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W Lhe following pages list all instruction buaks i Model Short Title Edition Model Short Title Edition
tributed since 1 Oct., 1945. The first list includes E
all equipments bearing a navy model letter, a navy {1t LAE-3 NAVSHIPS 900806  F OCL NAVSHIPS 900,807 F
type number, or a joint army-navy designation. ‘ ¢ LAE-3 NAVSHIPS 900,806 Ch[.o %%1 ggxl:* i NAVSHIPS 900.235 F
e . fepe 3 : P . 3 ydrophone
The second list includes equipments bearing only - LAF-1 NAVSHIPS 900585 (A) F Mount 105poﬂ NAVSHIPS 900878 F
commercial designations. The key to the abbrevia- ’ * LAG/-1 NAVSHIPS 900,645 F ocCP-1 NAVSHIPS 900.811 T
tions appearing in the third column of cach list is y M ;‘-iTI i‘::ﬁg:gg ;‘ggg:’§ A) ? gggf :'&SEE:: 33{()),?;(?-1 i
. . £ = ¥g o b e b i NS ~ 2 I3
given on page 22. ! L\rJS ; e g / VAVSHIPS 900,20
P M Series NAVSHIPS 900,921 PL OCV NAV 00.203 r
LM-18 NAVSHIPS 900,002-IB. F oD NAVSHIPS 900,918 PL
_ : s b LO/-1/-2/-8/-4 NAVSHIPS 900,886 PL OFE Series NAVSHIPS 900916 PL
Model Shor tl Edition 3 N N
ode Short Title QU T i i " i ‘- LP/-1/-2/-3/-4 NAVSHIPS 900,897 PL OF-2 NAVSHIPS 900.572-1B r
LIST 1 Ol — . 3 LP-5 NAVSHIPS 900,425 F OFN NAVSHIPS 900.880 F
I SHLPS 236 . ' g LR/-1/-2/-3 NAVSHIPS 900,800 PL 0]-3 NAVSHIPS 000,094 F
Model Short Title Edition BO-1 N.i\];’bHI] S 900,239 (A) - - 1 LU-8 SHIPS 309 F OKA NAVSHIPS 900,791 F
. o X AV : AV 900,79 2

: — CXEF NAVSEIES 95,655 s L LX :\rmrsmps 900,913 SPL OKA NAVSHIPS 900,791 Chm_.:f‘l
ABK through ABK-8 NAVSHIPS 900,909 PL CXEM SAVSEIIDS ON 15k . ;. LX-1 NAVSHIPS 300.643 T ) - RS 5 .
S e, = Vw1 ™ hw m e 3
e RAVSRLES BP0:53- CXGG-1/-2 NAVSHIPS 05,058 F . : e p.2 NAV :
AN/APR-5X/-5A/- e | ISETine BOhOE £% b MAR 113-38398 Sheet PP-286/UR NAVSHIPS 91,004 F

5AX/-5AY/-6X NAVSHIPS 900655 ¥ P s i = b Mk 2, Mod 0 SHIPS 352 F PR NAVSHIPS 900,741 F
AN/APT-3 NAVSHIPS 900,280 MI e RAVSHIES 2000 1_ » Mk 2, Mod 1 SHIPS 385 ” PU-51/TPS-1B NAVSHIPS 95211 F
AN/APX-7 (XN21) NAVSHIPS 91,001 MI XGTA NAVSHIPS 95,062 s K 1 AVSHIP o : QAA NAVSHIPS 900,789 F

ol -  EUETRE B S F £ = Mk 2, Mod 2 NAVSHIPS 900,926 F
AN/CPN-6 NAVSHIPS 900,838 F i WAVAHLES Sa.002 T OBR % ok 6 Med 0 SHIPS 859 F QBE-1A NAVSHIPS 900,594 F
AN /CPN-6 NAVSHIPS 900,771 TH R‘gl’ il i ? A Mk 13, Mod 0 SHIPS 327 (A) F QBG/QBG-1 NAVSHIPS 900405 ¥

¢ 7 XG JAVSHIPS 95,068 ) ! : = i
AN/CPN-6 SHIPS 291-1 sr Ot NAVSHII 5 ,;.,.n(r;:q g -~ Mk 20, Mod 3 NAVSHIPS 900925 T QBH NAVSHIPS 900.369 F
AN/CPX-3 NAVSHIPS 900 940 ¥ vl L ieien . MK 22, Mod 0 SHIPS 252 (A) -1 S #1 QCQ-2 Dome and
AN/CPX-4 (XN-21) NAVSHIPS 900,941 F CX]G NAVSHIPS 900846 ;: ; T Retracting Gear NAVSHIPS 900.805 ¥

i : TAV 5 585 : CXEKA NAVSHIPS 95,070 ; ; 0CO-2 Auxiliary .

AN/FGC-1A NAVSHIPS 95,583 F o ) 4 ' Mk 22 Mod 1 NAVSHIPS 900850 r 2CQ-2 Auxiliary June
AN/GPN-2 NAVSHIPS 900934 r CXKX NAVSHIPS 900936 T ) N ;\lk 22’ S 1 ;\{AVSHIPS 900’9‘50 ST tion Box 62141 NAVSHIPS 900.393 11
AN/GPN-2 NAVSHIPS 900,934.4 5P DAB/-1/-3 NAVSHIPS 900,893 PL 1 i 0' 0 . i o i QCU .—\uxikiary ]unc-

gne T s o e F ; Mk 22, Mod 2 NAVSHIPS 900,926 T : o Ty — I
AN/MPN-1A SHIPS 316 (_.\) ¥ E NAVSHIPS 900,757 : . Mk 926, Mod 8 NAVSHIPS 900.316-1B MD tion Box 62141 NAVSHIPS 900.392
AN/SPA-] NAVSHIPS 900,768 I DAH-2 NAVSHIPS 900,758 F {3 o e QDA NAVSHIPS 900,700 F

i e DA 'S 840 F | Mk 32, Mod 1 SHIPS 350 F ODA 'AVSHIPS 900,700.1  IH
AN/SPR-1 NAVSHIPS 900,483 (A) F Al SHIPS 382 : : : 1D N 900,700.

e = DAK-2 = 5 5 o -[: 5 4 P .J\IL\ 34, I\fIOd 2 I\AVSI‘IIPS 900,848 F OD\ T 7 2] ()00 "’00 o OH
ATEER. o NAVSHIPS 900,654 r & NAVIHLES 00277 ; : Mk 34, Mods 3 and 4  NAVSHIPS 900,883 F s MAVEHIRS s
AN/SPR-2A NAVSHIPS 900599 F DAQ SHIPS 233 P R NAVSHIDS 900,794 = QDA NAVSHIPS 900.700.3  MH
AN/SPT-2 NAVSHIPS 900281-1B Ol DAS-1/-3 NAVSHIPS 900,752 F » g 2 QDA NAVSHIPS 900,700.4 sP

g s 2 DAU . r L 3 MBF NAVSHIPS 900,508 F OFA-5 AT =gs F
AN/SPT-6A SHIPS 383 F AU SHIPS 301 1 : : \X-565/GPS CARIITES: SRR ¢ WFA-5/-6 NAVSHIPS 900,795
AN/TPS-1B SHIPS 296 r D:\lf SHIPS 302-1 Sk SAban NM;SH”_“S o8 r’42 B QFM NAVSHIPS 95227 P
AN/ TPS-1B NAVSHIPS 9009014 (A) SP DAU/-1 NAVSHIPS 900,907 PL Vj-7 \rmr‘smﬁs 905409 - QFN NAVSHIPS 900,780 Ch. #1
AN/UPA-1 SHIPS 271 (A) ¥ DBB NAVSHIPS 900,769 ¥ ! N 18 i\ URETE GOE4ss " ) to F
AN/UPM-1/-1A/-1B NAVSHIPS 900,845 MI nnp MVEHIRS o002 1F v 9 NK-5 :\IA\’SHIPS 000'019(/\) T Q(I.llzn-?conli]::cg glglar NAVSHIPS 900.805 o
AN/UPM-2 NAVSHIPS 900,452 F DB NAVSHIPS 000,659 - v g NAVSHITS, 000 Al : e N e
AN/UPM-4 (XN21) NAVSHIPS 000049 F DBE NAVSHIPS 9006502~ OH ¢ e N SHIog S0 28 (1 & GOR AT June-

AN {UPM-E (N2 e i DBE NAVSHIPS 900.659.2 Ch. #2 . NMC NAVSHIPS 900-251-IB-1 PL tion Box 62141 NAVSHIPS 900,594 I
',\'\-/f[-p'\f:;(" e .,\}:I\ISQH;S 300'9”1 r ‘ ST T wwoH o NMC-1 NAVSHIPS 900,443 (A)  F QJA NAVSHIPS 95229 ¥
‘-\-\';1"1’:1"-'r3 N “,“;H“N(’q?m Sk i DBA-1 NAVSHIPS 900587 (A) F R NMC-1 NAVSHIPS 900443 (A)-1 S #1 QLA/-1 NAVSHIPS 900,790 ¥
P el o S ! DBS NAVSHIPS 900,306 F ‘ to T RAO-2/-6 NAVSHIPS 900,351 ¥
::’ t:\\u o VS HLPS. 00,15 E DCRI NAUSHIRG 5081588 F i NMC-2 NAVSIIIPS 900595 (A)  F RAO-7/-9 NAVSHIPS 900,356 F
¢ e ol :ﬂ‘ﬁlmml s et F DXA SHIPS 384 ¥ 5 0-30/CPN NAVSHIPS 900,824 ¥ RAX-I NAVSHIPS 900707 F

