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GREEK   ALPHABET

NARE UC CO"ONLY   DESIGNATES LC CO"ONLY   DESIGNATES

AlphaBetaGarmaDeltaEpsllonZeta A8T

Complex  propagationcon8Cant

CL
Angles ,area ,ab8orptlon  factor.
atten.constant.I  gain  CB  confg.

a Angles.coefflclent8 ,phase  con8t.nt ,
flux  den81ty,   I  gain  CE  confg.

Y Angles,  8peclflc  gravity.  elect.
conductivity ,  propag'ti  con8tanc

A!E Increment , determinant ,perinlttlvlty.varlatlonImpedanceCurrentPermeanceSurmationScalarpotential,magneclcflux.radiantfluxResistancelnohms 8€ Angles ,  density,1ncrenenc

Base  of  natural  logs,dlelectrlc
constant ,  electrical  1nten81ty

iz r Coordlnate8 ,   coefflclent8

EtaThetaIota iH`ei T1 Hysteresl8 ,coordlnate8 ,  ef£1clency
intrlnslc  impedance

6
Angular  phase  dl8placenent,  tlpe
constant ,  reluctance

1 Unit  vector

KappaLambda iKAMN K\ Coupling  coefflclent,  9u8ceptlblllty.
dleleccric  constant
Wavelength ,.  attenuatlon  con8tmt

MuNu H
Prefix  micro,  anpllflcatlon  factor.
Pemeablllty

U Frequency ,  reluctlvlty

X1
-H-

€0 Coordinates ,  output  coefflcletlt.

Chlcron a Reference  point

Pi T\ Tr 3 .1416

RhoSigmaTauUpsi.lobPhlChL P P Reslstlvlty.  volume  charge  den®1ty,
coordinates

iii@X Cr Electrical  conductlvlcy,  le&k4ge  Co-
efficient ,  complex  propag'n  eon.tant

TU¢X Time  coristant,   tine  phase  dl8P1.ce-
ment ,   transml881on  factori -.fordiePhaseangleAngles.electricalgu8ceptthlllcy

PslOmega tyst V Angles ,   coordlnate®,  dl.1ectrlc
flux,  phase  differ.nc.

u Angular  veloclcy   (277f)



IATHERATICAL sTmoLS

PoBltlve.   Plus.   Add

Negative.  Mlnue.   Subtract

Po81tlve  or  negative
Flue  or  Dlnu®

X  or  .    Milt|plled  by

•  or ./    Dlvlded  by

-or  ::  Equals

=        Identical vlth

+               Not  equal  to

ir or=   Approxlmtely  equal  to

18  greater  than

18  leeo  then

Creacer  thou  or  equal  to

Less  than  or  equal  to

I.  proportional  Co

RAtlo

.  .            Therefore

-    Inf lnlty
A            Increment  or  Small  change€ Angle

i
LI

7r

€
id
V-
ill

n''

n

I

%

nl

()

[]

()

Perpendlculer  to

Parallel  to

P1.   3.1416

Base  of  natural  log.  2.718

Square  root

Cube  root

nth  root

Absolute  value  of  n

n  degrees

n  mlnute8  of  a  degree
n  feet .or  n  prine

n  seconds  of  a  degree
A  lpche8  or  n` Second

Average  value  of  n

Square  root  of  tplnue  one

Percentage

Sub8crlpt  of  n

Parentheses

Brackets

Biace8

VlncJlum
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unTHEMATicAL   cONSTANTs

ISymbol
Number Log1o Symbol Number LO81o

7r7r22TT27r237r47r47r287r7r27r37r47r67r827r347r317r27r 3 .14169.86966.283219.7392I9.424812.566439.478425.1327I.5708I.04720.78540.52360.39272.09444.18880.31830.6366 0.49710.99430.79821.29530.9742i.09921.5964I.40020.19610.02009.8951-109.7190-109.5941-100.32100.62219.5029-109.8039-10
47r1ZipI4frI67r15iF7rrfe180'7r17r2127r2I47r2vtrvi2viffl7r317r3

I.27320.15920.07960.05310.03980.017557.2,580.10130.05070.0253I.77250.88620.4431I.25330.797931.0063io.03225 0 . 10499.2018-108.9008-108.7247-108.5998-108.2419-101.75819.0057-108.7047-108.4036-100.24869.9475-109,6465-100.09809.9019-10I.49148.5086-10
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pOwER   Of   TEN    miLTlpLIER   CHART

Multi.ple   or  Submultiple Symbol Prefix Name

inl2     =   1,noo,ooo,ooo,r\oo T tera T r 1. 1  1 1. o n

loo        =   1,ooo,ooo'oon GMk gl'gameaakl'lo 8 1. 1  1 1. o n

1o8        =   loo,ooo'noo Hundred   milli.on

1o7       =   1o,noo,mo T e n   in i. 1  I 1. o n

1n6        =   1,noo'ooo M 1. 1  1 1. a n

1o5        =   1oo'0on Hundred   thousand

1o4        =1o,ooo Ten   thousand

1n3        =1,ooo Thoiisand

1o2        =1oo h hect.O Hundred

1ol         =1n dkd dekadecl. Ten

loo        =n One

10-1      =    .1 One   t-ent,h

1o-2     =    .01 C cent,. One   hundredth

10-3     =    .nol inn in 1' 1 1 imicronano One   thousandth

1o-4     =   .ooo   1 One   ten-t,housandt.h

10-5     =   .om  o1 one  hljndred-thousandth

1n-6     =   .ooo   onl r\ n e   in i. 1 1 1. o n t, h

1o-7      =    .r)oo   Ooo   1 One   ten-mi.lliont,h

10-8     =    .oOo  000  ol one   hundred-mi.lli.onth

1o-9     =    .noo   ooo   nol One   bi.lli.onth

io-12   =   .ooo   r\or)   onn   ool D pl'CO One   tri.l li.onth

ir)-15   =    .ooo   noo   Don   oon  nnl fa femto r)ne   qiiadri.llionth

io-18   =    .non   r)on   ono   nno  ono  oo1 atto One   qilint,1.llionth

H0   G3ARR324,30      no2-1
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NIJMERICAL    CnNSTANTS       (extended)

3.14159   26535   897q3   23846   26433   83279   50288   41971

2.71828   18284   59045   23536   02874   71352   66249   77572

SE0lJENCE    of   MATHEMATICAL    OPERATIONS

Remember

M.v   Dear  Aunt   Sall.y

POWERS    of   TWO   CHART

Multl.T)1.v                     (M)

D1'v1'de
Add
Subtract

2n        n        2-n

1         0      1.n
2         1      0.5
4        2      n.25
8         3      0.125

16        4      n.o62
32        5      0.031
64       6     n.ol5

lee        7     0.007
256        8      0.003
512        9      0.001

1024      10      0.000
2   n48      11      o.noo
4   906      12      n.000
8   192      13     n.ooo

16   384      14      n.ono
32   768      15      0.000
65   536      16      0.000

13107217      0.000
262   144      18      n.ooo
52428819      o.oon

1048   576      2n      o.ooo
2   097   152      21      0.floe
4   194   3o4     22      n.ooo
8   388   6o8      23     r).nno

16   777   216      24      n.oon
33   554   432      25      0.000

H0   G3ARR32430      002-1
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(S)
(A)

(D)

3125
156   25

7    578   125
8   789   062   5
9   394   531   25

14   697   265   625
348   632   812
647   316   406
837   i58   2n3

579    1r)1
289   550
644  775
322   387



BINARY    Cnl`lvERSI0N

Exampl e :

EXPONENTS

TfJ     7R:.     T]     Tfi     TrF:J     ?A     Tr£     7[2    7[A     7n

512 256 128 64 32 16 8 4 2 1

0 0 1 0 1 n 1 1 0 0

81'nary Deci mal
Numher Nurber

1 1

10 2
11 3

loo 4
1nl 5
110 6
111 7

1000 8
1r)nl 9
1r\ln 10

110010 50
11no100 loo

Zero  exponent          a°  =   1

Neqative   exponent          a-X=l
ax

Multiplication           ax.   a.V=   a(X+.y)

Division                         axt   ay=±=a(X-.v)
ay

Power   of  a   product           (ab)X        =        axbx

Power   of  a   power               (ax)`y       =        axy

Rootof   aoower            ywlT`--ax±y

1

Fractional  exponents         dS    --   4\F      dS    --   y\FT

Radi.ca1s JFho     --f ra    .vih

H0   G3ABR32430      rl02-1
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LorTARITHMS

The   exnonent   of   that  power  of   a   fixed   number,  called   the   base,  whi.ch
equals   a   qi.ven   number.

|n2  =   loo,   therefore  2   =  log   of  loo   to  the   base  10.

Exnonential   Fom

Mu1tir]1icati.on

D 1' v i s i o n

Raisl.nq   to   a   power

Ext,racti.in  roots

Commn   to  natural

Natural    to  common

SCIENTIFIC   Nr)TATI0N

Loqarithmic  Form

i:!!#38o
loq   (6.4)   -log   6   +  log   4

-log  4

og   ,,3   =   3   log   N

loo    3f    =    Jqu
3

1ogin   N      =      2.30261oq€   N

loq€     N     =      0.43431o9io   N

A  whole   number   between   1   and   10   times   the   proper  power  of   ten,   also
called  standard   form.

Example:      4.30   x   |o4

SIGNIFICANT   Flf]lJRES

Fi.qures   arrived  at  h`y  counti.ng  are   often  exact.     On  the   other  hand,
fiqiire  arrived   at:  hy  measurinq   are  approxiTTiate.     Siqnifi.cant   fig(ires   express
the   accurac`y   of  the  measurement.

When  countinq   significant   figiires,   all    di.gits   (includl.nq   zero)   are
count,ed   EXCEPT  those   zeros   that  are  t.o   the  left  of   t,he   number.

Example:     4.3            contains   2   si.qnificant,   fiaures
n.0234    contains   3  signifi.cant  fi.gures
n.1100     cont,ai.ns   4   signifi.cant   fi.qures

Hr)   G3ABR32430      002-1
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ROUNDING    nFF    NllMBERS

If  the   last  di.qi.t   1.s   a  5   and   the   number   immediatel.y  pri.or  to   that  1.s   an
EVEN   number,    DROP   the   fi.ve.

Example:      2.065   becomes   2.06
.20.5   becones      .20

If  the   last  di.oi.t   1.s   a  5   and   the   number   immedi.atel`y   prior  to   that  1.s   an
UNEVEN   number,   drop   the   5   and   ADr)   1   to   the   last   fiqure   retained.

Example:       2.055   becomes   2.n6
.215   becomes       .22

If  the   remaininq   sequence   of  numbers   is   larqer  than  `F,   add  1   to   the   last
figure   retained.     Never   round   off  one   di.qi.t  at  a  tine.     Consi.tor   all   di.qits
to   the   riqht  of   the   point  that  you  wish  to   round   off  as   a   single   ¢uanity  when
`iudginq  whether   is   is   rare  or   less   than   5.

Example:       3.45678   becomes   3.5

Remember

;::ar        #=    S         Sick

3eap            fi=c          ca,1

'      £:Dles       #=     T          T0morrow

pvTHAGriREAN    THEOREM

In  a  riqht  triangle,   the   square  of  the   rtypotenuse   is   equal   to   the  sum  of
the   sriuares   of  the   other   two  si.des.

c2   =   a2   +   h2

b   -   BASE

Hr}   r]3ABR32430      002-1
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TRlr.nNOMETRIC    RELATIONS

In   a   ri.qht  tri.angle,

H   =   h.ypotenuse
A   =   ad`iacent   si.de
r)   =   oT)nosite   si.de
0  =   angle   between
¢=  angle   between

h.vpot.enuse   and   adjacent   si.de   (base)
h.yDotenuse   and   the   opposi.te   side

COS0

tan0

sin  o   =   cos  d)

cos  0  =  sin  ¢

tan o  =  cot   ¢

LENGTH   of   SIDES   for   RIGHT-AtlGLE   TRIANGLES

Lenqth   of   Hvpot,enuse   = Sl'de
S l` de
Sl'de
S 1' de

csc  o  --  see, 4>

sec  e  --  csc  ¢

cot  0  =  tan   ¢

Lenqt,h   of   si.de  Onposi.te   =     Hypotenuse      x     Si.ne
Hypotenuse     i     Cosecant
Sirle   ad`iacent     x     Tangent
Si.de   ad`iacent,     i     Cotangent

Lenqth   of   si.de   Mjacent  =     H.vnotenuse      x     Cosi.ne
Hypotenuse     +     Secant
Si.de   opposite     x     Cotangent
Si.rle   oor]osite     +      Tanqent

Hn   rT3ARR3243n      nn2-1
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ANGLE    FUNCTIONS

RAT)IAN    MEASIJRE

Si.qns   of   the   Functi.nns

Oua rt ra nt sin COS tan

I + + +

11 + - -

Ill - - +

IV - + -

The   circular   s.vstem   rtf   anqular   measurement   is   called   radi.iin   rrpasure.

A  radl.an   is   an   anqle   that   i.ntercent,s   an   arc   equal   in   lenr!t,h   to   t,he   rtiliiis
of   a   ci.rcle   as   1.llustrated   rtelow.

VOLTAGE CURRENT,

rodlan
8

POWER,    AND    RESISTANCE

I.enqth   of   arc   BC
6.28   radians
2  7r  radians

7r  r a di. a n s
1   radians
1   deqree

RELATIONSHIP CHART

H0   G3AF}R32430      n02-1
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OUADRATlr,    E0llATlr)NS

A  quadrati.c   equati.on   that  contai.ns   onl`y  terns  of   the   second   degree  of   the
unknown   i.s   called   a   pure   quadratic   eqiration.

Example:      ;;2=+95v?   =   ?n

A  qilatratu.c   enuat.ion   that  contai.ns   terms   of  both   the   fi.rst  and   second
deqree   of   t.he   unknown   is   called   a   complete  quadratl.c   equation.

Exampl e :

The   quadratic   formula:

x   =      -h±

=1F

c=0

-4ac
•?a

Where:     a  =   coeffi.cient  of  the   fi.rst  tern
b  =  coeff 1.ci.ent  of  the   second  t,em
c   =  constant  or  t,hi.rd   term

.i    OPERATOR

Operator Mat.hemat,i.cal I)i.rection  of r)eqree  of
Equivalent, Rotation Rotat-ion

.,i q CCW 90

j2 -1 CCW 180

.i3 -JT CCW ?70

i4 1 CCW 360

-.i -q CW _9n

( -j ) 2 -1 CW _180

( -j )3 JT CW _270

( -j )4 1 CW -360

ACCELERATlml   due   to   r]P`AVITV

Accelerati.on   due   to   qravi.t`y   at  sea   level  ,   4n  deqrees   lati.twde,   1.s:

32.1F78   feet/sec/sec

H0   ri3ARR32430      n02-1
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DECIBELS    and   POWER    RATIO

The   rati.o   between   any   two   amounts   of   electri.cal    power   i.s   usijall`y
expressed   i.n   uni.ts   on   a   loqarithmi.c   scale.
for  expressi.nq   a   power  rati.o.

pR(dB)  =  1o  ,oq i
PI

Where:      PP`   =   power   rati.o   1.n   db

8!  :  :::::  ::Jt`iT:lr'q:)

The   deci.bel   i.s   a   looarithmic   uni.t

When   the   outrtut   of  a   ci.rciH.t  is   larqer  than   the   1.nput,   the   devi.ce   i.s  an
amplifi.er   and   t,here   1.s   a   qai.n.      When   the   oiltpiit   of   a   ci.rciH.t   is   less   than   the
1.nout,   the   devi.ce   1.s   an   attenuator  and   there   1.s   a   loss.      In   the   last   example,
iise   the   same   formula   as   above   and   place   the   larger  power  over  the   smaller
Dovier   and   Diit,   a   minus   si.gn   i.n   front   of   PR   to   1.ndi.cate   a   Power   loss   or
atteni1ati.on.

Rasi.call.v,   the   decibel    i.s   a  measure   of   the   ratio   of   t,wo   powers.      Si.nce
voltaqe   and   current  are   relat,ed   to   power  by   l.mpedance,   t,he   decibel   can   be
lised   to   express   \/oltaqe   and   current   rati.os   Provided   the   i.nput   and   outpijt
i.mpedances   are   taken   i.nto   account.

Equal

lmpeda nces :
dB   =    2oloqi

E1

Unequal

lmpeda nces :
dB

l'nput   voltage
output   `/oltaoe

--2„1ogiJ±±±
EI   vrty

dB    =     2nlooJ£
11

=   i.nput   current,
=  output  current,

dR  --  2n i oq  id±
ii  rf FTTL

Where:       Ri   =   impedance   of   the   inpijt   1.n   ohms
i.mpedance   of   t,he   out.Out   in   ohms
voltaqe   of   the   1.nput   1.n   volts
voltage  of   the   output   in  volt,s
current   of  the   l.nput  i.n   amperes

12  =  Current   of   the   output   in   amperes

The   NEPER

The   neper,   based   on   na+mral    1ogarithms   to   the   base€   ,   1.s   a   uni.t  used   to
measure   di.fference   1.n   nower   level    in   the   same  manner   as   the   dB   i.s   iised   1.n  the
system   of   conmon   loqari.thins.

1   dB   =   0.115    neDer
1   neper   =   8.686   dB

H0   G3ARP`32430      no2-1
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DECFIEASE (-) DEcf`EASE (-) NUMEIER OF iNcnEASE (+) lNCI]EASE  (+)

VOLTAGE AND POWEf` RATIO DB, VOLTAGE AND POWER RATIO

CuRRENT RATIO CuftRENT RATIO

1.0000 1.0000 a 1.0000 1.0000

.988® .9772 .1 1.0120 1.0230

.9772 .9550 .2 1.OZ30 1.0470

.9®®1 .9330 .3 1.0350 1 .0720

.9550 .9120 .4 1.0470 1.09eo

.9441 .8913 .5 1.0590 1 .1 220

.9333 .8710 .a 1.07ZO 1.1480

.922® .e511 .7 1.Oe40 1.1760

.9,20 .8318 .a 1.09®0 .2020

.901® .812e .9 1 .loco 1.2300

.8913 .7943 1. 1.09eo 1.2590

.7943 .®310 2. 1.2590 1.8860

.7079 .5012 3. 1.4130 1.9980

.e310 39®1 4. 1.5850 2.5120

.5®23 .31®2 I. 1.77eo 3.1®20

.5012 .2512 a. 1.9910 3.9®10

.44e7 .1995 7. 2.2390 5.0120

.3981 .1588 ®. 2.5120 a.3100

.3648 .1219 ®. 2.8180 7.9430

.31®Z .1000 10. 3.1®20 10.0000

.1000 .0100 20. 10.000 loo.0000

.031®2 .0010 30. 31.®200 1,000.0000

.0100 .0001 40. loo.0000 10,000.0000

.0031® .00001 50. 31®.ZOO 1  x  101

.0010 1  I 1 a., eo 1,000.0000 1  I 10,

.00031® 1  I 10-, 70 3,1®2.0000 1  I 10,

20067
33oeo3A

Table   Showing   the   Relationshi.p   Pietween  DBs
and   the  Power,   Voltage  and  Current.  Ratios

Hn   r,3ABR3243r)      n02-1
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dBm

The   decibel    does   not   represent   act.ual   power,   but,  only  a  measure  of   Power
rati.os.      It  i.s   desireable   to   have  a  loqarithm.c   expression  that  represents
actual    power.     The   dBm   is   such   an   exriressi.on   and   1.t   represents   power  levels
above   and_   below  one   mi.lli.watt.

The   din  indi.cates  an   arbitrary   power   level   wi.th  a   base   of  one  mi.lliratt
and   1.s   found   by  takina   ln   ti.mes   the   log   of   the   rati.o   of   actual   power  to   the
reference   rtower   of  one  mi.lli.watt.

P(dBm)   =  10  loo  _P
lmw

Where:      g(dBm)

1"

GUARDINr]    ILLijsTRATEn

power   i.n   dBm
=   actual    Power
=  reference   power

Un-guarded   Ci.rcuit

H0   G3ABR3243r)      no2-1
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SINE    \itAVE   VnLTAr]E    r,nNVERSI0N    CHRT

TO

Effective Avev`acie Peak Pk-to-Pk

Effective(RMS)
0 .900 1.414 2 .828

Averaqe 1 .110 1 . 5 71 3.142

Peak 0.7n7 n . 6 37 2.noo

Pk-to-Pk n.354 n . 3 18 0.500

SINE    WAVE    ILLUSTRATED

H0   G3ABR32430      002-1
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3x'o'6

3x

-2
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FREOUENr,V CL ASS I F I CAT I 0N

Fr eri ue n c `/ C 1 a s s i f 1. c a t i o n Abhrevi.ation

3-30                        KHz Very   low  frequencies VLF

3n-3nn                    KHz Low   fre{u,iencil es LF

3nr)-3 ,non              KHz Medium   frequenci.es MF

3-30                        MHz Hl.qh   freriuenci es HF

3o-3nn                    MHz \/er`y   hi.qh   frefluenci es VHF

3r)n-3 ,000               MHz Ultra-hi.qh   frequenci.es „HF

3,non-30,noo           MHz Siiper-hi.qh   frequenci es SHF

3o,nr\o-3or)O,inn     MHz Extremely   hi.qh   frequenci'es,..........,,., EHF,,,.®,,

3oo,oo0-3,noo,noo  MHz

DIVIDER    NETWORKS

The   divi.sion   of   voltage   and   current   i.n   a   ci.rcui.t,   can   he   determi.ned   1.n  the
fol lowi. nq   manner.

Voltaqe   ni.vider

ERa=
Ra   +   Rh

Current  Divi.der

IRa

aDpli.erl   voltaqe   i.n   volts
total    current   I.n   amneres
resi.st,ance   i.n   ohms
resistance   i.n   ohms

:?,i::::  :::::,:hRaaT.?nv::::res

H0   r.3ABR3243n      r)n2-1
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NETWORK    CON\JERSI0NS

A  si.mple  method   for  rememberi.nq   the   A  toY  tlnd  Yto   A   cnnyersions   l.s
qi.ven   usinq   the   i.llustrati.on.

A t.o Y
The  value   of  each  Y  resistor   1.s  equal   to   the   product  of   the   two  ad.iacent.  A
resi.stors   di.v`;ded  hy  the   total    A    resi.stance.

YtoA
The   value   of  each    A    resi.stnr   is   found   b`y  divl.rli.no   the   sum  of   all   the   Y

resistances   h`y  the   value   of  the  oDoosl.t,e   Y  resl.stance.

Delta   ci.rcuit.  consi.st,s   of   :

Ri,    R2,    and   R3

2e07 I

W`ve   ci.rciii.t  consi.sts   of :

Ra,    Rho    and   Rc

Z=  =     the   siJm   of  the   resl.stors   in   the   netwr)rr`   sDeci.fi.ed.

H0   r]3ABR32430      n02-1
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COLOR-CODE   MARKING   FOR    RESISTORS

COMPOSITION-TYPE    RESISTORS

ABCDE

Eleel  )ail  Ill
quFIRST

SIGNIFICA
FIGUF]E

SECOND
SIGNIFI

FIGU

FILM-TYPE    RESISTORS

FIRST

FAILURE-RATE    LEVEL
(ESTABLISHED   RELIABILITY

TYPES   ONLY)

TOLERANCE

M U LTI P LI E F]

ABCDE
11

i!il
11
11

11
11``... I 1\` I . 11

SIGNIFICA
FIGURE

SECOND
SIGNI

TERMINAL

TOLERANCE

MULTIPLIER                       26069

Rand   A   -The   fi.rst   si.qnificant   fi.gure   of   t.he   resl.stance   value.
(Rands   A   thru   D   are   of   equal    wi.dt.h)

Banr!   a   -The   second   si.qnifi.cant   fl.qure   of   the   resistance   value.

F`and   C   -The   multi.pll.er   i.s   the   fact,or   b.y  whl.ch   the   two   si.qnifi.cant
fi.qures   are  multi.plied   to  `yield   the   nomi.nal   resistance
val I,e .

Raml   n   -The   resi.stance   tolerance.

