shown in Figure 12. 

It consists of a series of four bistable and two monostable 

multivibrators. T hey are arranged as indicated in the 

block diagram of Figure 13. Voltage wave forms which 
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FIGU RE 13-Biock d iagram of experime nta l decad e counter. 

FIGURE 14a-lnput pulses to counter (I k~J -

FIGU RE 14b-Voltage wave on the collector of t he 
second t ransistor of the fi rst st age. 

FIGURE 14c- Voltage wave o n the colle ctor of the 
se cond transistor of the second stage. Note the sharp 
pulse when this unit is stepped back. 

are present at various poin ts m the circu it arc shown 
in Figure 14 . 

The input to the first stage of the coun ter may be 
either positive or negative pulses. Successive stages arc 

triggered by positive pulses obtained by different iating 

the collector square wave. Crystal diodes are used be

tween stages to eliminate und esired parts of th is d ifferen
tiated wave. The fi rst two stages are double transistor 
units of the type shown in Figure 3 while the last two are 

single transistor units of the type shown in Figure 8. 

A cascade of fou r bistable multivibrators w ill give one 

output pulse for every 16 inpu t p ulses. As is common 

practice in this art, in order to change this count to one 

in ten, two feedback circuits are added as indicated in 

the block diagram . Switches are provided to switch the 
feedback in and out. Monostable oscillators, as indicated 

in Figure 9a, are included in these feedback circuits in 

order to isolate the stages from each other and to obtain 
a pulse of sufficien t amplitude to retrigger a preced ing 
stage. Both of these monostable circuits are triggered 

with negat ive pulses obtained by differentiation of the 

bistable collector wave shape. Those acq uainted with 

th is method of feedback in decade counters wi ll recall 

that there is a possib il ity o f returning a pulse through 
the first feedback circuit at the moment that the second 

FI G URE 14d- Voltage wave o n t he coll ector of th e 
third st age. Note t he sharp p ulse whe n t his unit is 
st e pped back. 

feed back circuit is stepping the counter back. To avoid 
this difficulty, a blanking pulse is coupled from the sec
ond monostable oscil lator to the first in such a manner 

as to stop the first f rom triggering at the und esired 
moment. 

·Because of changes in the direct-cu rrent characteristics 
of the transisto r w ith both time and temperature, it was 
found ~cs i rable to incorporate several variable elements 

into the counter. These controls which may be observed 

along the base of the stand in Figure 12, arc used to 

vary the b ias on individual units. General ly speaking, 

some of the controls may have to be adjusted each time 
the counter is started . O nce started, several ft~rthcr 

ad justments may be necessary unti l the transistors reach 
a stable cond ition. Once th is point is reached, l ittle 

further ad justmen t is needed except when there is a 

large change in the ambient tcmperatu_re. 

T he coun ter of Figure 13 would operate only in the 

f requency range of 500 crcles to about 10 kilocycles. 
However, these lim its were set by Ci rcu it constants rather 
than by lim itations o f the t ransistors. The entire circu it 
operates f rom a 45 -Yolt supply and requires about 850 
milliwatts of power. This by no means represents the 
mini mum power consumption possible. Operat ion at 

a lower supply voltage and the use of only single unit 

multivibrators would both tend to rcd~tce the power 
d rain. 

The second experimental counter constructed is the 

frequency d ivider pictu red in Figure 15. The block 
diagram of Figure 16 indicates the arrangement of the 
n ine transistors used in th is circu it. The photographs 
of voltage wave forms present at various points in the 
circu it are shown in F igure 17. 

T he fi rst stage of th is circuit is a crystal-controlled 

oscillator operating at 100 k ilocycles. The sine wave out

put is employed to drive a pulse generator whose circuit 

is similar to that of Fig ure 9c. This stage produces posi
tive pulses at the frequency of the oscillator. As indi-

FIGU RE 14e- Volt a g e wave on +.he collector of the 
fo urth unit . 

cated in Figure 17b the output from this stage consJsts 
of sharp pulses having a rise t ime of less than 1;4 micro

second. The frequency of these pulses is next reduced 

by a factor of ten in a divider circuit as shown in Fig

urel l. 