Standard Descriptions  JANP-109 I !':().\ N:.-\VSI‘H]‘S 9::').0(]-‘3 i O = ‘, OAE N:r.\\jS‘HIPS g.ﬁ,lf; F Il:][:.‘\-r) NjJ\‘TQ:—‘;::‘:;’ ggg;,::j X :ZI
ASTTH/E NAVSHIR ogse R b wtcmpr 21 oARd v Wiha REF)L 548 NONSEDE 04T R
pragpen BAVEHITES. 908,557 x FRA NAVSHIPS NI0H13 F $ OAW-1 NAVSHIPS 000,722 ¥ RBK Series NAVSHIPS 900,611 PIL
AS-263/UPT NAVSHIPS 900,871 F i NAVSHIPS 90051 4 : i e i e o {l)/ o st aman v
AS-330 / TPX TIPS " 3 NAVSHIPS 95.002 NAVSHIPS 900 41¢ 2 -12/-13/- 900,235 )
'I:i[%l[}-fl.-l l:;(,,.di,mim eSS . I'RC NAVSHIPS su;u.um F ? OBJ NAVSHIPS 900,241 F RBL/-1/-2 NAVSHIPS 900,853 F

Assembly NAVSHIPS 900,340 (A)  IH FRE NAVSHIPS 95,100 T t' OBL-1 NAVSHIPS 900,227 (A) F RBI-5/-6 NAVSHIPS 900350 1
BM-1 NAVSHIPS 900240 1H I'RT NAVSHIPS 900208 r i ¥ OBL-2 NAVSHIPS 900,576 r RBO-1 NAVSHIPS 900,621 I
BM-1/-2 SHIPS 208 F FRH NAVSHIPS 900,358 F : OBQ NAVSHIPS 900,496 F RBS/-1/-2 NAVSHIPS 900,324 i
BN Data Sheets 300 662-2 P FSA NAVSHIPS 900,754 ¥ B 0BQ-2 NAVSHIPS 900,641 F RBU NAVSHIPS 900501 P
BN-1 SHIPS 323 (A) ¥ IS] NAVSHIPS 95002 g ‘ OBT NAVSHIPS 900,296 T RBU-2 NAVSHIPS 900,717 F
BN-1 NAVSHIPS 900,449 1H F-26/UPR NAVSHIPS 900906 3 : f OCA NAVSHIPS 900,376 (A) T RBV NAVSHIPS 900,501 P
BN.1 SHIPS 3241 RPL F-27/UPR NAVSHIPS 900,718 F 'S ocn NAVSHIPS 900,646 r RBV-2 NAVSHIPS 900,717 r
BO NAVSHIPS 900,340 (A) - JR-1 NAVSHIPS 900245 F " OCF NAVSHIPS 900,204 F RBW/-2 NAVSHIPS 900 288 F

B 1H T NAVSHIPS 900424 (A) F | { OCK NAVSHIPS 95,169 F RBW-3 NAVSHIPS 900,717 F
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Model Short Title Edition Model Short Title Edition Model Short Title Edition Model Short Title Edition
RCO NAVSHIPS 900,255 F SV-1 NAVSHIPS 900,822.3 MH TS-102/AP NAVSHIPS 95,344 F YH/-1 NAVSHIPS 900910 PL
RCX NAVSHIPS 900,288 F SV-1 NAVSHIPS 900,822.4 sP . TS-102A /AP NAVSHIPS 95,344 F YL NAVSHIPS 900249-IB F
RDC-1 NAVSHIPS 900,486 F TAJ-10 NAVSHIPS 900,428 F TS-107/TPM-1 NAVSHIPS 900454-IB P ZM-1/U NAVSHIPS 900948 F
RDG NAVSHIPS 900515 (A) T TAJ-11/-13/-16/-17 NAVSHIPS 900,863 F TS-120/UP SHIPS 386 F 10AEF SHIPS 337 F
RDG NAVSHIPS 900515-5P  SP TAJ-14/-15/-18 NAVSHIPS 900833 F TS-173/UR NAVSHIPS 900,644 F 10AEX NAVSHIPS 900212 F
RDG 250-970-5 LC TAJ-19 NAVSHIPS 900,492 F TS-182/UP AN-08-35-T5182-2 F 10AF] NAVSHIPS 900,728 F
RDJ NAVSHIPS 900233 (A) F TAQ-5/-5a/-6/-6a/ $ TS-182/UP NAVSHIPS 95,345 MH 4ABW SHIPS 391 F
RDJ-1 NAVSHIPS 900,823 F 6b/-7/-8 NAVSHIPS 900,248 F. . TS-191/UP SHIPS 386 F 21ADL NAVSHIPS 900,776 F
RDO NAVSHIPS 900,527 P TAQ-9 NAVSHIPS 900273 F TS§-202/U NAVSHIPS 900864 (A) F 93AFL NAVSHIPS 900,653 (A) F
RDZ/-1 NAVSHIPS 900,617 F TAOQ-10 NAVSHIPS 900,549 F TS-230/AP SHIPS 372 F 23AGU NAVSHIPS 900,879 (A) F
REK NAVSHIPS 900,961 F TRA-6/-10 NAVSHIPS 900,406 F ra . TS-231 /AP NAVSHIPS 900 869 F 23A]G NAVSHIPS 900,876 F
REM NAVSHIPS 91,003 F TBA-9/-11/-12/-13 NAVSHIPS 900454 F | TS-251/UP NAVSHIPS 9006524  SP 24AAL NAVSHIPS 900,665 (A) F
RXA NAVSHIPS 900213 F TRC-4/-5 NAVSHIPS 900856 F i‘ TS-268/U NAVSHIPS 900,647 F 24AAD NAVSHIPS 900,704 F
SA/-1/-2/-3 NAVSHIPS 900,911 sp TBK-9 NAVSHIPS 900,380 F {: TS§-270/UP SHIPS 343 (A) F 50ABM NAVSHIPS 900,792 F
SA/-2/-3 Antenna TRK-13/-18/-20 NAVSHIPS 900,388 F E TS-275/UP NAVSHIPS 900,825 F 50ACU SHIPS 354 F

Pedestal NAVSHIPS 900,733 F TBK Speech Input and TS-295/UP SHIPS 3811 (A) F 50ACW NAVSHIPS 900,344
5A-2 SHIPS 276 F Modulator Equipment . TS-324/U NAVSHIPS 91,006 F 55ADP SHIPS 354 F
SA-3 SHIPS 283 F 50194 NAVSHIPS 900,778 F TS-349/UP NAVSHIPS 900,884 F 55ADV/-1 SHIPS 375 F
SF-1 SHIPS 363 F TBL-4/-8/-9 NAVSHIPS 900,373-1B T TS-858/UP NAVSHIPS 900,817 F with 55AGD SHIPS 875 F
$G-25 NAVSHIPS 900,532 F TBL-10/-11 NAVSHIPS 900,390 r ' C-h.1 40%1 55AHM NAVSHIPS 900,872 P
SG-3 SHIPS 367 (A) F TBM-4 NAVSHIPS 900,380 ¥ e ) _ « AE = 55AHP-1 NAVSHIPS 900,827.4 Sp
SG-3 NAVSHIPS 000809.1  IH TBM-5/-7/-9/-11 NAVSHIPS 900,388 F T 08/ 108 NaVSHIES: HbBlrs 8P G0ABF - NAVSHIPS 900862 F
SG-3 NAVSHIPS 900.899.2  OH TBM-12 NAVSHIPS 900,763 F hiad NAVSHIPS 900,427 (A) P 66ALA NAVSHIPS 900,731 F
SG-3 NAVSHIPS 900,899.3 MH TBS NAVSHIPS 900.590.4 sSp UF NAVSHIPS 900,223 F GGALA NAVSHIPS 900731 Ch. #1
SG-3 NAVSHIPS 900,809.4 sp TBS Adaptor Unit uG NAVSHIPS 900.223 F o F
SG-6 NAVSHIPS 900,861 (A) F 23525 NAVSHIPS 000,357 T i UH NAVSHIPS 900,225 F GGALB NAVSHIPS 900,781 F
SG-6 NAVSHIPS 900,861 (A).1 TH TBS Power Unit UM INAVSEIIPS 900,745 F G6ALDB NAVSHIPS 900,731 Ch. #1
$G-6 NAVSHIPS 900,861 (A) .2 OH __20417 NAVSHIPS 900,737 T UN System N.\\:S{-IIIPSQ: 91010,340 . to T
SG-G NAVSHIPS 900,861 (A).8 MH I'BU-1/-2/-3 NAVSHIPS 900,384 F 4 o ) (\'__gl-mjst 903 - = 66ALC SHIPS 353 F
SG-6 NAVSHIPS 900861 (A) .4 SP TBU-4 NAVSHIPS 900,391 F ¢ N Carrler Supply e = S olt . GGAML NAVSHIPS 900,830 F
SR 1M NAVSHIPS 900 484 ¥ TBX-§ NAVSHIPS 900,706 F UN Voice Carricr N':\\.S‘H“)S #0202 10306 NAVSHIPS 95,366 F
SM NAVSHIPS 900561 F TCG/-1 NAVSHIPS 95,311 F ‘for N_-""f’”“)s 95,355 F 10563 NAVSHIPS 900747 3
SM-1 NAVSHIPS 900 615 F TCG/-2 NAVSHIPS 95312 F s NAVSHILS 200.933 F 10600 NAVSHIPS 900,878 ¥
S0-3 SHIPS 260 F TCJ-1 NAVSHIPS 900,402-1B I VE SHIPS 23:‘{ ) P 10617 NAVSHIPS 900881 H
50-6/-10 NAVSHIPS 000,860 F TCJ-2 NAVSHIPS 900,529-1B P ‘?’ NAVSHIPS 900,076 ‘?H 20312 NAVSHIPS 900,756 F
50-6/-10 NAVSHIPS 900860.1  TH TCK Series NAVSHIPS 900,210 F yorlig SHIE R I , 20400 NAVSHIPS 900,777 ¥
$0-6/-10 NAVSHIPS 9008602  OH TeM NAVSHIPS 900,401 ¥ Vi et SHIPS 261 ('h{nﬁ L2 2007 NAVSHIPS 900,757 ¥
50-6/-10 NAVSHIPS 900860.3  MH B NAVSHIPS 900401 F o P 299051 NAVSHIPS 95,389 K
50-6/-10 NAVSHIPS 900.860.4 sp TCP/-1/-2/-3 NAVSHIPS 900868 rL VH NAVSHIPS 900934 F 23445 NAVSHIPS 900.777 g
SO-19M /N SHIPS 294 F TCS-6 NAVSHIPS 900269-1B T Y| NAVSHIPS 900,829 (A) F 23496 NAVSHIPS 93.006 T
we SHPPS 2 ¥ TCS-7/-9/-10/-11/-12  NAVSHIPS 900201 (A) V] NAVSHIPS 900,829 (A) ~ Ch. #1 23497 NAVSHIPS 900777 F
sp NAVSHIPS 900,534 F —— - o . v NAVSHIPS 900,829 (A) o i ot s :
SP-1M NAVSHIPS 9005604  SP e NAVSHIPS 900201 (B) ] o Y n 28525 NAVSHIPS 900357 pamphlet
SR.2 NAVSHIPS 900577 (A) T o r Nt Al V] NAVSHIPS 900,829 (A) 94325 NAVSHIPS 900,687 ¥
o= AR 5 900577 (A) TCS-14/-15 NAVSHIPS 900,705 ¥ - S A et 35060 G i g
SR-2 UHF TCU NAVSHIPS 900,401 r ; CAVSHIPS 900 899 - QLIRS B s