Band   E   -When   IIsed   on   conposi.t,ion   resi.stors,   band   I   1.nrli.cates   the
establi.shed   reliahili.t,`y   fai.lure-rate   level.      On   film
resi.stors,   thi.s   band   1.s   approximately  11/?   ti.mes   the   widt,h
of   t,he   other   hands,   and   I.ndicates   type   of   terminal  .

tln   G3ARR3243r)      002-1
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CoLOR-Cor)E    CHART

Band   A                                                 Band   B                                                          Band   c

Co 1 o r F 1' r S tF1`qure Color SecondF1'qure Color Mu 1 t i. p 1 1. e r

Black 0 Black 0 F„ a c k 1
Brown 1 Brown 1 Brown 1n
Red 2 Red 2 Red 1rm
Orange 3 nranoe 3 nranqe 1   0nr)
Yel 1 ow 4 Yel 1 ow 4 yel 1 ow 10,nno

Green 5 rlreen 5 Greeh loo  noo
Blue 6 Blue 6 BlueS1'1v e r 1,noo,noo0.01
Purple(v1'o1 e t )r]re.y 78 Purple(v1`o1 e t )Gra.y 78

Wh 1' te 9 Wh i te 9 Gold 0.1

Band    D Band   E

Co l o r To 1 e ra nce Color * F a 1. 1  u r e Te in 1. n al
(percent) Rate

Si 1 verRedNOColor ±1n Brown 1%

So I cle rah 1 e

CbmpoSiti.on Red 0 .  1 91,
type      Onl.y±5±2notappli.cabletoestal]1i.shedreliab1.1I.tv±20 0ranqeYel1owWhite 0 . 0 1 9',n.nn1 ?,

*Thi.s   is   the   I)ercentaqe   of   failure   per  10no  hours   of   tise.

H0   r]3ABR32430      r)o2-1

20



COLOF)   CODE   -   CAPACITOF`S

ONLY   A   FEW   0F   THE   MANY   TYPES   AND    FORMS   OF   CAPACITORS   ARE   PRESENTED.

TYPE

VOLTAGE   F]ATING

1ST   DIGIT

A   -   TEMPERATURE
COEF F ICI ENT

8   -   1ST   DIGIT
C   -   2ND   DIGIT
D   -MULTIPLIER
E   -   TOLERANCE

CAPACITANCE

IST   DIGIT

2ND   DIGIT

VOLTAGE

Hr)   r]3ABR3243r)       r)02-1
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6-DOT RIVIA-JAIV-AWS STANDARD CAPACITOFt COLOR CODE

COLOR TYPE 1ST 2ND MULTIPLIER TOLEFtANCE CHAFtACTEFtlsTIC
DIGIT DIGIT (PERCENT) OFt CLASS

BLACK JAM, MICARNA,MICA 0 0 1
1

APPLIES TO
BROWN 1 1 10 TEMPERTURE
FtED 2 2 loo 2 COEFFICIENTS
OFtANGE 3 3 1,000 3 OR  IVIETHODS OF
YELLOW 4 4 10,000 4 TESTING
G FI E E N 5 5 loo,000 5
BLUE 6 6 1,000,000 6
PUFtPLE 7 7 10,000,000 7
GRAY 8 8 loo,000,000 8
WHITEGOLD 9 9 1,000,000,000 9
SILVERBODY AWS, PAPEFt

.1.01
1020

5-COLOR CAPACITOR COLOR CODE

COLOR 1ST 2ND MULTIPLIER TOLERANCE VOLTAGE
DIGIT DIGIT (PERCENT) RATING

BLACK 0 0 1
1 looBROWN 1 1 10

FtED 2 2 loo 2 ZOOORANGE 3 3 1,000 3 300YELLOW 4 4 •    10,000 4 400
G Ft E E N 5 5 loo,000 5 500BLUE 6 6 1,000,000 6 COOPuRPLE 7 7 10,000,000 7 700GRAY 8 8 loo,000,000 8 800WHITEGOLD 9 9 1,000,000,000 9 goo
SILVERBODY

.1.01
1020

10002000

CERAIvllc CAPACITOR COLOR CODE

COLOFt 1ST 2ND MULTIPLEFt
TOLEFt    NCE TEMPEFtATUFIECOEFFICIENT

OVEFt 10 pf LESS THAN
DIGIT DIGIT 10pf (PPIVI/DEG.  C)

BLACK 0 0 1 +20% 2.a   pf0.5pf0.25pf aBFtowN  - 1 1 10 +1% -30
RED 2 2 loo +2%+5%+10% -80
OFtANGE 3 3 1,000 -150
YELLOWGREENBLUE 456 456 10,000.01 -220-330-470

PuF'PLE 7 7 -750
GFtAY 8 8 +30WHITEGOLD 9 9 .1 1.a   ppf +500 TO -330+100

Ho   G3ABR32430      r)02-1
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READINr.    CAPAr,ITOR   CODES

r)i.fferent   mark`inq   schemes   are   iised   main+.y  because   of   the   var`vinq   needs
fulfilled  b`y   di.fferent   capacitor   t`ypes.     Temnera+|ire  coeffi.cient,  1.s   of  mi.nor
importance   i.n   an  electrol.vtic   fi.lter  capacitor,   but   1.t  1.s   ver.y   imrortant,   i.n
ceramic   tri.mmers   for  attenirator  use.      Yoii  never   find   temperatiire  coeffici.ent
on  an   elect,rol.vtic   label  ,   hut,   it  1.s   always   present   on  cerami.c   t,ri.mmers.

Ceramic  r)1.sc   CaDaci.tors.      Information   is   usuall`v  printed.      Capaci.t,ance   I.s
nce   tolerance

indicated   t``y   P200  whi.ch   means   +20n  `P/M/..°C,    or  N100   fo+  -100
1.s   shown   I.n   percent  or  b.v   letter.      TeriperaturetaCl

coeffi.ci.ent   is
PIWOC,  etf:.

Cerami.c   Tubular  Capaci.tors.
eads

These   capacitors   are  usually   whl.te  enamel
and   look   like   "doq   hones."      The   code

consi.sts   of  color   dot,s   whi.ch   i.ndi.cate  temDerature  coefficient,   capaci.tance,
and   tolerance.

Button   Mi.ca   Capacitors.     The  most  di.ffi.cult   part,   of   reali.ng   the   code   on
t.hese CaDaciotrs ls to   reTTiember   to read   the   dots   moving   1.n   a  clockwise
directi.on.     The   dots   are  usually  pri.nted   more  to   one   side   +,nan  the.v   are  to
the   Other.

Molded   Mica   Capaci.tors.
arrow  or   si

Thi.s   was  once  a   very   popular   t`yne,   rectanqillar
ar   di.recti.onal    1.ndi.cator.     Standard   color  code

anplies.     The   characteri.st,ic   i.n  mi.ca   capaci.otrs  refers   to  the  t,enne_ratijre
coeffl.cl.ent  and   capaci.tance  drift.

Dl.Dped  Mica   Capaci.tors.     Thi.s   type   of   caDaci.tor   has   a   Drinted   label    li.ke
that

C

appearing  on   ceramic isc   capaci.tors

Paper  and   Film  Capacitors.      Alumi.nun  and  tant,alum   electrolyti.c
aDaci tors , cases,   have Printed   or   stamped   labels   I.ndicati.ng

capacl.tance,   tolerance,   and   voltage  rati.nqs.     Other   characteri.stics  are
usually   unimportant.

A1.r  Trimmers.     The   same   i.nformati.on   applies   as   wi.th   patter   and.   fi.lm
capaci.tors.     Often onl`v   the   canacitance   range   1.s   1.ndi.cat,ed
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I,lame

H               H`ydroqen
He             Helium
Li             Li.thium
Be            Beryl 1. urn
8              Roron
C              Carbon
N              Ni. troqen
0             nx.vqe n
F              Fl uori.ne
l'e            Neon
Na             Sodium
rlq            Magnesium

AI             Al uni. nun
S1'            Sl'l |'con
p              Phnsphorils
S             Sulfur
CI             Chlori.ne
Ar           Arqo n
K               Potassi.urn
Ca            Calcium
Sc            Scandium
Ti            Ti. tanium
V                Vanadi.urn
Cr           Chroniun
Mn            Manqanese
Fe           Iron
Co           Cobalt
Ni.              Ni.ckle
Cu            Cop Per
7n            Zi.nc
Ga            rlal l l'lJm
r]e           riermani.urn
As           Arsen ic
Se            Sel eni.urn
Br           Bromine
Kr          Krypton
Rh             Ruhi.di.urn
Sr          Stronti.iim
Y              Yttrium
Zr           Zi.rconi.urn
Nb             Ni.ohi. urn
Mo            Mol vbdenum
Tc           Tec.hneti urn
Ru            Rutheni.urn
Rh             Rhodi.urn
Pd            Pal ladi.urn
Aq           Silver
Cd             Cadmi.un
ln            lndl'um
Sn            Tin
Sh           Anti. ro n.y
Te           Tel luri.urn

I o r' i n e
Xe            Xenon

Atoml.C
'./e 1' oh t

1.On8n
4 . r) 0 26
fi . 93
9 . r' 1 2 2

1 r) . 81 1

12.011
14 .007
15.999
18 .998
2n .183
22 .q9n
24.312
26 .982
28 . n86
3 r) . 9 74
3 2 . n f; 4
35.453
39 . q48
3 C) . 1 r' 2

40.08
44 .956
47 . 9n
5 n . q4 2
51. 996
5 4 . C) 38

5 F; . 84 7
58 . 033
58 . 71
63 .54
65.37
6 q . 72
72 . 59
74 . 922
78.q6
7 0 . 9r)9
83 . 8n
8 5 . 47
87.62
8 8 . On 5
91.22
92 . cO6
95 . 94
(90)
1nl .n7
1n2 .ql
106 .1
107 .87
112.4n
1 1 4 . 82
1 18 . 6 9
121.75
127 .62
126 . 90
131.30
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cs           cesi.urn
Ba            Bari.urn
La           Lanthanum
Ce           Ceri.urn
Pr           Praseod.ymi.urn
Nd             Neod.yin i. urn
Pin           Promethi.urn
Sin            Samar i. urn
Eu             E`JroDi.urn
Gd            Gadol i. ni.urn
Th            Terhi. iim
r)y            s.vs pr os 1. urn
Ho              Holmi.urn

Er           Erium
Tin           Thulium
Yh           Ytterhi. urn
Lu           Luteti.urn
Hf           Hafnium
Ta           Tantal urn
W             Tunqsten
Re            Rheni.urn
r`s             Osmium

lr           Iridl'um
Pt          Plat,l' nun
Au             Gol rl
Hg            Merc u r.y
TI             Thal  li.urn
Ph            Lead
Bi             R1.smuth
Po            Pol oni.urn
At         Astati.ne
Rn            Radon

87                Fr           Franci. urn
88                  Ra            Radi.urn
89                 Ac           Actl. nium
9n                 Th            Thori. urn
91                Pa           Protacti. nium
92                  U                Urani.urn
93                   ND             Her)tun l.unl
94                 Pu           Pl utoni.urn
05                    Am             AITierl.c 1. urn

96                   Cm            Curl. urn
q7                 Rk            Berkel i.urn
98                 Cf           Gal l. fornl.urn
99                Es           Einstei.nium
loo             Fin          Femi.urn
lr)1               Md           Mendel evium
ln2               No            Nohel i.urn
lr\3              Lw           Lawrenci. urn

132.ql
137.34
1 38 . 0 1
14n.12
140.01
144.24
( 147 )
15n.35
151.q6
157.25
158 . q2
162 .5n
164.93
16 7 . 26
168.q3
173 .04
17 4 . a 7
17 8 . 49
18n.95
183 .85
18 6 . 2
19n.2
192 . 2
105.09
1q 6 . 97
20n.59
2r)4 . 37
2n 7 .19
• 2n8 . 9 8

(21n)
( 21r\ )

(222)
(223)
( 2 26 )
( 2 27 )
232.04
(231)
2 38 .03
( 237 )
(242)
(243)
( 247 )
( 247 )
( 2 49 )
(254)
( 253 )
(256)
( 254 )
( 25 7 )
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MASS    and    WEIGHT    CONVERSION    TABLE

1   qram  =   0.n35   ounce
1   centi.qram  =   n.154   qrain
1   ki.loqram   =   2.2046   pounds
1   pound   =   r).4536   ki.1oqram   =   70no   Oral.ns   =   454   Grams
1   ounce   =   28.349   qrams   =   437.5   qrai.ns
1   qrai.n   =   n.0648   qrams   =   n.002285   ounce

LENGTH   Cr)NVERsloN    TABLE

1   i.nch   =   2.540   cent,i.meters   =   n.n83   feet  =   n.027   yards
=   25.4   mi.111.met,ers   =   25,4r)0  mi.crons

1   foot  =   3n.48n   centi.meters   =   12   i.nches   =   n.333  `yards
1  yard   =   0.914  meters   =   3   feet  =   36   i.nches

1   meter  =   39.37    1.nches   =   1.094   .yards
1   ki.lometer  =   n.6214   statute   miles
1   centi.meter  =   n.3937   inch
1   mi.cron  =   n.nnnl   centimeter  =   1o-6  meter
1   ancistrom   =   r).rmr)00nnl   centi.meter  =   1n-1r`  meter
1   statute  mi.le  =   1.6n9   ki.1ometers  =   5280   feet  =   1760  yards
1   nauti.cal    mile   =   6076.115   feet  =   1852.0   meters

VOLUME    and   PRESSURE    CONVERslnN   TABLE

1   cubi.c    i.nch   =   16.387   ciihi.c   centi.meters
1   cubic   foot  =   n.028   cur)i.c   meters   =   1728   cubic   inches
1   cuhi.c   yard   =   n.765   cubi.c   meters   =   27   cubi.c   feet
1   cubi.c   centi.meter  =   n.n61   cubi.c   i.nch
1   quart   =   946   cubi.c   cent,imeters   =   57.75   cubic   1.nches
1   li.ter  =   1000   cuhi.c   centi.meters  =   1.057   quart
1   atmosphere  =   14.7   psi.   =   76n  mm   of   Hg   at   n°C   at   sea   level
1   psi.   =   51.7   mm   of   mercur.y
1   inch   of  mercury   at  0°C   =   0.4ql   pounds   per   square   i.nch
1   cm   of  mercury   at  0°C  =   13.6   grams   per   square   centi.meter
1   foot   of  water  =   0.433  psi.
1   cubl.c   centi.meter   of   water  =   1   qram
1   cubi.c   foot   of   water  =   62.416   pounds
1   a  =   386   1.nches/sec2

1   gallon   =   231   cuhi.c    1.nches
1   qallon  =   0.1336788  cubi.c   feet
1   gallon   water   a  4°C   =   8.34541bs
1   rrii.1li.bar   =    0.fl2953    1.n   Hq   =    n.750062   mm   Hq
1   Torr  =   1/760   atmosphere  =   1   mi.llimeter

POWER,    WnRK,     and    HEAT   CONVERSION    TABLE

1   Btu   =   252   calori.es   =   778   foot-pounds
1  watt  =   44.28   font-pounds   per  mi.nute
1   ki.1owatt  =   loon  watts   =   1.34   horsepower
1   horsepower  =   746  watts  =   `F;50   ft/lbs/sec   =   33,nr)0  ft/lbs/mi.n

:  .;::,:  :  I.X9ee::n:i::2::  ca|or,.e
1   calori.e   =   4.18   `ioules
1   watt  =   1   joule   per   second   =   3.4   Btu   nor   hour
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TEMPEFtATUFtE CONVEFtsION  CHAFtT

FROM TO FORMULA

CLEslus KELVIN K = C + 273.15

FAHRENHEIT KELVIN K = (5/9) (F + 459.67)

RANKINE KELVIN K = (5/9)  R

FAHRENHEIT CELSIUS c=`F=.3z)

KELVIN CELslus C = K -273.15

CELSIUS FAHRENHEIT F = 1.8C + 32

FAHRENHEIT RANKINE Ft = F + 459.69

BASIC TEMPEFtATUFtE SCALES COMPAFtlsoN CHAFtT

FAHRENHEIT     RANl{INE            KELVIN CELslus
(CENTRIGI]ADE)

BOILING
POINT

WATEFt

FREEZING
POINT

WATEFt

ABSOLUTE
ZERO

2120F 671.67oR 373.150K 1000C

320F 491.67oR 273.150K OOC

OOF 459.67oR

OOK -273.-459.67°F OOFt

330®03fl-27
260ce
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THERMAL    SPECTRUM

r,el sius          Fahrenhei t
Scale                  Scale

1410                       2570

1083.4                 1982.12

1964.43              1947.974

937.4                 1719.3?

961.93               1763.474

660.37              1220.666

63n.74              1167.332

630.74              1167.332

444.674              832.4132

216                        420

156.61                 313.898

100                          212

57.8                   136.04

37                            98.fi

4                           39.2

o.nlo               32.018

032

-38.87                -37.966

-78.5                 -1r)9.3

-88.3                -126.94

-18?.q62           -297.3316

-273.15              4`fi9.67

Silicon  Melts

Copper  Melt,s

Freezina   Poi.nt   of  Gold

rie rna n i u in  M e 1 t s

Freezi.nq   Point  of  Silver

Al iimi. nun  M el t, s

Silver  Solder  Melts

Antiron.v  Melts

Boiling   Point   of   Si.1\ier

50/5n   Lead/Ti.n   Sol der  Melt.s

Indi.urn  Melts

Steari  Poi.nt  at  Sea  Level

Highest   Recorded  Worl d  Temperature

Human   Body   TemDerat.ure

Maxi.mum   Density   of  Water

Triple   Poi.nt   of  Water

Ice  Point

Mercur.v  Freezes

Sublimation   Poi.nt   of   Cn2

Lowest  Recorded  Worl d  Tennerature

Oxyqen   Boils

Absol ute  Zero
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DECIMAL EOulvALENTS Of` COMIVION  FRACTIONS

/e,  =  o.oie  ®2,
1/,a  =    .03,   2,
3/®,  =    .a,®  ,71
I/1e  I    .0®21
/®,  -    .07,121
/a2  .    .o®3  7e

7/®,  I    .loo  37t
1/e    =    .128
a/a,  =    .1,o  e28
®/32  =     .,1®  2®

/®,  a    .17,   ,71
3/1®   =     .,®7   ,

13/a,  =    .203121
7/32  =    .2,®  7,

1,/a,  =    .2a,  37®
1/,    =    .2e
7/a,  =    .2®0  ®2,
®/32  I     .2®,   2®
9/a,  =    .29®  ®7S
/1'®  =     .3,2   5

2i;..  =   .32e  126

/a2  =  0.,,a  ,I
23/,,  =    .,®®  371
a/,     =     .®7®

2e/®,  a    .3®o  e2e
2/32  3    .®0®  2,

27/I,  =    .,2,  e7e
7/1®  =     .,3,  a

29/®,  =     .,®,12®
1,/32  a     .,®®  7,
a,/a,  =    .,®,  ,7I

/2    =     .®0
33/a,  =     .®,,  ®21
17/32  I    ..31  2.
a6/a,  =    .®,a  ®7,
9/,a  =    .®®2  I

37/®,  =     .b7®   ,2®
a/32  =    .eo3  7e

®9/a,  =    .®0®  371
e/e    =    .®26

/a,  =    .a,a  ®2,
21;]2  =    .e5e  2s

/0,
1,/,a
e/®,

2,/32
7/e,
/,

a/a,
21/32
I,/a,
a/,a

83/a,
27/32
|e/e,
7/e
e7/e,
2®/32
a/e,

11/,a
®1/e,
3,/32
®3/e,

LENGTi+ EoulvALENT CoNVEnsioN cHAnT

FEET NETEl)S Y^RE'S cENTiMETEi`e INCHES NIL..INETEfls

FEET .a a.30,® a.3333 30.,a 2.a 30,.a

NETER8 3.2®, .0 .0®3® loo.a 3®.37 000.a

Y^RD8 a.0 a.a,,, .a .a, 3®.0 ®1®.,

CENTIMETEIl. a.032®, 0.0, 0.010a, .a a.3937 0.a

lMCNE8 0.0®,®3 0.021, a.0277e 2.I,a .a 2®.,a

NILLINETEA. a.0032®1 a.001 a.00,0®, a.1 a.03®37 .a

ZEKE's    REVERSIBLE    Fnp`MULA    (co    .Fo    /_co)

For   converti.nq   rleqrees   r;elsi.us   t.o   dearees   Fahrenhei.t  and   vi.sa   versa.

1.       Add   4n
2.      Milltinl.y   h`v   ei.ther   (5/q   F   to   C)   or   (9/5   C   to   F)
3.     Subtract  4n

Hn   r]3ABR3?43n      nn?-1
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SPECIFIC   GP`AVITy    nF   SOLIDS

Al umi nun 2.7 Ice n.917
Brass 8.2-8.7 Iron,   steel 7 .6-J .R
Carbon 1 . 9 -3 . 5 Lead 11.34
COoper 8.9 Oak 0 . 6 0- 0 . 9 8
Go 1  r' 19.3 P 1' n e n . 37 -0 . 64
Human   bod.v 1.07 S 1' 1 V e r 1 rt . I;

spEclFlc   GRAvlTy   oF   Lloulns

\JJater,   Distilled   0  4°C                1.ooo Mercury  0   n°C      13.5951
Alcohol  ,   Etrtyi                                       r!.789 Milk                               I.n2o
Carbon  Tetrachloride                    1.60 Oi.l,   Linseed         0.042
riasoline                                    0.66-0.69 Water,   Sea             1.n25
Kerosene                                                  0.82

SPECIFIC   GRAVITY   0F   GASES    (air   =    1.000)

Ammonia                             0.596 Neon                   0.696
Carbon   di.oxide        1.529 Ni. troqen        a.967
Hydrogen..                      0.n69 Ox`ygen               1.105

TOROUE    INDICATING    HANDLES

Tolerances   for  torque   1.ndicat,1.ng   handles   IAW  Federal    spec   r]rir,-W-686.

Range Tolerance

n   -19.9%  of   full   scale ±  7%  of   indicated   value
20  -79.9     of   full   scale ±  4%  of   1.ndicated   value
8r)   -|nry%     of   full   scale ±   5%   of   indicated   valLie

SPEED   0F   LlriHT    IN   AIR

The  speed   of   light  is  stated   di.fferentl.y  in   various  reference   sources.
In   this   handbook  we  will   accept   the   sneed   of   11.ght  as   being:

Ar>proximately  186,nnn  miles   per   second   or  2.q979  X   108  meters   rter   second.

H0   G3ABR32430      cO2-1
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VOLIJMETERIC    EXPANSION    COEFFENCIENTS

Substance n  x   ln-4 n   x   10-4
C

OF_

Alcohol  ,   Etkyl 11.n 6.10
Benzene 13.9 7.70
Petroleum   (Pennsvlvani.a) 9.0 5.0
Mercur.y 1.82 1.nl
SiJlfuric   Acid 5.56 3.10
Turpentine 9.70 5.40
Water 2.n7 1.15

LINER   COEFFICIENTS   0F    EXPANSION

Materi al n   x   10-6 n   x   1o-6
C F

Alumi.nun 24.5 13.6
r,Opper 16.2 9.0
Iron   'Cast) 11.7 6.5
Nl'ckel 12.6 7.n
P 1 a t. i n u in C) . rt 5.0
Steel    (Carbon) 11.3 6.3
Tllnqsten 4.3 2.4
Z l' n c 30.6 17 . r\

Ho   ri3ABR32430      002-1
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VARIOUS    MEASLIREMENTS

Plane   fiqures   bounded   by   st,ra`i.qht   11.nes.

Area  of   a   triangle  whose   base   is   (b)   and   altitude   (h).

area --r=                   A>
Area   of   a   rectanqle   wi.th   si.des   (a)   and   (b).

area = ah               E
Area   of   a   paralleloqram  with   si.de   (b)   and   perpendi.cular   distance   to   the

parallel   side     h   .

area     =     bh
b

Plane   fi.gures   bounded   b.y   curve   li.nes.

Ci.rcumference   of   a   ci.rcle   whoes   radi.us   1.s   (r)   and   diamet,er   (d)

circumference

Area  of  a  ci.rcle

27r   r     =      7rd

area     =       7rr2     =      1/47rd2     =      .7854d2

Length  of  an  arc   of  a   ci.rcle   for  an  arc   of          deqrees

length  of  arc
180
FTEL           en

H0   G3ABR32430      002-1
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F.ORMULAS

F.LEr,TROSTATICS

1.     The   force   between   two   charqes   l.s   di.rectly  proport.ional    to   the   product
of  the   charges   and   inversel.y   rtroDortional    to  the   square   of  the   dl.stance
between   the   charqes.

