










































































































































































































































































































































































































































































































































































































































A P P E N D IX IV b 

ELECTRON TU BE LETTER SYMBO LS 

A number of letter symbols which are used as 
a form of shorthand notation in technical litera
ture when designating electron-tube operating 
conditions are explained and listed below. 

1 .  Maximum, average, and root-mean
square values are represented by capital (upper 
case) letters, for example: I, E, P. 

2. Where needed to distinguish between 
values in item 1 above, the maximum value may 
be represented by the subscript "m" , for ex
ample: Em' Im' P • 

3. Average vifues may be represented by the 
subscript " av, " for example: Eay• Iav ' Pav · 
(When items 2 and 3 above are used, then item 1 
indicates r-m-s, or effective, values.) 

4. Instantaneous values of current, voltage, 
and power which vary with time are represented 
by the small (lower case) letter of the proper 
symbol, for example: i, e, p. 

5. External resistance, impedance, etc, in 
the circuit external to an electron tube electrode 
may be represented by the upper case symbol 
with the proper electrode subscripts, for ex-
ample: R� Rsc• � ·  Z sc· 

6 .  Values of resistance, impedance, etc, 
inherent within the electron tube are represented 
by the lower case symbol with the proper elec
trode subscripts, for example: rg , Zg ,  tp , 1p , 
Cgp· 

7. The symbols "g" and "P" are used as 
subscripts to identify a.c. values of electrode 
currents and voltages, for example: eg, Sp• ig, 
ip· 

8. The total instantaneous values of electrode 
currents and voltages (d.c . plus a.c . components) 
are indicated by the lower case symbol and the 
subscripts "b" for plate and "c" for grid, for 
example: ib, ec, ic, eb• 

9.  No-signal or static currents and voltages 
are indicated by upper case symbol and lower case 
subscripts "b" for plate and "c" for grid, for 
example: Ec , Ib, Eb, Ic. 

10.  R.m.s.  and maximum values of a varying 
component are indicated by the upper case letter 
and the subscripts ' '  g' 1 and 1 1p' 1 ,  for example: 
E 

g' 1l.' ��:Bge values of current and voltage for 
the with-signal condition are indicated by adding 
the subscript " s "  to the proper symbol and sub
script, for example: I bs• EQs· 

1 2. Supply voltages are 1ndicated by the upper 
case symbol and double subscript 1 1bb1 1 for 
plate, "cc" for grid, "ff" for filament, for 
example: Eff , Ecc• Ebb· 

An alphabetical list of electron tube symbols 
follows for easy reference. 

C gk Grid-cathode capacitance 

c gp Grid-plate capacitance 

cpk Plate-cathode capacitance 

Eb Plate voltage, d.c. value 

Ec Grid voltage, d.c . value 

Ecc Grid bias supply voltage 

Eco Negative tube cutoff voltage 

Ef Filament voltage 

Eff Filament supply voltage 

Ek D .c .  cathode voltage 

e b Instantaneous plate voltage 

e c Instantaneous grid voltage 

e g A.c . component of grid voltage 

e P A.c. component of plate voltage 

Figure A4b-1 . - Electron tube letter symbols.  
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I
b' I

o 
D.c. plate current Pp Plate dissipation power 

Ic 
D.c. grid current Rg Grid resistance 

1f Filament current 
RL Load resistance 

Ik Cathode current 
Rk Cathode resistance 

ib Instantaneous plate current 

ic Instantaneous grid current Rp Plate resistance, d.c . 

ig A.c. component of grid current Rsc Screen resistance 

ip A.c .  component of plate current rL A.c. load resistance 

Pg Grid dissipation power rp 
Plate resistance, a.c . 

Po Output power t
k Cathode heating time 

Figure A4b-l. - Electron rube letter symbols - continued. 
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(AN ) SYSTEM 
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BASIC ELECTRONICS VOLUME II 

THE AN NOMENCLATURE WAS DES IGNED SO THAT A COMMON DESIGNATION COULD BE USED 
FOR ARMY, NAVY, AND A I R  FORCE EQU IPMENT. THE SYSTEM IND ICATOR AN DOES NOT MEAN 
THAT THE ARMY, NAVY, AND A IR FORCE USE THE EQUIPMENT, BUT MEANS THAT THE TYPE 
NUMBE R  WAS ASS IGNED IN THE AN SYSTEM. 

AN NOMENCLATURE IS ASSIGNE D TO COMPLETE SETS OF EQU I PME NT AND MAJOR COMPO· 
NE NTS OF MIL I TARY DESIGN; GROUPS OF ARTICLES OF E I T H E R  COMMERCIAL OR MIL I TARY 
DESIGN WH ICH ARE GROUPE D  FOR M I L ITARY PURPOSES; MAJOR ART ICLE S OF M I L ITARY D ES IGN 
WHICH ARE NOT PAR T  OF OR USED WITH A SET; AND COMMERCIAL ARTICLES WHEN NOMENCLA· 
TURE W ILL NOT FAC I L I TATE MILITARY IDENT IF ICATION AND/OR P ROCEDURES. 

AN NOMENCLATURE IS NOT ASS IGNED TO ARTICLES CATALOGED COMMERC IALLY EXCEP T  
AS STATED ABOVE; MINOR COMPONENTS O F  MIL ITARY DES IGN FOR WH ICH OTHER ADEQUATE 
MEANS OF IDENT I F ICATION ARE AVAI LABLE; SMALL PARTS SUCH AS CAPACITORS A ND R ESIST· 
ORS; AND ART ICLES HAVING OTHER ADEQUATE IDENT I F ICATION IN JO INT MIL ITARY SPECI F I· 
CATIONS. N O M E N C L A T U R E  ASS IGNMENTS REMA I N  U N C H A N G E D  R EGARDL ESS OF LATER 
CHANGES I N  INSTALLATION AND/OR APPL ICAT ION. 

SET OR EQUIPMENT I NDICATOR LET TERS 
AN  

� 
11A N 11 SYSTEM 

J; 
I NSTALLAT I ON 

I u 
• 

WHERE 
IT I S 

I 

R 
• 

WHAT 
IT I S  

� 
T Y PE O F  

D - 4 A 
• .......... � 

WHAT MODEL MOD. 
IT DOES NO. LETTER 

I 

� 
PURPOSE 

EQU I P MENT 

A · ·  AI RBOR N E  (INSTAL L E D  AND 
OP E R AT E D  I N  A I R C R A F T). 

B · · U N D E R WA T E R MOB I L E ,  SU B· 
MAR I N E .  

C · · AI R  TRANSPO R TA B L E  (IN· 
ACTI VAT E D, DO NOT USE). 

D · · P I LOT L E SS CAR R I E R. 
F · · F I X E D. 
G · · GROUN D, G E N E RAL G ROUND 

US E ( INCLUDES TWO OR 
MOR E  G R OU ND-TY PE I N• 
S T A L L A  T IONS). 

K · · AMPH I BI OUS. 
M · ·  G ROU N D, MOBI L E  (INSTAL L• 

ED AS O P E RATING UN I T  IN  
A VEHICLE WH I CH H AS NO 
FUNCT I ON OTH E R  THAN 
T R ANSPORTING TH E EQU I P· 
M EN T). 