Coaxial Line NAVSHIPS 900579 (A)  F TGCZ-1 B o e OH V] NAVSHIPS 900828 (A) 16169 NAVSHIPS 900804 F
SR-3 NAVSHIPS 900539 NAVRHIES 95550 E = L 49545 NAVSHIPS 900.853 I
it DL SNN S E (Ed.#1) V] , NAVSHIPS 900829 (\) 50064\ LAVSHIPS 900491 ¥
SR-3 NAVSHIPS 900.539.1 IH TCZ-1/-2 NAVSHIPS 900,481 (\) ¥ : 4 sp : rh \..\\'_‘TIIII; ( ) - '
SR-3 NAVSHIPS 900,539.2 oH TDE/-1/-2 NAVSHIPS 900,389-1B T V-22/M A NAVSHIPS 95,357 DB :0”” NAVSHIPS .mn.;tm ¥
SR.% NAVSHIPS 900,539.8 MH TDE/-1/-2/-3 NAVSHIPS 900,887 PL WCA/-1/-2/-3 ﬁ NAVSHIPS 900.663 1o 50103 NAVSHIPS 900,816 F
SR 3 NAVSHIPS 900.539.4 sp TDF NAVSHIPS 900,912 RPL WCA /-1 V't NAVSHIPS 9000454  SP 50124 NAVSHIPS 900 816 ¥
s SHIPS 335 ¥ TDG-1 NAVSHIPS 900,620 ¥ WCA-2/-8 NAVSHIPS 900525 - sP 127 NAVSHIPS 900.819 ¥
SS NAVSHIPS 900,746.1 1H TDH-2 NAVSHIPS 95,332 I g WDA/-1 NAVSHIPS 900 436 ¥ -'_30149 NAVSHIPS Eltm,!ii.\‘ 1
58 NAVSHIPS 900,746.2 OH TDH-3 NAVSHIPS 900.904 I WEA-1 NAVSHIPS 9003507 r it NAVSHIPS 900,778 F
38 NAVSHIPS 900,746.3 MH TDH-4 NAVSHIPS 900,798 I N-DAX NAVSHIPS 95,081 r 50202 NAVSHIPS 900,783 ¥
55 NAVSHIPS 900,746.4 Sp TDM-1 NAVSHIPS 900,832 I i X-DAY NAVSHIPS 95,082 P ’gf’; »\‘r\\f-‘a‘HH}" 900,857 r
SU SHIPS 313-2 S #2 TDN/-2/-8/-4 NAVSHIPS 93335 P X-DA7Z NAVSHIPS 95,083 P 2 f,[::, NAVSHIPS 900,783 v
SU/-1 A to T THO NAVSHIPS 900915 PL . XDhw N AVSHIPS 900997 F .1?5(1].: ::::}:::1: E:;’;;)l‘]_,;l Il

ntenna . s ' " ; " SR ors " 51005 NAVSHIPS 90072

Service Kit NAVSHIPS 900814 F T0 Nr.\\-'snnz.‘: 900,263 (A) xRDJ , \,'“.}f““,'? ?:g’f,’.’f('\) ¥ 53191 NAVSHIPS 900,720 1
5V NAVSHIPS 900348 (A) TB TDY- RUVATIES M0aitA) T N RDZ-2 NAVSHIPS 900,957 ¢ 532194 NAVSHIPS 900,382 I
SV SHIPS 841 v I'En NAVSHIPS 900,352 (A) T YA-1/-2 NAVSHIPS 900,220 13 e R .

SV NAVSHIPS 000,822.1 1981 TEC NAVSHIPS 900212 r YG-1/-2 NAVSHIPS 900252-1B-1 § #1 53319 NAVSHIPS 900,880 Pamphlet
SV-l NAVSHIPS 900,822.2 OH TS-28/UPN NAVSHIPS 900521 (A) F i to ¥ 53149 NAVSHIPS 900371 (A)  F
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Model Short Title Edition
55180 NAVSHIPS 900,724 T
60007 NAVSHIPS 900,628 T
60089 NAVSHIPS 900,744 T
60094 NAVSHIPS 95,437 ¥
60140 NAVSHIPS 900,786 F
66131 NAVSHIPS 900,656 F
66132 NAVSHIPS 900,794 ¥
211135 NAVSHIPS 900,573 r
211303 NAVSHIPS 900,626 F
211304 NAVSHIPS 900,629 (A) T
211305 NAVSHIPS 900,629(A) F
211347 NAVSHIPS 900,630 F
211348 NAVSHIPS 900,630 T
211414 NAVSHIPS 900,589 F
211574 NAVSHIPS 900,760 F
211575 NAVSHIPS 900,760 F
211627 NAVSHIPS 900,631 F
211757 NAVSHIPS 900,631 ¥
301227 NAVSHIPS 900,803 F
471138 NAVSHIPS 900,972 F
491120 NAVSHIPS 95417 F
491481 NAVSHIPS 900,931 I

—G. L.
LIST 2
Model Short Title Edition

Boehme Automatic
Keying Unit

Expansion Dry-Air
Adaptor 100A

High-Frequency Sweep

Generator Model
7098

Q Meters 100A, 160A

and 170A
Teletype, Model 14
Teletvpe, Models 14,

NAVSHIPS 95.463

NAVSHIPS 900,813

NAVSHIPS 95,571

NAVSHIPS 95.548
NAVSHIPS 95,450

F

r
F (M GG)

15 and 19 NAVSHIPS 95,589 F (M 26)
Teletype Reperforator,
Model 14 NAVSHIPS 95,445 F(M9)
Volt-Ohm-Ma Meter,
Model 202 NAVSHIPS 95,556 ¥
KEY TO ABBREVIATIONS
Ch. Change MI Maintenance
Instructions
CI Complimentary
Instructions OH Operators’
DB Descriptive Haudbook
Booklet o1 Operating
LS Errata Sheets Instructions
¥ Final Book r Preliminary
Instruction Book
TH Installation
Handhook PI, Parts List
11 Installation RPL Havised

Instructions

LC Lubrication
Chart

Parts List

S Supplement

M Manual sp Spare Parts

Catalo
MD Maintenance ! B
Drawings SPL Supplementary
Parts List
MH Maintenance s e
Handbook TB Temporary Book

UHF CRYSTALS

Several reports have reached the Bureau recently
from ships indicating difficulty in obtaining crystals
for their u-h-f equipment. Crystals are now plenti-
ful and distribution is regular.

U-h-f crystals are stocked by the Naval Gun Fac-
tory, Washington, D. C., and Electronic Supply
Center, Naval Supply Depot, Oakland. Distribu-
tion is made by means of Bureau shipment orders
upon the request of the Electronics Officer of the in-
stalling activity. Admittedly, manufacture and dis-
tribution was slow at the early part of the u-h-f pro-
gram but now the situation is alleviated.

In January, 1946 the Chief of Naval Operations
established Crystal Allowances for Models TDZ,
RDZ, MAR and RDR. equipments. In order that
every ship will have available when needed a crystal
[or ecach operating [requency, complete sets of 100
crystals each are issued. One additional crystal will
be furnished for TDZ and RDZ equipment. This
is for the common watch frequency of 243.0 mc. In-
dividual crystals can also be obtained to replace
[ailures or breakage.

For TDZ, RDZ and MAR cquipments, two sets
ol cach type for cach ship are allowed, regardless
ol the number of cquipments installed.

For RDR cquigment, two sets ol crystals are al-
lowed for cach ship, regardless of the number of
equipments installed, except in those cases where
MAR cquipment is also installed. In such cases no
crystals are allowed for RDR equipment.

Ships having u-h-f equipment installed and less
than the authorized allowance of crystals, should
apply to the nearest Electronics Officer.

I not near an Electronics Officer, a request
should be forwarded to the Burcau of Ships giving
the type ol equipment installed and the number of
scts ol crystals aboard. Where ships have more
than the allowed number of scts of crystals, the ex-
cess should be turned in to the nearest Llectronics
Officer for redistribution to the ships not having the
required number,

B This chapter is concerned with the nature and in-
ternal structure of atoms. Although, to physicists,
atomic and nuclear physics is a complex subject
about which much remains to be learned, the elec-
tronics student is fortunate in that he needs only a
qualitative understanding of the subject in order to
readily visualize clectrical and electronics princi-
ples. Primary interest here will center in the plane-
tary electrons of the atom—the internal structure of
the nucleus and the energy stored therein being of
little immediate interest.