F      =      r)10?-fi
Where  F     =     force   in   d.ynes

01   =     strengtll  of  charge   one   l.n   electrostatic   uni.ts  (e.s.u.)

02  =     strength  of  charqe   two   in  electrostatic   uni.ts.

d     =     distance   separati.ncl   charnes   i.n   cm.

rli.electric   constant   of   the  medium  throuqh  which   the   force
ls   exerter!.

2.      The   following   equatH.on   i.s   used   to   show   the  work   performed  on   an
electrostati.c   fl.eld  where  a  charge   has   been  transferred.

W       =        K(01Q2)

d

Where   W     =     wr)rk   in   joules

01   =     Strenqth   of  charqe   one   in   electrostatic   uni.ts.

Q2  =     strenqth  of  charoe   t,wo   1.n  electrosati.c   uni.ts.

di.st,ance   separat,1.nq   charge   I.n   cm.

di.electri.c   constant   of   t.he  medi.urn  throuoh  whi.ch   the   force
is   exf`rt.ed.

3.     The   formula   for   electrical   potenti.al   di.fference  is   as   follows:

Where   E

W

0

W

iHi
the  potenti.al   in   volts

work   in   `ioules

charqe   i.n   coulombs

Hr)   G3ABR32430      n02-1
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4.     The   followl.ng   formulas   are  used   to   determi.ne  the   deflection  factor  or
deflecti.on   sensi.tivit.y   of  a  CRT.

deflecti.on   factor                    df

df

ds

deflection   sensitivi ty         ds

MAGNETlsM   AND   ELEC,TROMAr]hlETlr,S

1IT
deflection   factor

deflecti.on   sensi.tivi. ty

1IT
deflection   sensl.tivit`v

deflection   factor

1.     The   force   between   two   poles   i.s   directl.y   proporti.onal    to  the   product
of   the  pole   strengt.hs  and   inversel`y  Droportl.onal    to   the   solrare  of   the
distance   bet,ween  t,he   poles.

F      =     mlm2

4d2
Where   F     =     force   between   the   poles   in   dynes

mi  =     magnetic   strength   of  the   first  pole  in   uni.t   poles

m2  =     magnet.1.c   strength   of  the   second   pole   in   unit   poles

d     =      distance   betveen   the   poles   1.n   cm

//   =     nermeabi.lity   of  the  medi.urn  throiiqh   whi.ch  t,he   force   acts

2.     The   number   of   flux   lines   per   unit  area  is   known  as   flux   densit.v.

Where   ;  -  f lux  density

E= total  llne8  of  f lux

A  -  cross  sectional  area  |n  cn2

H0   G3ABR3243n      oo2-1
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3.     The  density   of  a  magnetic   field  is  directly  related   to   the  magnetic
force  exerted  b.v  the   field.     The   formula   for   field   intensit.y   (H)   is  as
fol 1 ows :

Where  H     =     fi.eld   i.ntensity   in   oersteds

f     =     force   act.inq   upon   a  maqneti.c   pole   1.n   dynes

in     =     strength  of  magnetic   pole   1.n   uni.t  poles

4.      The   formula   for  magnetomoti.ve   force   1.n   a  coil    1.s   as   follows:

mmf      =       4   7rNI__     10   __

Where  mmf    =     maqnetomotive   force   1.n   gi.1bert,s

N     =     nuwher   of   turns

I      =     current   1.n   amperes

5.     The   formula   for  reluctance   in   a  col.l    1.s   as   follows:

R=L

TA
Where   R

tl

L

A

rel uctance   1.n   rel s

permeabili.ty   of   the  medl.urn

length   of   wi.ndi.nq   1.n   cm

area   in   square  cm

H0   G3ABR32430      002-1
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6.     The   formula   for  Dermeabi.lity   is   as   follows:
V--a

H

Where     V   =     r}ermeabi.lity   of   medium

P  =     flux  density   in   qausses

H   =     magnetic   intensity   in  oersteds

7.     Amnlitude   of   induced   EMF   1.s   affected   by  the   rate  at  which   lines   of
force   are  Cut,.     This   can   be   expressed  mathematicall`y  by  the   following
fo rmu 1 a : Eave=   E

ln8t

Where  Eave   =     averaqe   value   of   i.nduced   voltage

N     =     number  of   turns

t     =     t,ime   1.n   seconds   taken   to   cut  all   flux   li.nes

a    =     the   number  of  lines   of  force

H0   G3ABR32430      0r`2-1

39



RESISTANCE

1.     The   resi.stance   of  a   resi.stor   is   determined   b.y  the   t.ype   of  materi.al
used,   its  cross   sectional   area   and   i.ts   length.     The   resl.stance   value  l.s
di.rect,ly  proporti.onal    to   the   length,   and   i.nversel.y  proportional    to   i.ts  cross
secti.onal   area.

R   =   p+   =    p+

Where   R   =      resi.stance   i.n   ohms

P  =     resi.stance   i.n  ohms   per  ci.rcular  mi.1    foot   of  the  material
(sr>ecific   resistance)

1   =     length   of   the  conductor

A  =      diameter   of  materi.al    in   mils

A   =     cross   sectional    area   1.n   ci.rcular  mils

2.      Resi.stance   as   a   function   of  t,emnerature   (approximation).

Rt      =      Ro   (1+art)

Wher-e   Rt  =     resistance   at,  a   Given   temperature

Ro  =     resistance  at  a   reference  temperature

C¥   =     temperatiire  coeffi.cient  of  resistance  at  the  reference
temDe ra tw re

t.     =     elevati.on   of   the   second   temDeratijre   above   the   reference
t,emperature   i.n   deqrees   Celsi.us

Hn   G3ARP`32430      n02-1
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CONDljcTA}.lf,I

1.     Conllict.ance   is   the   abilit.v   of   a   materi.al    to   pass   electrons.      It  can
be   foiind   h.v   usi.nq   the   followi.nq   formula:

rl'     =          A

P1

\`.Ihere   rl   =     conductance   measijred   in   mhos

A   =     cross   sect,i.onal   area   i.n   ci.rcular  mils

1   =      length   measured   in   feet,

P=     specific  resi.stance

2.      The  conductance  i.s   t.he  recir>rncal   of  resi.stance.

G=1

R

Where   ri   =     conrluct,ance   in   mhos

R   =     resi.stance   i.n   ohms

METERS

1.     The   sensit,ivi.tv   of  a   meter  movement  is   off,en  stated   i.n   terms   of   ohms
per  volt..      This   relat.ionshi.a   is   shown   in   the   followi.ng   formula:

J\/V      =     Rm     =        1

Emlm

WhereJ1/V   =     ohms   Per   volt

Rm     =      resl.Stance   nf   t,he  meter  movemen+,

Em     =     fllll    scale   readi.nq   i.n   volts

lm     =     full    scale   ciirrent,   in   amr>eres

NOTE:      The   imDut   of   a   VTVM   1.s   constant   over   1.t,s   entire   ranqe   for   any
given   freouenc`y   input.

Ho   G3ABR32430      on2-1
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2.     The   value   of  multi.pli.er  resistance   needed   to   extend   the   range   of  a
voltTreter   can   be   determi.nerl   using   the   following   formula:

Pmui    =   E(a  /V)    -Rm

Where   ftyui   =     resl.stance.of  the  multi.pli.er

I     =     extended  ranqe   of  the   voltmeter

|'1,/V   =     ohms   per   volt

P`m  =     resl.st,ance   of  the   meter  movement

3.      To   extend  the   ranqe   of  an   ammeter  the  DDropri.at,e  shunt  resistor  is
determiner{   usi.nq   the   followi.nq   fomiila:

Rs       =           ImRm

Tt-Im

Where   Rs   =      shiint,   valve   requi.red

lm  =     full   scale   deflection  current  of   the  meter  movement

Rm  =     res1.St,ance   of   the   meter  movement

It  =   t.otal   current.  of  desired   range

H0   G3ABR32430      002-1
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11

4.      To   ext.end   the   range   of   a  milli.ammeter  usi.ng   a   rinq   (uni.versal  )   type
shunt  the   followi.nq   fomula   wi.11   be   userl.      Some   of  the   resistors  rna.y   he   in
series  with   the  meter  movement,   and   some   i.n   parallel    dependi.nq   on  the  range
u s ed .

Rs      =      Rtlm

It

Where   Rs   =      shunt   value   rec!Iii.red

Rt= sum  of  all   resistance   1.n   t,he  meter   ci.rcul.t,   includim
the  meter

Im  =     full   scale   deflection   current.  of   the  meter

lt  =     tot,al   current  of  the  desired   ranqe

15maCOMMON                        loo   rna 50ma

RING   SHUNT   AMMETER                         26o72

+io   r,3ARR3243o      oo2-1
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OHM.S    LAW    FOR   DC    CIRcllITS

When   an.y   two   values   are  known,   the   other   two   circuit  parameters   may   be
determiner!.      There   are   shown   on   the   followl.ng   formulaw   chart:

I   =   current,   1.n R   =   resi.stance E   =   voltage P   =   power
amperes l'n   Ohms 1'n   Volts 1'n   Watts

known known E    =    IP\ p    =    12R

known R   =   E/I known P=EI

known R   =    P/12 E   =   P/I known

I   =   E/R known known p   =   E2/R

I   =   P/E R   =   E2/p known known

I=wi known E-wh known

nHM'S    LAw    FOR   AC    CIRCUITS

When   an.v   two  ci.rcui.t  values   are  known,   the   other   t,wo   ci.rcui.t  parameters
may   be   determi.ned.      These   are   shown   in   the   followi.nq   chart.

I   =   current   i.n Z   =   1.mDedance E   =   voltage P   =   power
amDeres 1'n    Ohms in  volts 1' n'  Wa tts

known known E=IZ p   =   |2z  cose

known Z   =   E/I known P   =   IE   cos   e

I   =   E/Z known known p   =   E2   cos    O/Z

known Z=P E=P known

12  cose I  cos a

1=P known E=PZ known
Z  cos e COS0

1=P Z   =   E2   cos  O known known
E   cOsO P

H0   G3ABR32430      002-1
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SERIES   DC   CIRculT   cnMpuTATloN

The   followi.ng   formulas   assume   that  the   source   of   power  has   neqli.qihle
resi stance .

1.     Total   resist.ance   (Rt).     The   total   resistance  i.s  the  sum  of  the
individual   resistances.

Rt     =      Ti   +   R2   +   R3   +   ....

of  t::  i::i:Tid¥:: t:::t!:8) aroJ::  :::a:. sV°:i:7ejnt;es::i::a:i ::u#ej so:::e:urn

Et     =      Ei   +   E2   +   E3   +   ....

rest:tan::t:I:%:r:I:c|i!t');ndTt:et:5:]i:#r::i:a;:adeh:ewTiie§eb.:ft::et::::
value  at  an.y  poi.nt  in   the   circuit.

It      =       11      =       12      =       13      =    ....

t,he  :din  ::t:]ip::::r(:8!;esTi:  #:aTcj::##.4issipeted  1.n  a   series  circuit.  is

Pt     =      P1   +   P2   +   P3   +   ....

5.     Total   conductance   (rit.).

rlt    =                     1
++TFF

PARALLEL   Dc   CIRcijlT   coMpuTATlnN

The   followi.nq   formulas   assuine   that  the   source   of  power   has   neqliqible
resi stance .
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1.     Total    resistance
sum   of   t.he   reci.procals. i:t);.1,
smallest  parallel   resi.stor.

The  total   resistance   is   the  reci.Drocal   of  the
alwa`ys   be   less  than  the  resistance  of  the

1       +      1       +      1       +    .     .    .

R 1               R2              R3

For  resi.stors   of   like   value:

value  of  one  resist,or

For   two  Parallel   resi.stors:

Rt      =       RI    X    p.2

R1   +   P,2

2.     Total    voltaqe   (Et).     The   total   voltage   is   appli.ed   to   each   branch   of
the   parallel   ci.rciii.t.

Et      =      Ei       =      E2      =      E3      =       ....

t,he  ;idi:i%::i c#:::hte! :t)+heT::r:'::€T fic::r::tei:ht::a;:#  ?:  i::e:surer;nts  i n
proport,ional   to  the  resist,ance   of  that  branch.

It      =       11    +    12   +    13   +    ....

1.s  t£;  s:#t:Tf  8?Ye:ot:i)ios:::   I?:t:Thep:Y::u,qi:Sjpated  in  a   Paral lel   circun. t

Pt     =      P1   +   P2   +   P3   +    .....

i.      Total    condlictance   (Gt).

Gt      =      Gi   +   G?   +   G3   +    ....
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CAPACITANr,E

1.     The  quanti.ty   of  electri.city   st,ored   within  a  capaci.tor   is   detemi.ned
by  the  potential   i.mpressed   across  the   capaci.to: r  and  the   capi.tance   of  the
c apac i to r .

r!       =       CE

Where:      0     =     the   quanti.ty   stored   I.n   coulonbs

E     =     the   potenti.al    impressed   acrces   the  capacitor  i.n  volts

r,     =     caDaci.tance   1.n   farads

2.     The   capacitance   of  a  capaci.tor   i.s  detemined   b.y  the   dielectri.c
constant  of  the   dielectric   used,   Plate  area,   and   dr.stance   between  the  plates.

C      =      0.0885        €S(N-1)
d

Where:      r,     =     capacitance   i.n   pi.cofarads

=     dielect,ric  constant   (see   table   below)

area   of  one  plate  i.n   square  cent,inet,ers

number   of  plates

t,hickness   of  the   dielectrl.c   i.n  centineters   (same  as  the
distance  between  the  plates)

*  When  S   and   d   are   given   in   inches,   change   constant  n.r\885  to   0.224.
The   answer   wi.1l   still   be   i.n   nicofarads.

TABLE   of   DIELECTRIC    CONSTANTS

Dl.elect,ric €     Vall'e* Di el ectric c    Value*

Air 1.0 M1'Ca 6.0

Bakel i te 5.0 Paper   (paraffi.n) 3.5
Beeswax 3.0 P a r cel a 1. n 6.n
Cambric 4.n P.vrex 4.5
Fihre 5.0 Quartz 5.n

Gl a s s 8.0 Rubber 3.0

*True   value   depends   i`Ipon   quali.ty   of  material

of  t.:;  s::eof°t:Te  :::i?:i:::i:. ( Cf}e°€o€:TDa:iD¥:Tst,1;:c:e::lei  ;:  i`::sr:;;:r:;:1
value   of  t,he  smallest  capacitor.

1+ 1+ 1+

in  iii  in
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For  series   caDacitors   of   li.ke   value:

Ct= valiie  of  canaci.tors

For   t.wo   seri.es   CaDaci.tors:

Ct=         CIC2

C1   +   C,?

4.      The   t,otal    canacitance   (Ct)   of   caDaci.tors   1.n   parallel    is   the   sum  of
the   1.ndi.vidual    capacl.tors.

Ct   =   Ci   +   C2   +   C3    ....

SELF     It!DIJCTANCE

A   number   of   factors   determine  the   indilctance   of   a  coil  ,   such   as  t.he
number  of   turns,   rati.o   of   the   di.ameter  to   lengt.h,   t.voe   of  core  mat,eri.al    used
and   the   method   of   windi.nq.

1.      r)ne  conron   fomula   for   self   indi.ctance   is   as   follows:

L=         e             =      Ate_   AI+_____

ZF
Where   L   =     self   inductance   in   henr`ys

e   =      1.nduced   voltaqe   i.n   volts   (CEMF)

Al.   =     chanqe   in   current  in   amps

At  =     chanqe   in  time  in   seconds
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2.      The   formiila   for   the   r,EMF   produced   1.n   an   i.nductor   i.s   as   follows:

a.4  7r  n2/yA                 Ai.T_ At
-LAi

iiiifi
Where:           =     count.er   emf   i.n   volts

0.4   =     a   constant   factor  which   wi.11   cause   the   answer   to   he   1.n
volts

n   =     number   of   turns   of  t.he  coil

/  =     Derme@bi.lit.y

A  =     area   of   t,he  cross   section   of  the  coil   ir,   cm2.

Ai   =     change   ln   current

At  =     chanqe   i.n   tine

1   =      length   of   the   col.l

I.   =      i.nductance   in   henrys

3.     The   t,otal    I.nductance   (Lt,)   of   inductors   in   seri.es   i.s   the   sum   of
indi.vidual    i.ndiict,ances.      (Assume   zero   coupli.nq   between   i.nductors).

Lt   =   Li   +   L2   +   I-3    ....

4.     The   total    inductance   of   1.ndilctors   i.n   parallel    1.s   the   reci.procal    of
the   sum  of  t,he   reciprocals.     The   total    inductance  will   always   be   less  than
the   value   of   the   smallest   i.nduc+,or.      (Assume   zero   cour>li.nq   between
i nductors . )

1+1+1_FF
L1
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For   inductors   of   li.ke   value:

Lt= value  of  one   i.nductor

For  two   inductors   in   parallel :

Lt   =            LIL2

L1   +   L2

colJPLErl    INDIJCTANCE

When   the  maqneti.c   field   of  an   i.nductor   1.nteracts  wi.th  the   field  of
another   1.nductor   in   t,he   circuit   the   1.nductance   wi.1l   be   changed   as   indicated
h.v   the   followi.nq   formulas.

1.      Inductors   in   seri.es   with   ai.di.ng   fi.elds:

La      =       Li   +   L2   +   2M

Where  La   =     total    inductance   wl.th   ai.dl.ng   fi.elds

M     =     mutual    inductance

2.      Inductors   n   seri.es   wi.th  opposing   fields:

Lo      =      Li    +   L2   -    2M

Where  Lo   =     total    1.nductance   wi.th     opposi.ng   fields

M     =      mutual    inductance
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3.      Inductors   1.n   parallel   with   fi.elds   ai.ding:

La=                1         +1

Li+M          L2+M

Where  La   =     total    inductance   wi.th   fi.elds   aidi.ng

M     =      mutilal    inductance

4.      Inductors   1.n   parallel   with   fields   opposi.ng:

Lo=                1          +1

Li-M         L2-M

Where  Lo  =     total    inductance   with   fields   ooposinq

M     =      mutual    i.nductance

MUTUAL    INDUCTANCE

The   amount   of  mutual    inductance   present   in   a  circuit   depends   on   the
amount   of   i.nductance   in   each   col.1   and   the   coupli.ng   between   them.

M  -  K  VIT
Where   M     =      mutual    i.nductance   1.n   henrys.

K     =     coefficient   of  coupll.nq   exDressed  as   a   deci.mal    factor.

Li   =     I.nductance   of   the   pri.mary   1.n   henrys.

L2   =     inductance   of   the   secondary   1.n   henr`ys.
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ALTERNATltlG    CuRRENT   GENERATlr)N

1.      The   voltage   generated   i.n   a   generator  winding   may   be   found   by  using
the   followinq   formula:

Eave = i x  |o-8
t

Where   Eave   =   averaqe   1.nduced   voltage

N     =   number   of   turns   in   the  col.1

¢     =   chanqe   of   flux   i.n   maxwells

t     =   chanoe   of  ti.me   1.ncrements   in   seconds

?.      The   inst,antaneoiis   i.nduced   voltage   during  the   q3neration   of  a   si.ne
wa\Je   is   detemined   by   t,he   followi.nq   formula:

e       =      Emax    (S1.no    )

lf/here   a  =     The   1.nstantaneous   value   of   the   1.nduced   voltage

Emax   =   the   maximLJn   1.nduced   voltane

a  =   the   i.nstantaneous   angular   di.splacement  of   the   rotati.ng
vector

3.     The  maxi.mum   Generated  current  i.s   di.rectly   proDortional   to  the
qenerated   voltaqe   and   i.nversel.y  pt`oporti.onal    to   the   load   resi.stance.

Imax   =      Emax
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4.
fo rmu 1 a :

Where   lmax   =  maximum   generated   ciirrent

Emax   =   maximum   generated   voltage

R     =   load   resi.stance

The   i.nstantaneous   currents   can   be   calculated   usina   the   followi.in

i       =       [max    (S1.n   o    )

Where   i   =     the   i.nstantaneous   value   of  the  ciirrent

lmax  =     maximum   generated   current

0  =     the   1.nstantaneoLis   anaular   displacement   of  the   rotat.inq
vector

5.     The   freciuenc.y  of   an   alternator  output   can   he   detemined   hy  the
followi.ng   formula:

f=PS
T2FT

Where   f   =     frequency   in   Wert.z

P   =     the   number   of   generator   poles

S   =      the   speed   in   RPM

6.     The   period   of  a   sine  wave   is   the   reci.procal   of  its   frequenc`y.

T=1

f
Where   T   =      neri.od   1.n    seconds

f  =     frequency   in  llertz
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7.      To   determine  phase   angle,   the   followi.ng   equation   i.s   used:

0         =     t                      OR                        O=360Otf
3600       T

Where     0   =     angle   1.n   degrees

t  =      given   amount   of   ti.me   1.n   seconds

f  =     frequenc`y   i.n  Hertz

T   =     period   of   the   wave   in   seconds

8.     Ci.rcular  velocit.v   such   as   that  of  an  armature  of  an  alternator  is
called   angular   velocity   and   1.s   s`ymboli.zed  by  the   Greek   letter   omega
It   is   determi.ned   by   the   followi.ng   formula

a' =   2  7r  f

Where  a)    =     angular   veloci.ty   in   radi.ans   Per   second

f     =     frequency  in  Hertz

2  7r  =      6.28   radi.ans,   whi.ch   equals   360°

REACTANCE

1.     The   1.nducti.ve   reactance   of   an.inductor   i.s   detemined   by  the   followi.ng
fo rmu l a :

XL   =       ?7r   fL

Where   XL   =   1.nducti.ve   reactance   i.n   ohms

f    =   frequency   i.n  Hertz

L     =   inductance   in   henrys

2.     The   capaciti.ve   reactance   of  a   capacitor  1.s   determi.ned  hy  the
following   formula.     Note   that  an   increase   in   frequency  or  capaci.tance  wi.ll
result   i.n   a   lower  Xc.

xc=z=IT   _1            =   0.159
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Where  Xc   =   capacit,1.ve   reactance   1.n   ohms

f     =     frequenc.y   i.n   Her+.z

C     =     capacitance   in  farads

RESONANCE

1.     To   determine  the   resonant   frequency  of  a   given   inductance   and
capaci.tance   combination   the   followinq   fomula   1.s   used:

1                    =         0.150

2 "   Jrf:I,             vrff :I.
Where   fr  =     resonant   frequenc.v   in  Hertz

L   =     1.nductance   in   henr`ys

r,   =     capacitance   I.n   farads

2.     To   determine   the   value   of   an   1.nductor   needed   to   prodiice   a  known
resonant,   frequenc.v   wi.th   a   given   capaci.tor,   the   following   formula   is   used:

L=1

4  7r  2f r2C

Where  L   =     inductance   in   henrys

fr  =     resonant   freouenc`y  desi.red   i.n  Hert.z

C   =     capaci.tance   in   farads

3.     To   determi.ne   the   valile   of   a  capaci.tor  needed   to
resonant   frequenc`y  with  a   given   inductor,   the   followinq

C=1

4 7r   2f r2L

Where  C   =     capacitance   1.n   farads

fr  =     resonant,   frequency  desired   in  Hert.z

L   =     1.nductance   l.n   henrys
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AC    CIRCUIT   COMPuTATlnN

Imnedance   i.s   the   tot.al    opposl.ti.on   in   an  AC  ci.rciH.t.      In   an  AC  circiH.t
that   1.s   Durel`y   resi.stive,   the   I   1.s   equal    to   the   tot.al   resi.stance.     This   1.s
also   true   when   the   AC  circui.t   1.s   resonant,.      However,   when   an  Ar,  ci.rcui.t   1.s
ei.ther   i.nductive  or   capacitive,   the   conputation   1.s   irore   involved.