P · · PACK OR PORTABLE (AN I• 
MAL OR MAN ). 

S · · WA T E R  SU R F A C E  C R A F T. 
T · · GROUND, T R ANS PORT A B L E. 
U · · G E N E R A L  U T I L I T Y  ( IN• 

CLUDES TWO OR MOR E  GEN• 
E RAL I N ST A L L A T I ON 
C LASSES, A I R BO R N E ,  SHI P• 
BOARD, AND G ROUN D). 

V · · G R OUND, V EH I CU LAR ( IN• 
STAL L E D  IN V E H I CL E  D E• 
S I GN E D  FOR FUNCTIONS 
OTH E R  THAN CA R R Y I N G  
E L E CT RO N I C  E QU I PM E N T, 
E TC., SUCH AS TANKS). 

A · • IN VISI B L E  L I GH T, H EAT 
RADIAT I ON. 

B - - P I GEON. 
C · · CA R R I E R. 
D · · RAD I AC. 
E - · NUP AC. 
F · · PHOTOG RAP H I C. I 
G .. TE L E GRAPH OR T E L E ·  

TY P E. 
I · · IN T E R PHONE AND P U B L I C  

ADDR E SS. 
J .. E L E CT ROME CHAN I CAL OR 

I N E R T I A L  WI R E  COV E R E D. 
K •• T E L E M E T E R I N G. 
L · • COUNTE RMEASU R E �  
M · · ME T EO ROLOGICAL. 
H · · SOUN D IN A I R. 
P · ·  RADAR. 
Q · · SONAR AN D U N D E R WA T E R  

SOUN D. 
R · · RADIO 
S · · SP E C I A L  TY P ES,  MAG N E T· 

IC, ETC.,  OR COMBINA• 
TIONS OF T Y P E S. 

T • •  T E L E PHONE (WI R E). 
V • • VISUAL AND VISI B L E  

LIGHT. 
W • •  ARMAM E N T  (PECU L I A R  TO 

ARMAMENT, NOT OTH E R· 
WISE COV E R E D). 

X · ·  FACSIMILE OR TE LE V I SION. 
Y · · DATA PROCESSI NG. 

. 

A • •  AUX I LI ARY ASS EMB L I E S 
(I'IOT COMP L E T E  OP E R· 
ATING SETS U S E D  WI TH 
OR PART OF TWO OR MOR E  
S E TS O R  SETS S E R I E S). 

B · · BOMBING. 
C · · COMMU N I CATIONS ( R E· 

C E I V ING A N D  TRANS• 
MITT l NG}.  

D · ·  D I R E CTION F I N D E R ,  R E· 
CONNAISSANC E, AN D/OR 
SU RV E I LLAN C E .  

E · · EJECTION A N D/O R  R E· 
L E AS E .  

G · ·  F I RE·CON TROL OR 
SEARCH LI G H T  D I R ECTING. 

H •• R ECORDING AND/OR R E· 
PRODUCING (GR A P H I C  
METEOROLOGICAL AND 
SOUN D). 

K · · COMP UTING. 
L · · SEA RCH LIGHT CON T ROL 

(INACTI VATED, USE G). 
M • • MA INT ENANCE AND TEST 

ASSEMB L I E S  (INCLU D I N G  
TOOLS). 

H · · NAVIGATIONAL AIDS ( IN• 
CLUDING ALTIM E T E RS, 
BE ACONS, COMPASS ES, 
RACONS, D E P TH SOU N D• 
l NG, A P P R OACH, A N D  
LAN D ING). 

X 
� 
MISC. 

I DENT. 

P . .  R E P RODUCING ( IN ACTI• 
VA T E D, DO N O T  U S E } .  

Q · · S P E C I AL, OR COM B I N AT ION 
OF P U R POSES. 

R · · R E C E IVING, P ASSI V E  D E ·  
T E CT ING.  

S . . D E T E CT ING AND/O R  RAN GE 
AND B E A RING, S E A RCH. 

T · · T R AN SMITTING. 
W • • AUTOMATIC F LI G H T  OR R E• 

MOT E CONTROL. 
X · · I D E N T I F I CATION AND 

R ECOGN I T I ON. 

W · · WA T E R  SU R FACE AND 
U N D E R WA T E R .  1 N OT F O R  U S  US E E X C E P T  F O R  ASSIGN I NG SU F F IX L E TT E R S  T O  PR E V I OUSLY NOME NC L A T UR E O  I T EMS. 

20 .484 
Figure A5-l. - AN system. 
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� 
0 
-l 

A IP IP IE IN D � X V i  

ElECTRON �CS CO LO R  COD ING 

/ .fiT  2ND TOLERANU 
C. ULOR DIGIT VIGil" MULTIPUER ( /'Crlrrll) 

Black 0 0 I 
Bru>�>n 1 I 10  

Red 2 2 100 
Orange 3 3 1 ,000 

Yellow 4 4 10,000 

{;rtcn 5 � 100,000 

Blue 6 6 1 ,000,000 

Violet 7 7 10,000,000 

(;ny 8 8 100,000,000 

White 9 9 1 ,000,000,000 

Guld . I  o; 
Silver .01 10 

Nu color 20 --- '- - -
A 

(PERCENT) 

B 

20.373 : . 374 
Figure A 6-1. -Resistor color code. 

TYP£ 

JAN, MICA 

EJA. MICA 

COLOR 

BLACK 

IIROWN 

RED 

ORAN6E 

YEUOW 
6REEH 

IWE 

VIOLET 

&RAY 
WHITE 

GOLD 

MOLDED PAPER I SlLVER 
IIODY 

DIRECTION OF _. -- __....... -- -- ' 
READIN6 DOTS � 1ST DI61T 

--

1ST 
DI61T 

0 

I 
2 
] 
4 
5 
6 
7 
I 
9 

/' 

' 

TYPE t 9-
I 
I 
' 
I 
� 

MULTIPliER I 
CHARACTERISTIC TOLERANCE 

) OR CLASS 
� - 4-- -- -- � --

2� 
DIGIT 

0 

I 
2 
] 
4 
5 
6 
7 

• 

9 

MULTIPllfR 

1.0 

10 

100 

1,000 

10.000 

100,000 

1,000,000 

10.000.000 

100.000.000 

1,000,000,000 

.I 
.01 

TOLERAXC£ 
IPERtEIITI 

± I 
± 2  
± ]  
± 4  
:!: 5  
± 6  
± 7  

± I  
± 9  

± 10 
:!:20 

......... 