Although the Greeks had visualized the world as
being composed of minute primary or “building-
block™ particles called atoms, it remained for John
Dalton, an English schoolmaster who worked early
in the 19th century, to formulate the atomic hy-
pothesis which eventually became the foundation
of modern chemistry and physics. According to
this hypothesis, all matter is made up of atoms. An
atom is the smallest particle one can obtain by suc-
cessive subdivision of a given picce of matter that
will still retain all the properties of the matter.

Nature in her economy needs scarcely more than
ninety kinds of atoms—which is to say ninety ele-
ments—to construct hundreds of thousands ol dif-
ferent substances. These elements are given in
table I. Those above No. 82 are radioactive, which
means that the very atoms ol which they are com-
posed are undergoing individual disintegration,
forming new atoms of lighter weight. Such [orma-
tion of new atoms is known as {ransmutation, and
leads us to believe that, although they no longer
exist, millions of years ago elements above No. 92
were to be found in nature. It is to be noted that
clements numbers 93 to 96 have been synthesized
artificially in the manulacture of the atomic bomb.
Some of the elements listed in the table are not be-
lieved to exist in natural form, while others are so
rare as to have little economic significance,

K

nature of matter

'BASIC PHYSICS-Part & @ |

: y y

Electrons, Protons, and Neutrons. Dalton conceived
the atom as the ultimate indivisible particle, but
atomic research has revealed that the atom may be
subdivided into a variety of small particles, the
most important of which are neutrons, protons, and
clectrons. An understanding of the nature and
properties of these atomic particles reveals the
fundamental electrical nature of all matter.

Neutrons, protons, and electrons are the building
blocks of atoms and are believed to be individually
distinct particles of pure electrical energy. Elec-
tricity, as a form of energy, is not expected to pos-
sess mass but, when considering the particles indi-
vidually, mass becomes their most important physi-
cal property. The mass of any single particle is very
small but, since it is customary to deal with such
large numbers of them, their mass effects are ap-
preciable. Much experimental work has been ac-

complished in establishing the mass of the proton
and electron:

Mass of proton — 1.661 x 102 gram.
Mass of electron = 8.99 x 10-*% gram.
1661 x 102

— — — 1847
Mass of electron 8.99 x 10—+~

Mass of proton

Although the mass of the proton is about 1847
times greater than that of the clectron, modern
theory indicates that the proton has a volume much
less than that of the clectron. The density of pro-
tons is great, so great in fact that a minute drop of
them would weigh millions of tons. However, rela-
tively speaking, the electron and the proton are so
much smaller than particles of matter of ordinary
size, indeed even atoms, that the student should
consider them as being of about the same volume.

‘The neutron may be thought of as a proton and
an electron in such a tight embrace that an inordi-
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nately large quantity of energy must be used to
separate them. The mass of a neutron may be
taken as the mass of a proton, the small additional
mass of the clectron being neglected.

A single atom is so small that there is little pos-
sibility that man will ever be able to view the in-
ternal structure directly. Present knowledge of
atomic structure is based upon observation of the
forces exerted by atomic particles and the electrical
and mass effects observed when such particles are

in motioi.

Since all atomic particles possess mass, it would
scem that gravitational forces might play an im-
portant part within the atom. The observed forces,
however, are much larger than can be accounted
for by gravitational forces alone. It is common ex-
perience that charged bodies attract or repel each
other with forces that are purely electrical in na-
ture. A fountain pen that has been charged by fric-
tion, for example, can be used to pick up bits of
paper. Forces of this class, it is felt, play a large
part in the atom, but even though much of our
knowledge of the cxact nature of sub-atomic forces
is complete, still more is incomplete, observation
showing us in many cases that sub-atomic behavior
is not strictly analogous to similar large-scale be-
havior. Such questions, however, are beyond the
scope of this work.

The study of the internal structure of atoms be-
gins with certain fundamental concepts. Neutrons,
protons and electrons are the fundamental building-
blocks of all atoms, one atom differing from another
only in the total number, kind, and arrangement
of the particles. Neutrons, protons, and elec-
trons differ primarily in their electrical properties.
Fach is identified in terms of the effccts of its
mass and the electrical force it exerts, the direction
in which the [orce is exerted, and the way in which
it reacts when subjected to an external electrical
or magnetic force. All neutrons are identical, all
protons are identical, all electrons are identical. By
convention, clectrons are said to be negatively-
charged, and protons postively-charged. Neutrons
are electrically ncutral. A proton is identified by
the fact that it exerts an electrical force of attrac-
tion for all electrons and an electrical force of re-
pulsion against all other protons. An clectron cx-
erts an clectrical force of attraction for all protons
and an electrical force of repulsion against all other
electrons.

The forces acting between an clectron and a pro-
ton balance each other, which indicates that both
particles represent the same quantity of electricity

and hence possess cqual charges, although the pro-
ton has a greater mass than the electron. A proton
attracts an electron and repels a proton; an clectron
attracts a proton and rcpels an electron; hence, the
two particles exert clectrical forces in opposite di-
rections. This is the condition which is covered in

the concept of polarity. There are a varicty of

statements which may be made to indicate this
polarity: l—a proton has a positive, an clectron

negative polarity; 2—a proton represents an clemen-

tary charge of 41, and an electron an clementary
charge of -1. 3—a proton exerts a positive clectric
force, and the electron a negative elcctric [orce:
The fundamental law of charges, of which this is
a special case, states that charges of like polarily
repel, charges of unlike polarity attract.

Since protons and clectrons exert cqual forces n
opposite directions, when two such particles com-
bine to form a neutron the effective force is zeroj
the neutron is in electrical equilibrium and is
electrically neutral. In the neutron, the clectrical
force of attraction between proton and clectron
binds the two particles tightly together but the
force is entirely self-contained. Externally the ncu-
tron does not seem to be a quantity of clectrical
encrgy because it does not exhibit the characteris-
tics of an electric charge. That is why the ncutron

Is often said to be a particle of “mass without
charge.”

Electric Charges. 1t scems appropriate at this time
before ¢xamining the structure of the atom to pre-
sent more information on the behavior of clectric

charges, particularly with regard to charged bodics
of matter.

'Elcctrons and protons, and electrical charges on
pieces of matter, are found to attract or repel in ac-
cordance with Coulomb’s law which states that the
clectrical force of attraction or repulsion between
two charges: I—uvaries directly as the magnitude of
the charges, 2—varies inversely as the square of the
distance of separation between them, and 3—is a
Jorce of attraction if the charges are of opposite
polarity, and a vepulsive force if the charges possess
the same polarity. It is important that the inverse-
squarc variation be understood fully. If the dis-
tance between charges is doubled, the force is re-
duced to one-fourth; if the distance is tripled, the
force is only onc-ninth as great. Converscly, if the
distance is halved, the force is multiplied by a fac
tor of four; if the distance is reduced to one-third,
the force is increased nine times. When the dis-
tance of separation is relatively great, a small
change in distance has little effcct on the magnitude:

of the force. When the distance of separation is
small, the slight change in distance produces a great
change in the force. Theoretically, the force ex-
erted by electric charge extends to infinity and
hence is exerted against all other charges in the
universe.

Normal matter is electrically neutral by virtue of
two conditions: l—it contains equal numbers of
protons and electrons; and 2—the distribution of
protons and electrons is uniform. Matter will ex-
hibit the properties of an electric charge il either
of the above conditions is disturbed. In normal
matter, the ratio of protons to electrons is unity.
If eclectrons are removed (or protons added) the
ratio becomes greater than unity, protons pre-
dominate, and the matter acts like a positive
charge. I electrons are added (or protons re-
moved), the ratio is less than unity, electrons pre-

dominate, and the matter exhibits the characteris-

tics of a negative charge.

Study of atomic structure shows that clectrons
have a greater degree of mobility than protons. In
solids, protons are confined within a relatively
small volume of space within each atom, but clec-
trons may readily transfer from atom to atom. In
liquids and gases, protons have some mobility
(since the whole nucleus moves) but, being more
massive than clectrons, they move much more
slowly. It is customary to define an clectric charge
in terms of an cxcess or deficiency of clectrons, be-
cause the electrons possess the greater degree of
mobility: a positively-charged body ol matter is
said to have a deficiency of electrons, a negatively-
charged body, an excess ol electrons.

When a glass rod is rubbed with cat’s fur, some
of the electrons in the glass are transferred to the
fur. The glass becomes positively charged, the fur,
negatively charged. The magnitude of either
charge will vary directly according to the number
ol electrons transferred, and is measured in terms
of the force it will exert on a standard unit charge.
The standards for measuring such charges will be
discussed in the next chapter.

In ncutral matter equal numbers ol protons and
clectrons are distributed uniformly throughout the
substance. In such matter the force exerted by any
given clectron is counterbalanced by that exerted
by an adjacent proton, so that externally therc is
no cvidence of an electric charge. If this uniform
distribution of electrons and protons is disturbed,

the matter itself gives evidence of being electrically

charged. How non-uniform distribution can be ac-

complished is demonstrated in figure 1. A glass
rod is rubbed with cat’s [ur to give the rod a posi-
tive charge. When the rod is brought near a neu-
tral pithball, the ball is attracted toward the rod.
Electrons in the ball tend to move toward the glass
rod, so that an excess of electrons appears on the
right side of the ball, making that side negative.
The left side of the ball has a deficiency of elec-
trons and represents a positive charge. If the glass
rod is removed from the vicinity of the pithball,
the distribution of the electrons in the ball returns
to normal and the ball is again neutral. However,
if the rod touches the ball, electrons pass from the
ball to the rod, decreasing the positive charge of
the rod, but creating a deficiency of electrons in
the ball. The rod and ball will then repel each
other because both now have a deficiency of elec-
trons (positive charge) .

?+ + CHARGED
QII ROD

+

Ficure 1—Induced charges.

Charges produced in neutral matter by the eflect
of an external charge are called induced charges,
and the process by which they are produced is
called induction. ‘This process plays many impor-
tant roles in electrical and clectronic phenomena.