The following two stages are similar to the ci rcui t of 

Figure 10 and each divides the f requency br five. At 
th is point, the variat ion in delay introduced by the noise 
of the preceding stages, has become appreciable. Ac
cord ingly, in order to preserve the inherent stabili tr of 

the crystal oscillator, the princip le of selecting one of the 

orig inal sharp pulses with a gate pulse is employed. 

This is accomplished in two stages, the first of whid1 is 
a monostable oscillator, and the second a coincidence 

amplifier. The gate pulse (about 12 microseconds wide) 
and pulses from the pulse generator are mixed at the 

emitter of the coincidence amplifier. Note the resem
blance between the voltage wave forms in Figures 17b 

FIGU RE IS-Frequency divider: The last three stages 
are mounted on t he reverse side. The base of the 
I 00-kc crystal may be ob~erved mounte d a t t he lower 
right. · 

and g. The frequency of the gated pulse is 400 cycles 

per second. T he following two units each divide this 

frequency by four giving output pulses at 25 per second. 

For the same reason as in the decade counter, it was 

found desirable to include several variable elements. 

In Figure 15, these controls may be observed along the 

lower portion of the chassis. Usually some minor ad-

FIGURE 14-Wave forms taken at several points in 
the experimental decade counte r. 

justment has to be made to one or more of these con trols 

each time the d ivider is started. In general, once operat

ing, no further ad justment is necessary. It appears that 

these circuits are not a~ critical to temperature changes 

as the bistable circui ts of the first experimental coun ter. 

The ent ire circuit, operating from a 45-volt source, 

draws about 675 milliwatts · of power. As before it is 

reasonable to suppose that the div ider cou ld be designed 

to operate at a much lower power consumption. 
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Conclusions 
This investigation shows that transistors can be used 

in several basic types of relaxation oscillators. In fact, 

some of their unique characteristics make possible the 

design of circuits having greater flexibility than an 

analogous vacuum-tube circuit. These characteristics 

allow the circuits to be stable in either high or low con

duction and to be triggered by either positive or negative 
pulses at the same input point. The experiments demon

strated that the power capabilities are adequate for op

erating one stage into the next and that the average 

frequency response is good enough to allow counter 
operation to at least one megacycl e. The high internal 
noise of the transistor may produce a variation in the 

circui t delay but this is not an unsurmountable problem. 

H owever, p resent transistors have two faults that prohibit 

their appl ication to practical counters. qne of these is 

their instabili ty with respect to time and temperature and 

the other is the very wide variation in characteristics be

tween different uni ts. When these difficulties are over

come, the transistor should fi nd widespread application 

in this .field.-RCA Review 

FIGURE I b-Biock diagram of experimental frequency divider. 

CRYSTAL PULSE DIVIDER DIVIDER 
OSCILLATOR -- GENERATOR -- 10: 1 - 5 : I 

IOOKC 

i It ,, ---
DIVIDER GATE '-- COINCIDENCE DIVIDER DIVIDER 

5: I --- GENERATOR 1-- AMPLIFIER - 4:1 - 4:1 -
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C) 

POSITIV E OR 
NEGATIVE PULSES 

25 CPS 

FIGURE 17-Wave forms taken at several points in the experimental frequency divider. 

FIGURE 17a-Sine wave on the emitter of the crystal 
oscillator. 

FIGURE 17b-Output pulses of the pulse generator 
after differentiation. 

FIGURE 17c-Voltage wave on the base .of the first 
divider. Note the sin e wave of the base resonant 
circuit. 

FIGURE 17d-Voltage wave on the emitte r of the 
second divider. 

FIGURE 17e-Voltage wave on the collector of the 
second divider. 

FIGURE 17f-Gating pulse at the collector of the 
gate generator. 

FIGURE 17g- Output pulse at the collector of t he 
coincidence amplifier. Note residual pulses not in 
coincidence with gating pulse. 

FIGURE 17h-Voltage wave at the base of the last 
divider. A strong positive pulse, too rapid t o show 
here, is present at the trailing edge of the negative 
pulse. 