CIIWCTERISTIC OR CWS 
APPLIES TO 

TEMPERATURE 

COEFFICIENT 

OR METHODS 

OF TESTIN& 

20.376 
Figure A6-2. - 6-Dot color code for mica and molded paper capacitors. 
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VOLTAGE RATING 

0 0 0 

1ST DIGIT 

COLOR I ST DIGIT 

BLACK 0 
BROWN I 
RED 2 
ORANGE 3 
Y ELLOW 4 
GREEN 5 
BLUE 6 
VIOLET 7 
GRAY 8 
WHITE 9 
GOLD 
S ILVER 
BODY 

2ND D I G IT 

0 
I 
2 
3 4 
5 
6 
7 
8 9 

1ST 

OR 

M U LTIPL I ER 

1 .0  
1 0  

100 
1 ,000 10,000 100,000 

1 ,000,000 
ro,poo,ooo 

100,000,000 
IPOo,ooo,ooo 

. I  

.0 1 

0 

NO COLOR 
VOLTAGE RAT I N G  

TOL ERAN C E  
( PERC E N T )  

± J  
:t 2  
± 3  ± 4  
± 5  
± 6  ± 7  
± a ± 9  

± l o  
±20 

TOLERANCE 

VOLTAGE 
RAT I N G  

1 00 
200 300 
400 
5DO 600 
700 
800 
900 1 000 

2000 
* 

* WHERE NO COLOR IS INDICATED,THE VOLTAGE RATING MAY BE AS l!)W AS 300 VOLTS. 

Figure A6-3. - 5-Dot color code for capacitors (dielectric not specified) . 

COlOR 

BlACK 
BROWN 
RED 
ORAN6E 
YELLOW 
6REEN 
BLUE 
VIOLET 

6RAY 
WHITE 

1ST DI61T 
CAPACITANCE 2ND DI61T 

1ST DIGIT 

0 

I 
2 

] 
4 
5 
6 
7 
8 
9 

C MULTIPLIER 
D E TOLERANCE 

CAPACITANCE 

2JID DIGIT MULTIPLIER 

0 I 
I 10 

2 100 

] 1 ,000 

4 10,000 

5 100,000 

6 1 ,000,000 

7 
8 
9 

VOLTA6E 

VOlTAGE RATING 
TOLEIWICE 
IPERCENTI 1ST DIGIT 2ND DIGIT 

:±20 0 0 

I I 

2 2 
:± 30 3 ] 
±40 4 4 
± 5  5 5 

6 6 
7 7 
8 B 

:± 1 0 9 9 

Figure A6-4. - 6-Band color code for tubular paper dielectric capacitors. 
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Appendix VI- ELECTRONICS COLOR CODING 

8 - A- TEMPERATURE COEFfiCIENT 

B- 1 ST DI61T 

C- 2ND DI&IT 

D- MULTIPLIER 

E- TOLERANCE 

AXIAL LEAD CERAMIC 
A a ! l 1 I l �1 1 1 1 1111 � 

1ST 2ND 
COLOR DIGIT DIGIT 

BLACK 0 0 
BROWN I 

RED 2 2 

ORAN6E 3 3 
YELLOW 4 4 
6REEN 5 5 

BLUE 6 6 
VIOLET 7 7 
&RAY 8 8 
WHITE 9 9 

SILVECl 
&OLD 

• PARn Pill WILLION Pia DIGUI CIHTIGilADL 

MULTIPLIER 

1.0 

10 

100 

1 ,000 

10,000 

.01 

. I  

A 

5 DOT E 

MORE THAN 
10 'J'.f 

liM PER!EMTI 

±20 

± I  
± 2  

± 5  

± 1 0 

D E 
+ ; 

CERAMIC DISC CAPACITOR 

0 

TOLERANCE 

lESS THAN 
1 0 'J'./ 
liN 71./ I 
±2.0 

±0.5 

±0.25 

± 1 .0 

0 

- 30 
- 80  
- I SO 
- 220  
- 330  
- 470 
- 710 
+ JO  

J DOT 

TEMPERATURE 
COEffiCIENT • 

+ 120 TO - 710  (EIA) 
+ 500 TO - 330 (JAN) 

+ 100 (JAN) 

BYPASS OR COUPLIN6 
(EIA) 

20.488 
Figure A6-5. - Color code for ceram�c capacitors having different configurations. 
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Ct.) 
..... 
0 

BLUE GREEN 
CO LLE C TO R / ----------� �------------- BAS E /  

G R I D PL ATE 

+Vc cj+ Ebb RED CS F BLACK AVC 
OR 

I F  TRANSFORM E RS.  

BLACK-STA RT 

PRI MARY 

BLACK & R ED 
50/ 50 STR I P ED DESIGN 

If' P R I M A RY 
USES TA P 

YELLOW 
R ED 

RED 

GREE:N 

Sl-ATE 

GROUND 

R ECT I FIER 
F I LA M ENT 

RECTI FI ER 
A N ODE 

A M PLI F I E R  FILA M ENT 
W I N DI N G  NO. I 

POWER TRANSFOR M E RS. 

COL L ECT O R /  Ph� � U D&&N B A S E /  I 
GR I D  P L AT E  {F U L L  

G RE EN 8 WAVE EM ITTER/ 

BL ACK- C AT HODE 
R ETURN 

Vee/ Ebb  
n ._ .., , BLACK1B ASE I GRID OR 

EM I T T E R /CATHODE 
RETURN 

I NTERSTAGE AUD IO 
TRANSFORMERS 

STANDARD COLORS USED IN  CHASS I S  WIRING FOR TH E 
PURPOSE OF C1RCUIT I DENTI FICAT I ON OF THE EQU I PMENT 
ARE A S  FOLLOWS : 

C I RCUIT 

GROUNDS, GROUNDED ELEMENTS, 
AND RETURNS . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  . 

H EATERS OR F I LAMENTS, OFF 
GROUN D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

POWER SUPPLY tVcci+ E b b  - - - · · · · ·  . . . ... .. 
SCR E E N  GRIDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  . .  

EMITTERS/CAT HODES .. . . . . . . . . .. . . . . . . . . . . . . . .  . . 

B ASES/CONTROL GRIDS . . . . . . . . . . . . . . . . . . . . 

COLLECTO R S /  PLATES .. . . . . . . . . . .. . . . . . . . . . . . . .  

POWER S U P P LY, M INUS . . . . . . . . . . . . . . . . . . . . . . 

A·. C.  POWER LINES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
MISCELLANEOUS, ABOVE .OR BELOW 

GROUND R ETURNS,  A VC , E TC - . . . . . . . .  . . 

COLOR 

BLACK. 

BROWN. 
RED.  
ORA N GE .  
YELLOW. 

GREEN. 
BLU E 
VIOLET 

(PURPLE). 
GRAY. 

WH ITE . 