1.      The   impedance   of   a   seri.es   AC
the   followi.nq   formula

xL2+ p.t2

1.ndiicti.ve   ci.rcuit   can   be   determi.ned   b.v

Where   Z   =      i.mpedance   in   ohms

XL   =     l.nductl.ve   reactance   in   ohms

Rt  =     total    ci.rcui.t  resl.st,ance   in   ohms

2.      Impedance   of   a   series   car]aci.ti.ve   ci.rcui.t   can   be
followinq   formula

7-= xc2+ Rt.2

determined  b.y  the

Where   Z   =      inDedance   in   ohms

Xc   =     Cartacitive   reactnce   1.n   ohms

Rt  =   total   ci.rcuit   resi.stance   in   ohms

3.      Impedance   of  a   seri.es   ci.ruit  containi.ng   resistance,   i.ndiictance  and
capaci.tance   can   be   determi.ned   b.y   the   following   fomula:

Rt2   +    (Xc   -XL)2
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Where   Z     =      impedance   1.n   ohms

XL   =     l.nductive   reactance   in   ohms

Xc   =     Capacitl.Ve   reactance   I.n   ohms

4.      The   voltage   drop   across   any   component   in   a   seri.es   AC   ci.rcijit   i.s  the
product  of  the  current   and   resi.stance,  or  reactance,  of   t.hat  component.

Where  ER  =     voltage   drop   across   a   resi.stor

Ec   =     Voltage   drop   across   a  capacitor

EL   =     Voltage   drop   across   an   inductor

5.      The   applied   voltage   of   a   series   AC   ci.rcui.t  may   be  conputed   i.n  the
same  manner  as   the   impedance.

Ea= ER2   +    (Er,   -EL)2

Where   Ea   =      anpli.ed   voltage

ER   =     Voltage   drop   across   the   resi.stor

EL   =     Voltage   drop   across   the   i.nductor

Ec  =     voltage   drop   across   the   capaci.tor
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6.      The   current   of   a   seri.es   AC  circiii.t   1.s   the   same   at  all   points   1.n   the
series   ci.rcuit.

It   =   IR   =   IL   =   Ic

'ulhere   It  =     total   current   in   amps

IR  =     Current   through   resl.stor   in   amps

IL   =     Current   through   l.nductor   i.n   amps

Ic  =     current   throuqh   capacitor   i.n  amps

7.     The   current,   of   a   seri.es   AC   circui.t   can   be
law   for  Ac   circui.ts.

I=Ea

Z

determi.ned   by   usinq   nhm`s

Where   I   =     current   flow   in   amps

Ea   =     applied   voltaqe   in   volts

7   =     impedance   of   the   seri.es   AC  circui.t   l.n   ohms

8.      The   voltage   of   a   Parallel   AC  ci.rcui.t   1.s   the   same   across   each   branch
and   1.s   equal    to   the   apnlie     vo   tage.

Ea    =   ER   =    EL    =   Ec

Where   Ea   =      aDpli.ed   voltage

ER  =     Voltage   across   the   resistor

EL   =     voltaqe   across   the   i.nduct.or

Ec  =     Voltage   across   the   capaci.tor
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9.      The  current   flow  i.n  each   branch   of   a   Parallel   AC  ci.rcuit   is
proportional    t,o   the  P`,   XL   0r  yc  Of   that  branch

I
IT

E

XL

E

Xc

Where   Ip`   =      clirrent   1.n   resl.stive   branch    1.n   amDs

IL   =      Current   l.n   1.ndiJctl.ve   branch    in   amDs

lc   =     Current   1.n   Capacitive   branch   in   amps

E  =      volt..age   across   t.he   Parallel   branch

ln.   The   t,ot,al   current   of   a   Parallel   AC  circui.t   can   be   found   using  the
P.ythagorean   theorem   as   indi.cated   bel ow-.-

It= Ip,2   +   ,Ic   -IL)?

Where   It  =     total   current  in   amps

lp`  =     current  t.hrouqh   the   resl.stor  i.n  amps

lc  =     Current   of   Capaci.tor   i.n   amDs

IL   =     Current   through   i.nductor   i.n   amDs

11.   The   impedance   of   a   parallel   AC   circui.t   can   be   found   t``y   iisi.nq   r)hm's
law  for  a  AC  circuit

Z=Ea

lt

Where   Z   =      1.mDedance   1.n   ohms

Ea  =     applied   voltage   in  volts

It  =     t,otal   clirrent   i.n   amps
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12.   The   plane   anqle   i.s   the   anqle,   expressed   in   degrees,   h`v  whi.ch   the
current   laos   the   voltage   i.n   an   inducti.ve   ci.rcul.t,   or   leads   the   voltage   1.n   a
cartaci.tive   ci.rcuit.      In   a   purel.y  theoreti.cal   ci.rcul.t,,   current  leads   or  lags
b`v   goo.

In   a   Pure   resi.sti.ve   ci.rciiit,      o=       o°
In   a   pure   reacti.ve   ci.rcui.t,        0  =     9o°

(capaci.ti.ve)                      a  =   _goo
(1.nductive)                         0   =   +goo

ln   a   resonant  ci.rcuit,                   a   =       no

The   phase   angle   is   equal    to   the   angle   whose   tangent   i.s:

For   seri.es   ci.rcuit,        a  =  arc   t,an     X
R

For  Parallel    circuit,  0  =   arc  tan     R
ifi

Where     0  =     phase   angle   in   deqrees

X   =     react,ance   1.n   ohms

R   =      resl.stance   i.n   ohms

arc   tan     =     the   angle   whose   tangent   1.s

13.   Volt,aqe   phase   angle   i.s   the   anqle,   expressed   i.n   degrees,   that  the
oiitput   voltage   of  a   circui.t  varies   1.n   Dhase   wl.th   respect   to  the   input
vol taqe .

EO     =      Zo(Jt,0

Ztot o

Where  EO    =     phase   of   the   output   voltage

Zouto    =     Phase   anqle   across   the   oiitDiit   i.mpedance

Ztot.o   =     phase   angle   across   the   tot,al    i.mpednce   of   the   ci.rcui.t.

Ho   r]3ABR32430      oo2-1
60



14.   The   apparent.   power   i.n   an   AC  circuit   1.s   ohtai.ned   bv  multipl`vi.in   the
effecti.ve   value   of   voltage   and   current   in   a  reacti.ve   ci.rc.ill.t,   and  i.s
expressed   i.n   terms  of  volt-amperes.

Pa      =      EI

Si.nce   E   =       IZ   1.n   an   P`C   or   RL   circuit

pa      =       12z

Where  Pa   =     apparent   power   in   volt-amperes

E     =     voltaqe   i.n   volts

I     =     current   i.n   anperes

Z      =      1.mpedance    1.n   ohms

15.   True   Dower   1.s   t,he   actual    amount   of   power   consumed   b`y   the   resi.stive
circilit,   elements   1.n   an   AC   ci.rcui.t,   and   is   expresseri   i.n   t,erms   of   wat,ts.      The
power  expended   in   a   ci.rcui.t  may   he   found   h`y   I.isi.nq   any   of   the   followino
fo rmu 1 a s .

pt     =      12R

pt     =      ERI

Pt     =     EI   pf

Where  Pt  =     true  or   acti.ve   power  in  watts

I     =     current   in   amperes

R     =     resi.stance   in   ohms

ER  =     Voltaqe   across   the   resi.stance

E     =      voltage   in   volts

nf  =     bower   factor

16.   The   Power   factor   i.s   t.he  ratio   of   true   power   to   apparent   Bower   1.n   a
reactl.ve   resistave  circuit.     It  1.s   an  expression  of  the   lead   or  lag   as
represented  b.v  the  cosi.ne   of  the   phase   angle.

power   factor    =        t,rue  Dower
apparent,   power
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Df     =         Pt         =         12R

pa                      T27

Where   of  =     power  factor

R      =      cos

Z

Pt  =     true   riower   1.n  watts

Pa   =     apparent   power   1.n   volt-amperes

I      =     current   in   amperes

P`      =     resistance   1.n   ohms

Z      =      i.mr)edance    i.n   ohms

cos          =     cosine  anqle   theta

17.   The   fl.gure  of  merl.t,   or   quality   factor   (Q)   of   a   conDonent   i.s   a
measure  of  its  enerq.y  storl.nq   abilit.y.      It  I.s  the  ratl.o   of  reactance   for  a
reacti.ve  component  or   a  ci.rcui.t  containi.ng   a   reacti.ve   conponent   to
resi stance .

a.     For  an   i.nductor  and   resi.stance   in   series  the   fomula   i.s:

0=XL
___  --

Rs

Where   Q     =     ouali.t`y   factor

XL   =     inductl.ve   reactance   i.n   ohms

RS   =     series   resi.st.ance   in   ohms

b.     For  a   capaci.tor  and   resistance   in   series  t.he   formula   is:

0=Xc
.|i=--

P`s

Where  a     =     quali.t,`y   quali.ty   factor

Xc   =     Capacitl.Ve   reactance   i.n   ohms

Rs   =     series   resl.stance   i.n   ohms
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C, For  an   i.nductor  and   resl.stance   I.n  parallel    the   formula   is:

Q=RpL|-
XL

Where  0     =     quality   factor

XL   =     inductive   react,ance   in   ohms

Rp   =     Parallel    resistance   i.n   ohms.      Thi.s   value   i.s   relativel.y
high.      Remember   that   an`y   ar{rli.ti.onal    resistance   1.n
parallel   wi.1l   lower  the  r).

ri.     For  a   capaci.tor  and   resistance   i.n   Parallel   t,he   formula   is:

0=Rp

Xc

Where  0     =     quali.t`y   factor

Xc   =     CaDac1.tive   reactance   in   ohms

Rp   =     parallel    resistance   in   ohms.      Thi.s   value   1.s   relati.vel.y
hiqh.      Remember   that   an+v   addi.ti.onal    Darallel    resistance
will   lower  the  0.

e.     For  a   serl.es   resonant   cl.rcuit  the  a  of  t,he   ci.rcui.t  exDressed  at
the  resonant  frequency  is:

a      =      XL    Or   Xc

P\ts

Where  0     =     qualit`y   factor

XL   =     l.nductl.ve   reactance   in   ohms

Xc   =     Capacl.tive   reactance   1.n   ohms

Rts   =     total    effect,1.ve   serl.es   resistance   in   ohms

f.     For  a   parallel   resonant   circui.t  the  Q  of  the   ci.rcuit   exrtressed  at
the   resonant  frequency  is:

Q      =      Rtp
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Where  Q     =     qualit.y   factor

XL   =        l.nductive   reactance   in   ohms

Rtp  =     t.otal   effect.1.ve  parallel   resistance   in  ohms

18.     The  0   of  an   inductor,   or  a   caDaci.to: r,   can   he  decreased  h,y   addi.ng
series  resistance  to  the  series  resi.stance  that  the  im`ictor  or  capacitor
nossesses  hy  reason  of  its   desiqn.     The   total   value  of  resistance  needed  can
be   found   I.isinq   the   followi.nq   formillas.

Rt     =      XL                                                                            Rt      =      Xc
___-

OLQc

Where  Rt     =     total   resi.stance  needed  to   achieve   desi.red  0

XL     =     1.nductive   reactance   in   ohms

Xc     =     CaDacit,ive   reactance   in   ohms

OL     =     desired   a  valLie   of   t,he   inductor

Oc     =     desired  0  value  of  the   capacitor

19.   The  0  of  an   1.nductor,   tank   circuit,,  or   caTiacitor  can   be  lowered  by
addi.nq  parallel   resistance.     In   order  to   ascertai.n  the  vali.ie  of  parallel
resi.st,ance  needed   to  obtai.n   the   desired  new  Q.   three  operati.ons  are   performed
as   follows.

a.     Fi.nd   the   tot,al   value  of  parallel   resistance   needed   to  lower  the  0
to  t.he   desired  valiie.

Rt      =      OLXL                                                                  Rt      =      QcXc

Where  Rt     =     total   parallel   resistance  needed   to   Produce  the   desi.red
0

XL

Xc

OL

nc

inductive   reactance   1.n  ohms

caoaciti.ve  react,ance   in  ohms

quali.t`y   of  the   1.nductive  circuit  desi.red

aualitv  of  the  caDaci.ti.ve  circuit  desired
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h.     hetermi.ne   the   value   of  parallel   equi.valent   resi.stance.

RE=       QLXL                                                                         RE=       OcXc

Where  RE   =     Parallel    eriuivalent   resistance

XL   :     inductl.ve   reactance   in   ohms

Xc   =     Capacitive   reactance   1.n   ohms

OL   =     ¢uall.ty   of   inductor   that  now  exi.sts

Oc   =     Quality   of   capaci.t,or   that   now  exi.sts

c.     Find   the   actual   value   of   parallel   resi.st,ance  needed.

Rp=1
+1

REF
Where   Rp   =     actual    parallel   resi.st.ance  neederi

Rt  =     total   resi.st,ance

RE   =      Parallel    er!ul.valent   resi.stance

20.   The   di.ssipation   factor   (r))   of  a   capacitor  or   i.ndiictor   can  be
determined   b.y   the   followi.ng   formulas:

D        =          R       =       1_iii
Xr,

I)L= R=1_iH
XL

Where  D     =     dissioati.on   factor   of  a   capacitor

DL   =     diss1.pation   factor   of   an   inrluctor

Xc   =     Capacitl.Ve   reactance   1.n   ohms

0     =     quality   factor   of   1.ndijctor  or   capacitor
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21.   For  solution   of   conplex   RC  or  RL   ci.rcui.ts,   each   branch   can   be   treated
as  a   separate   ci.rcui.t   in  order   to   calculate  the  Z   for  each.     The   total
impedance   can   then   be   detemined   b`y   the   followi.nq   fomula.

NnTE:     Total    i.mpedance   must  be   l.n   rectangular   notation.

1+1

iii    iEi
+1

EE
Zt,   =                          ZB|   Z82   Z83

ZB|    (78?   +   ZR3)       +     7-82Z83

Where   Zt,     =     total    impedance   in   ohms

ZR|   =      imr>edance   of   branch   one

7.82   =     imoedance   of   branch   two

783   =     impedance   of   r)ranch   three

22.   In  order   to  conDute   the   total   current   of  a  complex  RC  or   P`L   ci.rcui.t,
the  current  of  each   branch   is   comouted   and   the  branch   currents  are  then
added.

It      =       181      +       IR?      +       183

Where   It,    =     t.ot,al   current

18|   =     C`lrrent   of   branch   one

182   =     Current   of   branch   two

IR3  =     Current  of  branch   three
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SERIES   AC   CIRCulT   VECTORS

1.    SERIES    RL    CIRCUITS

xLor¥A

ZT=

Ez=

R2      +      xL2

0    =    lNV    (ARC)    TAN     EL

ER

2.   SERIES    RC   CIRCulTS

ZT=

OFt   zT

'T.    'R.    'Li    R.    ER

RL=-TI
COS0

XLI-':I
SIN0

E.F,                  =                E I

E65i             57FT
=    lNV    (ARC)    TAN      XL

T

Xc   OR   Ec

p2(2  + xc2   = iL=-
COS0

ERL=-
COS0

0    I   |NV   (ARC)    TAN       Ec

E,,

Xc

SING

=Ec

Eiiii
lNV   (ARC)   TAN      Xc

R

26051
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3.   sERiEs   ncL   ciRculTs

Xc   OR   Ec

ZT=

EA=

R2+(XL-Xc)2             -R

COS0

a     XL   -   Xc

SING

ER2      +      (EL   -   Ec)2        =       ER
_

COS0

0    -INV   (AF`C)    TAN           EL    -Ec

EF'

a         EL-Ec

S'N0

I   INV   (ARC)   TAN      Xi   -   Xc
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PARALLEL   AC   CIRCUIT   VECTORS

1.   PARALLEL    RL   CIRCulTS

XL

ZT-EA

IT

lT=

EA.    EF`,    EL,    lR,    Ft

lR2+IL2                     a              IR                          =              'L

COS0 SIN0

0    -lNV   IARC)   TAN              IL                       a    lNV   (ARC)    TAN

IR

NOTE:    THE   PHASE   ANGLE   OF   ZT   WILL   ALWAYS   BE   THE   SAME

NUMERICAL   VALUE   AS   IT   BUT   OPPOSITE   IN   POLARITY.

2e053
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2.     Parallel   RC   Circuits

Xc

ZT   =       EA
_

IT

IT=               IR2+       Ic2           =            IR

EA.   ER.   Ec.   lFi.   R

CosO S 1' n a

=       IW(ARC)TAN              Ic          =       INV(ARC)TAN          R

IRXc

NOTE:      The   Phase   angle   of   7T  wi.11   almays   be   the   same   numerical    value   as
IT  but  opposite   1.n  polarit.y.
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3.     Parallel   RCL   f,ircuits

Xc   OR   'L
2e054

ZT=         EAL=-
IT

IT=               IR2+       (Ic-IL)2=         IR              =         IC-IL

cos o                    sin o

|NV   (ARC)    TAN       Ic   -    IL

IR

NOTE:      The  Phase   Anale   of   ZT  Will   always   be   the   same   numeri.cal    value   as
IT  but  opposite   1.n  Dolarit.v.
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BANDwlnTH

1.     The   bandwidth   (A  f)   of   a  ci.rcuit   is   larnel.y  dependent  on  the  0  of
that,   circuit„     This   is   shown   in   t,he   following   formula:

Af    =    fr

0

Where      Af     =     handwidth   in   Hertz

fr  =     resonant   frequenc`y  of  the   ci.rcui.t  in  Hertz

0     =     quali.t.y   factor  of  the   circui.t

2.     The  lowest   frequenc.v   of  the   bandpass   can   be   determined  b.y  the  use   of
the   followi.nq   formula:

f 1    =    f r  -  J4£

2

t`lhere     fi     =     lowest,   frequenc.y   of  the   bandpass

fr    =     resonant  frequeney  of  t,he   ci.rcuit  in  Hertz

Af    =     bandwi.dth   of  the   ci.rcui.t,  i.n  Hertz

3.     The   hi.ghest   freqiiency   of   the   handpass   can   be   determined   iisi.no  the
followi.in   formula:

f2    =    fr    +     Af

2

Where   f2   =     hiqhest   frequenc.y   of  the   handpass

fr  =     resonant   frequenc`y  of  the   circuit  1.n  Hertz

Af    =     handwi.dth   of  the   ci.rcui.t,   in  Hertz

TRANSFORMERS

1.     The  relati.onshin   between   voltaqe,   current,   and   number  of   turns  1.s
shown   in   the   followinq   formulas:

ED      =       Is       =       Np
---I     i-     -=1
Es                `p                  Ns

Where  Ep   =     voltaqe   of   the   prl.mary

Es  =     Voltage  of   the   secondary

lp  =     current,   of   t,he   orimar.y
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Is  =    Current  of  the   secomlar`y

Np   =     number   of  turns   of   the   pri.mary

Ns   =     number   of   turns   of   the   secondar.y

2.     The   power  relationship   between  t,he  pri.mar.y   and   secondary  circuit   in  a
ideal    transformer   is   shown   as   follows:

Pp=Ps            Or      EDID=Esls

Where   Pp   =     power   of   t,he   primar.v

Ps   =     bower   of  the   secondar`y

Ep  =     voltage   of  the   primary

Es  =     Voltaqe   of   the   secondar`y

Ip  =     current   of  the   pri.mar`y

ls   =     Current   of  the   secondar.v

3.      The   relati.onshi.D   between   1.mpedence   and   the   number   of   turns   1.s   shown
bvthefoll¥nq=eq|#)2

Where  Zp   =     impedance   of   the   primary

Zs   =     l.mpedance   of   the   secondary

Np   =     number   of   turns   of   the   pri.mar.y

Ns   =     number  of   turns   of   the   secondary
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4.     The   relati.onship   between   t.he  pri.mary  and   secondary  volt,ages,   current,s
and   impedances   are   shown   in   the   followi.in   equation.

Z=( Es )  2  =   (+)  2
Where   Zp   =     impedance   of  the   primary

Zs   =     impedance   of  the   secondary

Ep  =     voltaqe   of  the   primary

Es  =     voltaqe   of  the   secondar.y

lp  =     current  of  the   prl.mary

ls  =     Current  of  the   secondary

5.     The   impedance   reflect,ion   from  t,he   secondar`v   to  the   pri.mary   can  be
detemi.ned   using   the   followinq   formula.

zr---|m2
7-?.   +    7.s

Where   Zr   =     reflecti.on   1.mpedance

Zm   =      mutual    l.mDedance

Z2   =     l.mpedance   i.n   series   with   the   secondar`y

Zs   =      i.mpedance   of   the   secondar.y   wi.ndi.na
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6.     The   total    impedance  when   looki.nq   into   t,he   primary  of   a   transformer
may   be   fouml   usinq   the   following   formiJla:

Zt   =   7-1   +   ZD   -
zm2

Z2   +   Zs

Where  7t,  =     total    impedance   when   looking   I.nto   the   primar.v

Zi   =     l.mDedance   in   series   with   the   pri.mary   winding

Zp   =     impednce   of   t.he   Primary  wi.nding

Zm   =      mutual    1.mnedance

Z2   =     impedance   i.n   series   wi.th   the   secondary   wi.nding

Zs   =     1.mpedance   of   the   secondary  wi.ndi.ng

7.     The  voltage   i.nduced   i.n  a   stator  leg   of  a   synchro  fran   a  rotor:

Find      =      Emax   CoSO

Where   Ei.nd     =      Voltage   1.nduced   in   t,he   stator   leo

Emax     =     max1.mum   voltage   that   can   be   induced   in  the  stator   leq
for  t,hat  1.nout

cos       =     cosine  of   the  anqle   between  the   rotor  and   stator
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RC    TIllE    CONSTA\.ITS

1.      The   time   of   one   ti.me   constant.   1.n   an  RC  circui.t.   i.s   foiind   by   usinq   the
followinq   formula:

TC       =       RC

Where  TC   =     time   for  one  ti.me  constant

R   =      resi.stance   1.n   ohms

C   =     caDacl.tance   in   farads

2.      The   number   of  ti.me  constants   per  an.v   qi.ven   time  must   often   be   known
before  we  can   ascertal.n  what  effect   the   RC  ci.rcuit  wi.1l   have   on   an   1.nput
wa\;eform.      If  an  RC  ci.rcuit  has   a  time  constant.  at   least  ten  ti.mes  longer
than   the   peri.od   of   the   i.nput,   1.t   1.s   sai.d   to   have   a   lonq   ti.me  const.ant.     The
number   of  time  constants   per   a   qi.ven  time   can   be   found  b`v   usi.nq  the   followinq
fo rmul a :

Number  of   time  cnnstants  =     t
Th

I..Jhere   t  =      an`y   qi.ven   ti.me   in   seconds

R  =     resistance   in   ohms

C   =     caoacitance   1.n   farads
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3.     The  voltage  across  a  caoacitor   in  an  RC  ci.rcuit  at  a  qi.ven  instant
can   be   determined  rouqhl.v  with  the  Universal   Time  Constant  Chart.      It  can  be
deteminedro::e:cc::act(:v.:vui±ra))thefollowinaequation.

Where   ec   =     1.nstant,aneous   capacitor   volt.age

Ea  =     applied   voltage

t  =    tine  in   seconds

R  =     resistance   of  the  RC  circuit   ln   ohms

C  =     caDacitance   1.n   farads   of  the  RC  circuit

€   =     the   base   of  natural   1oqarithms,   2.718

4.     The   voltage   across  a   resistor  in  an  P`C  circuit  at.  a   qiven   i.nstant  can
be  determined   roughl`y  with  the  llniversal   Time  Constant  Chart.      It  can  be
determinedro::e:cc:I:ately(by€u{£it)hefollow"formula.