THE STRUCTURE OF ATOMS

It is customary and helpful to visualize an atom
as a miniaturc solar system. Practically the entire
mass of an atom is contained in a central core or
nucleus composed of protons and ncutrons tightly
and intimately bound together. Around the nu-
cleus rotate onc or more planetary electrons, spin-
ning on their axes in much the same manner as
does the carth in its passage around the sun. The
idca of a miniature solar system is more firmly
grasped by considering the dimensions of an atom.
Hydrogen, clement No. 1, has the simplest internal
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FIGURE 2—drrangement of planetary electrons, protons and neutrons in the nucleus, for the first
twelve elements in the periodic table.

structure. A hydrogen atom is composed of one
proton around which rotates a single planetary elec-
tron. The diameter of the proton is about 10-2
cm, the diameter of the electron orbit about ten
thousand times greater, or 10-* cm. Such very small
dimensions are difficult to visualize. This fact helps,
however: if a hydrogen atom could be magnified un-
til the proton had a diameter of one foot, the diame-
ter ol the electron orbit would be ten thousand
feet, if a tircular orbit is assumed. The electron
would be spaced about 5000 feet from the proton.
Since the volume of a sphere varies as the cube of
the radius, it should be evident that the electron
and proton occupy only a minute portion of the
space bounded by the electron orbit. An atom, like
the solar system, is practically all empty space.

Hydrogen, the lightest of all the elements, is a
gas at normal temperature and pressure. Under
normal conditions, hydrogen has a diatomic molecu-
lar composition, which means each molecule is com-
posed of two hydrogen atoms. Apparently, two pro-
tons, by sharing their electrons, form a more stable
combination than a single proton and electron.
Oxygen, nitrogen, and chlorine are other gases that,
under normal conditions, have a diatomic molecu-
lar composition. When hydrogen is solidified, it
has the properties of a light metal similar to
lithium.

Helium, element No. 2, has an atomic structure
composed of two protons, two clectrons, and two
neutrons. The two neutrons and two protons are
combined in the nucleus and together comprise
what is known as an alpha particle, important in
the study of nuclear physics and radioactivity. The
helium atom always has a monatomic structure;
that is, a molecule of helium is always composed of
a single atom. Helium is called an inert gas be-
cause it will not combine chemically with any other
clement. Although a helium atom weighs about
four times as much as a hydrogen atom, the fact
that helium is monatomic, whereas hydrogen is dia-
tomic, makes the molecular weight of helium only
twice that of hydrogen.

Lithium, element No. 3, classified as a light metal,
has an atomic structure composed of three protons,
four necutrons and three clectrons. Its atomic
weight is about seven times that of hydrogen. Fig-
ure 2 is a crude representation of the atomic struc-
ture of clements Nos. 1 to 12 inclusive. A study of
this figure will indicate that the atomic number of
an element is identical with the number of protons
in its nucleus, and also with the number of plane-
tary electrons in a neutral atom of the element.

Atomic Weight. In general, the atomic weight is
representative of the number of neutrons and pro-
tons in the nucleus, the very small mass of the elec-
tron being ignored. In measuring atomic weight it
is customary to measure the weight of a given
volume of the element and divide the result by the
number of atoms in that volume. This yields the
average atomic weight. For many years physicists
were puzzled by the fact that such measurements
did not yield whole number weights. Since the nu-
cleus must contain a whole number of neutrons and
protons, cach atom should have a weight equal to
a whole number times the weight of hydrogen.
The puzzle was solved by the discovery of heavy
hydrogen in 1932. The nucleus of a heavy hydro-
gen atom contains one neutron and one proton and
hence weighs twice as much as a normal hydrogen
atom. In any given volume of hydrogen about
eight out of every one thousand atoms will be of
the heavy type. The puzzle remained unsolved for
so many years because all atoms of an element dem-
onstrate identical chemical properties.

An atom that exhibits the same chemical prop-
erties as other atoms of the element but differs in
weight is call an atom of an isotope of that element.
The term isotope, like the term element, is used in
reference to atoms or isotopes in bulk. Since the
discovery of heavy hydrogen, isotopes of all the ele-
ments have been found. It is an odd fact that
among the elements, as found in nature, the ratio
of one isotope to another is a constant so that any
measurement of atomic weight of different samples
leads to the same average value. Chlorine, in natu-
ral form, has two isotopes. Three chlorine atoms
out of four will have a relative weight of 35.00, but
the fourth will have a weight of 37.00. The average
atomic weight of chlorine works out to

3 x 35) + 87
4

= 35.5

In nuclear physics a special form of notation is
used to describe the exact atomic weight of an
atom. The symbol ;,Ne*® refers to an atom of cle-
ment No. 10, ncon, having a weight 20 times that
of a normal hydrogen atom. When this method is
used, the atomic weight is always a whole number.

The Nucleus. Just a brief word here about the
internal ‘arrangement of ncutrons and protons in
the nucleus and the cnergy stored therein. The
atomic bomb is sufficient evidence that the nucleus
represents potential cnergy. Since protons repel
each other, it would scem that strong forces of re-
pulsion between these particles would tend to dis-
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integrate the nuclei of all atoms. It is now believed
that this does not happen because some type of
stabilizing influence within the nucleus is exerted
by the neutrons. Some unknown type of force,
analogous to surface tension in a drop of water, is
believed to hold the nucleus together. The binding
forces of this tension decrease much more rapidly
with increase in nuclear radius than the decrease in
the forces of repulsion with increased spacing be-
tween protons. In elements above No. 82, the
radius of the nucleus becomes so great that some-
times a slight nuclear disturbance causes the forces
of repulsion to exceed the “surface tension.” When
this occurs, the nucleus ejects a nuclear particle or
a wave of energy which decreases the atomic weight
of the atom. This wave of energy results from the
conversion of some of the nuclear mass into energy,
in accordance with one of the basic premises of nu-
clear physics. This law, due to Einstein, states that
mass and cnergy are equivalent; that is to say, that
mass can be converted to energy and energy to
mass. Dramatic proof: Hiroshima.

The Periodic Law and the Bohr Atom Model.
The first table of atomic weights was published
about 1860, and shortly thereafter several investi-
gators noted a peculiar relationship between prop-
erties of the elements and their atomic weights.
Mendeleeff, a Russian chemist, summarized these
findings in the Periodic Law, which states that the
chemical properties of the elements are periodic
functions of their atomic weights. The elements
may be arranged in five distinct classes: light
metals, heavy metals, non-metals, rare-earth metals,
and inert gases. A sequence of elements beginning
with a light metal and ending with an inert gas
comstitutes a period. If arrangements are made in
this way, the following periods are obtained:

First Period—2 elements—H, and He.
Second Period—8 elements—Li to Ne.
Third Period—8 elements—Na to A.
Fourth Period—18 elements—K to Kr.
Fifth Period—18 elements—Rb to Xe.
Sixth Period—32 elements—Cs to Rn.

Since the chemical properties of an element are
known to be a function of the planetary electrons,
the 2-8-8-18-18-32 pattern must refer to the arrange-
ment of planetary electrons around the nucleus.
Ingenious work, so characteristic of modern physics,
has proved this to be true. For practical purposes,
the atom may be considered as a postively-charged
nucleus surrounded by rotating electrons. This is
essentially the atom model originally conceived by

FiGURE 3—Electron shells.

the Englishman, Rutherford, and brilliantly devel-
oped by the Danish physicist, Niels Bohr. The elec-
trons, Bohr assumed, are arranged in concentric cir-
cular orbits about the nucleus, and are held in
place by the Coulomb attraction of the nucleus
which is just balanced by the centrifugal force of
rotation. Bohr went further and said that only a
limited number of orbits are possible. (The radii
are to each other as the squares of the integers:
1%, 22, 82, etc.) This restriction on the possible or-
bits was one of Bohr’s most striking assumptions,

and was completely at variance with previous
theory.

FIGURE 4—Distribution of electrons in shells about
an atom of radon.

A given orbit may contain several electrons and
is then said to constitute a “shell.” These concen-
tric shells are indicated in a crude manner in figure
3, where it may be noted that, in accordance with
customary convention, they are designated by capi-
tal letters: K for the innermost shell, L for the
next, then M, etc. In a given element, the K-shell
is the most stable, and the electrons in it most
tightly-bound to the nucleus, the L the next most
stable, etc. The arrangement of shells for the ele-
ment radon is shown in figure 4.

The explanation for the periodicity of the ele-
ments which is evidenced in the periodic table was
given by Bohr and Pauli. Using the Bohr model,
they assumed that Nature had placed a limit on the
number of electrons which each shell could contain,
Once a shell had been filled, no more electrons
could be added, additional electrons being accom-
modated by fitting into the next-outermost shell.
The maximum number permitted in the K-shell is
2, in the L-shell, 8, in the M-shell, also 8, in the
N-shell, 18, etc., in accordance with the 2-8-8-18-32-
etc. pattern already noted. Thus Nature builds up
her whole scries of elements. Let us see how this
works, by referring to figure 2. Hydrogen has one
electron which (under normal conditions) is in the
K-shell. Helium has two electrons, both in the
K-shell. The K-shell is now filled. Lithium, ele-
ment No. 3 with three planetary electrons, has two
in the filled K-shell, and one in the unfilled L-shell.
The maximum number permitted in the L-shell is
8, so that we can expect scven more elements to be
built up by successively adding more clectrons to
the L-shell. The L-shell is built up from lithium
through berylium, boron, carbon, nitrogen, oxygen,
fluorine, to neon. Sodium has both the K- and the
L-shells completely filled, so that its additional elec-
tron must lie in the M-shell. In a similar manner
are the remainder of the clements built up. An in-
teresting fact appears: Whenever an atom is found
where all the shells are completely filled, it is found
to be an atom of one of the inert gases, helium,
neon, argon, krypton, xenon, and radon, which do
not combine chemically with other elements. These
elements are chemically stable because their shells
arc completely filled. A second fact of importance
also appears: All clements the atoms of which have
the same number of clectrons in their outermost
shells—the shells which determine chemical activity
—arc found to have similar chemical propertics.
This is the real basis for the arrangement of ele-
ments according to similar chemical behavior which
is inherent in the periodic table.