FOR OTH ER ELECTRICAL AND EL ECTRONIC SYMBOLS 
REFER TO M I LITARY STA N DARD, M I L- ST D - 1 5 - I A  

20 . 378: . 3 80 
Figure A6-6. -Color code for transformers. 

td 
> 
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AMPLIFIER ( 2 ) . 

genera l 

wi th two input s  

with two outpu ts 

with a djus table ga in 

wi th a s s oc ia ted powe r 
sup p l y  

with a s s ociated a ttenu
a tor 

with externa l feedback 
p a th 

Amp l i fier Letter Combin
a t i ons (amp l i fier-use 
i dent i fication in symbol 
i f  requi red) 

BDG Bridging 
BST Booster 
CMP Compre s s i on 
DC Direct Current 
EXP Expans ion 
LIM Limi t ing 
MON Monitoring 
PGM Program 
PRE Prelimina ry 
PWR P ower 
TRQ Torque 

BASIC ELECTRONICS VOLUME II 

APPEN DIX VI I  
E LECTRO N ICS SYM B O LS 

ANTENNA (3) 

genera l 

dipole 

1 1  
loop 

counterpoise  

--E 

ARRE STER , LIGHTNING (4 ) 

general 

carbon block 

-Q [)-
electrolytic o r  aluminum 
c e l l  

---7>>--
horn gap 

protect ive gap 

sphere gap 

-H-
va lve or f i lm element 

-I l l-

mul tigap 

ATTENUATOR , FIXED 
(see PA D) (57)  

(same symbol as  va riable 
a ttenua tor , wi thout va ri
ab i l i ty) 

ATTENUATOR ,VARIABLE (5)  

ba lanced 

unbalanced 

AUDIBLE SIGNALING 
DEVICE ( 6 )  

bel l , electrica l ;  ringe r , 
telephone 

buzzer 

horn , e lectrica l ;  loud
speaker;  s i ren ; under
wa ter sound hydrophone , 
projec tor or transducer 

Horn , Letter Combina tions 
(if required) 

*HN 
*IIW 
*LS 
*SN 
tEM 

:j:EMN 

:j:MG 
+PM 

Horn , electrica l  
Howle r 
Loudspe.aker 
S i ren 
Electroo .-netic 
wi th mo� J ;g coil 
E lectromagne t i c  
with moving c o i l  
a n d  neu tra lizing 
winding 
Magne tic arma ture 
Permanent magnet 
with moving c.oi l  

identi ficat ion replaces 
(* ) a s terisk and ( :j:) 
dagger)  

sounder , te legraph 

BATTERY ( 7 )  

genera l i zed direct current 
s ource ; one cell 

mu l t i c e l l  

CAPACITOR ( 8 )  

gene ra l 

polarized 

adjustab le or variab le 

cont inuous l y  ad j ustable 
or va riable d i fferential  

phase-shi fter 

s p l i t - s ta tor 

feed-through 

T 
CELL , PHOTOSENSITIVE 
(Semi conductor) ( 9 )  

a symmetrical photocon 
duc t ive transducer 

"' 
-e-

symmetrical photocon
duct ive transducer 

'' 
-e-

* NUMB E R  IN P A R E N TH E S E S  I N D I C A T E S  LOCA T I ON OF SYMBOL I N  MIL-STD P U B L I CATI ON 

Figure A7-1 . - Electronics symbols. 1 3.5(179) A 
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photovolta ic transducer ; 
solar cell 

CIRCUIT BREAKER ( 1 1 )  

general 

w ith magnetic over load 

-� 011 _,.......--0-.J:--

drawout type 

CIRCUIT ELEMENT ( 1 2 )  

gene ra l 

Circui t  Element Letter 
Combina t i ons (rep laces (*) 
a s terisk)  

EG 
FAX 
FL 
FL•BE 

FL·BP 
FL-HP 
FL-LP 
PS 
RG 
RU 
DIAL 
TEL 
TPR 
TTY 

Equa lizer 
Fac s imile set 
F i l ter 
F i l ter , band 
e l imination 
F �l ter , band pa s s  
F i l ter , high pa s s  
F i l ter , low p a s s  
P ower supply 
Recording uni t  
Reproducing uni t  
Te lephone dial 
Te lephone s ta t i on 
Teleprinter 
Tele typewriter 

Addi tiona l Letter Comb in
ations ( symbols p re ferred) 

AR Amp l i fier 
AT Attenua tor 
C Capacitor 
CB Circuit  breaker 
HS Handset 
I Indica ting or switch 

board lamp 
L Inductor 
J Jack 
LS Loudspeaker 
MIC Microphone 
OSC Oscilla tor 
PAD Pad 
P P lug 
HT Recei'l'el: , headset 
K Re lay 
R Re s i s tor 
S Swi t ch or key swi tch 
T Trans former 
WR W a l l  recep tacle 

Appendix Vll - ELECTRONICS SYMBOLS 

CLUTCH ; BRAKE (14) 

disenga ged when ope rat ing 
means is de -energized 

- - n- - .. _ _  ']L _ _ 

enga ged when opera ting 
means i s  de -energized 

- - n - - OR - -r::t"'""'"b- _ 

COIL , RELAY and 
OPERATING ( 16 )  

semic ircular dot ind icates 
inner end of wir ing 

-&- •• [}: 
CONNECTOR ( 1 8 )  

as semb ly ,  movable or s ta 
tionary portion ;  jack , 
p lug , or recepta c le 

----+ •• --< 

jack or receptacle 

--< •• 0 
p lug 

� •• 0 
separable connectors 

-7>--- •• m 
two-conductor swi tch
board j ack 

two-conductor swi tch• 
board p lug 

jacks norma lled through 
one way 

� 0  
-rvo 

j acks norma l led through 
both ways 

2 - conductor nonpolarize d ,  
fema le contacts 

2 - conductor pola rized,  
ma le contacts 

waveguide flange 

pla i.n , rectangular 

choke , rectangular 

ensaged 4-conductor ; the 
plug ha s 1 ma l e  and 3 
fema le contac ts , individua l 
contact designations shown 

011 

coaxial , outside conduc tor 
shown carried through 

coaxial , center conductor 
shown carried through ; 
outs ide conduc tor not 
carE'ied through 

mated choke flanges in 
rectangular waveguide 

COUNTER ,ELECTROMAGNETIC ; 
MESSAGE REGISTER (26)  

genera l 

with a make contact 

COUPLER , DIRECTIONAL ( 2 7 )  
(common coaxia l/waveguide 
usa ge ) 

(common coaxia l /waveguide 
uaage) 

!•plane aperture-coupl ing , 
30-decibel transmission 
lou 

X (!) 30DI 
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COUPLING (28) 

by loop from coaxial to 
c ircular . waveguide , 
d irect -current grounds 
c onnec t ed 

CRYSTAL ,  PIEZO· 
ELECTRIC (62) 

DELAY LINE ( 3 1 )  

genera l 

tapped delay 

bifilar slow-wave s truc
cure ( commonly used in 
trave l ing-wave tubes )  

( length of delay indica tion 
rep laces (*) aster isk) 

DETECTOR, PRIMARY ; 
MEASURING TRANSDUCER (30) 
(see HALL GENERATOR and 
THERMAL CONVERTER) 

9--
DISCONTINUITY (33 )  

(common coaxia l /waveguide 
usage ) 

equ iva lent series element , 
general 

capac i t ive reactance 

induct ive reactanc e  

inductance-capac itance 
circuit , int1n1te re
ac tance at re s onance 
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inductance -capacitance 
circui t ,  zero reactance 
at re s onance 

res is tance 

equivalent shunt element
·
, 

genera l 

capacitive suscep tance 

conductance 

inductive susceptance 

inductance-capacitance 
circuit ,  infinite sus
cep tance a t  resonance 

inductance�capac itanee 
c ircuit , zero suscept 
ance at resonance 

ELECTRON TUBE ( 34) 

t r iode 

pentode , envelope connec
ted to base termina l 

A 
\f?i= 

BASIC ELECTRONICS VOLUM E  II 

twin triode , equipoten
tia l cathode 

typica l wir ing figure t o  
show tube symbol s placed 
in any convenient pos i t i o1 