Where  er  =     instantaneous  resistor  volt,age

Ea  =     applied   voltage

t  =     time   in   seconds

R  =     resistance   in   ohms

C  =     capacitance   in   farads

€  =     the   base   of  natural   logari.thins,   2.718
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unkn:;n  ::r:fe::res:na::  :::dip.31 '#e¥::.%eu:;n:nt::  i:rmc:';:s?re  known ,  the

ec     =     Ea   -   er

er     =     Ea   -   ec

Where   ec   =     instantaneous   capaci.tor   voltage

er  =     instantaneous  resistor   voltaqe

Ea   =     applied   voltaoe

6.     The   instantaneous   charge  current   in   an  RC  curcuit  can   be   found  by  the
followinqfo,rmu:a+(€(:))

Where   i     =      i.nstantaneoiis   charge   current   in   amps

Ea   =     applied   voltage   I.n   volts

R     =     resi.stance   in   ohms

t      =      ti.me   1.n   seconds     .

r:     =     capacitance   1.n   farads

€    =     the   base   of   natural    1ogari.thins,   2.718

H0   r]3ABR32430      002-1

78



7.     The   di.scharqe   of  a  capaci.tor,   through   a   resi.stor,   follows   the   same
exDonential   curve  as   the   charge  throuqh   a   resistor.     The   followi.ng   formula
can  be   used   to  detemi.ne  the   i.nstantaneous  voltage   across   a   resistor  durinq
di. s ch a rqe .

er   =   Ec

where   er  =

Ec=

t=

R=

C=

€=

RL   TIME   r,ONSTANTs

1.     The   time   of
fol lr)winq   formula.

TC=

Where  TC   =

L=

R=

(€(#))
instantaneous   voltaqe   across  a  resistor

voltage   of  the   caDacitor

time   in   seconds

resistance   in   ohms

caDacitance  in   farads

the   base   of  natural   logarithms,   2.718

one  time  constant   in   an   RL   ci.rcui.t  is   found   by  using  the

L

FT

ti.me  for  one  time  constant

1.nductance   in   henrys

resi.stance   in  ohms
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2.      The   number  of   ti.me  conetants   per  an`v   given   time  can   be   detemi.ned   hv
usinq   t.he   followi.nq   fomi.ila:

number   of  t,1.me  constants

where   t

L

R

-tR
L

any   given  time   in   seconds

inductance   in   henr`vs

resistance   1.n   ohms

3.     The   volt,aqe   across  t,he   indiictor   1.n  an   LR   circuit  at  a   qiven  ti.me  rna.v
hefoundbv:':1:qEtahefo(1:°di}L'Ta

Where   eL   =

Ea

R

t,

L

€

1. nst.antaneous   1.nrluct.or   volt.age

appli.ed   voltage

resistance   1.n   ohms

t,ime   in   seconds

1.nductance   i.n   henr`ys

the   hose   of  natural   loqarithms,   2.718

4.     The   voltage   across   a  resistor   in  an   LR  circui.t  at  a
he   dot,ermined   roughl.v  wi.th  the  lJniversal   Time   Constant   Chart
determ'nedroe:e=ac:aurat(e:y.by€uiE))fo'`owlnqequntio"

Where   er  =     instant,aneous  resistor   voltaqe

Ea   =     applied   voltaqe

R      =     resist.ance   1.n   ohms

t     =     time   in   seconds

L      =      1.nductance   in   henr`vs

€      =     the   base   of  natural   1ogari.thins,   2.718
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unkn:*n  ::r:!e::re:a:n3et::t:nmp:. ieald  :;1 :::e#h:  ¥:,:::S#tf:L#::?.  the

eL     =     Ea-er                                                       er     =     Ea-eL

eL   =     the   1.nstantaneous   1.nductor  voltage

er    =    the   instantaneous  resistor   voltaoe

Ea     =     the   applied   voltaqe
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6.     The   i.nstantaneous  charge  current   in  an  LR  ci.rcui.t  can  be   found   by  the
foTTOw" foru:a+     (1. €  (ii))

Where   i   =     instantaneous   charge  ciirrent  in   amps

Ea   =     appll.ed   volt,aqe

R   =     resistance   1.n   ohms

t  =     time   in   seconds

L   =     inductance   in   henr`vs

€   =     t,he   base   of   natural   loqarithms,   2.718

POWER    SUPPLIES

1.     The   r)ercent,age   of   ripple   can   be   determined  b.v  the   formula:

percentage   of   ri.pple     =     Erms   X   loo

Eo

Where   Erms   =     rms   value   of   the   ri.Dple   l.n   volts

Eo        =     DC  output   of   t,he   power  supply   in   volts

2.      The   percentage   of  regulation   can   he   determi.ned   usi.nq  the   enlration:

ENL    -    EFL
Ereq   = x10n

EFL

Ereo   =     nercent.aqe   of  regulati.on

ENL   =     no   load   voltaqe

EFL   =     full    load   voltaqe
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ELEr,Tp\oN   TUBEs

1.      The   following   formula   i.s   used   to   conpute   the  DC   resist.ance   of  a
d 1. o de .

Ep

lp

Where   Rp   =      DC   resi.stance   1.n   ohms

Ep  =     the  potenti.al   between  plate  and   cathode  in   volts

Ip   =     the   T]1ate   current   in   amps

2.     The  AC  plate   resistance   1.s   the   opDosi.ti.on   offered   to  the  flow  of
alternatinq   current  b.y  an  electron  tube.     It  can   he   detemi.ned   by  using   the
followinq   formula:

Aeo

A  ip               (Eq  constant)

3.
fo rmu 1 a :

Where   rp   =     Ac   plate   resistnce   in   ohms

ep   =     the   change   in   i.nstantaneous   voltaqe  at  the  plate

l.D   =     the   change   1.n   i.nstantaneous   current.  through   the   tube

The   ampli.fication   factor   can   be   determined   b`y   using  the   followi.nq

Aep

Aeg
(ID   constant)

Where   H     =     ampli.fication   factor

ep  =     the   potential   between   the  plate  and   cathode   1.n  volts

eq  =     grid   voltage   in   volts

A   =     a  change   of

4.     Transconductance   i.s  a  term  used   to   exDress   the   rati.o   of  the  chame   in
current   i.n  one   electrode   to  the   chanqe  1.n   voltage   of  another   electrode   while
other  voltages   are  constant.      It   can   be   folind   usi.ng   the   follo\i/1.na   formula:

qm
Aip

Aeq               (Ep   constant)
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Where   qm   =     transconductance   1.n  mhos

i.p   =      plate   Current   1.n   amDS

eq  =     grid   voltage   i.n  volts

=     a   chanoe   of

5.     The   followim   formulas   express   the   relatl.onship   between  three  dynamic
characteristics  of  electron  tubes.

qm H

rp

4
gin

4   =     9n   rp

Where   gin   =      transconduct.ance   1.n   mhos

4  =    (mu)   amr)li.ficati.on   factor

rp   =     AC   Dlat.a   resi.stance   I.n   ohms

AMPLIFIERS

1.      The   voltaqe   gal.n   of   an   amDlifier  can   be   defined   as   the   ratio   of
output   voltaqe   to   i.nDut   voltaqe,   as   indi.cated   1.n   t,he   followinq   fomula:

eoii
eo
el.

\`lhere  A  =     voltaqe   qain   of   the   ampli.fier

eo  =     outpl/t   voltage

ei   =      I.nr)Iit.   volt,age

eg  =     grid   voltaae

2.     Si.nce   t,he  voltaoe   gain  of  an  ampli.fier  is  the   ratio   of  the  output   to
the   input,   and   the   i.nr)iit  was   the   qri.d   voltage   (eq),   the   followinq   formula   can
be  used   to   determine  aain.
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41T+i
Where   A  =      volt,age   qai.n   of  an   amplifi.er

4   =    amplification   factor

ZL=     impedance   of   the   load

rp  =    Ar,  plate  resistance

3.     The   voltage  or  current   gain   of  an   amplifier  in   deci.bels   can  be
computed   b`y   usinq   the   followi.ng   fomulas.     These   formulas   assume   that  the
1.nput  resi.stance  and  the  outpiit  resistance  are  the   same.

dB     =      2nloqEo

Fin

dB     =      2n   loo   lo
_

Iin

Where   dB   =     voltaqe   or  current  gain   in   decibels

log  =     1oqari.thin  to   the   base   10

Eo  =     output   power

Ei.n   =      input..power

Io  =     outDut  Current

tin  =     1.nput   current

4.     The   power  Cain   of   an   ampli.fier  in   decibels  ma`y   be   detemi.ned   hy  usi.nq
the   following   formula.     This   formula   assumes  that  the  imut  resistance  and
the  output   resistance   are  the   saiTie.

dB   =   1nlog        hi
Pin

Where   dB   =     power   qain   in   deci.hels

loo  =     1oqarithm   to   the   hose  10

Po   =     output   power

pi.n   =     input   power
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5.     The   power  gal.n   of  an  amDli.fier   1.n   deci.bels  may   be   detemi.ned   by  iisi.ng
the   followinq   formula,   even   thouqh.   the   input  and  output  resi.stance  are  not
the   same.

Eo2

Ro

dB     =       1010g

Rin

Where   dB   =     power   gain   in   decibels

loq  =     1oqarithm   to  the   base  ln

Eo  =     output   voltage

Ro  =     output  resistance

Fin   =     input   voltaqe

Rim   =     input   resl.stance

6.     The   t.otal   voltage   gain   of  ampli.fier  st.ages  in   cascade   can   be   found  by
the   following   formula.

At     =      A|   A2   A3

Where  At  =     total   qain  of  the  stages

Ai   =     fl.rst,  staqe

A2   =     Second   st.age

A3   =     thl.rd   stage

7.     The  formula   for  the  equivalent  resl.stance  of  the  constant  current,
equivalent   circuit  at  mi.A-frequencies   is  as   follovrs:

Rea     =                          1
++

ii  fi  ill
Where   P`eq   = the  equi.valent  resistance  of  the  constant  current,

eoui.valent  circuit  at  mid-frequenci.es

rp  =     AC  plate   resistance   in  ohms   for  stage  Vi
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RL   =     plate  load   resistor  in  ohms   for  stage  Vi

Rg  =     grid   resistance   i.n   ohms   for  staqe   V2

MID    FREQUENCY    EQulvALENT   CIRCUIT   (CONSTANT   CURRENT)

8.      The   formula   for   gal.n   at  mid   frequencies   1.s   as   follows:

Am      =      qmReq

Where  Am   =     mi.d   frequency  gal.n

gin  =     transconductance   of  Vi

Req   =     eqi.iivalent   resl.starlce   of   the  constant  current  eciui.valent,
circui.t  at  mid   frequencies

9.     The   formula   for   deternininq  the  Mi.1ler  effect  capacitance   for  hiqh
frequenc.v  consideration   is   as   follows:

Cm      =       Cgp    (Am   +    1)

Where   Cm   =     Miller   canaci.tance

Am   =     mid   frequenc.y   gain

Cqp  =     capacitance   between   grl.d   and   plate   of  Vi

the  tg;mli:  :#  3:1 :3?kj:8i :nr::i:3::€:C:h:fs¥hn:a:a::c,q::':cme`. irs)b:fu:e  °f
sl.ngle   stage   amplifier.

Gin      =      Cw   +   Cqk   +   Cqp    (Am   +   1)

Where  C,.n   =     input   capaci.tance   of  Vi   or   shunt   capacitance   (Cs)

r,w  =     wiring   capaci.tance

r,qk  =     canacitance   between  grid   and   cathode   of  Vi

Cqp   (Am   +   1)   =   Miller   capacitance   of  Vi
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11.   The   total    shunt  capaci.t.ance   of   a  two   stage   ampli.fi.er  can  be
determined  h.y   the   use   of  the   followi.nq   fomula:

Cs       =      Cpk    +   Cqk    +   Cop    (Am   +   1)    +   Cw

Where  Cs     =     total   shunt  capaci.tance   of  a   two  stage   amplifi.er

Cpk   =     plate   to   cathode   capacitance   of  Vi

r,qk  =     qri.d   to   cathode   capacitance   of  V2

Cgp(Am  +   1)    =     Mi.ller   cpacitance   of  V2

Cw     =     Wl.ring   capacitance   of  the   circili.t.      This   can   be   dropped
l.f   not   ql.ven.

12.   The   frequenc.y   at  t,he   iiDper   half  power   point   can   be   detemined   b`v  the
followi.nq   formula:

fh     =                0.159
reas

Where   fh   =     frequency   at  upner   half   power   Doi.nt

Req   =     eqlll.valent   resi.stance   of  constant  current.   equi.valent
cl.rcuit  at  mi.d   freouency

Cs  =     t,otal    shunt   capacitance   of   the   amplifi.er  used

;,::

HIGH    FREQUENCY    EQulvALENT   CIF`CUIT    (CONSTANT   CURRENT)

13.   The   gain   at  the  upper   half   Power   Doint.   can   be   determi.ned  by  t,he
following   formula:

Ah      =       (Am)    (0.707)

Where  Ah   =     gal.n   at  the   upper   half   power  point

Am   =      mid   freoLiency   qain
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14.   The   fomula   used   to   detemine  the  equi.valent   resi.stance   of  the
constant   voltage   equi.valent   circul.t,  at   low   frequency   1.s   as   shown   below.

Req'       =      Rq   +   rD   RL

rD   +   RL

Where  Real    =     eoul.valent  resl.stance   of  the  constant   voltage
equivalent  circul.t  at  low  frequenc`y

rp     =     AC   plate   resi.stance   1.n   ohms   for   staqe   Vi

RL   =     plate   load   resistance   in   ohms   for  stage   Vi

Rg     =      qri.d   resistor  in   ohrrls   for  stage   V2
p

lo`A/   FREQUENCY    EOulvALENT   CIFICulT   (CONSTANT   VOLTAGEI

Real       =      Rq   1.f      rp   RL

rp   +   RL              l.s   less   than   10%   of   Rq

15.   The   freqiienc`y  at  the   lower   half   power   poi.nt   can   be   determined  h.y  the
fol lowi.no   fori"1a:

fL     =        0.1i9FTc
Where  fL   =     frequency  at  the   lower  half  Power  poi.nt,

Req'   =     equivalent  resi.stance   of  the  constant   voltage
equivalent  circuit  at  low  frequency

Cc     =     couplinq   capacl.tor   between  Vi   and   V2

16.   The  gain   at  the   lower  half  power  r)oi.nt  can   l]e   detemined   by  the
followi.nq   formula:

AL      =       (Am)    (0.707)
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Where  AL   =     gal.n   at  lower  half  power  point

Am  =      ml.A   freqtJency   qain

17.   The   handwidth   of  an   amplifi.er   is   determi.ned  b.v   usi.ng  the   fomula
shown   below.

BW     =      f h   -   fL

Where   BW   =      bandwidth   of   amplifier

fh   =     freqilency  at  upper  half   bower  poi.nt

fL  =     frequency  at  lower  half  power  poi.nt

^NPLIFIEFts   wl"   FEEOBaeK

a-
1.     The   qai.n  of  an   ampli.fier  wi.th   feedback  can   be   detemined   by  the

followi.nq   formula:

1   -    (±   6  A)

Where  A'   =      qain   with   feedback

A     =     gain   without   feedback

6    =     amount   of   feedback

2.     The   percentaqe   of   feedback   can   be   determined  by  the   following
f o rm u 1 a :

R1    +   R2

Where   I  a  I   =     the  percentaqe   of   feedback

Ri     =     ohmic   value   of  resistor  Ri

R2     =     ohmic   value   of   resistor  R2
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3.      The   voltage   qain   of  a   cathode   follower   i.s   as   follows:

"Rk
Or

rp   +   Rk    (   "   +   1)

Where  A     =     voltage   gain   of   the   cathode   follower

V    =     ampli.fication   factor   (mu)

H+1

Rk  =     resl.stance   of  the  cathode

rD   =     AC   plat,e   resistance   in   ohms

4.     The   input  capaci.tance   of   a  cathode   follower  can  be   determi.ned   by  the
followi.ng   formula:

Gin      =      Cgp   +   Cqk(1    -A)

Where  Ci.n   =     input   capacl.t,acne   of  the   cathode   follower

Cgp  =     gri.d   to   plate   capacitance

Cgk(1   -A)   =     anti-Miller   effect

5.      The   1.nput,   1.mpedance   of   a   conventi.onal    cathode   follower   1.s   as   follows:

Zin      =      Rg

Where   Zi.n   =     1.npiit   impedance   of   the  conventional   cathode   follower

Rg    =     grid   resistor

6.      The   output,   i.mpedance   of  a   cathode   follower   can   be   determined   b.v  usi.nq
the   following   forTnula:

Rkrp

rp   +   Rk    (    "  +   1)

Where  Zo   =     output   l.mpedance   i.n   ohms

Rk   =     Cathode   resistor

rp   =     AC  plate   resi.stance

A    =     ampli.fication   factor   (mu)
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7.     The   inout   imDedance   of  a   cathode   follower  with  arid   resistor  retiirned
to   cathorle   ci.rcijl.t,  is   as   follows:

7.`-1n

1-A          Rk-P.B

Rk

Where   Zi.n   =     1.nplJt   l.mDedance   of   the   lonq-tailed   cathode   follower

P`q     =     grid   resistor

A       =     orain   of  the   cat,node   follower

Rk     =     total   cathode   resist,ance

RB     =     ton   resistor  of   the   two  cathode   resi.stors

Hn   r,3ABR32430      002-1

q3



OPERATIONAL   AMPLIFIERS   WITH    FEEDRACK.

Zfb

GAIN    FORMULA            A       =       Zfb

Zin

INVERTING    AMPLIFIER

Rfb

NON-INVERTING    AMPLIFIER

GAINFORMULA            A=E£±     +1
RI

Rfb

Vi    INPUT    1

V2    INPUT   2

V3   INPUT   3

vout   a  J#  v,    + (-Rfb)

(R2)

OUTPUT

OUTPUT

OUTPUT

SuMMING    AMPLIFIEFt

v2    +      J#    v3  .......

2e056
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TRANSISTORS

1.     The  direct,  current   I.n  a  transistor  can  be   related   by  usi.ng   the
following   formula:

Ie     =      Ib+Ic

Where   le  =    eml.tter  current

Ib  =     base  current

lc  =    Collector  current

2.     The  current  ampli.fication   factor   for  a  common   base  confi.gurati.on
(alpha)   can   he   determined   ijsing   the   following   formula:

Alo

Ale

Where            (alpha)   =     current  amplicati.on   factor  i.n  a  conron   base
configuration

Io  =    collector  current

Ie  =    emitter  current

A    =     a  chanqe'of

Vc   =     collector  volt.aqe

3.     The  current,   amplification   factor   1.s   a  common  emi.tter  confi.gurati.on
can   be   determi.ned   by   the   followin-q   formula:

Alc

Alb

Where    6     (beta)   =     current  amplification   factor  1.n   a  common   eml.tter
configuration

Ic  =     Collector  current

lb  =     base   current

A  =     a  change   of

Vc   =     Collector   voltage
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4.     The  current  ampli.fication  factor   in  a  conron  collector  configuration
can   be   determined   using  the   following   formula:

Where    7    (gama) current  amplification   factor  in  a  comlron
col lector

emitter  current

base  current

a  change  of

`/c     =     Collect.or  voltage

5.     The  percentaqe  of  chanoe  for  a  uni..junction  transi.stor  sweeo   generator
can   be   determined  usi.ng  the   following   formula:

Vp   -   Vd
%  of   change

Where   Vp   =

Vd=

V1=

X100
V1    -    Vd

Firing  potential

Valley  voltaqe

Voltage  that  capacitor  is   chargi.ng  toward

6.     The   percentage  of  change   for  a  ttryratron   (soft  tube)   sweep   cenerator
can  be  detemined  using   the  followi.ng   fomula:

%  of   change
Emax   -  Enmi.n

x100
Eapp   -Epmi.n

7.     The   percent  of  discharge  for  pulse  width  calculation   for
multivibrators   can  be   detemi.ned   usi.nq   the  following   formula:

A  eD   -  Co
%  of   di.scharge x100

AeD

Where         Aep=E   appli.ed-Epmin

Co  =  Bias  necessary   for  the  cutoff.
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0/7
111111_A    -- _ _ rf> --

RBRL,=I,I I--I
FtB                 RLI=111 RB,,  iR+-1=-

COwMON   BASE COMMON    EIvllTTEF` COMMON   COLLECTOR

CUFtFtENTAMPLIFICATIONFACTOF} - # I vc p I # I vc - - *  I vc

1NPuT LOW MODEF]ATE HIGH(20K-500K  0
IMPEDANCE (30  -   150f» (500  -   1500n)

OuTPUT H'GH MODERATE LOW
IMPEDANCE (300K   -  500K  0 t3OK   _   5OK  r2i (50  -  1K  0

VOLTAGE  GAINVoutAv=-Vin
HIGH MODERATE-HIGH LOW

(500   -   1500) (300   -   1000) LESS   THAN   ONE

CURRENT   GAINlout
LOW MODEFtATE-HIGH LOWA,-T LESS   THAN   ONE (25   -  50) LESS   THAN   ONE

POWER   GAINPout
MODERATE H'GH LOW-MODEFtATE

Ap =  iT (20   -   30  db) (25   -  40  db) (10   -   20  db)

PHASE OUTPUT   AND OUTPUT   AND OUTPUT   AND
RELATIONSHIP INPUT   VOLTAGE INPUT   VOLTAGE INPUT   VOLTAGE

'N   PHASE 1800   OUT-OFPHASE lN   PHASE

FREQUENCY Sol(Hz   -   1   MHz 5KHz   -   50KHz 20KHz   -   500KHz
FtESPONSE HIGH LOW MODEFtATE

THERMALSTABILITY GOOD POOFl FAIR
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Common-base   ampl ifi.er

Current  gain  Ai:      apDroximatel.y  1

Voltaqe   aqain  Av;   very   high,100-2500   typical

Power  gain  Ap:      high;   100-250n  typi.cal

Input   imnedance   Zib:     very   low;   1n          -200          t.yDical

Output   i.mnedance   Zob:      high;   1n   k        typical

Phase   shift,  (input   to   outriut);   n°

FORMULAS

Vout

c¥      =      Ic      =      ic
-    i-;=='=
IEiE

Av   X   Ai

hfb      =    C¥

hi.b     =      AVBE            ~      0.025V

AIE                                IE
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DEF I N IT I 0NS

Input   si.anal-va.ri.ati.ons   in   inDut   voltage   or  current   (AC  portion  of   I.nput).

r)utput   siqnal-variati.ons   1.n   Output   voltaqe  or  current   (AC   porti.on  of  output.).

Reproduction-duplicati.on  of   l.nput   si.gnal    b`v   an  amplifier.

Amplifi.cati.on-enlarqement   of   1.nr)ut   signal    by   an   ampli.fi.er.

Voltaoe   (current,,   power)   aai.n-ratio   of  oiltput   si.gnal    voltaqe   (current,   power)
to   1.nput  si.gnal    voltage   (current,   power).

IitiDedance-effecti.ve  AC  resi. stance.

Input  (out.put,)   impedance-impedance   seen   looki.ng   i.nto  the   input  (output)
temi.nals   of  a  ci.rcuit..

hf-transi.stor's   forward  AC  current   qai.n  between   i.nput   and   output,   and
confi.gijrati.on.

hi-transistor's  Ar,   input  resi.stance,   any  confiquration.

r)  poi.nt-qlliescent   oceratim   poi.nt;   DC   bi.as   values   of   ampli.fi.er   voltages  and
currents.

(alpha)-AC  ciirrent,   gain   between  emitter  and   collector.

hfh-forward  AC  current   gain   in  conmon-base   conron-base   confiqurat,ion;   same  as

hih-Ar,  input,   resi.stance   in  coniron-base   confiauration.

Zih-total    i.nput   impedance   of  f,om.-B   amplifier.

7.ob-t,otal    output   impedance   of  Con.-B   amplifier.

roh-t,ransl.stor's   AC  output.   resistance   in  Con-B   confi.qurati.on.     Usunll.v  can  be
neqlected.

AC  load   li.ne-load   line   oassing   throuqh   0   Doint  and   with   slope   determined   b`v
R.r,          P`L.

Cli.pal.nq-dl.storti.on   of   output  wave form  when   transi.stor  is   dri.ven   out  of
acti.ve   reqi.on.
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COMMON-EMITTER   AMPLIFIER:    SUMMARY

The   1.mportant  characteristics   of   the  Com.-E  transi.stor  amplifier  are
summar i z ed :

Current   gal.n  At:     C       ,  much   greater  than  1

Voltage   qain   Av:      very   hi.gh;   100-2500

Power   gain  Ap:     extremely  high;   20,000  is   t`ypi.cal

Input   1.mpedance   Zie:     moderatel.y  hioh;   1   k        is   t.ypi.cal

Outplit   1.mpedance   Zoe:     moderately  hi.qh;   2  k        is   tvDical

Phase   shift:      180°   1.n  mi.d-frequency  ranqe

FORMULAS

Alf,hfe  =  fiB

hl.e   =
VBE

VcE   =   Constant

hi.e    =    hfehib

1VcEroe  --=-
hoe          lc

R1    +   R2

18   =   Constant

Vcc  When   R'E     i     20   RTH

Xc   <<  hi.b   for  effecti.ve   b`vpassinq
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DEF I N ITI 0NS

6  (hfe)-AC  forward   current  qain   in  coniron-emitter  configuration.

hie-transistor  AC   input  resistance   1.n  conmon-emitter  confi.guration.