;:o 
m 

"' -I 
;:o 

0 
-I 
m 
0 

;:o 
m 

"' ..... 
;:o 

0 ..... 
m 
0 

N .... 



c 
w .... 
u 
Ci: 
t;; 
w 
a:: 

CD 
N 

u·SN USl 

notes 

A UNIVERSAL ARRAY SIMULATOR 

The investigation of various problems relating to 
sonar beam formation can be facilitated by means 
of a laboratory device which will simulate the sig
nals arriving from a group of transducer elements 
receiving energy from an underwater sound source. 
Devices of this nature, operating on various prin
ciples, have been utilized in the past, and each has 
had its own advantages and limitations. With 
these advantages and limitations in mind, T. G. 
Beil, of the Underwater Sound Laboratory staff, 
has devised a method of simulation which com
bines certain desirable features and makes possible 
a number of new applications for this type of 
instrument. 

Included in the array simulator are the follow
ing advantages: 

1-Any given orientation of the elements of the 
array with respect to the sound source can be 
simulated. 

2-The phase and amplitude of each signal can 
be adjusted as precisely as standard measuring 
methods will a1low. 

3-The device may he used at any single fre
quency commonly employed in sonar systems. 

4--The circuit is simple and economical j:o con
struct, and the unit is reasonable with respect to 
size and weight. 

The simplicity of the circuit (see Figure 1) is 
iilustrated by the following brief description of 
the manner in which it functions. A center-tapped 
low-impedance oscillator output feeds 24 con
ventional reactance-bridge phase-shift sections. 
Each section is adjustable over 180° of phase shift, 
and a reversing switch permits a 180-deg~ee addi-

tion, with the result that a full 360° of phase shift 
is covered. Isolation fron1 the load is achieved by 
a cathode-follower output for each c~rcuit, and the 
necessary shading is introduced in tlte grid circuit. 

. The cathode resistance is made high enough to 
·keep the total B+ current required below 100 
milliamperes. An output impedance of the order 
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FIGURE 1-Circuit diagram of array simulator. 

of 800 ohms is furnished by the cathode-follower 
circuiL 

The most efficient procedure for adjusting the 
phases and amplitudes is as follows: 

!-Determine the desired attenuations and rela
tive phase lags for the simulator output signals 
and convert the phase-s to dial readings on a stand
ard lag line. 

POWER 
SUPPLY 

When a low-impedance load is used, some change 
in phase may be noted as the amplitudes are ad
justed. In this event, it may be necessary to ad
just the phase settings slightly after the amplitudes 
have been set. The change in phase is caused by 
the fact that the cathode-follower bias, and there
fore the output impedance, is affected by the grid 
resistance due to such effects as grid ~mission. If 

BALLANTINE 

I TO LOAD VOLTMETER 

t t ARRAY _ .... TO Y INPUT 
,..- -

SIMULATOR 
.. 

ONE OF 24 
,. 

~~ OUTPUT SIGNALS I 
.. 0-OSCILLATOR --"" SCOPE - ,, 

J ..__ STANDARD .. 
LAG LINE - TO X INPUT 

FIGURE 2-Setup for adjusting array simulator signals. 

2-Set up the phase-measuring equipment as 
shown in the accompanying block diagram, Fig
ure 2. 

3-Adjust all amplitude potentiometers for maxi
mum signal output. 

4--Set the phase for each signal by setting in 
the desired phase-lag value on a standard lag line 
and adjusting the corresponding phase poten
tiometer on the simulator until the scope indicates 
zero phasing difference. 

5-Adjust the amplitudes by means of a Ballan
tine volbneter. 

it is not possible to work into a high-impedance 
load, no phase change will take place. 

Although the phase-shift sections were designed 
for 25.5-kc operation, they should be capable of 
operating at any of the common sonic or ultra
sonic sonar frequencies. The simulator has ·been 
utilized in Laboratory investi~ations of interpola
tion errors caused by QHB scanning switches and 
in an empirical investigation of the effect of trans· 
ducer phase errors on bearing accuracy. It is 
thought that other uses for the device will be sug· 
gested in the future. 