The Bohr model of the atom is very successful in
explaining not only the periodic table, but also
the phenomena of certain types of important
radiant electromagnetic energy, and of chemical
reactions.

Applications of Atomic Theory to Radiant En-
ergy. Radiant energy is energy in the form of elec-
tromagnetic waves. The wavelength of these radia-
tions varies over a very wide range. Their observed

"physical characteristics and their reactions on mat-

ter depends primarily upon wavelength and fre-
quency. These difference in physical characteristics
enable them to be classified into several distinct
categories. The wide gamut encompassed by radi-
ant energy is portrayed in figure 5, the so-called
electromagnetic spectrum. It embraces: I1—very
long electromagnetic waves, hundreds of miles in
wavelength, occurring on public utility electric
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FIGURE 5—Electromagnetic spectrum.

power transmission lines; 2—radio waves, the
ETM’s bread and butter; 3—infra-red or heat rays;
4—visible light rays; 5—ultra-violet (“black light’)
which causes sunburn; 6—X-rays; 7—gamma-rays,
cmitted by such radioactive materials as radium,
and at least as small as 10-° centimeters in wave-
length. There is cvidence of the existence of waves
of even shorter wavelength (higher frequencies) as-

sociated with the so-called cosmic rays.

The {requency, or the number of cycles per sec-
ond, is related to the velocity of propagation of the
waves (3 x 10" cm/sec or 186,000 mi/sec for all
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electromagnetic waves) and the wavelength by the
familiar equation:
3 x 10° m/sec

wavelength in meters

frequency in cycles/second =

Physicists now know that the various classes of
electromagnetic waves are produced by different
fundamental physical mechanisms:

1—The very long electromagnetic and the radio
waves are produced by the to-and-fro motion of
electric charges.

2—Infrared radiation is produced by oscillations
and vibrations of molecules.

3—Light rays, ultra-violet rays, and X-rays are pro-
duced by the planetary electrons of individual
atoms.

4—Gamma-rays are of nuclear origin.

It is in the quantitative application to visible, ultra-
violet, and X-rays that the Bohr atom model has
received its most brilliant substantiation.

We have stated that Bohr assumed that the plane-
tary electrons could exist only in certain orbits or
shells. This assumption means that: 1—the plane-
tary electrons can possess only certain distinct val-
ues of energy, and 2—the electrons do not radiate
clectromagnetic energy when they are circulating
about the nucleus in their allowed orbits. Other-
wise, as their kinetic energy was lost by radiation,
the electrons would spiral inward toward the nu-
cleus and the entire atomic structure would eventu-
ally collapse. The second conclusion is contrary to
the obvious fact that matter is permanent. How,
then, is one to explain radiation?

Bohr felt that radiation occurred as a result of
an electron changing its energy level by shifting
from onc electron orbit to another. In the case of
ncon, for example (sce figure 2), one of the elec-
trons in the L-shell may absorb external energy
and jump into the M-shell, which is normally un-
occupied. When this occurs the atom is said to be
excited. An excited atom is unstable and shows a
strong tendency to return to a more stable condi-
tion. To return to a normal unexcited condition
the electron jumps inward to a more stable but
lower energy orbit. The excess energy of the elec-
tron is radiated in the form of an electromagnetic
wave, the frequency and energy of which is deter-
mincd by the energy of the orbits involved in the
electron shift. If the energy difference between
orbits is relatively small, visible light is generated;
if the energy difference is larger, ultra-violet rays
will appear; if the energy difference has a still
greater magnitude, X-rays will be emanated.

X-rays are usually produced by bombarding a
tungsten target with high-velocity electrons in a

special thermionic vacuum tube designed for the
purpose.

_ It should be Tepeated that this type of mechanism
in tl.le' atom is responsible only for the production
of v1§1b]e light, ultra-violet light, and X-rays. Pro-
duction of the other types of radiation will be con-

sxderefl when it is desirable to do so under the ap-
propriate heading,

- Incidentally, if the electrons are excited strongly
e.nough in the development of these types of radia-
tions, they may gain enough kinetic energy to over-
come the nuclear attraction, escape from the atom,
and leave it with , preponderance of positive

chflrge. Thf: atom is then said to be ionized; in
this case it is a positive ion.

Atomic Explanation of Chemical Reactions. TheA
Bohr atom mode] js a5 helpful in understanding

chemical behavior as it is in the ficld of radiant
energy.

Tl}e chemical Properties of an element arc de-
termined by the electrons in the outermost electron
shell. A lithium atom has two electrons in the
K-§hell and one in the L-shell. The outer elcctron,
being about four times more distant from the nu-
cleus than the inner electrons, is held by a force of
nuclear attraction only about one-sixteenth as
great as that exerted on electrons in the K-shell. If
cnergy 1s supplied in some way to a lithium atom,
the oufer electron will be the first to be affected be-
causc lt. is subject to the least nuclear attraction.
If sufficicnt energy js supplied to an atom the outer
electron may become sufficiently accelerated to over-
come nuclear attraction and escape from the atom.
The atom would then become 2 positive ion be-
cause the three Protons in the nucleus would pre-
dominate over the two remaining planetary clec
trons. Elements whose atoms have outer shells less
than half filled with electrons show strong tenden-
cies to give up clectrons when excited and to form

positive 1ons. Such elements are sajd to be eleciro-
posiitve.

"The fluorine atom contains seven electrons in its
outer shell and shows a strong tendency to fill this
outer shell by picking up any stray electrons. When
the shell is filled, the atom contains an excess of
electrons and hence acts like a negative charge. An
atom that has gained an extra electron is called a
negative ion, and atoms that are readily changed
to negative ions are said to be electronegative.

It should be evident that, if lithium and fluorine
are mixed and the mixture excited in some way,
electrons may shift from lithium to the fluorine
atom. The two atoms would then be bound to-
gether as a new unit (a molecule) by the attraction
of unlike charges. The molecule formed by the
positive lithium ion and the negative fluorine atom
is the smallest chemical subdivision of the chemical
compound lithium fluoride. This is the basic idea
underlying most chemical reactions.

Chemical valence has a number of fine distinc-
tions, but in general it refers to the number of elec-
trons an atom will give up or accept in a chemical
reaction. The valence of an ion is defined as the
ratio of the charge of the ion to the charge of an
electron. Lithium has a valence of -1 because it
gives up one electron in forming a positive ion.
Fluorine has a valence of +1. Elements like car-
bon which have their outer shells about half-filled
with clectrons may give up or accept electrons with
equal case. Such an element is both electropositive
and clectronegative, and hence can form great num-
bers of compounds. The chemical activity of carbon
is apparent from the fact that over 500,000 carbon

compounds are known.

The chemical symbols of the elements are useful
in describing the chemical composition of matter
and the action that takes place in a chemical reac-
tion. They will be briefly discussed here. Chemical
formulas are of two kinds, molecular and conven-
tional. A molecular formula is an expression (com-
posed of chemical symbols) which indicates the
kind and number of atoms in a specific molecule.
For example, an oxygen molecule contains two oxy-
gen atoms, as indicated by the symbol Oy; a mole-

Cl Na

SINGLE CRYSTAL 4

OF Nacl / ] ‘/\/

MULTIPLE CRYSTAL
OF NacGl

Ficure 6-—Salt crystals.

cule of ammonia contains one nitrogen and three
L) . .
hydrogen atoms, as indicated by the symbol NHj.

A conventional or empirical formula merely
shows the relative number of different kinds of
atoms in an indefinite quantity of a compound.
NaCl is the symbol for common salt, but it does
not mean that each salt molecule is composed of
a single atom each of sodium and chlorine. A crys-
tal of salt is composed of equal numbers of positive
sodium ions and negative chlorine ions interlocked
in a crystal-like structure in such a way that no
one sodium atom is distinctly paired with any par-
ticular chlorine atom.

In general, molecular formulas apply to gases,
conventional formulas to liquids and solids. There
is no general method by which one type of formula
can be distinguished from the other, and for our
purposes the distinction is of no great import.

Chemical formulas are frequently used to de-
scribe a chemical reaction. Potassium chlorate is
a compound represented by the symbol KCIQ;.
When potassium chlorate is decomposed to potas-
sium chloride the reaction is described by the
formula

KClO; — KCI + O,

where the arrow indicates that a chemical reaction
has taken place. This formula is said to be unbal-
anced because the member to the left of the arrow
contains five atoms (one potassium, one chlorine,
and three oxygen) while the right-hand member
contains only four. A balanced formula for the
same reaction is obtained by indicating the propor-
tional division of the substance into the correct
member of molecules. Thus,

2KCIO; — 2KCl + 30,

Note that a number preceding a chemical term mul-
tiplies all the atoms in that term. Both sides of this
formula contain 10 atoms, so every atom is ac-
counted for.

Chemical formulas arc not to be taken as exdict
equations but rather as genceral statements of the
reaction that occurs. The nature of the formula
gives no indication of the cnergy conditions.
Chemical changes that liberate energy in the form
of heat are called exothermic rcactions. Changes
that absorb encrgy in some form are called endo-
thermic reactions. Burning coal is a chemical re-
action between carbon and oxygen which forms
carbon dioxide, CO,, and releases heat energy.
Water, H,O can be decomposed to hydrogen and
oxygen by supplying a large quantity of heat
energy.
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Electron Movement in Solids. In order to obtain
a reasonable degree of simplicity in explaining the
atomic structure, it has been necessary to assume
that electrons rotate around the nucleus in layers
or groups. Although, as has been stated, the Bohr
atom was very satisfactory in quantitatively explain-
ing the lighter atoms, other researchers have refined
the planetary atom model in closer conformance
with the observed data on the heavier elements.
Closer agreement, for example, is achieved when
the electrons are thought of as rotating in elliptical
orbits instead of circular. In figure 7 appears such
a model for the copper atom. It will be noted that
the electron orbits form a veritable maze about the
nucleus.