IIC 

rectifier ; voltase regu
lator 
(•P.e LAMP ,  GLOW) 

-o-

phototube , s ingle and 
lllllltiplier 

cathode-ray tube , e lectro
s ta t.tc and magnetic de
flec.tion 

mercury-pool tube , 
ignitor and control 
grid (see RECTIFIER) 

resonant magnetron , co
axial output and perma
nent magnet 

reflex klys tron , integral 
cavity, aperture coup led 

transmit-receive (TR) 
tube gas filled, tunable 
integral cavity , aperture 
coupled, with starter 

� u� 

travel ing-wave tube 
(typical) 

forward-wave trave ling• 
w�ve• tube amp l i fier shown 
with four grids , having 
s low•wave s tructure with 
a ttenua tion, magnetic 
focusing by externa l 
permanent magnet,  rf in• 
put ana rf output cou• 
pling each !•p lane aper
ture to externa l rect
angular waveguide 

FERRITE DEVICES (100) 

field polariza tion 
rotator 

field polarization 
amplitude modulator 

FUSE (36) 

-s- 011 -a::::o-- "" --'V-

high-voltage primary 
cutout , dry 
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high-voltage primary cut
out , oil 

011 -§-

GOVERNOR (Contact
making) (37) 

c ontac t s  shown here as 
closed 

BALL GENERATOR (39) 

HANDSET (40) 

general 

operator ' s  set with push
.to ta lk avitch 

HYBRID {41)  

gene ral --$-
junct i on 
(common coaxia l /wave
gu ide usage ) 

circulsr 

0 
(E , H or HE transverse 
fie ld indica �ors re
place (*) a s terisk) 

rec tangular wa veguide and 
coaxia l c oupl ing 

INDUCTOR (42)  

gene ra l 
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1 11111111etic cor� 

� 
tapped 

adjustable , continuous ly 
adjustable 

T 
KEY , TELEGRAPH (43) 

_J'-
LAMP (44) 

ballast lamp ; ballast 
tube 

@ 
lamp , fluorescent , 2 and 
4 termina l 

lamp, glow; neon lamp 
a-c 

d-e 

lamp , incandescent 

=::@ 
indicating lamp ; switch
board lamp 
(see VISUAL SIGNALING 
IEVICE) 

LOGIC (see 8068 and Y32-14) 
(including some duplicate 
symbols ; le ft and right
hand symbols are not mixed) 

AND function 

·o .. · o  
OR function 

* L] • *D 
EXCLUSIVE-OR function 

( (*) input side of logic 
symbols in general )  

Appendix VII - ELECTRONICS SYMBOLS 

condition indica tors 

s tate ( logic negation) 

0 
a Logic Nega tion output 
becomes 1-sta te if and 
only if the input is not 
1-sta te 

an AND func . where output 
ia low if and only if a l l  
inputs  are high 

electric inve rter 

o .. o 
(ele c .  invtr . output be
comes 1-sta te if and only 
i f  the input is 1-sta te) 
(e lec . invtr . output is 
more pos . if and only if 
input is less pos . )  

level (rela tive ) 

boo 
1-state is 
less + 

... 

1 - s ta te is 
more + 

(symbol is a rt . triangle 
pointing in direction of 
flow) 

an AND func . with input 
1-sta tes at more pos . 
level and output 1-sta te 
at less pos . level 

s ingle shot (one output) 

(waveform da ta rep laces 
inside/outside (*) )  
schmi tt trigger , waveform 
and two outp.uts 

--D= 
-+13v 

J.o JAilcl.- Ov 

flip- flop , la tch 

� 
Lr--+1 

register 

(b ina ry regis ter denoting 
four f l ip - flops snd bits)  

ampli fier (see  AMPLIFIER} 

fARl u PA C> 
channe l pa th ( s }  (see PATH , 
TRANSMISSION) 

magne tic  heads (see PICK
UP HEAD) 

oscillator (see OSCIL
LATOR) 

Fl u OA 

relay , contacts (see 
CONTACT , ELECTRICAL} 
relay , electromagnetic 
(see RELAY COIL RECOG
NITION) 

signa l flow (see DIREC
TION OF Flm) 

time de lay ( see DELAY 
LINE) CJ OA CD 
time delay with typica l 
delay tap s :  

functi ons not otherwise 
symboli·z

r
e
_
d __ ....., 

* 

(identi fication replaces 
(*) )  

Figure A 7-1 . - Electronics symbols - continued. 

315 

Logic Letter Combinations 

S set  
C clear (reset)  
T toggle ( trigger) 
(N) number of b i ts 
BO blocking oscilla tor 
CF cathode follower 
EF emi tter fol lower 
FF flip-flop 
SS single shot 
ST schmitt trigger 

RG (N) 
SR 

regis ter (N s tages ) 
shift register 

MACHINE , ROTATING (46) 

genera tor 

motor 

METER , INSTRUMENT (48) 

identifica t ion rep laces 
(*) a s terisk) 

Me ter Le tter Combina tions 

A 
AH 
CMA 

CMC 

CMV 

CRO 

DB 
DBM 

[M 
DTR 

. Ammeter 
Ampere-hour 
Gontact-making (or 
breaking) ammeter 
Conta ct-making (or 
breaking) clock 
Contact-making (or 
breaking) vol tmeter 
Osc i lloscope or 
ca thode-ray oscil
lograph 
DB (decibel} meter 
DBM (decibels re
ferred to 1 milli
wa tt)  meter 
Demand meter 
Demand-tota lizing 
re lay 

F Frequency me ter 
G Ga lvanometer 
GD Ground detector 
I Indicating 
INT Integra ting 
IJA or 
UA Microammeter 
MA Mill iaumeter 
NM Noise meter 
OHM Ohmme ter 
OP Oil p ressure 
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!llDE TRANSDUCER (53) 

(c ommon coaxial /waveguide 
usage) 

transducer from rectangu 
l a r  waveguide to coaxia l 
Yith mode suppress ion , 
d irect -�urrent grounds 
connected 

MOT ION , MECHANICAL ( 54) 

r ota t i on  appl ied to a 
resistor 

( ident ifica t i on replaces 
(*) as terisk) 

RUCLEAR-RADIATIOII DE
TECTOR , gas  filled;  
IONIZATION CHAMBER; 
PROPORTIONAL COONTER 
TUBE ; 
GEIGER-MULLER COUNTER 
TUBE ( 50) 
( see RADIATION-SENSITIVIlY 
INDICATOR) 

. 