Zie-Com.E  amplifier   input   impedance.

Zoe-Con.-I   amplifier  output   impedance.

roe-transistor's  AC  output   resistance   I.n  common-emitter  configuration.

hoe-transistor's  AC  output  conductance   i.n  conron-emitter  condiqurati.on.

Q  point  stabilit.v-variation  of  0  point  wi.th  changes   in   temperature  and  with
transistor  replacement.

Base-current   hias-method  of   bi.asinq  a  conron-emitter  amplifi.er  with  a
constant  base  current.

Base-voltaqe  bias-bi.asing   a  Com.-E   amplifi.er  with  a  constant  base-to-qround
voltage.

Emitter  bypass   capacitor-used  i.n   base   voltage   bias  circuit  to   qround  the
emitter  for  AC.
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OSCILLATORS

1.     The   frequency  of  an  LC  osci.1lator   1.s   determined   by  the   values   of  L
and  C  in  the   frequency   determining  tank  or   series  resonant   circuit.

fo= 1                                                                     =      0.159

zTrfe                                   vffl
Where  fo  =    frequency  of  the  oscillator  output   in  hertz

L     =     inductance   in   henrys

C     =     capacitance   1.n   farads

2.     The  output  frequency  of  a  phase   shi.ft  oscillator  rna.y  be  detemi.ned   by
the   followi.nq   formula:

2   7r   RC     wh
/3   secti.on  only)

2  7r   RC    wh
(4  section  oniT)

Where   fo  =     frequeney   of  the  osci.llator  output  1.n   hertz

R    =     value   of  the  phase  shi.ft  resistor  in   ohms

C     =     ca-aci.tance  of  the  phase  shift  capacitor  in   farads

3.     The  output   frequeney   of  a  Wei.n   bri.dge   oscillator  is   determined  b.y  the
Rr,  values  of  the   reacti.ve   side  of  the  bri.dge.     This   is   shown  hy  the   followi.ng
fo rmu 1 a :

2     fr      VRici   R2CZ

Where  fo  =    freouenc.y  of  the  osci.llator  output   in  hertz

Ri   =     resl.stance  of  the   series   RC  branch   in  ohms

Ci  =     Capaci.tance   of  the   series   branch   1.n  farads

R2  =     resl.stance   of  the   parallel   RC  branch   in  ohms

C2  =     capacitance   of  the   parallel   Plc  branch   1.n  farads
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the  t;11::::qt:;m#:.::ed°ffi51rm:|aT.:a;q#:1 ur:d:2  r'2  jn  a  Wein  Bridge  osc" iator
fo=1

7r     ]1       1

Where   fo  =     frequency  of  the  osci.llator  output.

Ri  =     resistance   in   ohms   of  the   series  RC  branch  (equal   to
resi.stance  of  the   parallel   RC  branch).

r,1  =     caDaci.tance   in   farads  of  the   series   RC  branch   (equal   to
caDacitance   of  the   parallel   RC  branch).
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PULSES

1.     The   fundamental    sine  wave   conponent  of  a  pulse   can   be   detemi.ned   by
using  the   following   fomula:

Ffr =  +
Where   ffr  =     the  fundamental    freqliency   1.n   hertz

PW     =     pulse   widt,h   1.n   seconds

2.     The  highest  harnroni.c   content   1.n   a  pulse,   square  wave  or  rectanqular
wave  can   be   detemined   using   the   following   formula:

2Rt

Where  fh   =     hi.ghest   harmonic   of   the   fundament,al    si.newave   freouenc.y

Rt  =     rise   ti.me  of  the  pulse,   square  wave  or  rectangular  wave
1.n   seconds

3.     The  relationship   between   the   parameters   of  a  pulse  are  shown  b.y  the
following   equations:

Pav

Ppk

Where   Pav   =

Ppk=

PRT=

PW=

PW

PRT

averaqe   power   1.n  watts

peak   power   1.n  wat,ts

pulse   recurrence   time   in   seconds

pulse   wi.dth   1.n   seconds
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4.     The   pulse   recurrinq   frequency   (PRF)   can   be   determi.ned   if   the   pulse
recurri.nq   time   (PRT)   is   known,   or  conversely,   the  PRT  can   be   determined  if
the   PRF   1.s   known.

PRF      =             1
PRT

PRT 1

ThF_
Where  PRF   =     pulse   recurri.ng   frequency   1.n   hertz

PRT   =     pulse   recurri.ng   ti.me   i.n   seconds
'

5.     The  dLlt.v  cycle   of  a  pulse   1.n   the  ratio  of  the  on  tine   to   total   ti.me
for  one  pulse.     It  can  he   detemined   fran   the   following   fomula:

Dutycycle     =        PW
Em

Where  PW   =     pulse   width   or   "on"   time   i.n   seconds

PRT  =     oulse   reciirrim   time   i.n   seconds
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•METROLor]V

1.      The   arithmeti.c   mean   of   a   group   of   readi.ngs   can   be   determined   h`v   usi.ng
the   following   formula:

am     =         I)Re

N

Where   am     =     arl.thmetl.c   mean

Z=Re   =     the   sum   of   all   readi.nqs

N     =      number   of   readings

2.     The   standard   deviations   of  a   qroup   of  readi.nqs   can   be   determi.ned   hy
using   the   following   fomula:

sD -   ffl
Where   SD   =     standard   devi.ati.on

Z=  =     the   sum   of

X2   =     square   of   the   indi.vi.dual    devi.ati.ons   fran  the   arithneti.c
mean

N      =     nuwher   of   readi.ngs

3.     Snall   factors   of  correcti.on  or  error  are  often  stated   1.n  PP`1  (parts
Per  ml.llion)   as  well   as  y,   (percentage).      The  mathematical   relationshi.ps,   as
well   as   the   conversion   values,   are   shown   below:

1   ppm   (of   one   uni.t)

1%   (of   one   uni.t)

1           or   .0000r)1   unit,s.
i_n_00000

I       or   .nl   uni.ts.
iiiH

To   change   percentaae   to   parts   per  mi.lli.on:

r,pin     =      %    (10'000,.

To   change   parts   per  mi.1lion   to   nercentace:

9',       =      opm    (.0001).
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4.     Correct,ion,   Correcti.on  Fact.ors,   and  Error

a.      I)efi.nitions;

Nomi.nal:      The   value   speci.fied   bv   the   manufacture;   the   uni.ts  value
an1 ten should   be.

Actual:      The   certi.fi.ed   value;   t..he   value   in   uni.ts   an   1.ten   1.s.

Correct,ion:      The   value   i.n   uni.ts   that,   when   added   alqchraicall`y   t.o
t   e   nonina   ,   wi.11    result   i.n   t,he   actual    (N   +   C   =   A).

Correction  Factor:     r.orrecti.on  expressed   in  either  percentage  or
parts   per

Error:      The   difference   the  Actual   is   from  the  Nomi.nal
|EiTN   -A).     (The   error  will   always   carr`y  the   same  numerical
value   and   opDosi.te   polari.ty   of  i.ts   equl.valent  correcti.on  or
correction  fact,or.)

C       =       A    -N

CF(%)    =    C   x   |o2
FT

E(%)    =   N   -   A   x   100
A

CFppm  =   fi  x   1o6

Where:                    A   =   Actual

N   =   Nominal

c   =   correcti.on   (1.n   uni.ts)

CF(%)   =  Correcti.on   Factor   exoressed   in   Dercentage

CFppm  =   Correcti.on  Factor   expressed   in   part.s   per  mi.lli.on

E(%)   =   Error   1.n   percentage

h.      Remember   these   simple   rules:

(1)           N+C=A

(2)        Correction   and   error  are   alwa`ys   eaual    in  magnitude,   but
opposi.te   i.n   sign.

(3)        Correction   factors  m`ist,  he  converted   to  the   same   units  as
the   nominal   before   they  can   be   added.

i.er

Where:

M-T
T

er  =   relatl.ve  error

M     =   measured.   value

T      =   Triie   valiie
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er(%,    =

Where :

M   -   T      x   100

er(%)   =     Dercent  relative  error

M  =      measured   value

T  =     true   value

a.      The   true   value   1.s   usually   replaced  by  the   accepted  or  nomi.nal   value
because   the   true   value   is   never  exactl.y   known.

CLASSIFICATION    0F   MEASUREMENT ERRORS
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TRANSFER   RESISTANCE   STANDARDS

Fomulas  for  using   the  SRlnlo   resi.stance  boxes   as   transfer  standards:

Rs   =      10P`  (1   +

Aave  =     total   deviation
nun  er  o     un  ts

Ad     =    Rsp  -R|o

A+sp--Ai3iNe+   Adldi
Rs         =  Series   resistance  of  10   noni.nally  equal   resi.stances

Rp         =  parallel   resistance  of  10  noninally  equal   resistances

Rsp       =  series-parallel   resistances  of  9  noninall.v  equal   resistances

Rio       =  resistance  of  the  loth  resi.star

R           =  the  noninal   value  of  one  resistor

Aave  =  the   averaqe  deviation  from  noninal   of  10  noni.nall.v  equal
resistors   in  either   series  or   parallel   (expressed  in  ppm)

Ad       =  the   di.fference   between  Rsp  and   Rio   (expressed   1.n  ppm)

Asp    =  the   deviation   from  noninal   of  9  noninally   equal   resistors  in
series-parallel    (in  ppm)
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Temperatiire  Correcti.on   for  Thomas   1-ohm  Std:

Rt     =   R25   [1   +  er  (t  -25)   +.6(t  -25)2]

Rt    =   true   resist,ance   at  ambi.ent  tenperature

R25   =   absolute   resistance   at  25°C

er    =   alpha   (alwa`vs   positive)   1.n   uni.ts

6    =   beta   (alwa`ys   negative)   1.n   uni.ts

t       =  ambi.ent  temperature   (in  degrees   centigrade)

Ct     =   C25   +er(t  -25)   +  6  (t  -25)2

Ct    =   correcti.on   factor   1.n   ppm  for  true   resistance

C25   =  correction   factor   1.n   ppm  at  25°C

c¥    =   alpha   (+)    I.n   ppm

6   =   beta   (-)   in   ppm

t       =  ambi.ent   temperature   in  degrees   centigrade
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Osr,ILLOSCOPEs

1.     The   rise   time   of  an  osci.1loscope   can   be   determined   if   the   rise   t.ime
_of_  the   osci.1loscope   and   the   ri.se  ti.me   of  the   r>reampli.fi.er  are   known.      Thi.s   is
shown   b`y   the   formiila:

Rts

Where   Rts     =     combi.ned   ri.se   ti.me   of  the   oscilloscope   vertical
amplifiers   and   preampli.tier  plug-in

Rtra  =     ri`se   tl.me  of   the   vertical    ampli.fier  of  the  osci.1loscope

Rtpa   =     rl.Se   tl.me   of   the   preampli.fier  plug-I.n

NOTE:      The  values   of   Rt,ra  and   Rtpa   are   indicat,ed   on   their   respecti.ve
panel s .

2.      In  most   appli-cati.ons   the  measured   rise   is  considered   to   he  the   true
rise   ti.me.     However,   as   the  measured   ri.se   time   begins   to   approximate  the   ri.se
time   of  the   oscilloscope   (Rts)   the   followi.ng   formula   is   used.

P,tt

Where  P`tt  =     true   ri.se   time

Rt,in  =     measured   rise   time

Rts  =     conbl.ned   rise   time  of  the  oscilloscope-preanplifier
combinati.on

NOTE:      It   1.s   recommended   that  this   formula   he   used   in   this  course   when
the  measured   ri.se   ti.me   is  0.1   mi.cro   seconds   or   less.
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3.     The   upper  3dB   li.nit  of   freauency  response   of  an   oscilloscope  or
ampli.fi.er   can   be   determi.ned  by   usinq  the   following   formula:

UFR      =          .35iH
Where  UFR   =     upDer   end   frequency   response   (3dB   li.mi.t)   in   hertz

Rt     =     rise  t,ime   in   seconds

.35   =     a  constant  value  arrived  at  as  a  result  of  empirical
discovery

4.     The   phase   angle   between   two   signals  of   the   same   frequeney,   can   be
detemined  by  measuri.ng  the  amplitude   of  the  Lissajou   pattern  at  two   Dol.nts
on   the   Y   axi.s   and   aDplyi.nq   the   followi.ng   formula:

Sine  0
YI

Y2

Where  S1.ng0      =     phase   angle   between   the   two   si.qnals

NOTE:       Readings   made
possible   answers   for  each
freouenci.es   compared,   are
pattern   can   be  observed.

5.     The   percentage   of

Y  axis   1.ntercept  1,   taken  at  the  very  center  of  the
pattern   i.n  centimeters

Y  axis   intercept  2,   whi.ch   represents   the  maximum
amplitude   of  the   pattern  1.n  centi.meters

h`v  this  method   are  ambiguous,   that  i.s,   there  are  two
Oat,tern.     The   problen   can   be  resolved   I.f  the
low  enough   so   that  the  direction  of  rotation  of  the

amDli.tude   modulati.on   can   be   determined   a   number   of_         r__   __  '   `''  '  ,1 -`.`      \^      , ,`4 |_,I,-I        \,  I

ways   by  using   an   oscilloscope.     These   methods   conpare  the  maximum  voltage
ampli.tudes   with   the  minimum   voltage   ampli.tudes.      The   followi.ng   formula   can  be
used   to   determi.ne  the   percentaqe  of  amplitude  modulati.on.
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%   of   AM      =      H|    -   H2
xl00

H1   +   H2

Where  %   of   AM   =     percentage   of   anplitwde  modulati.on

Hi     =     largest  dl.mensi.on   in  centimeters

H2     =     Smallest   dimension   1.n   centimeters

DISTORTION

The   total   di.stortion  of   a   sine  wave  caused   by  a   number  of  harmonics   can
be   determined  by  the   followinq   formula:

TD H22   +   H32   +   H42   +    ....

Where  TD  =     total    distortion   1.n   percentage

H2  =     percentage   of  distortion  caused   b`v  the   second   harmonic

H3  =     percentage  of  distortion  caused   hy  the   thi.rd   hamonic

H4  =     percentage   of   rli.stortion  caused   by  the   fourth   harmoni.c

PHASE    ANGLE    READINGS

1.     The   phase   angle   between  two   signals  of   the   same   frequency  can   be
determined   usi.nq  the  Phase  Unit  pluq-1.n   of  the   electronic  counter.      If  the
i.nput   signal    frequency   is   not   400  Hz  ±  4  Hz.   the   followinq   fomula   i.s   used   to
determine  the   phase  angle.

Pmeas
x360

Ptot

Where  0     =     phase   angle   1.n   degrees

Pmeas   =     tl.me   int,erval   measured   between   the   sane   point  on   two
si.qnals   being   compared

Ptot    =     total   time  renui.red   for  a  period  of  either  si.gnal    (both
are  the   same)

360 a   factor   to  convert  the  time  ratir`   to   degrees
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TABLE
OF
COwBINATIONS

AND OR ABX

A A HHH

X X HLL

8 8 LHL|L|

A A HHL

X X
HLL

a a LHHLLL

A A HHL

X X HLH

a a LHLLLL

A A HHL

X X HLL

a a LHLLLH

A A HHH
-X

X HLH
8 a LHHLLL

A A HHH

X X HLL
8 a LHHLLH

A A HHH

X X HLH
a a LHLLLH

A A HHL
X X HLH

a 8 LHH|LH
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MICROWAVE

1.     Wavelength   1.s   the   di.stance   along   the   direction   of   propagati.on   between
two   points   whi.ch   are   1.n   phase,   on   adj.acent  waves.      It  is   syhooli.zed  by  the
Greek   letter  lambda   (  ^).      It  can   be   determined   by   the   following   formulas.

^ (meters)

A  (cms)

^  (cms)

^ ( feet)

^  (miles

300  x   lr)6     (meters/seconds)

300   x   108      (cm/second)

30     (cm/seconds)
f     g1.gahertz

982.08  x  106     (feet/seconds)

186,00n     (miles/seconds)

Where    A   =     wavelength   1.n  meters,   centimeters,   feet  or  mi.les

f    =     frequency  in  hertz

2.     The   velocity  constant  (K)   1.s   the   ratio   of  the   veloci.ty   of
propaqation,   along   the   two  wi.re  or  coaxial    line,   to   veloci.t`v   in   free   space,
which   1.s   the   same   as   the   velocity   of   li.qht.

Vg     =        ^q
_.

Vo^o

Where  K     =     velocity   constant

Vg  =     velocity   of  propagati.on   i.n  meters   per   second

Vo  =     velocity   of   light   1.n  meters   per   second

^o  =    wavelength   in   free  space

^g  =     wavelength  on   a   transmi.ssion   line
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3.      The   wavelength  on   a   two-wire   transmi.ssion   11.ne  or  coaxial    line  can   be
determined   1.f   the   veloci.ty   constant   1.s   1.ndl.Cated   and  the   frequency   1.s   known.

^0
KVo

f
Where      ^g     =     wavelength   1.n  meters   1.n  a   transmi.ssion   line

Vo     =     velocity   of   11.ght   in  meters

f    =     frequency   of  operation   1.n   hertz

K     =     veloci.t.v  constant,  of  the   transmissi.on   line

4.     The   characterl.stic   1.mpedance   1.n   ohms   of  a   lossless   transmission   line
can   be   detemi.ned   b.y   usi.nq   the   followi.ng   formula:

z o  = rT
Where   Zo   =     characteri.stic   1.mpedance   of   a   lossless   line   i.n   ohms

L     =     1.nductance   per  unit  length   in   henrys

C     =     capacitance   per  unit  length   1.n   farads

5.     The  characteristic   1.mpedance  of  a  coaxial    t,ransmissi.on   line  may  be
found   usi.ng   the   followi.ng   formula:

7o  =  |1oolJr
Where   7o     =     characteristic   impedance   in   ohms

D       =     inside   diameter  of  the  outer  conductor

d       =    outside   diameter  of  the   1.nner  conductor

€`    =     di.electric  constant

loo  =     logarithm  of  the   base  10

138   =    a  const,ant   for  coaxi.al    lines

6.     The   characterl.sti.c   impedance   in   ohms   of  a   two-wire   transmissi.on   line
may   he   fotind   hy   using   the   followi.ng   fomula:

7-o  =  41ogl
VE7-
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Where  Zo     =     characteristic   impedance   1.n  ohms

D       =    center  to   cent.er  spaci.ng   between  conductors

d       =     di.ameter  of  the  conductors

log  =     logarithm  of   the   base   10

276  =  a  constant  for  a  two-wire  line

C`  =   di.electri.c   constant

7.      The   voltage  maximums   and   mi.nimums   of   standing   waves,   as   well   as   Ei
and  Er,   can   be   determined  by   the   followl.ng   formijlas.

Emax      =      Ei.   +   Er

Emi.n      =      Ei    -Er

Emax   +   Emi.n

2

Emax   -Emin

2

Where   Emax  =     maximum   voltge   poi.nts   (loops)

Emin  =     ml.nimun   voltage   poi.nt.   (node)

Ei        =     incident   voltage

Er       =     reflected   voltage

8.     The   standi.ng  wave  ratio   can   be   determi.ned  by  the   followi.nq   fomula:

SWR

Emax               Imax
__-__

Emi.n                Imin

Zmax              Ei.   +   Er

Zmi.n              Ei   -Er
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Where   SWR     =      standi.ng   wave   ratio

9.      The
by   slidinq

Emax   =      maximlJm   voltage   (loop)

Emi.n   =      minl.mum   voltage   (node)

Imax   =      maximum   current   (loop)

Imin   =      minimum  current   (node)

7.max   =      maximum   l.mpedance   point   on   a   11.ne

Zmin   =      ml.nl.mum   imperlance   point   on   a   11.ne

Ei        =     1.nci.dent   voltage

Er       =    reflected   voltage

Pmax   =      max1.mum   power

Pmin   =      ml.nimum   power

PT.         =     l.ncident   power

Pr       =     reflected   power

voltage   standi.ng  wave   ratio   of   small   di.scontinuities  may  be   found
load  method   and   using   the   followi.ng   fomula:

VSWRL    0r   VSWRD

Or

(VSWRmax)     (VSWRmi.n)

Where  VSWRL        =     voltage   standi.ng   wave   rati.o   of   the   movinq   load

VSWRD       =     voltage   standing   wave   ratio   of   the   discontinui.ty

VSWThax  =      VSWR   when   the   reflections   add   in   phase

VSWRmin  =      VSWR   when   the   reflectl.ons   are   out   of   phase

NOTE:      If   the   reflecti.on   of  the   moving   load   is   unknown   the  measurement
must  be   repeated  with  another  load.
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10.   A  VSWR   greater   than   10:1   can   be   measured   by   the   double   mi.nimum  method
and   1.ts   value   determined  by   the   followi.ng   formula:

VSWR

Where   VSWR   =

^g=

dl=

d2=

FT-_

11.    The   VSWR   of   a

^g
fr      1   -     2

voltage   standi.ng  wave  rati.o

wavelength   on   the   transmission   line  or  wavegui.de

fl.rst  3  dB   point

second   3   dB.point

3.14

purely   resistive  load   can   be   determi.ned   i.n  terms   of  the
1i.ne  characteri.stic   1.mpedance   (Zo)   and   load   resistance

Where   RL   1.s   greater   than   7o,   VSWR   =   RL-
Zo

Where   Zo   1.s   qreater   than   RL,   VSWR   =   ZoL-
RL

Where  VSWR   =      voltage   standing   wave   ratio

Zo  =     characteristic   i.mpedance

RL  =     Load   resistance
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12.   The   reflect,1.on   coeffi.ci.ent  maonl.tude   1.s   the   rati.o   of   t,he  voltage  of
the   reflected  wave   to  the   voltaqe   of  the   incident  wave.      It  is   syhoolized   by
the  r]reek   lower  case   letter  rho   (        )   or   b`y  the   absolute  value   of   gamma.     The
followi.na   formulas   can   he   used   to   determi.ne  the  reflecti.on  coefficient
rna g n i. tu de .

p-    lrl

where   I  r|

Erlr

ET-i
P ri

=   reflecti.on   coeffi.cient  maqni.tude  =  P

Er  =  reflected   voltage

Ei   =   I.ncident   voltage

lr  =  reflected  current

Pr  =  reflected   power

Pi   =   i.nci.dent   power

13.   The   reflecti.on   coeffi.cient  maonitude   can   he   determi.ned   1.n   terms   of
the   li.ne   charact,eristi.c   impedance  and  load  resistance   (for  purely  resisti.ve

oads)  .

p=     'rl=
7o   -   RL

RL   +   Zo

Where   RL   l.s   greater   than  Zo

p=   lrl=EL

Where   ||i|   =  reflecti.on   coeffi.cient  magnitude

Zo  =   characteristic   impedance   of  the   line

RL   =   load   resistance

14.   The   VSWR  can   he   detemined   I.f   the   reflecti.on   coefficient  magnitude   is
known,   and  conversel.v,   the   reflection  coeffici.ent  magni.tude   can   be   determined
i.f   t.he   VSWR   1.s   known.      Thi.s   is   shown   in   the   following   formula.
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VSWR    =
L+P

iiiiE
p= lrl = EL

Where  VSWR   =   voltage   standi.nq  wave   ratio

p=   lrl =  reflection  coeffi.cient  magnitude

15.   The   percentage  of   reflected   power   /%Pr)   can  he   determi.ned   b.v  usim
the   following   formulas.

%Pr   =    100
VSWR   -    1

VSWR   +
=   lrl2      (100,   =   loo

Where    %Pr  =   percentage   of   reflected   Dower

VS`,±lR   =   voltage   standing   wave   ratio

'rl
=  reflection  coeffi.ci.ent  magnitude  =  P

E rI

Er  =  reflected .voltage

Ei   =   incident   voltage

16.   A  helpful   equation   of   ratio   and   proporti.on   can   he   used   to   detemine
total   power   fran  a   source,   the   power   di.ssi.peted   in   the  microwave   ll.ne,   or  the
percentage  of  the  power  dissi.pated.

P1.