FIGURE 7—-Model of copper atom, with elliptical
orbits assumed.

The planetary model of the atom with elliptical
orbits is helpful in understanding the behavior of
electrons in solids, such as copper. Referring to
the figure, it will be noted that the copper atom has
one electron in the outer shell that follows an el-
liptic orbit of large major diameter. When the elec-
tron reaches position A in that orbit, the force of
nuclear attraction is at 2 minimum. Only a slight
force is required to remove the electron from its
orbit at this point. At the instant that such sepa-

ration occurs, the electron is momentarily free to
move in any direction under the influence of an
external electric charge. The electron remains free
only for an instant before being captured by a
nearby nucleus, but in that instant it has a very
high degree of mobility. The number of highly-
mobile electrons in a unit volume of any substance
determines the electrical conductivity of that sub-
stance. A substance that has a large number of free
electrons per unit volume is called a conductor.
Substances that have relatively small number of
free electrons per unit volume are called non-
conductors or insulators. As would be expected,
there is no sharp line of demarcation between con-
ductors and non-conductors. Substances that might
be classified as partial conductors or partial insu-
lators are often called resistances or semi-conductors.

EXERCISES, PART 6

1. A proton is about times more massive
than an electron and has an electric charge the mag-
nitude of which is times the charge of the
electron,

2. A group of 10 protons is separated by a dis-
tance of 1 cm from a group of 8 electrons. The
force acting between the two groups, one of (at-
traction, repulsion) has a magnitude times
greater than the force between a single proton and
electron separated by the same distance.

j9" In problem 2, if the distance between charges
Is increased to 1.25 cm, the force will be (increased,
decreased) to of its original magnitude.

4. List the number of planetary clectrons in a
neutral atom of the following:

(a) Carbon
(b) Element No. 29

(c) Element having an atomic weight of
181

(d) 8 OH gzo-s“_

5. Electromagnetic waves having a wavelength of
5 x 10-* millimeters are being radiated from a cer-
tain substance. These waves would fall into what
portion of the radiant energy spectrum?

ANSWERS TO EXERCISE PROBLEMS, PART 5
1. 44 fc

2. 972 Btu.

3. 6.94 days.

4. 499, approximately.

5. 1.5%, approximately.

TABLE 1—Table of Elements

Atomic Chem. Atomic  Melt. Boil.  Spec. Describti
No. Element Sym. wt. Pt.°C  Pt.°C Grav. Valence escription

1.  Hydrogen H 1.0080 -259.14 -258.7 — 1 Lightest of all gases.

2. Helium He 4.003 -2722 . -2689 - 0 An inert, colorless, gaseous element first
observed spectroscopically in the sun's at-
mosphere.

3. Lithium Li 6.94 186 1220 0.534 1 Soft, white metal, lightest metal known.
Never found free in nature.

4. Beryllium Be 9.02 1350 1500 1.85 2 A rare, hard, whitish metal used in alloys

- where strength, light weight, and anti-
corrosion qualities are desired.

5. Boron B 10.82 2300-- 2550 2.5 3 Constituent of boric acid and borax. A
non-metallic element occurring only in
combination.

6. Carbon C 12.01 35004 4200 1.88- 2,8, Occurs in very large number of com-

225 or4 pounds, usually in plant and animal sub-
stances, or in compounds synthesized from
them. The diamond and graphite are
pure forms occurring in nature.

7. Nitrogen N 14008 -209.86  -1958 — 3,5, Gas. 789, of atmosphere.

or6

8. Oxygen (0] 16.000 -218.4 -183 - Most abundant element. Very active chem-
ically. Forms about one-fifth of the at-
mosphere. Vital to life.

9. Fluorine F 19.000 223 -187 - 1 Pale-yellow halogen gas, very active chemi-
cally, combining with many elements, but
not with oxygen.

10. Neon Ne 20.18  -249.67 2459 — 0 Inert gas.

11. Sodium Na 22.997 97.5 880 0.971 1 Soft, silvery-white alkali metal that burns
readily. Most common compound is salt
(NaCl).

12.  Magnesium Mg 2432 651 1110 1.74 2 Light, fairly tough, white metal that burns
with dazling white heat.

13. Aluminum Al 26.97 659.7 1800 2.699 3 Most abundant element in earth's crust,
and third most abundant among all ele-
ments.

14.  Silicon Si 28.06 1420 2600 242 4 Non-metallic solid resembling graphite.
Second most abundant element in earth's
crust.

15.  Phosphorus P 30.98 44.1 280 2.0 3ors Waxy red, yellow, or black solid. Poison-
ous. Ignites spontancously in air.

16.  Sulphur S 32.06 112.8- 4446 20 2,4,6 Pale-yellow, brittle solid insoluble in

119 water. Occurs widely.
17.  Chlorine cl 35457 -101.6 -346 — 1,8,5,  Greenish-ycllow halogen gas very active
7 chemically. Has irritating and suffocating
odor.

18. Argon A 39.944 -189.2 -185.17 — 0 Inert gas forming 0.8%, of atmosphere.

19. Potassium K 39.096 62.3 760  0.87 1 Soft, white, alkali metal that burns
readily.

20. Calcium Ca 40.08 810 1170 1.55 2 Alkali carth metal. Fifth most abundant
clement in earth’s crust.

21. Scandium Sc 45.10 1200 2400 - ] Rarc-carth metal.

292, Titanium Ti 479 1800 3000 45 Sor4 Lustrous, white metal used to harden steel
and to obtain opacity in high-grade white
paints.

23.  Vanadium \Y 50.95 1710 3000  5.96 2,8,4, Infusible, grayish metal used to harden

orb steel.

24.  Chromium Cr 52.01 1615 2200 7.1 2,8, Hard, grayish, infusible metal used in

or6 stainless stcel to harden it; also used to

harden certain other stecls, and in plating.
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TABLE 1—Table of Elements, continued

Atomic

Chem.

Atomic

Melt.

Boil.

Spec.

No.  Element Sym.  Wt. Pt.°C PL°C Grav. Valence Description
25. Manganese Mn 54.93 1260 1800 7.2 2,4,6, Hard, brittle, gray-white metal used in
or?7 many iron, copper, brass, and nickel al-
loys.

26. Iron Fe 55.85 1535 3000 7.85 2,3, Cheapest and most uscful of all metals.

r 6 Ductile and malleable. Has useful mag-
netic properties. Basic constituent of steel.

27. Cobalt Co 58.94 1480 3000 89 2o0r3 Brittle, hard, very-magnetic metal of gray-
ish color tinted with red. Used in many
magnetic alloys and as bluc coloring pig-
ment.

28, Nickel Ni 58.69 1455 2900 89 2o0r$8 Hard. malleable, ductile metal of high
tenacity much used in plating and alloys.

29, Copper Cu 63.57 1083 2300 8.93 lor2 Metal. Excellent thermal and electrical
conductor. Malleable and ductile. Most
common clectrical conductor.

30. Zinc Zn 65.38 419.5 907 7.14 2 Blue-white metal used in alloys, in gal-

‘ vanizing, and in electric dry-cells.

31. Gallium Ga 69.72 29.75 1600 5.91 20r3 Metal with low melting and high boiling
point. Used in high temperature ther-
mometers.

32, Germanium Ge 72.60 958 2700 5.36 4 Gray-white, brittle, crystalline metal.

33. Arsenic As 74.91 500 615 5.73 3orb Brittle, crystalline semi-metallic solid.
Forms very poisonous compounds. Much
used in insecticides.

34.  Selenium Se 78.96 220 688 438 2,4, Semi-metallic, gray solid used in glass and

or6 ceramic manufacturing. Electrical conduc-
tivity varies with degree of illumination.

35.  Bromine Br 79.916 -7.2 5878 — 1,3,5,  Only liquid non-metallic element. Highly

or7 volatile at normal room temperature and
has very irritating effect on eyes and
throat.

36. Krypton Kr 83.7 -157 -1529 — 0 Rare inert gas.

37. Rubidium Rb 85.48 38.5 700 1.53 1 Soft, white, rare alkali metal having
chemical properties similar to potassium.

38. Stronium Sr 87.63 752 1150 2.54 2 Hard, yellowish metal having chemical
properties similar to calcium. Used in
cathodes of vacuum tubes to increase
emission,

39. Yttrium Yb 88.92 1490 2500 5.5 Rare-earth metal.

40. Zirconium Zr 91.22 1900 2900 Metal, semi-precious gem. Used in paints,
insulators, and abrasives.

41. Cc?]umbiun or Ch

Niobium Nb 9291 1950 2900 8.4 3or}h Very rarc metallic clement. Extremely
white and lustrous. Added to stainless
steel, preserves its corrosion resistance
cven when heated.

42 Molybdenum Mo 95.95 2620 3700 10.2 2,3,4, Hard. silvery metal used in vacuum tube

5,0r6 manufacture, in tool steels, rifle barrels,
crankshafts, ctc.

43. Masurium Ma 98 (est.) 2300 - 2,38, 4, Artificially-produced clement. Natural ex-

or6 istence doubtful,

44, Ruthenium Ru 1017 2450 2700 122, 3,4,6, Metal similar-to platinum.

- or8

43, Rhodium Rh 10291 1985 2500 125 3 Metal similar to platinum. In electroplat-
ing it gives a surface unaffected by ex-
posure o air or to strong acids or alkalies.

46, Palladium Pd 106.7 1553 2200 12.16 2o0r4 Metal similar to platinum., Used in con-

struction of non-magnetic watches, parts
of delicate balances, and surgical instru-
ments.