PAXH , TRANSMISS ION (58) 
c ��le ; 2-conductor , 
shield grounded and 
5 -conductor shie lded 

.-+- � 
T � 

PICKUP HEAD (61 )  

general 

- - c:=> 
wr i t ing ;  recording 

- - E:>  
reading ; playback 

- - -IE:>  
eras ing 

- - �  
wr i t i ng ,  tead ina , and 
eraa ina 

- -1- •> 

BASIC ELECTRONICS VOLUME n 

atneo 

-
-

c:::::> ---c:::> 
RECTIFIER (65) 

semiconductor diode ; 
11111ta ll1c recti fier ; ,  
e lectrolytic rec t i fier ; 
asymmetrical varistor 

-

mercury-pool tube pCMir 
recti fier 

ful lwave br idge -type 

RESISTOR (68) 

general 

tapped 

--yr- o• � 
heat ing 

symmetrical varis tor 
resistor , voltage 
sens i t ive ( s i l i con 
carbide , etc , ) 

(ident i ficat ion marks 
replace (*) asterisk) 

with adjus table c ontact 

adjus table or continuous l) 
adjustable (variable) 

(identification replaces 
(*) aster i sk) 

RISORA!OR, 
TURED CAVITY (71) 

(c ommon coaxia l /waveguide 
usage) 

re sonator with mode sup• 
pr ession coupled by an E
pl ane aperture to a guided 
transmission pa th and by a 
loop to a coaxia l path 

tunable resona tor witn 
d irect -current around con
nected to an electron de
vice and adjustably 
coupled by an E-p lane 
a perture to a rec tangular 
waveguide 

ROTARY JOINT , RF (COU
PLER ) ( 7 2 )  

gene ra l ;  w i th rec tan�lar 
wavegu ide 

( t ransmi s s ion path recog
ni t ion symbol replaces (* ) 
a s te r i s k )  

coaxial type i n  rectangular 
wavegu ide 

-8 (Q) H--
c ircular wavegu ide type in 
rec tangular wavegu ide 

-8 @) H--
SEMICONDUCTOR DEVICE (73 )  
(Two Terminal , diode ) 

semiconduc tor diode ; 
rec t i fier 

--+---- OA -e- OA -e-
capacitive diode ( a l s o  
Varicap , Varactor , re
ac tance di ode , pa rame tric 
diode )  

--+--
--H- OA 

b reakdown diode , untatrec
t iona l  (also backward di
ode , ava lanche diode ,volt
a ge regulator diode , Zener 
diode ,voltage re ference 
diode)  

--+
J OA 

breakdown diode , b i direc
tiona l and ba ckward diode 
( a l s o  bipolar voltage li
miter)  

0 0  

tunne l diode (also  E saki 
diode ) 

--+-----
] OA 

tempera ture -dependent 
di ode 

OR 

photodiode ( a l s o  solar 
ce l l )  

\\ OA -e-
semiconduc tor diode ,PNPN 
swi tch (also Shockley di
ode , four-layer diode and 
SC.Rj. . 

OA Z9 
� £  

�ul t i-Termina l ,  t rans i s ·  
tor , e tc . )  

PNP trans is tor 

NPN trans i s tor 

unijunc t ion transistor , 
N-type base 
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l unijunct ion transis tor , 
P-type base 

C& 
f ield-effect ·trans istor , 
N-type base 

@ OR $ 

field-effect trans istor , 
P - type base 

� OR ctv 

semiconductor tr iode , 
PNPN-type switch 

¥ 
semiconduc tor tr iode , 
NPNP -type switch 

¥ 
NPN trans is tor , trans 
verse-biased base 

$ 0· 9  

PNIP trans is tor , ohmfc 
connection to the intrin· 
s i c  -region 

9 
NPIN trans is tor , ohmic 
connection to the in
trins ic region 

9 
PNIN trans i s tor , ohmic 
connection to  the in
trins i c  region 

9 
NPIP tran s i s tor , ohmic 
connect ion to the intrin• 
sic region 

� 

Appendix Vll - ELECTRONICS SYMBOLS 

SQUIB (75)  

explos ive 

-0-
igniter 

w-
sens ing link; fus ible 
l ink operated 

� 

SWITCH (76)  

push button , c ircuit c los 
ing (make) 

_L 
0 0 

push button , c ircuit op
ening (break) 

o.k 

nonlocking ; motOentary 
c ircuit c los ing (make) 

t •• /A

nonlocking ; momentary 
c ircuit opening (break) 

-.t •• � 

transfer 

.,_i OR /L 
• 

locking , c ircuit clos ing 
(make ) 

o--!, •• "'-..! 

locking , c ircu it op�ning 
(break) 

-,v .. -

trans fer , 3 -pos it ion 

wa fer 

0 
� 0'' . 

(examp le shown: 3-pole 
3-circuit  with 2 non
short ing and 1 short ing 
moving contacts)  

$(�_ � 

sa fety inter lock , circuit 
opening and c los ing 

� _\7_ 
2 -pole fie l d -d i scharge 
kni fe , with termina l s  and 
discha rge resis tor 

t) 
(ident i ficat ion replaces 
(*) aster isk) 

SYtiCHRO (78)  

¢ 

Synchro Letter Comb ina 
tions 
CDX Control-differentia l 

transmitter 
CT Control transformer 
CX Control transmi tter 
TDR Torque-di fferential 

rece iver 
TDX Torque - di fferentia l 

transmi tter 
TR Torque receiver 
TX Torque transmitter 
RS Res olver 
B Outer winding rota t

ab le in bearings 

111BRMAL ELBMEN:T (83) 

actua ting device 

__,.,.,___ .. --'XI--

thel'llllll cutout ; flasher 

� - �  

thermal relay 

---l'"'L_ OR ---l'"'L_ 
...1 """"'H. 
OR OR 

� OR ----"''J--
....1 ---"N:-

the rmostat (opera tes on 
ris ing temperature ) , con
tact) 

� OR � 

thermos ta t ,  make contact 

-.JL..!. OR --xr!-

thermos tat , integra l 
heater and t rans fer 
contacts 

�- � 
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'1'11Eaa,IS'l'OR; '1'11EIIMAL 
RESISTOR (84) 

-e-
with intesral heater 

v 
'1'11ERMOCOUPLB (85) 

temperature-measurins 

u 
current-measurins , inte
sra l heater connected 

� 
.... 
� 

current-measuring , inte• 
gra l hea ter insu lated 

� 
.... 
� 

temperature-measuring ,  
sem:Cconduc tor 

-®-
current-measuring , semi
conductor 

-w-
TRANSFORMER (86) 

general 

LJ LwJ 
n .. r"1 

magnetic - core 

l l l f 
o ne  winding vith adjust
able inductance 

tr 
sepa rately adjustable 

inductance 

lf 
adjustable mutual induc 
tor , constant -current 

tr 
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autotransformer , 1-phase 
adjustable 

current , with polarity 
marking 

. tJ  oa _jJ_ 
potent ial , with polarity 
mark 

BASIC ELECTRONICS VOLUME IT 

w i th d irect -current c on 
nec t ions a n d  mod e suppres · 
s i on between two rec tan 
gul a r  waveguides 

(c ommon c oa x ia l /waveguide 
usage) 

shie lded , w i th ma gn�t ic 
c or e  

��]� L--l 
with a shield between 
w ind ings , c onnec t ed to the 
frame 

VIBRATOR; INTERRUP'l'ER (87) 

typical shunt drive 
(terminals shown) 

typical separate drive 
(terminals shovn) 

VISUAL SIGRALJHG mvJCE 
(88) 

communication switchbo.rd
type lamp 
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indicating , pilot , si&
nal ing , or switchboard 
U.sht (see LAI!f) 