SUBSTITUTE MATERIAL FOR ANTENNA TRUNKS 
The substitution of aluminum for copper-clad 

steel in the construction of shipboard radio trans
mitter antenna trunks is permissible when the lat
ter is not readily available. This was authorized 
in Bureau of Ships multiaddress letter serial U-
982-2107 dated 9 June 1948. Excerpts from this 
letter are reprinted below: 

"The current general requirements for Radio 
Antenna Systems, Bureau of Ships Specification 
RE 66A 430B, specify that transmitter antenna 
trunks shall be fabricated from steel having a mini
mum thickness of .094" and having a copper-nickel 
or copper plating of .008" minimum thickness 

(two sides or inside only). A number of activities 
have reported difficulty in procuring this material 
(copper clad steeel). .. 

''In the future, when the above copper-clad steel 
is not readily available, it will be satisfactory to 
substitute aluminum for use in fabricating radio 
transmitter antenna trunks. The aluminum should 
he 61 ST 6 in accordance with Navy Specification 
47A 12, condition T, and shall have a minimum 
thickness of .125". The inside and outside of tbe 
fabricated trunks shall be treated with a zinc 
chromate primer, the outside to he painted as re
quired." 
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R-F BAND DESIG NATION 
I n " Le tter s to the Edito r" in the Au gust , I9SI , 

B uS HIPS E LECT RON m agazine, le tter and letter
sub-le tte r design a tions fo r th e various r-f b ands 
were give n. It h as com e to the a t tention of the 
Chief of Naval O pera tions that confusion exists 
in r ega rd to the le tter an d le tter-sub-letter designa
tion s of r a dio-freque ncy b ands and th at there ap
p ear t o b e variou s system s in u se. 

Accordin gly, except as sp ecified b elow, th e u se 
of th ese le t ter and le tter-sub-letter designation s t o 
indicate r:~.dio f requ en cies, or frequ ency b ands 
shall b e discontinued in official N aval communica
tions and in l ieu ther eof, k il ocycles, m egacycles o r 
th e widely k nown b a nd designation s as l isted 
below sh all h e u sed as a p propriate : 

De ignatlon of radio Autho rized Frequ e nc y in kilocycles wa\·cs accord ing to 
frequ l'ncy abbre\·in tions per seco nd 

Very low VLF Below 30 
Low LF 30 lo 300 
Medium MF 300 lo 3,000 
High H F 3,000 lo 30,000 
Very h igh VHF 30,000 to 300,000 
Ultra h igh UHF 300,000 lO 3,000,000 
Super h igh SHF 3,000,000 to 30,000,000 
Extreme ly high EHF 30.000,000 to 300,000,,000 

T h e following b roa d band single le tter designa 
t ions only m a y b e u sed as a m a tte r of convenience 
in con versation or wh e re r e fe ren ce to a gen eral 
rath er th an a spec ifi c fre qu en cy is to b e m a de such 
as in tactical publications or gen e ral in st ructi ons : 

P 200-Me r egion X 10000-Mc region 
L 1000-Mc region K 30000-Me region 
S 3000-Mc reg ion V 50000-Mc reg ion 

THE ABOVE INFORMATION IS UNCLASSIFIED. 

REACTIVATION OF 
CATHODE-RAY TUBES 

During the testing of ca thode-ray tubes received 
on roll-back b y th e R epair and R enova tion Lab ora
tory, Naval Supply Center, Oakland, Califomi a, i t 
was found th a t approximately 90 % of th e tubes 
tes ted ba d h ad low an od e current a nd a very weak 
trace. Until recently th ese tubes h ave been sur
veyed as n o t fit for furth e r use, at considera ble 
finan cial loss to th e Navy. Mr . . Walter R. Noon an 
of the R ep air and R enovation L ab ora tor y sugges ted 
a pplyin g a voltage of I S volts a .c. to th e h eaters, 
which n ormally oper a te at 6.3 volts a .c., an d m a in
ta in in g the h ighe r voltage for a p er iod of I S sec
onds, th us rea cti va ting th e tube. W h e n tes ted a fte r 

• th is proced u re a large m a j ority of the tub es sh owed 
prope r ave rage current a nd a n o r·mally b rillian t 
t race. 

T h e B urea u of Shi ps and th e m anufacturer of 
the tubes concur in th e a doption of this r eac ti va
tion p rocess, which is sim ple, rap id a nd m ay b e 
don e at th e time of tes ting th e tubes. Ou t o f an 
or igin ~tl gro up of 860 t ubes so trea te d 828 re· 
spon ded Lo this p rocess. 