#=F:
Where Pi   =   total   power  of  the   soure  in  watts

Pa  =  measured  or  computed   power   of  the   load

%Pd  =   percentage   of   total   power   dissipated.
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17.   To   determi.ne  the   acti.ial   value   of   impedance   fran   the   normali.zed   value
the   followi.ng   formula   is   used:

ZA  =   7.o   tan6

Where  ZA   =   actual    impedance   value   at  a   gi.ven   point   in   ohms

Zo  =   characteristic   1.mpedance

tan  0     =   tangent  of  the   phase  angle   whi.ch  is  the  normali.zed   value   of
impedance

NOTE:      Thi.s   formula   can   onl.y  be   used   where  the   load   is   an  open,   short   or
pure  reactance.

18.   To   detemine  Zo   in  ohms  of  a   quarter  wave  matchi.ng   transformer  the
followi.ng   formula   is   used:

7-.--tlrT_*
Where  Zo  =  charact,erist,ic   impedance   of  a   quarter  wave  matehi.ng

transformer

Zin     =   charact,erl.stic   imDedance   of  the   1.nput   transmi.ssion   li.ne

Zout  =  characterl.stic   impedance   of  the  output   transmissi.on   line

19.   To   determi.ne  the  effective  effi.ci.ency  of  a  working   boloneter  mount
the   following   equation   is   used.

„e`std)       pstd_TIT_ = FT

Where:     "e(std)   =   known  efficl.ency  of  the   standard   bolometer

ve(tl.)   =  computed   efficienc.y  of  the   test  bolometer
(test  I.nstrunent)

Pstd  =   absorbed   power  of  the  standard

Pti   =  absorhed   power   of  the  test  i.nstrunent  (boloneter)
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20.   To   detemine  the  calibration  factor  of  a  boloneter  mount,   the
following   formula   is   used.

Where

Kb=„e        (1-|rm|2)

Kb  =   calibration   factor   of  a  bolometer  mount

lrml    =
reflection  coefficient  maqni.tude  of  the  boloneter
mount

21.   The   cutoff  wavelength   of  a   rectangular  wavequide   in   its   dominant  mode
may  be   determi.ned   by  using   the   following   formula.

^co  =   2a

Where      ^co  =  cutoff  wavelength   for  a   rectanqular  wavegui.de  i.n
centl.meters

a  =   width   of   the   inner  wide   dimension   in  centi.meters

22.   The  cut,off   (fco)   of  a   rectanqular  wavegui.de  may   be   determi.ned   if  the
cutoff  wavelength   i.s   known   by  using   the   following   formula.

fc. = #
Where       fco  =  cutoff   frequency   of  the  rectangular  waveguide  i.n   hertz

Vo  =  velocit`y   of   li.ght   i.n  centineters   per   second

^co  =  Cutoff  wavelengt,h   in  centi.meters

23.   Free   space   wavelength   (      o)   can  he   computed   if   the  cutoff  wavelength
of   the  wavequide   and  wavelength  on   the  waveguide   is   known,   b`y  usina  the
followi.nq   formulas.

^o  =   ^co  [cos  (tan-1  #  n

^g

1 + ( * ,2

H0   G3ABR32430      002-1

125



Where       ^o  =   free  space  wavelength   in  centl.meters

^co  =   cutoff  wavelength  of   the  wavegui.de   in  centl.meters

^g   =  wavelength   1.n   centimeters   (usually  measured)

24.   Wavegui.de  wavelength   can   be  conputed   1.f  the   free   space,   and  cutoff
wavelength   are   known.     The   followl.ng   formulas   can   be   used   to   conpute
wavegui.de   wavelength.

Where       ^g  =   wavegul.de   wavelength

^o  =   free   spece  wavelength

^co  =   cutoff  wavelength

25.   The   phase   veloci.ty   of  a  waveguide   can   be   determined   dy   usi.ng  the
following   formula.

1 -  (ng ,2

Where     Vph  =   phase   veloci.ty  on   a  waveguide   1.n   meters   per   second

Vo  =   velocity   of   light   1.n  meters   per   second

^o  =   free   space  wavelength   1.n  meters

^co  =  cutoff  wavelength   in  meters
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26.   The   group  velocity   on   a  wavegui.de   can   r)e   detemined   h`v  usim   the
followinq   formiJla.

Vq   =    VO 1   -         ,\`,
^CO

...---\1:-::      `

`tJhere       Vq  =   qroup  velocit.y   in  meters   oer  second

^o  =   free  space  wavelenoth   in  meters

^co  =   cutoff  wavelength  of   t.he  wavequi.de   in  met.ere

^q   =   quide   wavelength

Vo  =   velocity   of   propaqation   in   free  space

27.   The   velocity   of   light   can   be   expressed  as   a   function   of   qroup  and
Dhase   velocit,ies   as   indicated   below.

VO=

Where       Vo  =   velocit.y   of   liqht   in  meters   per   second

Vq  =   group  velo.city   in  meters   Per  second
0

Vph  =   phase   veloci.t`y   in  meters   rier   second

28.   The   gain  or  attenuation   of  a   device  rna.v   be   expressed   in   deci.hels
using   the   following   formula.

pL
dR  =   10   loqin  P?

Where        dB   =   qain   1.n   decibels

PL   =  the   larger  of  the  two  oower  levels

Ps  =  the   smaller   of  the   two   bower   levels

109|n   =  loclarl.thins   of  the   base  10

out.p:::TE : ]f ]€h:::r:a:a;naa:i::,,::.i::eT. :e:i:eae:tc::u;I :::f:S:::r:::nt  the
i nput .
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29.   The  at.tenuati.on  in  a   "wavegui.de  below  cutoff"  attenLiator  /circular
TEii   mode)   is   as   follows:

c¥ -  Equ
^CO

L  -  ,  L# ,2-

Where       C¥  =  attenirat,ion   nor   uni.t   lenath   1.n   dBs

co  =  cutoff  wavelength

^  =   free  space  wavelength

or  if   A   is  much   greater  than. A co

er=#
Where      ct  =  atteniration   per   unit   lenqth  in  dBs

^co  =  cutoff  wavelenqth   (3.42  times  the  guide  radius)

30.   The  coupling   factor  of  a  directional   coupler  can  be  computed   if  the
1.nput  power   to  the  main  arm  and  the  output   power   of  the   auxiliary  arm  are
known .

cFdR  =  I"oq i

Where  CFdR   =   CouDling   factor   1.n   dB

Pi   =   Power   applied   to  the  imut  of  t,he  main  arm

Po  =   power  output  at  the  auxiliary  am

loo  =  1oqarithm  of  the   base  10

31.   The  attenuation  of  a  rotary  vane  attenuator  is  a  funct,ion  of  the
anqiJlar  posi.tion   of  the  resisti.ve   card.     Thi.s  1.s  shown  hy  t,he   following
formul a .

dB  =  4o  log E*

Where     dB   =  att,enuation   1.n   deci.bels

cosO  =  cosine  of  the  angular  positi.on  of  the  resistive  cards

log  =  1ogari.thin  of  t.he   hose  10

H0   G3ABR32430      002-1

12fl



JJ

32.   The   ratio   between   the   standing   wave   maxl.mum   and   standing   wave   minimum
may   be   used   to   express  VSWR.

vswRdB  =   20  ,Oq  fa  =   20  ,09  vswR

Where        VSWRdB   =   ratio   of   the   standing   wave  maximum   to   standing   wave
mini.mum   1.n   decibels

Emax   =   max1.mum   voltage

Emi.n   =   fnl.nl.mum   voltage

VSWR   =   volt,age   standi.ng  wave   ratio

log  =   logarithm  of   the   base   10

33.   The  mi.snatch   loss   I.n   decibels   can   be   determi.ned  by   usi.nq   the
followinq   formula.

Lmm   =    101og

Where        Lmm  =   ml.snatch   loss   i.n   decibels

Irl

1o ,oq I+2

=  absolute  value  of  the   reflecti.on  coeffi.ci.ent  =  P

log  =  loqari.thin  of  the   base   10

34.   The   return   loss   in   deci.bels  may  be   det,ermi.ned   h`y  using   the   following
fo rmu l a

LRdB   =    101og =  201oq  #  =  201oq  +  =   101oq  j2

Where     LRdB   =   return   loss   i.n   decibels

loq  =   logarithm  of  the   base   10

Pi   =   1.nci.dent   power   I.n   watts

Pr  =   reflected   power   in  watts

35.   The   uncertainty   in   deci.bels   due   to  a  mi.snatch   between  the   source  and
load   can   he   determi.ned   by   the   followi.nq   formula.

dB  =   io  log  Ti   ±   irij    ir2ji2
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Where        dB   =   uncertai.nty   in   decibels   due   to   mi.snatch

=  reflection  coefficient  magnl.tude   at  the   generator  end.

=   reflecti.on  coeffi.cient  magnitude   at  the   load   end.

36.   The   frequency   applied   to   the  wavequi.de   can   I)e   calculated   once   the
free   space  wavelenqth   has   been   found   using   the   followi.nq   fomula.

f=#

Where          f  =   frequency   i.n   hertz   appli.ed   to   the  wavegui.de

Vo   =   veloci.t`y   of   lioht   i.n   meters

^o  =   free   space  wavelength   i.n   meters

37.   The   time  delay   caused   by  one   secti.on  of   an   artificial    transmi.ssion

`T]:::;,::et!:I,t::]91ngd::a#:::ed  by  a  number  of  sections,   can  he   determi.ned  dy

Td =  ff

Tdt  =   N   v7FT

I./here        Td   =   t.ime   dela`y   1.n   seconds

Tdt  =   time   delay   total    I.n   seconds

L   =   inductance   in   henrys   per   secti.on

C   =  capacitance   in   farads   per   secti.on

N   =   number   of   sections

38.   The   followi.nq   formulas   are   used   for   determini.nq   an   iinknown   frequency
aoDli.ed   to   the   transfer  oscillator.     The   two  adjacent  hamonics   are
desi.gnated  Fi   and  F2.      The   hl.qhest   of   the   two   l.s   Fi.

f   =   HIF1'

F2
Hl = T=T '

f   =   H2F2

FI
H2 = FIT
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Where  f  =   input   frequency   i.n   hertz

Hi   =   harmonic   number  Fi

H2   =   harmonl.c   number   of   F2

Fi   =  the   highest  of  the   two  ad`iacent  beat  freouenci.es   in   hertz

F2  =  the   lower  of  the   two  adjacent  beat  frequenci.es   in  hertz

39.   The   width   of   the  mai.n   lobe   of  a   pulse  modulated   RF   spectrum   as   viewed
on   the   spectrum  anal`yzer  may   be  conputed   using  the   followinq   formula.

MLW=

Where  MLW   =  main   lobe   width   i.n   hertz

PW  =   pulse   wi.dth   1.n   seconds,   of   the   modulating   signal

40.   The   general    express
of  reflection  coeffici.ents

jonrg[o:n:o[eFtr;::
ransfer  between  a   source   and   a   load
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MICRnwAVE   NolsE   EQUATIONS

1.     The   value   of   the   "average   noise   voltage   squared"   may   be   detemi.ned
usinq   the   following   formula.

=    4K   TRB

Where _2
n

=   average   noi.se   voltage   squared

K  =  ?:1::::Tn' :oC:T§:aftL#_28h`j::i::espe:e::edrr:eTR:I vinenenoy.     )t

T  =  temperature  of  the  network  at   toon  tenperature

R   =   resi.stance   I.n   ohms

8   =   frequenc`y   bandwidth   i.n   hertz

2.     The   available   noise   rtower  may   be   detemi.ned   by  the   use   of   the
following   formulas.

pn=hi

Pn    =   KTB

Where  Pn   =   noise   power   in  watts

=   the   absolute  value   of  the   average  voltage

R  =   resi.stance   1.n   ohms

K   =   Boltzman's   consta
is   equal    to   1.38

tes   temperature  to  energy.     It
per   degree   Kelvi.n

T  =  temperature  of  the  network   at  roan  temperature

8   =   freqtiency   bandwl.dth   in   hertz
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3.     The  noise   outriut  of  a   systen,  wi.thout  the  noise   source   t,urned   on,  can
be   detemi.ned  by  usi.nq  the   following   formula.

No   =   K   To   8   Gs

Where No  =  noise  outDLit  in  watts   of  the   s`ystem   under  test,   without,  the
noise   source   turned   on

K  =  i:1::::,n' i,oC::Sga:tL#_28h`j:,:1,::espe:end:earr:eT{:1:?n:neno`"     [t

To  =  standard  temperature   of  290°  Kelvi.n

8  =   frequenc.y   handwidt,h   1.n   hertz

Gs  =   power   gal.n   1.n  watts   of  the   s.ystem   under  test

4.     The  noi.se   fiqure  rting   of  a  devi.ce  may  be  expressed   as  a  rati.o  of
•   signal    to   noi.se.      Thi.s   vallje  ma`v   he   determined  by  iising   the   followinq

f o rm u 1 a s .

NoF=FT
Si/NiF="

No
F=K      oRGs

Where         F  =  the  noise   fiqure  rating   of  a   device   expressed  as  a  ratio   of
si.gnal    to   noise

N     =  noise   outr)ut   1.n  wat,ts  of  the   system  under  t.est  without  t,he
noise   source   turned  on

To  =  standard  temperature   of   290°  Kelvin

a  =   frequeney   bandwidth   in   hertz

S..   =  si.qnal   at  the  input  of  the   s.ystem   under  test

So  =  siqnal   at,  the  output  of  the   system  under  t,est

Ni   =  noise   irmut  in  watts   to   s`vstem   under  test

K  =  i:1 ::E:]n I Stoc::§!a:t]nng£§h`j::TT::'e;e:eTepe;:::u{:1 vt?ne.ne rqv.     I t

r]s  =  power  gal.n  of  the   system  under  test
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5.      The   noise   fi.gure   ratinq   of  a   devl.ce   ma`y   be   expressed   in   dBs.      This
can   he   det,ermined  h,y   using  the   followi.nq   fomula.

FdR =  1Moa   (#) -1M oa (# -1)

Where       FdB   =  noise   fiqure  ratina   in   dBs

log  =   logarithm  to   the  base   ln

To  =   standard   tenperatwre  of  290°  Kelvin

T2  a  ::: eqliivalent   noise   temperature  or  the  ambient,  temperature
the  measurement   syst.en

N2   =  noise   out.out  with  the   sot.irce   q±neratrir   t.urned  on

No  =  noise   output  wit.h   source   qenerator   tlirneri   off

6.     To   detemine  the   noise   power  of   a   noise   source,   the  following   fomula
is   \'ser'.

Pns   =   K    (T2   -   To)    8

Whore        Pns   =  noise   power   of  t,he  noi.se   solirce

K   =  Boltzman's  constant  whi.ch  relates   temperature   to  enerqy

T2  =  the   equivalent  noise  temperature  or  the  ambient  t,enperature
for  t,he  measurement  s.vsten

To  =   standard   t,emDerature  of  29n°  Kelvi.n

8  =   frequency  handwidth   in  hertz

7.     The  amount   of  noise   power  contribu+.ed  by  a  receiver   to  the  nea`sured
total   noi.se   power  output   is  given  h.v  Nr.

Nr   =    (f-1)    (K   To   8   Gs)

Where          Nr  =   noise   power  contri.huted   b.v   the   recei.ver

F  =   receiver  noise   fiqi.Ire

K   =   Boltzman's   const.ant,1.38   x   |o-23  .joule/K°

To  =  reference   tenperature,  290°K

R   =   recei.ver   handwidt.h

r]s  =   power  gain  of   receiver
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•MlcRoWAVE    SIGNAL    FLnwGRAPH    ANALYSIS

1.     The   followi.nq   defi.nitions   are  di.rectl`y   relat,ed   to  microwave   network
anal.ysis   and  are   1.ncluded   here   to   hetter  re.late  the   rules,   diaarams  and
formill as .

A.      Si.qnal   Flowqrarth.     A  di.rect   picture  of   siqnal    flow,   in  which   the
variahles   are  reDresente       `v   pol.nts   and  are   1.nterrelated  b`v   di.rected   lines.
Figure   1   shows   an  examole   of   a   signal    flowqraph.     The   arrous   1.ndi.cate  the
directi.on   of   si.qnal   flow.

Fiqure   1.      Si.anal   Flowgranh

8.      Branch.      The   direct,1.on  of   si.gnal    flow  and   those   onerati.ons
performed  onlfia-?iqnal.      [n   fiqure   1,   "c"   is   a  branch  enterinq   "E2"   and   "d"
is   a   branch   enterl.ng   "Ei."

C.      Node.      A  node   1.s   a   point.   r`epresenting   an   efluation   vari.ahle.      In
•a;FT: :.::::fi.qure   1

and    "E3"

D.      Source   Node.
t-he   source   no   I.

and.   denends   on    "Eo"   and   "a."       (Eo   X   a   =   Ei).      "E2"

A  node   with   no   1.nput   branch.      In   fiqllre   1,   "Eo"   is
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E.      Si.nk   Node
the   si.nk   no  e.

A  node   with   no   output   branch.      In   figure   1,   I.E3"   1.S

F.      Internedi.ate  Node.     A  node   wi.th   input   and   output   branches.      In
f,.qure   1,   " intermediate  nodes.

G.      Open  Path.      A  path   along   which   a   node   1.s   encountered   only  once.
b"   is   an   open   path.     "a"   to   "c'`   to   "f"   is   also  an   open

path  but   not   "a"   to   "c"   to   "d"   since   "Ei"  would  be   encountered   twi.ce
In   f,.gt,re   1,

H.     Forward  Path.     A   path   between   source  and   sink   node,   directed
toward   the   sin     no  e.     In   fi.gure  1,   there  are  five   forward  paths.

Path  #1:      "a"   to   "b"   to   "E3"

Path  #2:      "a"   to   "C"   to   ''f"   to   "E3"

Path  #3:      "a"   to   "c"   to   "d"   to   "b"   to   "E3"

Path  #4:      "a"   to   "c"   to   "e"   to   "f"   to   "E3"

Path  #5:      "a"   to   "c"   to   "e"   to   "d"   to   "b"   to   "E3"

I.
encounteri.ng
I OOps .

r::a::::  #?E .     A   path   which  returns   to  the  starting  node   while
a.     In   figure   1   "e"   and   "cd"   are  both   feedback

J.      `telf-loop.     A  feedback   loop   consisting   of  onl`y  one  branch.      In
fi.qure   1,   "e       s  a   se  f-loop.

K.     Branch   gain  or  loss.     A  linear  quantity   relati.ng   one  node   to
another.      In "E1„    to    "Eo.„

L.     Loop   qai.n.     The   product  of   the   branch   gal.ns   1.n   the   closed   loops.
In   fiqure   1,   t  e   pro  uct   "cd"   represents  a  loop   gain.
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2.     The  following  mathematical   rules  are  illustrated  and   related   to
flowgraph  analysis.

A.     Multiplication:     The   product   of   all   forward  branches.      In
fiqiire  2,   the     epen  ent  variable   "Ei"   is   the   Product  of  Eo  X   a.

Figure   2.     "Ei"   is   the   product  of  (Eo)(a)

e  3,   the   variar>1e   "Ei"   is   the   product   of   (Eo)(  r  L),   or  Ei   =

Figure   3.      Multi.plication   and   dependent   varialDle

8.      Division:     Multiplication  of  a   reciprocal   quantity   acconplishes
division.      In       gure   4,   the   dependent  variable   "Ei"   is  the   product  of  the

independent   variable   .'Eo"   and  i     (note:     i  =   G),   Ei   =   FOG.

E1     =    FOG

Eo-.         +          ,-,- E
JR=G

Fi.gure  4.      Dependent   variable   Ei
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C.      Additi.on:      The   sum  of   all   the   forward   Oaths.      In   figure  5,   the
dependent   vari.able   E3   is   the   sum   of   the   two   forward   paths   (E3   =   Eia   +  E2h).

Fi.qure  5.      The   sum  of   two   forward   paths

Fiqure  6   shows   another  way   of  representi.nq   addition
[E|   =   Eoa   +   Eoh   =   Eo    (a+b)].

a

Fi.qure  6.     Alternate  method   of   addi.tion

D.     Siibtract,ion.     A  minus   si.an   1.s   used   to   denote   the   di.fference   of
the   forward   pat  s.      In   fi.qure  7,   the   dependent  variable  E3  is  the   difference
between   the   forward   oaths   (E3   =   E|a   -E2b).

Fiqure  7.      The   difference   between   forward   pat.hs
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In   fi.qure  8,   t,he   indertendent,   varial`le   F.n   is
ranches.      The   denendent.   vari.ahle   Ei   i..s  the

E.      Distri.huted  siqnals.
di. s t.r 1. h ut ed  t
product   of   "Eoa±"      The   der)endent,   \Jari.ahle   E2   =   Eib   =   hFoa.      The   dependent
vari.able   E3   =`-CEi   =   I,Eoa.

Fi.qiire   8.      Dist.rihLition   of   the   independent   vari.able  Eo

F.      Self-looo   Gal.n.      In   fi.gure   9A,   '.C"    i.s   a   self-loon.      The   si.gnal    in
the   self-loop     o     ows   an   infi.ni.te   qemet,ric   r]rogressi.on   wi.th   a  conmn  rat,i.o   of
less   t.han   one.      (This   will   be   true   for   our  microwave   aopli.catl.ons.)      A
Geometric   Drogressi.on   is   a   seqijence   of   numbers   i.n   whi.ch  each   term,   aft,er  the
first„   can   be   ohtai.ned   fran   the   Preceding   b,v  multi.pl`yi.ng   i.t  by  a   fixed   nilmher
called   the   conron   rati.o.      E:xamrtle:      The   sequence   of   numbers,   0.1,   0.01,
0.001,   fom   a   qeonetric   proqressi.on  wi.th  the   conmon   rati.o   of   r).1.      The
self-loop   of   fi.qure   9A  can   therefore   be   exDanded   as   shown   in   figure  08.

Fiaurp   qA.       Self-loon   (C)
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E,

Fiaure   qR.      Exoanded   self-loop   (C)

r].      Rule  for  Self-loop  Ill.mination.     To   redljce   the  flowgraph  to
si.mpler   terms,   s OOPS   are   e ron  the  flowgraph  and   treat,ed
mathemati.cally  as   a  node.      See   fi.gures   9C   and   9D.

"To   eliminate  a   self-loop,   divi.rle   all   branches   enteri.ng   the   node

contai.ni.nq  t,he   self-loon  by  t,he  value   of  1  mi.nus  the  value   of  t,he   self-loop."

Eo                                     1                             E2                                   1                           E3

Figure  9C.      FlowgraDh   contai.ning   a   self-loop

E3E|_    ---E--i
E2-i:FTTF                                                E3-Eo  (I.ro   ril

Fiqure  9D.      Flowqraph   wl.t,h   self-loop   ell.minat.ed

.    3.      The   "non-touchinq   loon"   r`ile   is   described   in   the   followi.nq
exr)lanations   and   formijlas.
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When  networks   are  cascaded,   it  1.s  only  necessar.y  to  cascade   the
flowgraohs,   sl.nce  the  outgoim  wave   from  one  network   1.s  the  incominq  wave  to
the   next.     This   is  demonstrated   1.n   figure  10  where  a   network   is  placed
between  a   generator  and  a   load.     The   s.vstem  now  has  only  one   independent
vari.able,   the   generator  amDli.tude  E.     The   flowqrat)h   contai.rs   Oaths  and
loops.      A  "Oath"   1.s  a   series   of   directed   lines   followed  1.n   sequence  and  1.n
the   same  directi.on   1.n  siich   a  wa`y   that  no  node   is   touched   rare  t.han  once.     The
value  of  the   path  is  the  product  of   all  coeffi.cients  encountered  en  route.
There  1.s  one  path  from  E  to   b2.      It  has   a  Value   S2i.
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01            S2'         b2

r' S„ S22

_-                                   b
S,2       o2                                                       -_

Figure   10.     CascadinQ   of  a   network   bet,ueen  load  and   generator

orde=h:Tr:o:re,.:W:::#:sf:fond:r::t:a'iT:::Tgo:#qa::`:2!iosLur:1?;ienAf:iir::ed
in   sequence   and   i.n  the   same  direct,ion  wit,h  no  node   Passed   rare  than  once.
The  value   of  t,he  loop  is  the   nrodiict  of   all   coefficients  encountered  en
roiite.     A  second-order  loop   i.s   t.he  product,  of  an.v   two   first-order  loops  which

:;::::::i#:Tr:de;:::::§£:I::s[iq:;;:i-,i;2:rrl:°!n!SF:es;:°dF:ts:::nndy:htre::js

The   solut,ion   of  a   flowaraDh   is   acconolished  b.v   aoplication   of  the
non-t,ouchinq   loop   rule,   which   written   symbolicall.v   1.s

p,„ zl"" . IL,2,,,I-{1,3,'1' .---- '
•pa,,-}l,,,`2)+zl,2,'2'...-,

(I-.--.'