(identification replacee 
(*) uterisk) 

indicating l isht letter 
combinat ions 

A Amber 
B Blue 
c Clear 
G Green 
NE Neon 
0 Orange 
OP Opalescent 
p Purple 
R Red 
w White 
y Yellow 

jeweled sisnal Usht 

® 
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I N DEX 

A 

Absorption law, ·boolean, 26 2 
Addition, binary numbers, 229 
Amplidyne servoamplifier, 216 
Analog-to-digital converters, 280-284 

electromechanical, 280-283 
encoders, 281 
gray code, 282 
unit distance code, 283 

electronic, 284 
AND GAT ES coincidence circuits, 86 
AND operation, boolean, 249 
AN system type designation chart, 306 
Antennas, 184-188 

airborne radar, 188 
broadside array, 187 
corner reflector, 187 
horn radi ators, 187 
parabolic reflectors, 185  
RF safety precautions, 188  

Application of  theorems, boolean, 249-257 
Arithmetic operations, computer, 242-248 

analog to digital converters, 280-285 
boolean algebra application, 248-256 
complement arithmetic, 243 
computational circuits, digital computers, 

274-278 
digital to analog conversion, 278 
Harvard chart, 269-271 
logic circuitry and equations, 264-271 
logic circuits, 272-274 
nines complement, 247 
R ' s  complement, 243 
R' s  - 1  complement, 245 
subtractive adders, 247 

Artificial transtnission lines, RADAR, 107-110 
charging open ended lines, 108 
d.c . resonance charging, 109 
discharging open ended lines, 110 

Associative law, boolean, 259 
Astable multivibrators, 58-67 

collector /plate coupled, 61-66 
emitter/cathode coupled, 58-61 
synchronization, 66 

319 

Axiomatic expres sions, boolean, 263 
Axioms, boolean algebra, 257 

B 

Basic number systems, 225 
Binary addition, 230 
Blocking oscillators,  74-81 

driven blocking, 79 
ringing, 80 
self-pulsing, 75 
single-swing, 76-79 

Boolean algebra, 248-271 
applications to switching circuits, 249-257 

AND operation, 249 
NAND operation, 254 
NOR operation, 254 
NOT operation, 253 
OR operation, 251 

classes and elements, 248 
conversion of numbers, 236 
equation simplification, 258-271 

applications of theorems, 258 
axioms, 26 3-266 
Harvard chart, 269-271 
laws, 257-26 2 
Veitch diagrams, 264-269 

fundamental laws, axioms, 257 
mixed logic, 271 
symbols used, 249 

Broadside array antennas, 187 
Burns, from RF transmission lines, 189 

c 

C avity resonators,  1 32-1 36 
cavity tuning, 1 34 
coupling devices, 1 35 

Circuit limitation UHF, 96 
Circuits, types of 

clampers, 36-44 
coincidence, 86 
counters, 81-86 
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Circuits, types of - continued 
Eccles-Jordan trigger, 45-49 
hunting/antihunting, 221-223 
inhibitor (boolean) , 271 
modulator timing/shaping (Radar) , 106 
monostable multivibrator, 51-53 
phantastron, 53-58 
RC and RL shaping, 14-23 
Schmitt trigger, 49-51 
shaping, 1 4-23 
timing, 45-6 7 

Clampers, 36-44 
negative diode, 40-44 
positive diode, 37-40 

Commutative law, boolean, 259 
Complement arithmetic, 242-248 
Complementary law, boolean, 258 
Computer use, mathematical and logic problem 

solving, 224-285 
analog to digital converters,  280-285 
arithmetic operations, 229-235 
basic number systems, 225 
binary system, 227 
boolean algebra use, 248-257 
complement arithmetic, 242-248 
computational circuits, 274-278 
conversion of numbers,236-242 
counting by flip flop, 272-274 
digital to analog conversion, 278-280 
equation simplification, 268-271 
logic circuits, 272-274 
mechanization of a logic equation, 275 
switching circuits, 249-257 

AND operation, 249 
NAND operation, 254 
NOR operation, 254 
NOT operation, 253 
OR operation, 251 

Conversion, number systems, 236-242 
Corner reflector antennas, 187 
Counters, 81-86 

basic frequency, 83 
positive diode, 82 
solid state, step by step, 86 

Counting, number systems,  226 

D 

Decimal multiplication, 233 
Decimal system, 226 
Diode clampers, positive, 37-40 

negative, 40-44 
Diode limiters, 30-34 
Distributive law, boolean, 260 
Diversity reception (UHF) , 99 

320 

Division, binary numbers, 235 
Double negation law, boolean, 262 
Dual trace oscilloscope, 1-12 

basic type, 10 
controls, 2-8 
operation, 8-1 2  

Dualization law, boolean, 261 
Duodecimal addition, 231 
Duodecimal multiplication, 235 
Duplexer, 1 80-184 

ATR tube, 182 
parallel connected operatiop, 1 8 2  
series connected system, .184 
TR tube, 181 
tube disposal, 183 

E 

Eccles-Jordan trigger circuit, 45-49 
Electron tube letter symbols, 303-304 
Electronics color coding chart, 307-310 
Electronics symbols, 311-318 
Encoders,  280 
Equation simplification, boolean, 264-271 

G 

Geometry of tropospheric scattering, 100 
Gunn oscillator, 162-164 

H 

Harvard chart, 269-271 
Horn radiator, antennas, 187 

I 

Idempotent law, boolean, 258 
Identity law, boolean, 258 
Inhibitor circuit, boolean, 271 

K 

Klystrons, 147-158 
advantages, 1 59 
associated equipment, 1 54 
cooling of, 155 
focusing, 153 
modulation methods, 1 58 
multicavity power type, 149-153 
noise distortions, 157  
use as  a mixer, 1 58 
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Laws, Boolean, 257 
Limiters, 29-36 

L 

diode limiters, 30-34 
grid limiting, 34 

Logarithms (tables) , 295-297 
Logic, Boolean, 264-270 
Logic circuits, computers, 272-274 

M 

Magnetrons, 1 37-147 
construction of, 1 37 
coupling methods, 145 
cutaway view, 1 38 
electron resonance type, 141 
negative resistance type, 1 40 
seasoning, 1 47 
tuning, 146 

Mechanization of logic equations,  258-271 
Microwave application, Radar, 101-11 3  

artificial transmission lines, 107-110 
modulator timing/shaping circuits, 106 
modulator types and systems,  107 
protective devices , 112  
radar system parameters,  102-105 
radar waveform, 101 
range, bearing accuracy, 105 
range determination, 101 
switching devices, 111 
system block diagram, 105-107 

Microwave link, UHF Communications, 9 7-100 
Microwave receivers,  165-179 

basic system, 165 
crystal mixers, 171 
detector , 177  
IF amplifiers, 1 7 3-176 
indicator, 1 77 
modes of operation, 168 
MTI system, 1 78 
power, frequency characteristics,  169 
tubes, 170 
video amplifiers, 177  

Microwave transmitting devices, 1 37-164 
Gunn oscillator, 162-164 
klystrons, 147-158 
magnetrons, 1 37-147 
traveling wave tube (TWT) , 159-16 2 