T he Bu rea u of Sh ips, h owever·, while e ndors ing 
th is proced ure ca utions all activities concerne d that 
i t is an em e rgency m easure for N a va l vessels an d 
that tnhes so processed sh ou ld n o t h e issued to 
N aval vessels whe re n ew tubes are ava ilabl e. T h e 
procedure is desi rable a nd n ecessar y b eca use of th e 
u nkn own l ife o f th e Lub es an d can b e a r outine 
one for fix ed sh or e ac ti viti es. However, ships 
sh ould be provide d with th e b est a vailable tubes~ 
i .e. n ew ones, wh enever p ossible. 

SURFA C E VESSEL B/T REC A LIBRATION PROGRAM 
A report received from COMDESF L OT T WO en

clos ing a "Combin ed B / T Soun di ng G raph " an ti 
"Com b ine d Oceanogr a p h ic Log Sh eet E n t ries", 
showed results o f e ight sim ultaneo us ba th yther m o
graph readings taken a t a pp rox ima tely la t. 36° 
40 'N, l on l!. 7.:1° 30 '\V. T h ese simulta n eous B T 
records cl ifl'e rerl so wi dely as to ca use conce rn as to 
the accurac ies o f the ins trumen ts. It is note d, h ow
ever, that t h ese n>a d inl!s we re ta ken in th e G ulf 
Stream a nd wh ile the sh ips wer·e in col umn 500 
yards apat·t. It mi~ht h e reason a ble to ex pect som e 
varian ce in the readin gs at th e e d l!e o f the Gu lf 
Stre am. Furth e r·, it is poss ib lf' th at sh ips in col umn 
woul d ha \ e a ten dency to "mix" the wa ter so as 
to affect th e tc> m pera tures r ecorded b y t h e BT of 
each sueceed ing shi p in th e colum n. 

However , thPse t ests indicate th e des irab il it y of 

fr equen t shi p board ch ecks and pe riodic sh ipyard 
r ecal ibra ti ons of all BT' s. Shi p 's force pe rsonn el 
slr oul cl ch eck th e calibra ti on of th e ir BT's in ac· 
cord ance wit h tir e m eth od g iven in Secti on 6 of 

a vSitips 9ll5I and IavSh ips 9 I 3'W, the in struc
t ion hoo ks for tir e Model OC series BT instrum ents. 
Jnacr ura te BT's as in d ica ted in Secti on 3 of i n
st ru ction hooks (ze ro shi ft m ore th a n 4° or shifts 
f rom r ea cl in :r to r eadin{! ) shoul d be turned in to 
th e nea res t E.O. fo r re p lace m en t. 

In on ler to provide fo r per iod ic sh ipya rd r e
cal ihration of all BT 's, ea c.: lr B T . lr o uld h e tum ed 
in to th e n ea rest F: .O. fo r rPplac.:emcn t a fte r it h as 
b een on hoard e igh teen nr on tlrs. T h e instrum ents 
will then he forwarded to one of t h e three B T re· 
pa ir fa icliti es (Boston, MT, o r PH aval Ship ya rd ) 
for ove rh a ul , r ecali b ra tion, a nd re turn to stock. 

STOCK STATUS, ISSUE OF COMMUNICATION HANDSETS 
The E lec troni c Suppl y Sys tem is now stocking 

h andsets sepa ra te f rom U1e associa ted plugs and 
cables. This allows h a ndsets, form erly stocked as 
complete "se ts" wi tl1 cable assemblies and plugs 
included, to b e s tocked unde r one N avy type num
ber instead of three. T his N avy t yp e number, 
r epresenting th e h an dset minus accessory plugs 
and cable assembli es, is N T- SI 007. 

Cable assembli es CX- I 846i U, and CX- I 848/ U 
are also s tock e d as sep a ra te units. T h e p ractice of 
stocking assemble d handsets ,\ri]J b e discontinued 
wh en the present s tock is exh a uste d. 