I l(3) + -.--

Here   I:I.   (1)    clenotes   the   sum   of   all    fi.rst-order  looris.    Z=L   (2)    denotes  the

;1:|e:i,:aT:;:;;i::driwi3!::frv!]:i::i:a!nd:si;i±::;ed£Pi;#i|;e!::¥tne::a#§::¥;£f¥;:,°f
fi.rst,-order  loops  which   do   not   touch   pat.h  Pl   at  an.v   Point,   and   so   on.
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in   other  words,   each   path   1.s  mijltiplied   h`v  the   factor   in  bra.ckets  whi.ch
1.nvolves   all   the  loops   of   all   orders   whi.ch  that   mth   does  not   toiich.      T  is   a
general    svmbol   representing   the  ratio   between  the  dependent.  variable   or
interest  and  the   indecendent   vari.able.     Thi.s   process  is  repeated   for  each
i.ndependent   vari.able   of   the   s~vstem,   and   the   results   are  summed.

As   examr)1es   of   the   application  of   the   rule,   the   transmi.ssion   (h2/E)   and   the
reflecti.on  coefficient  (bi/ai)   are  writ.t.en  as   follous:

¥.T-2-I.:;:'s2,rLsi-
S„'' -S

Note   t.hat  the   generator   flowqraph   is  ilnnecessar.v  when   solvi.nq   for
and  the  loops   assocl.ated  with  it  are   deleted  when  writinq  this   solut.
is  wort,h  rent.ioning   at  thi.s   point,   that  seconrt   anrl   higher-order  loons
qui.te   often   he  neglect,ed  whi.le  wri.tinq   down   the   soluti.on,   i.f  one   has
of  magnitude   for   the   various   coeffl.ci.ent   1.n  rrli.nds.

4.     Various   flowclraph   di.aqrams   are   shown   in   fi.qut`es   11   thy`ouqh   17.
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FIGUFtE    11.       TWOPOFIT    NETWOFIK

FIGURE    12.       LOAD

FIGul]E    13.       CENEflATOR

FIGURE    14.       VIDEO    DETECTOR

h    a    jo    bz-=  =     =    e   i

-i  e    =    e  i-
b,   a   jo    i

b2     -0   -joal

bl    I    0-jot

::=LE=::
FIGURE    15.       LOSSIESS-LINE    LENGTH

FIGuflE    1®.       SHUNT   ADMITTANCE

FIGURE    17.       SERIES    IMPEDANCE
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RADIAC

1.     The   present.   i.ntensi.ty   of   radiati.on  can  be   det,ermined`   by  usim   the
followi.nq   fomula.

11    =   Io   x   r'f

Where   li   =   Dresent   1.ntensi.t`y   i.n  milliroent,con   nor   hour  at  one   meter

Io  =  oriqinal   intensity  in  mr/hr  at  one  meter

df  =  deca`y   factor

2.     The   d.istance   that  the   t,est  1.nstrument  must  he  placed   from   the  source,
in  order   to   achieve  a   desired  intensit.v,   can  be   determined  hy  usino  the
following   formulas.

d   =   39.37

r'=
1FFn   Il

iiiii
\`Jhere  d  =   distance   in   inches   from   the   source

li  =  present   1.ntersity   of   the   source   in  milliroentgens   oer  hour,
at  one  rret,er

12   =   desired   intensit`v  i.n  milli.roentgens   per   hour

39.37   =  a   factor   to  convert  meters   into  inches

1.F50   =  the   square   of   39.37
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3.      The   1.ntensit`/   at  a   stated   rlistance   can   he   det.ermi.ned   dy  ijsi.na   the
followinq   formi.ila.

Id=
15.F0    11

Where   Id   =   1.nt.ensl.ty   at  a   qiven   distance   l.n  mi.1liroentqens   per  hour

Ii   =   present   l.ntensity   of   the   source   1.n  mi.lli.roent,qens   per  hour
at,  one  meter

d  =   predetermined   di.stance   in   1.nches

155n   =   t,he   sruiare   of   39.37   (i.nches   in   a   meter)

NOTE:     To   physi.call.y  relate   the   curri.e   to   the   roentqen,   a   rule   of   thuwh
has   been   developed.      A   source   of   1   currie   wi.11    produce   a   radiati.on   1.ntensity
of   about,1   roentgen  at,  a   d.1.stance   of  3   feet.     Thi.s   rule   of   thuho   is  oft.en
referred   to  as  the  3   foot  riile.
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•PHYSICAL    MEASUREMENT

1.     Acceleration   is   the   change   of  velocit`v   nor   unit  t.ime.     This
relationship   is   shown   h`y  the   followi.ng   forTriLila.

v2   -  \'1
_T

Where   a  =   acceleration

Vi   =  initl.al   velocit.v

V2  =  velocit`y  after  acceleration

T  =  time  in   seconds

2.      Densit`y   is   the  mass   per  unit  voliime  of   a   given   suhst,ance.     Density
can  be   determined  by  One  of  the   followina   fomulas.

p=#

Where  P  =  mass   density

V   =   volume

M   =   mass

3.     Force  is  t.he   total   p`Ish  or  piill.     The   basic  relationship   hetreen
force,  mass   and   accelerat.ion   is   shown   in  t.he  following   fomula.

F=ma

where  F  =   force

in   =   mass

a  =  acceleration
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4.      True   weight  1.s   it.s  aDDarent  weight,   Plus  or  mi.nus   1.ts  net  buo.yant
force,   when  conoared   to  a  standard.

Wt   =   Wa  ±      Pal.r   (Vx  -Vs)   (#)

Where        Wt   =   true  wei.ght

Wa   =   apparent  weight.

Pal.r  =   densi.t.v   of  air

Vx  =   volume   of  test  weiqht

Vs   =   Volume   of  standard

q  =  local    gravity

qo  =  stanrlard   gravit.v

5.     Pressure  is  the  amount  of  force  on  each   unit  area  of  the  surface
acted  upon.     The   following   formula  rna.y   be  ilsed   to   express  thi.s  relatiorshi.p.

p=E

Where          P   =   pressure

F  =   force

A  =   area
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6.     The  pressure  of  a  liquid  may   be   det.emined   b,y  t.he   followi.ng   formulas.

P=hD

Where       P   =   pressure   of  t.he   liquid

h   =   heiqht

D   =   density

7.     Weight  is  the  pull    of   qravit`y  on  a  body.      The  relat.ionshin   of  weiqht„
mass,   and   gravity   is   shown   in  the   following   fomula.

W=mg

Where        W=weiqht

in   =   mass

q  =  acceleration   of   gravity

8.     The   total   force  due   to   liquid   pressure  may  be   detemined  by  t,he
fol lowing   form[ila.

F=PA

F   =   Ah   Din

F   =   Ah   Dw

Where       F  =   total    force  due   to   11.auid   pressure

A  =  area   over  which  the   force   acts

h  =   hel'ght

Din  =  mass   densit.y

P  =   pressure

Dw  =   weight   densit.v
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9.     The  snecifi.c   qravity   of  a  solid  or  liqui.d   sut]st.ance  1.s   the  rati.o   of
t,he  weight  of  a  certai.n   volume   of  that  s`ihstance,   to  the  veiqht  of  an   eqilal
volume   of  wat.er  at  4°C.      Thi.s   1.s   shown   hy  the   followi.nq   formulas.

D

sG  =  fi

Srl=

SG=

wei.qht  of  the  substance  in  air
buo.vant Orce   0

buoyant  force  of l iquid
uoyant Orce   0 water

wa t,e r
Warm

Wa-W

FT  Liouids

I.,lhere        SG  =   sneci.tic   gravity

Dx   =   densi.t.v   of  the  substance

Dw   =   density   of  water

SnLlrs    MOP`E
r}ENSE   THAN    WATER

NOTE:     The  buoyant   force   of  water  is  equal   to   the  weight  of  ob`iect   in  air
minus  the  veiqht  of  ob.iect  in  water.

10.   The  relat,ionshi.p   between   volume  and   pressure   as   indicated  b`v  Boyle's
Law  are  shown   below.      Remember  t,hat.  the   law  assumes   the  temperatiire  to   be
constant.

#=¥     or        Vipi=V2P2

Where       Vi   =   original    volume

V2   =   new  volume

Pi   =   Orl.ql.nal    Pressure

P2   =   new  pressure
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11.   The   relati.onship   between  temDerafure   and   volume   as   1.ndicated   b`y
Charles'   Law   is   shown   below.      P`emember   the'  law   assumes   that  the   pressure
remal.ns   constant,.

vlTI

V; =  TZ

\/1    _   V2

I-iz
Where Vi   =   oriql.nal    volume

V2   =   new   voliime

Ti   =  orl.ginal    absolllte  t.emperature

T2   =  new   absolute   temcerat,ure

12.   The   temrterature,   volijme,   anr!   pressure   relati.onshl.p   of   a   qas   is   sham
h.v   the   ceneral    gas   law   formula   shown   below.      Note  this   formula   is  onl`y   vali.rl
when   absolute   uni.ts  of   temDeratwre   and   pressure  ar/1   Iised.

PIVI          P2V2

iii + iii
Where Pi   =  Orl.qinal    Dressure   i.n   PSIA

P2   =   new`  DressiJre   in   PSIA

Vi   =  original    volume

V2   =   new   volume

Ti   =  original   temperat,ure   1.n   deqrees   Kelvi.n  or  Rankin

T2   =  new  temperature   in   degrees   Kelvin  or  Rankin

13.   The   absolute   rtressure   1.s   t.he   sim  of   t,he   gage   pressiire   and   atmospheric
pressure   as   indicated   below.

Pah   =   Prl   +   Pat

Where Pab   =   absoTute  pressure

PG   =   pressure   I.ndicated   on   the   gage

Pat   =  at,mospherl.c   pressiire
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14.   The   local    gravity   can   be   calculat,ed   using   the   followi.ng   formula.

qi   =   980.632   -2.586  cos   20  +   .003  cos   40   -   .000094a

Where qi   =   local   gravity

0   =  latitude   1.n  deorees

a  =   elevation   in  feet  above   sea  level

15.   The   head   pressure  correction  due   to   dif ferences   1.n   height  betveen  the
test  gaqe   and   the   pressure  tester  can  be   detemi.ned   by  iising   the  followl.ng
fo mu 1 a .

Where

Pg=Pt,±Ph(Ph=         hr))

Pg  =   actual   qaqe   pressure

Pt.  =  tester  Pressure

Ph   =   dl.f ference  in   Pressure   between  the   qage  and  the
reference  line  on  the  pressure  tester.

h  =   difference   i.n  height  hetween  qage   and   tester

D   =   densl.ty   of   test   11.rHii.d

16.   To  calculate   true   pressure   fran  a   Dressure  tester  reading,  the
followim   formula   can   be   used.

Where Pt  =  true  pressure

M   =   actual   mass   of  wei.qhts   used,   in   pounds,   as   taken   fran
the  cert,ificati.on  or  calibration  report  plus  the
Diston   wei.qht

gi   =  local    gravi.ty

qs   =  Standard   gravit`y,   980.665   cm/sec2
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Pa  =   (Rhoa)   =   noninal    air   density,   0.0012  qm/cm3

PBr  =   (P`hoBr)   =   noninal    brass   density,   8.4   gin/cm3

Ao  =  area  of   piston  at  zero   pressure   from  cal   resort.

b  =   deformation  coeffi.cient,   from  cal   report

P   =  nominal   t,est   pressure

C¥   =  coeffi.cient   of   li.near   exrtansion   fran   cal   renort

AT  =   change   in   t.emperature   in   degrees   Celsi.ils   from  25°C

17.   To   determine  the   unknown  candle   power  of   a   li.ght  source   using   the
photoneter  method  the   following   formula,   is   used.

Ix        dx2

T=±2

Where Ix   =   Candle   power  of   the   unknown

Is  =   candle   power  of  the   standard

dx  =   dl.stance  of  the  unknown   light  source   frm   the   screen

ds  =  distance  of  the  standard   liqht  source  from   the  screen

18.   The   i.1luminati.on   may   be   determined  b`y  the   followi.ng   formula.

E-I

Where E   =   illumi.nation

F   =   1umi.nous   fl(Jx

A  =   area
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10.   The   illumi.nati.on   1.n   foot   candles   can   he   determi.ned   by   the   followi.ng
fo rm u 1 a .

E=|
d2

Where E   =   illi,imination   in   foot   candles

I   =   candlepower   of   source

d  =   distance   fran  the   source

20.   The   followino   equation   shows   t,he   relationship   between   illiimination
and   distance.

Where Ei   =   illllml.nat.ion   at.   di

E2   =   illumination   at   d2

di   =   distance   from  Ei

d2   =   dist.ance   from  [2

?1.   The  magni.fi.cat,ion   factor  can  be   expressed   as   the  rati.o   of   the  size   of
an   image   to  t,he  size   of  the  object,   or  the  ratio   of  the   imaoe   ch.st.ance   to  the
oh,ject   di.stance.

MF  =  [  =  #
0

a
D

Where MF   =  maqnifi.cati.on   factor

I   =   image   si.ze

I)i   or   q   =   1.mage   di.stance

Do  or   p   =  object   distance
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22.   The   relationship   between  the  distance  of  the   object   and   the  focal
lengt,h   for  an.y   spherical   mi.rror  is   shown   1.n   the   followi.ng   enuat,i.on.

I-=++
This  eauati.on  1.s  often  shown  as:    +  = + + i

q

Where                        f  =   focal    length

Do  or  p  =  object   distance

Di   or   ri   =   image   di.stance

23.   The   index
to  the  veloci.t.v  of

Where

of  refraction  is  the   ratio   of  veloci.ty   of   li.ght  i.n  a  vacuum
liqht,   in   the  medi.a   as   indi.cated   below:

VLV

n=v=

n  =  index   of  refraction

LLv   =   Velocit`y   of   liqht   in   a   vacuum

LLm  =   Velocit.y   of   l1.qht   in   t,he  medi.a

24.   The   index   of   refra6.ti.on   as   stat.ed   b`y   Smell  's   Law   i.s   shown   below:

N   =    nL    si.ne   81slne   I

Where n  =   index   of  refract,ions   of  the   fi.rs+,  medi.urn

0   =   inci.dent  angle

nl   =   index   of  refraction   of  t,he   second  medi.a

0   =  refracti.on  angle

When   the   first  medi.urn  i.s   air,   the   formula   is   shown   below:

u=
S1.nei.            vl
Sine rl_v

=1

I   =   index   of  refracti.on

sl.ne   1.

sine  rl

vl

v2

si.ne   of  anqle   of   incidence

si.ne   of  angle   of  refraction

speed   of   liqht   in  ai.r

speed   of   11.ght   1.n   other   medi.urn
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25.   The  chanqe  of  length  due   to   a  tenperature  change  can  be  conputed
usim  the   following   formula.

a
A1   =   C¥1   (T   -To)

Where                   A1   =   change   i.n   lenqth

er  =  coeffi.ci.ent  of   linear   expansion

1   =  ori.qinal    1engt,h

T  =   final   temperature

To   =  ori.ginal   temperatilre

NOTE:     Alqebrai.call.y  add  the  total   charge  of  length  to   the  total   length
to  obtain  t.he  corrected   total   lenqth.

26.   The   change   of   length  due   to   temperature  chanqe   linear  expansion:

\`'here

Lf   =   Lo   (1   +C¥  At)

er   =  li.near  coeffi.cient  of   exnansion

At  =  change  of  tenperature

Lo  =  oriqinal    length

Lf  =   final    lenqt,h

27.   The   relationshi.p   between  relative   hLimi.di.t.v,   absolute  humidity,   and
canacit.v   of  the  air  1.s   shown  b.y  the   followi.nq   formula.

Where

%Rh=#xlon

ey7Rh   =   relative   humi.di.ty   1.n  Percentage

Ah  =   ahsolute  humidity   in  qrai.ns   Per  foot

Cap  =  Capacity   of  ai.r  in  Grains   per  foot   at  that  tenperature

H0   G3ABR32430      002-1

156



28.   The   formula   for  detemini.ng   the   relative  humi.di.ty   1.s   shown   below.

Where

%Rh   =   P§   (tdew)    x   Inn
Xa

%Rh   =   relati.ve   humi.dity   in   Dercentage

Ps  =   nressure  of  saturated   vapor  in   inches   of  rrercury

tdew  =  temperature  at  the  dew  point

ta  =   amhl.ent   tenDeratwre

29.   Torque  is  a   force  whi.ch   produces,  or  t,ends   to   produce,   rotati.on  or
torsi.on.      It   is   s.ymboli.zed   b.v  the  Greck   letter  Tau   (7.  ).      The  amount  of
torque   can   be   determi.ned   b`y   the   following   formula.

7'=   FL

Where 7'  =   torque

F  =  tangential   force

L   =   length   of  moment   am

30.   The   angular  veloci.ty   can  be   detemined   b.y  the   followi.ng   fom`,ila.
Angular   velocity  is   ayhoolized  b`y  the  Greek   letter   omega   (      ).

1.=!

Where a)  =  angular  velocity   in  rack.ans   cer   second

a  =  angular   ch.splacenent

T  =  ti.me   elapsed
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31.   The   relationship   between   speed   /velocl.ty),   di.stance   and   time   is   shown
in   the   following   formula.

vav = +

Where                    Vav   =   averaae   speerl   or  velocit.y

T   =   time

d  =  distance   traveled

32.   The   frequenc.y   of  vi.brat,ion   can   be   determined   h.v  the   followinq
fomul as .

Where

f=+=#
f  =   freouenc`v   of  vi.bration   i.n   hertz

T  =   t,ime   in   seconds

Vav   =   averaqe   velocit`y

nA   =   double   amDlitude

33.   The  conoutati.on  of   the   accelerati.on  level   of  a   vi.brati.on  at  1.ts
maxi.mLm   di.splacenent   can   he   accomDli.shed   b.y   t.he   followi.ng   formiila.

q   =    .0512   f2   DA

I,,.'here a  =   acceleration   1.n   "g"   imi.ts
f  =   frequency  in   hertz

DA   =   double   amplitude

34.   The  open   ci.rcuit  sensitivit.v   of   a  velocity   pickup  can  be   detemi.ned
from  the   following   fomiila.

E1    =   E2
(R1    +   R?,

Where Ei   =   Otren   Ci.rcuit   sensi.ti.vi..t.y

E2   =   sensi.t,ivit.y   of  the   pickup

Ri   =   impedance   of  the   Dickup

R2   =   1.nput   impedance   of  the  readout   devi.ce

35.   The  correct.ed   sensitivity   of   the   pi.ckup  may   be   determi.ned   hy  the
followi.nq   formula.
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Where

F3=Ei    (EL)

E3   =  corrected   sensiti.vit.y

Ei   =   Open   circuit   sensi.ti\iity

R2   =   l.nput   z   of   t,he   device

Ri   =   Z   of   t,he   pickliD

36.   If   the   oDen   circui.t  sensi.ti.vi.ty   i.s  known,   a   sensit,ivity   can  be
corrected   for  any  load  b.y  use  of  the   followi.nq   fomula.

senco„=senoctT¥,

Where         Sencorr  =   sensl.ti.vity   corrected   for  loadi.ng   effect

senoc  =   open   circili.t  sensi.tivi.ty

Ri   =   Z   Of   the   pl.ckun

R2   =   l.nput   Z  of   the   device

37.   The   sensi.t,ivity   of  a   velocit.v   DickuD   can  be   determined  b.v   using  t,he
followinq   formula.

Where

sen = Lirv
Sen  =   sensitivity   in  mv/inch/sec

RMsnv   =   the   P`MS  readim   i.n   millivolts

f  =   frequency  in   hertz

OA   =   double   amplitude
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FORCE    MEASUREMENTS

1.      Strai.n:      Change   in   length   divi.ded   b.v  oriqi.nal    length.

•-A+
Where €  =   strain

1   =   1emth

Al   =  chanqe   in  lenqth

2.     Stress:     Force   per   uni.t,  area.

I,'Jhere

o=:

or  =  stress

F  =   force

A  =  area

3.      Younq's   Modulus:      Stress   di.vided   by   strai.n.

y  = + = E#L=  Pst

4.     Poi.sson's   Rat,1.o:      Transverse   strain  to   axi.al    strai.n.

Where

„=±
€A

~ =  Poi.sson's   Ratio

€T  =  transverse   strai.n   (ri.ght  angle   to  appli.ed   force)

CA   =   axial    strain   (in   11.ne  with   applied   force)
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SOUND    MEAsllREMEtlT

Weher--Fechner  Law:      An   approxl.mate  law  which   states   that  t.he  maqnitude
of  the   sensation   of  loudness  is   procorti.onal   to  the  logarithm  of  the
1.ntensi.ty,   Or:

Where

IL(dB)   =   10   Loqio    i;

L  =  magnit]ide   of   the   sensati.on   of   loudness

I   =  int,ensity

lo  =   1.ntensity   at  the   threshold  of  hearing

( 1o-10  microwatts/cm2)

Newtons/M2,   the   +.hreshold   of   heari.nq  1.s
o  dB¥:T:;A  :gel.:h:::°hoigiv::  ::i:Oof  hearing   is  120  dBs.
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ALPHABETICAL     INDEX

AC   Ci.rcul.t   Conputati.on   Formulas

Acceleratl.on  Due   to  Gravity

Alternati.ng  Current  Generati.on   Formulas

Amplifier   Formulas

Ampli.fi.er   wi.th   Feedback

Angle   Functi.ons

Area   of  Tri.angle,   Rectangle,   Parallelogram   and  Ci.rcle

Atomic   Element  Ll.st

Bandwidth   Formula

Basi.c   Temperature   Scales   Compari.son  Chart

Bi.nary   Conversi.on  Tables

Cathode   Followers

Capaci.tance   Formulas

Celsius   (Centl.grade)   Temperature  Scale

Circumference   of   a  Circle

Classifi.cati.on   of  Measurement   Errors
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Color  Code   for  Resistors

Conductance   Formulas

Correcti.on,   Correcti.on  Factors,   and  Error.

Coupled   Inductance

Current  Di.vi.der
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dBm
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Error
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Operator

Kelvi.n  Temperature  Scale

Length  Conversi.on  Table

Length  Equivalent   Conversion  Chart

Length   of   an  Arc

Length   of   the  Sides   of  Right  Angle  Triangles

Li.near  Coefficl.ents   of   Expansion

Logarithms

Logic   Gates

Magneti.sin  and   Electromagnetism  Formulas
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Mathematical   Constants
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3.      Shunts
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Neper
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Network   Conversi.ons

Numerical   Constants

Ohm's   Law   for  AC   Ci.rcuits

Ohm's   Law   for  DC   Circui.ts

Operational   Ampli.fi.ers

Osci.llator  Formulas

Oscilloscope   Formulas

Paral lel    DC   Ci.rcui.t   Computati.on

Peri.odi.c  Table   of   the  Elements

Phase   Angle   Readi.ng   Formula
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Power   of  Ten   Multi.pli.er  Chart
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Powers   of   Two  Chart

Power  Supply   Formulas

Pressure   and   Volume  Conversion  Table

Pressure   Unl.t   Cor`\`'.ersion   Chart

Pulse   Formulas

Pythagorean  Theorem

Quadratl.c   Equations

Radiac   Formulas

Radi.an   Measure

Rankine  Temperature  Scale
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RC/RL   Time   Constant   Formulas

Resistance   Formulas

Reactance   Formulas

Resonance   Formulas

Roundi.ng   Off   Numbers

Sci.entifi.c   Notati.on

Sel f-Inductance   Formulas

Sequence   of   Mathematical   Operations
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Significant   Fl.gures
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Sine   Wave   Illustrated
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Sound   Measurement
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Speed   of   Light   in  Air

Temperature  Conversi.on  Chart

Thermal   Spectrum
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Transistor  Formulas
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Uni.versal   Ti.me   Constant   Chart
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Various   Measurements

Voltage,   Current.   Power,   and   Resistance  Relat.1.onship   Chart

Voltage   Di.vider

Volume   and   Pressure  Conversl.on

Volumetric   Expansion  Coefficients
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