Monostable multivibrator circuit, 51-53 
Moving target indicator system (MTI) , 178 

block diagram, 1 79 
Multiplication, binary numbers, 233 
Multivibrators,  astable, 58-67 

N 

NAND operation, Boolean, 254 
NOR operation, Boolean, 254 
NOT operation, 253 
Number systems,  224-247 

321 

arithmetic operations, 229-235 
binary addition, 230 
decimal multiplication, 233 
decimal system, 226 
duodecimal addition, 231 
duodecimal multiplication, 235 
octal addition, 230 

basic systems, 225 
binary system, 227 
complement arithmetic, (computers) 242-248 
conversion of numbers, 236-242 
counting, 226 
decimal system, 226 
definitions, 224 
duodecimal system. 229 
octal system, 229 
position of digits, 225 
radix, 225 

0 

Octal addition, 230 
Octal multiplication, 234 
Octal system, 229 
OR operation, Boolean, 252 
Oscillator , 162  

Gunn (gallium ar senide) 162-164 
Oscillators,  blocking, 74-81 

driven blocking, 79 
ringing type, 80 
self-pulsing, 75 
single swing, 76-79 

Oscillators ,  RC , 23 
phase-shift, 26-29 
Wien' bridge, 24-26 

Oscilloscope, Dual Trace, 1-12 
accessories , 11 
basic oscilloscope, 10 
controls, 2-8 
illustration of, 5 
obtaining dual trace, 1 
operation, 8-12 
vertical section controls, 3 

p 

Parabolic reflector antennas, 185  
Periodic table of elements, 286-288 
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Phantastron circuit, 53-58 
Phase shift, oscillators, RC , 26-29 
Plan position indicator display (PPI) , 190-196 

basic PPI, 190 
electromagnetic deflection, 191 
PPI azimuth indication, 193 
rotating sweep, 193  
trace rotation, 195 

Propagation fading, UHF communications, 98 
Pulse forming/pulse shaping circuits, parts I, II, 

and III, 1 3-87 
astable multivibrators,  58-67 
blocking oscillators,  74-81 
clampers,  36-44 
coincidence circuits, 86 
counters, 81-86 
.Eccles-Jordan trigger circuit, 45-49 
limiters,  29-36 
monostable multivibrator circuit, 51-53 
phantastron circuit, 53-58 
RC oscillators, 23-29 
RC and RL shaping, 14-23 
sawtooth generators, 68-74 
Schmidt trigger circuit, 49-51 
transient and nonsinusoidal voltages, 13  

R 

R's complement arithmetic system, 243 
Radar antennas, 184-188 

airborn radar, 188 
broadside array, 187 
parabolic reflectors,  185 
safety precautions, 188 

Radar system and microwave applications, 
101-113  

artificial transmission lines, 107-110 
echo' s, 104 
modulator timing/shaping circuits, 106 
modulator types, 107 
parameters, 102-105 
protective devices, 112 
radar pulses, 102 
radar waveforms, 101 
range and bearing accuracy, 105 
range determination, 101 
switching devices, 111 
system block diagram, 105-107 

Radix or base number system, use of, 225 
RC and RL shaping circuits., 14-23 
Receivers,  microwave, 165-179 

basic system, 165 
detector, 1 77 
indicator, 177  
IF amplifiers, 73 
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Receivers,  microwave - continued 
MTI system, 178 
receiver mixers, 1 71 
video amplifiers,  1 7 7  

Resolvers, 21 2 

s 

Sawtooth generators,  6 8-74 
transistor /electron tube, 73 
SCR, 71 
shockley diode, 69-71 
thyratron, 72 

Schmitt trigger circuit, 49-51 
SCR sawtooth generator, 71 
Semiconductor letter symbols, 29 8-302 
Servo amplifiers, 216-220 

electron tube type, 219 
transistor type, 217 

Servomechanisms, 214-223 
amplidyne, 216 
hunting/antihunting circuits, 221-223 
open, closed loop systems, 216 

Shaping circuits, RC and RL, 14-23 
Shockley diode sawtooth generator , 69 
Subtraction, binary numbers, 231 
Switching devices, radar, 111 
Syncliro operation, 200-209 

capacitors, 208 
control transformer, 207 
system speeds, 208 
TX-TDX-TR system, 205-207 
TX-TR system, 201-206 

Synchro zeroing, 209 
voltmeter method, 210 

Synchros, 197-20 0  
classifications, 197 
construction of, 199 
control systems (CT) , 199 
indicator, 177 
operation of, 200 
torque systems, 198 

T 

Theorem simplification, 258-271 
Thyratron sawtooth generator, 7 2  
Timing circuits, pulse forming and pulse shap-

ing, 45-67 
astable multivibrators.  58-6 7 
Eccles-Jordan trigger circuit, 45-59 
monostable multivibrator , circuit, 51-53 
phantastron circuit, 53-58 
Schmitt trigger circuit, 49-51 
synchronization, 66 



INDEX 

Transceivers, UHF ,  88 
transmitter section, 90 

Transistor/electron tube sawtooth generator, 73 
Transmission lines, Radar, 107-110 
Transmitting devices,  microwave, 1 37-164 

gunn oscillator, 1 6 2-164 
klystrons, 147=158 
magnetrons, 137=147 
traveling wave tube, 159=16 2  

Traveling wave tube, (TWT) , 1 59-162 
applications and operation, 162 
coupling methods,  161 

Trigonometric functions, (tables) , 289-295 
Tropospheric scattering, UHF communications, 

100 
Truncated paraboloid antenna, 1 86 

u 

UHF communications, 88=100 
circuit limitatiens, -96_ 
diversity reception, 99 
frequency multiplication, 89 
grounded=grid amplifier , 9 2  
lighthouse tubes, (disk seal) , 9 6  
microwave link repeaters, UHF, 9 7  
noise generation, types /of, 91 
parallel type tuned lines, 9 5  
propagation fading, 98 
push=push frequency multiplier, 89 
transceivers, 88 
transceiver=transmitter section, 90 
tropospheric scatter transmission, 99 

v 

Veitch diagrams, 264--269 
Venn diagrams, 248 
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w 

Waveforms, 1 :i-44 
astable multiyibrator,  60 
blocking oscillator, 76-81 
clamping circuits, 26-44 
coincidence circuits, 86-88 
countinw qircuits, 82-86 
limiting circuits, 29- 35 
monostable, 54 
multivibrator, 60-6 3 
negative clampers, 44 
phantastron, 56-58 
ringing oscillator, 81 
sawtooth generator, 74 
Schmitt trigger, 50 

Waveguides, 114-132 
bends, twists, joints in, 127 
coupling energy to, 1 26 
development of, 1 1 5  
effect on different frequencies,  1 16-118 
electromagnetic fields in, 1 1 8=120 
electromagnetic waves behavior in, 1 24 
impedance changing devices, 1 30 
modes of operation, 121 
terminating the waveguide, 1 31 

Waveshape, analysis, 1 3-24 
peaked wave, 1 5  
RC and RL circuits, 1 4  
sawtooth, 1 4  
square wave, 1 4  

Wien bridge oscillator, 24-26 

z 

Zeroing synchros, 209 
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