This handse t, electrical connec tion s and cable 
leads are color code d to fa cilitate wiring at the 
end activity. T h e cable a ssembly (plug included ) , 
th e h andset, o r the cable and plug separa tely, are 
also availa ble as units. T h e ca ble can b e obtain ed 
in an y sp ecifi e d l en g ths, but as p a r t of ex assem
blies it will h e f urni sh ed SI Y2 inch es in length. 
Breakdown information is a s follows : 

NT- 51007 H andset unit Stk. # Nl7- H- 20001- 1017 
NT-51081 H andset complete Stk . .;¢ N I7-H- 20001-

I 005 consists of: 
1- NT- 51007 HanJ- Stk. # N l 7-C- 919761- l 03 

se t u ni t 
2- NT - 4.91 I!! Cable 
3- P lug, T ype AN-

3106- HS- 5P, 
wi th type A N-
5037- 6 

Cable assembly 
comparab le to 
items 2 and 3. 

Stk.' ¢ N I 7-C- 70600- 1135 
Stk. # N I 7- C- 781366- 25 1 

Cable Clamp 

CX- 1846/U, 
BuShips dwg 
RE49B605-A 

NT- 51082 Handset coniplete 
1- NT-51007 Hand-

set unit 
2- NT-49 118 Cable 

Slk. .;¢N17-C-~8695-3 HI 

Stk. # Nl 7-H- 20001!1030 
consists of : 

3- NT-49619 P lug Stk. ~N1 7-C-71 5 1 2-3 1 00 

Cable assem.blv 
comparable· to 
items 2 and 3. 
CX- l 8,n jU, 
BuShips dwg 
RE-l9B606-A 

NT-51083 Handset complete 
1- NT-51007 Hand-

set unit 
2- NT- l9ll8 Cable 

Stk. # N17- C-!8695-372l 

Stk. #Nl 7- H- 20001- l003 
consists of: 

3- NT- l9928 P lug Stk . .;¢Nl7- C-7H83- 5120 

Cable assemb ly 
comparable ro 
items 2 and 3. 
CX- 1848/ U, 
BuShips dwg 
RE-l9B607- A 

NT-5 1 08-~ H andsel complete 
1- NT-51007 H and-

set unit 
2- NT--!911 0 Cabl e 

Stk. # N l i-C--!8695- 37-! 6 

Stk. #Nl 7- H - 20001- 1000 
consists of: 

3- NT-49210 P lug Stk. # Nl i - C- i ll89- 64.02 

(NT-5108-~ will no longer b e procured as a 
<'Omplete item, per BuSbips speed ltr 567/ 16 
(18) (839 ) serial 839D2- 290 ) 

F urther break down of N T-49ll8 Cable : 

1- Typ e Ml\IOP- 5 

2- Soldcr lugs, 
RC purl ¢'K-
819230 or equ al 

SNSN Nl 5- C-l0956- 75, 
or GSO 15- C- 10956-75 

SNSN N l 7-T- 267 l ..J-7705 

REUSE OF VRF RECORDING FILM 
A r ep o l·t h a s b een rece ived fro m Commander, 

Charleston Naval Shi pyard, describin g a m eth od 
of r eu si n!! V R F r eco rdin o- film wh ich h as b een de· 

~ b ' 

velop e d im d u sed su ccessfully a t U . S. Auxi liar y 
Air Station , Saufle y F ield , P ensacola, Fla. 

After reco r d ing on on e side of th e tap e h as b een 
comple te d , th e t ape is r eve rsed in tlr e following 
m anner : 

1- Th e op er ation r eq ui res two m en, one for 
h olding th e tape t o b e reversed and on e for re
versin g the tap e. 

2- R em ove on e tu rn f rom th e inside an d on e 
tum from t h e ou tside of th e tape to b e reversed, 
to allow sufficien t wor kin g len gth of tape during 
th e rewin 1l in [!; p rocedure . 

3- Heverse th e tape, un wourHl in S te p 2 above, 
so as to p lace tir e recorde d fa ce of th e tape on th e 
outs ide. 

4- \Vi th th e tap e reversed, m ake a loop approxi
m a tely th e size of the roll to b e reversed. 