‘TABLE I—Table of Elements, continued

Atomic Chem. Atomic Melt. Boil. Spec. D ibti

No. Element Sym. we. Pt.°C Pt.°C  Grav. Valence escription

47. Silver Ag  107.88 960.5 1950  10.50 1 Metal. Best thermal and electrical con-
ductor. Malleable and ductile.

48. Cadmium Cd 112.4 320.9 767 8.65 2 Metal used principally in plating, and in
bearing alloys.

49, Indium In 114.76 155 1450 7.28 lor$ Very soft metal not affected by air or
water. Used in plating.

50. Tin Sn 118.7 231.9 2260 5.75 2o0r4 Soft, malleable metal of low tenacity much
used for cheap plating.

31. Antimony Sb 121.76 630.5 1380 6.691 3or5 Blue-white, brittle, lustrous metal used in
many resistance alloys.

52. Tellurium Te 127.61 452 1390 6.24 2,4, Semi-metallic, gray-white solid used in

or6 manufacture of ceramics.

53. Iodine 1 126.92 1135 184.35 4.93 1,3,5, Gray-black, lustrous solid. Volatile at

or7 normal temperature and pressure, produc-
ing irritating odor.

5+ Xenon Xe 1313 =112 -107.1  — 0 Rare, heavy, inert gas.

35 Cesium Cs 1329 28.5 670 1.87 1 Alkali metal having great affinity for oxy-
gen. Used in photo cells as light-sensitive
element and as “getter” in vacuum tubes.

50. Barium Ba 137.36 850 1140 3.5 2 Soft, silvery metal resembling lead. Used
in vacuum tube filament alloys.

57 Lanthanum La 138.92 826 1800 6.155 3 Rare-earth metal.

58. Cerium Ce 140.13 640 1100 6.9 3or+ Rare-carth metal.

59. Prascodymium Pr 140.92 940 - 6.5 3,4, Rare-earth metal.

orj
60. Neodymium Nd 14427 840 — 6.95 3 Rare-earth metal.
61 Illinium 11 146 - - - 3 Artificially produced. Natural existence
’ ‘doubtful.

62. Samarium. Sm 150.43 1350 — 7.7 2o0r3 Rare-carth metal.

63. Furopium Eu 1520 - - - 2or3 Rarc-carth metal.

G4, Gadolinium Gd 1569 - - - 3 Rare-carth metal.

635. terbium Tbh 159.2 - - - 3 Rare-carth metal.

66, Dysprosium Dy - - - - 3 Rare-carth metal.

67. Holmium Ho  164.94 - - - 3 Rare-carth metal.

G8. Erbium Fr 167.2 - - - 3 Rare-carth metal.

69. Thulium Tm 1694 - - - 3 Rare-carth metal.

70. Ytterbium Yb 1735 1800 - - 3 Rare-carth metal.

7l. Lutecium Lu 174.99 - - - 3 Rare-earth metal.

72, Hafnium HE 178.6 1700 3200 133 4 Metal having chemical propertics similar
to zirconium.

73. Tantalum Ta 180.88 2996 4100 16.6 5 Metal. High ductility, tenacity and melt-
ing point. Used in lamp and vacuum tube
filaments to resist more-than-ordinary
vibration.

74. Tungsten ALY 183.92 3370 5900 193 2.4,5, Hard, brittle metal becoming  ductile

or 6 when worked. High melting point makes
it useful as lamp and vacuum tube fila-

ment material. About 909, of world’s pro-

duction used in steel manufacture. Its

various steel alloys used in armor plate
projectiles, and high-speed cutting tools.

75. Rhenium Re 186.31 3000 - 20.53 2.5.6, Metal with chemical properties similar to

7,008 manganese.

76. Osmium Os 190.2 2700 - 22.48 2.3. 4. Hardest and most dense of metals. Al-

or8 loyed with iridium to produce fine ma-

chine bearings. pen tips, etc.
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TasLe 1=Table of Elements, continued

Atomic Chem.  Alomic Melt. Boil. Spec. Deseitiitii

No. Element Sy, e, Pt.°C Pt.°C  Grao. TValence sty

7T Iridium Ir 103.1 2350 4300 2242 Jord Hard, brittle metal often alloyed with
platinum or osmium.

78 Platinum 't 195.23 17735 4500 21.37 2ord Metal of high tenacity, malleability, and
ductility.  Has approximately same ther-
mal coceflicient of expansion as, glass.

79. Gold Au 107.2 1065 2600 19.52 lor3 Softest and most malleable metal. Used
as base for currency.

S0, Mercury Hg 200.61 -38.87 356.9 13.516 l or?2 Metal. Liguid at room temperature. Dis-

' solves many metals, forming amalgams.
sl Thallium 11 204.39 305.4 1650 11.85 lor3 Metal with properties similar 1o those of
lead.

82, I.cad h 207.22 327.5 1620 11.55 2o0r4 Soft. malleable metal of low tenacity. Bot-
tom of radioactive group.

83. Bismuth Bi 209.0 271.3 1450 0.78 Sorh Brittle: metal resembling  tin. Used in
solders of low melting point. Poor con-
ductor of clectricity.  Expands  when
cooled.

84, Polonium o 210 = ~ — - Radioactive metal.

S5, Alabaming Ab 221 = — — 1,5,5, Artificially produced.  Natural existence

or7 doubtful.

36, Radon Rn 222 =110 -61.8 973 0 Inert gas. Radioactive. Heaviest of all
gases. Used in cancer therapy.

87. Virginium Vi 224 - — - 1 Artificially produced. Radicactive.

88, Radium Ra 296.05 960 1140 — 2 Radioactive metal.

H9. \ctinium \¢ 227 - — — - Radioactive metal.

90. I horium Th 032.12 1845 5000 1.3 I Radioactive metal. Used to improve emis-
sivity of vacuwm tube hOlaments.

91, Protactinium Pa. 231 - — — — Radioactive metal.

92, Uranium U 238.07 1150 - 18.68 3.1, Radioactive metal. Source ol U235,

or

FREQUENCY SHIFT CONVERTERS

The navy now has in stock twenty-two model
FRF [requency shilt converter cquipments which
have been set aside for shipboard use.

The FRE converter is the dual-channel i-[ type,
connected by means of r-f cables and a coupling
unit. It is necessary that the RBB or RBC receiv-
ers selected to be used in conjunction with this con-
verter be modified by the addition ol coaxial con-
nectors and coupling units. The modification parts
will be supplied in a kit which will accompany
cach FRF equipment.

This equipment is dec idedly superior to the only
available shipboard converter, the FRA, and is im-
mediately available. Due to the limited quantity,
however, it will be distributed only upon recommen-
dations of the Commanders in Chiel of the U, S.
Atlantic or Pacihc fleets.

The equipments, being originally designed for
shore installation, are not cquipped to withstand

the shocks and vibration encountered aboard ship.
but steps are being taken by the Burcau to procurc
10 sets of suitable shockmounts for the shipboard
installations. "The shockmounts will be shipped to
Naval Supply Depot, Mechanicsburg, where they
will be issued with the equipments. The installing
activities will have the responsibility of mounting
these shockmounts on the bottom ol the FRF cab-
inets.

IBM ANALYSIS OF TUBE TYPE

Recently the question arose as to whether a cer-
tain type transmitter tube should be “ruggedized”.
Failure reports on that type tube were analyzed by
the IBM machines in hall an hour. A study ol the
tabulation, which would have taken several days to
compile by hand methods, revealed that ruggediz-
ing was unnecessary and thereby saved the navy and
American taxpayers a neat $10,000.00.

< THIS ONE
“Rings the Bell”

W An interesting but utterly impractical applica-
tion of an electric current is in the ringing of a
small bell at its [undamental mode. This serves
but one purpose: to prove that currents—eddy cur-
rents—are induced in metal placed in a magnetic
field.

It is well known that a bell struck a sharp blow
with a hard instrument will make a sound different
from that which it makes when struck with a soft,
blunt instrument. Probably the difference in sound,
or timbre, is caused by the fact that the hard in-
strument sets up vibrations in the bell at frequen-
cies higher by many harmonics than the fundamen-
tal frequency, whercas the soft, blunt instrument,
remaining in contact with the bell for a longer
time, damps these higher-order harmonics and al-
lows only the lower-order harmonics to be heard.

In neither case, however, is the bell excited at its
true fundamental frequency, but rather at [requen-
cies in the order of the sccond harmonic and higher.
In figure 1A is shown a bell struck a single blow on
its side, and the instantancous distortion which
takes place in its shape. Figure 1B shows distortion
which must take place il the bell is to oscillate at
its fundamental frequency.

By winding a coil ol wire around the bell as in
figure 1C and causing a single short pulse of high
current to flow through the coil, a high-intensity
magnetic field will be developed instantancously
which will cut through the bell longitudinally.
This magnetic ficld cutting the metal shell ol the

bell will in twrn induce currents of electricity in
the two sides ol the bell as shown by the dotted line
in figure 1D. The mutual repulsion between the
two current loops distorts the bell, and instantane-
ously it takes a shape as denoted in figure 1B, The
currents then drop to zero, but the bell has been
set into oscillation and, because it is a bell, rings.
The author tried it. It works. He wound about
a hundred turns of hookup wire around his hand,
taped it together and suspended the bell by a cord
in the center ol the coil.  About 35 microlarads of

.

D

-

capacitance were obtained by connecting miscel-
lancous paper capacitors—not electrolytics—in paral-

Ficure 1

lel. A 300-volt d-c power supply was connected
through a 10,000-ohm, 2-watt resistor to the bank ol
capacitors, and one side ol the coil to the capacitors
as shown in figure 2. The other side of the coil was
insulated with spaghcetti (before the power supply
was turned on!) and its bare end touched to the
other side ol the bank of capacitors. By listening
carclully, the author was able to hear a weak but
clear and decep-throated tone emanating from the
bell, at a pitch a full octave below any other tone
that had previously been heard from that bell. The
bell was ringing at its fundamental mode.
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