5- 0 ne m an h old s th e tap e with thu mbs inside 

of the co.i l. T urns of th e t ape are th en rem ove d 
from th e outside of the roll only, ver y much a! 
u nwi nding yan1 from a skein, turti l all o f th e tap e 
has been rerolled with th e ta pe reversed. If during 
the rewin ding process, a dd itional t wists d evelop, 
the twists can be rem oved by m anip ulation of the 
tape as r ewinding contin ues. Wi th a li ttle exp er i
ence, tlw above process r equires app roxima tely S 
minutes per roll. 

6- Th e reversed tap e may h e r ei nstalle d in 
r ecor di ng m achin es and u til ized in th e u su al man 
ner with reference to the green dot ap pear in g on 
the tape. 

Bureau comme nt: In some cases whe re adjustment 
and cond ii·ion of the equipme nt pe rmit, it is possible 
to re use the reverse side of t he film . This proce d ure 
is re commende d only where a record ing conta ining 
a dditional background noise can be to le rat e d and 
when the economy of re ducing the cost of recording 
material is important. 

Cellulose acetate film (clea r) for IC/ VRF- 3 is availa
ble from G SSO under Standard Stock No. 17-F-1630. 
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EDITOR 

This new feature is the answer to numerous suggestions and requests from fleet and shore per
sonnel for a medium of presenting their individual problems, gripes and questions on electronics 
matters and obtaining answers to such queries. 

As a matter of convemence, it is suggested you write directly to: 

The Editor BuShips Electron, Code 993, 
Boreau of Ships, Navy Department, Washington 25, D. C. 

Editor 
BuSHJPs ELECTRON 

Sir: 

Considerable difficult}" has been encountered on my 
ship in utilizing the Standard Navy Stock Number system 
for electron ic maintenance parts due to the substitution 
of new numbers for old. Upon reactivation many parts 
were found to be deficient or unidentifiable. 

Requisitions have been submitted for the deficient 
items using available stock numbers. As parts have come 
aboard they have been stowed by stock number. (It is 
sometimes necessary to consult many reference books in 
order to assign a stock number. ) It has been discovered, 
however, that many of the numbers are new and do not 
appear in the allowance l ists or the Stock Number Iden
t ification Tables. Hence with regard to use when the 
need arises, many of these parts may as well not be 
aboard. 

I believe it would be of considerable help if lists 
were distributed which give the new stock numbers for 
those that have been changed; first a compilation to 
date, and then, periodically as changes are made. 

M. H. P., Ens., USNR 

T be follotcing is q11o/ed from " Tbe Shipboard Inte
grated Eierlronic j\lfainlenance Parts System", N rti'Sbips 
900,168: 

" D. Changes in SNSN. SNSN assignments to e/er
lronic materials bave been subject to cbanges beyond the 
control of tbe Bureau of Ships. Information 011 s11cb 
changes is fumished by tbe Electronic Supply O ffice to 
certain supply depots and shipyards. Except for t e11ders 
and issue ships, other fleet vessels will be unable to keep 
wrrently correct Standard Navy Stock Numbers. Until 
purification of these 1111mbers is achieved, issues of cer
tain materials from stock will 110t be in rrgreement with 
requisition SNSN's. T o iusure delivery of the desired 
items, it is 1·ecommended tbat equipment application 
and cirwit symbol be incl11ded 011 tbe t·ertuisition in ad· 
dition to tbe SNSN. T be !tttest SN SN appeari11g on 
an invoice will 111ost likely be ro1-rect . I f desired, sbips 
117tiY correct bin lttgs, allo11'a11ce lists, stock 1·ecords, etc., 
to correspond, 1111til 11ew allou•ance lists are ft~rnisbed 
by tbe Bureau. As hHurrmce, ships are advised to list 
botb old and new SNSN's for req11isitioned items." 

! 11 addition Ia tbe above, make sure tbr1t yo11 do uol 
permit tbe correlation beltl'een ole/ 1111111bers and nell' 
mtmbers for parts aboard your 1·esselto become los/. I f 
it does, many of yo11r parts tl'ill become tmidentifir!ble. 

Editor 

Surprise attack is one of the primary weapons of aggres
sion upon which our enemies depend. Electronic 
detection denies the enemy the advantage of surprise, 
unmasking him and pinpointing his location. Electronic 
detection is a first step in successful defense. 
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