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Devices Formulae

Dicde Circuits
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Common Emitter Amplifiers
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Ditferenfial Ampliflers

Power Supplies
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Schematic Symbols
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American Wire Gauge (AWG) Data Sheet

(for annealed copper at 20 °C)

Ciauge [Humeier Diameter Resistance Resisiance ;
[t} { tne:) LW 1 1IN 1 Ca
D) N 0l 4600} 111600 0041
il 1400 [T 01,2028 0.3 1§D
i 4,206 0. 304K —0.2557 007793
I¥ R.252 01,3240 0,324 0,827
| 7348 0.2093 0, 4065 01230
1 h.54) 0.257h 0,51 2R 0, 1563
¥ 5817 0.3294 0.6463
2 5189 0,214 i.8153
5 4620 TRTIT 1,028
i alls 0, 1620 | 2t A
7 T 6h% 0, 1443 1634
0 1204 0. 1285 2,001
u 2.1t NI 3309 :
10 1588 INTIE] 1097 178 A
1] 2305 074 4134 290 A
12 205] AIRDE | 238 A
13 LEZR YT 13 EH A
14 L6328 40K A A
15 LS 05707 TEX
16 1.39] {15052 16 9,39 A
17 1150 04530 ¥ 364 745 A
T 1024 150441 31) £ 365 591 A
W | 0allk 1101589 &.04] 460 A
0 HIIE 100 1t 10,13 3TiA
2 17229 {LIZE4h [ 1260 2193 A
7] ETER AL 114 A
1) AT 038 155 A
14 LSS 2547 147 A
15 nA547 1237 17 A
26 T LR 134 mA
17 WAG07 5147 T3 mA
L] A2 o O 51 muA
19 (BT B ah1 mA
10 L2548 103.2 3t mA
i 1326 L300 | 350 mA
11201 164 | 31 A
. BT T2 mA
i} 5 B56.0 2600 144 mA
0. (0156 5 1079 329.0 115 mA
0, [E1501% 1 36l d14-8 Q0 A
0014451 1716 5211 711 mA
0 (3905 115 500 572 mA
003530 3719 [HE 453 mA
0003143 442 1045 1.0 mA

= 5 L CAITYINg capacily 6 based ligwatt hiree imsulmed comducion i a cahle will on mmhient lempermune of 3°C will g
wine nin i pnoeel (FC, and sssuming 2 carrent densiy of 364 mAdUM ar 278 CMAA, Wires will gei warm wlien
operniing ol the maximum cursgnm listed in chis toblo. Par cooder operitom, dorie 1o 25% of lawed carments.
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Resistivity & Temperature Coefficients

(for various materials all at 20 *C)

Conductive

Heastiviey (3]

Polysiyeene @

100 TEm

I Pllm

Temp Coellicwnd (i) ‘
Muderenls mim} [ Fg 53
Alumel 3330 1.2x 10 I
_Alumimum 2.2 19x 10 |
sy 39.0 20x 107
Carban (graphite] 14000 S0x10°
Chrome] O 1.1 = 10
Clinistainlan -1-1:_2.1: 20107
Clapper [amsealed) 17,2 31.93x%1
Ciald M4 1dax1 E&!
Tron 87,1 AT K
Manganin ddih &3 :
Mezeury (ligguid ) 5800 !
Monel 420.0
Michrons 1oogan
Mickel 5.0
Platinum 105.0
Silicon 2300100
Silver 162
Tungaten S4E
Ling 6.0
II'IHIJIIIII!:III Benistivi ¥
Matesiale
Amber
Hukelite
Chlwes
Mica G=1x 10" (giga}
Nylon T=1x10" {tera)
Pager P=1x 10" (pem)
Purullin Was F=1x10" (exa)

L
Q
P
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Relative Permittivity & Dielectric Strength

{for various materials)

[Melecrne Relanve Dielectrie Strength
Muterials Permitiivity (5] {Vipm)

q,-

iy wir, s vacou 100 p R ] |
R RR]IH 161 | @

gl : 6.16 __ia ?

mici {ndd M5 N
oil | Lo 14.1 Q
polycthylene .69 _10d h@ |

| polypropylene 1,15 25.6 | 6
uhhber 1.28 24.5

! il lem — "'l.'-' 44 &
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Table of Prefixes
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Network Theorem Rules

Thidvanin's Theoram

S

I, Determine which pomion of the cireuit will be classified as the load. Q
2, Remave the load leaving an open circuit W

5, Determine the volinge scross the opes-circubied loud termdnals. This 45 Yo

4. Reploce each volinge source with a shost circuil nied each current seurce with an circuii

5 Delermine the resistance looking lnfo tie load ferpansls. This s By » ‘m

i

Cinneeict the oriinal lood to the Thiwvenin equivalent cirewll and solve s ee

Norion's Thearem a \

The Thitvenin equivalent circult conaisia of ¥y in sened with Ry E\

1. Determine which portien of the circull will be ¢lassified as the load. o

2. Remove the load and conmect o short cireait 1o the Toad fermina

3 Determine the current through e slut clrewdt, This ks 1y l@

4. Remove the short circuit from ihe lead ferminals leaving th einnl ;

5. Reploce cach walinge source with & ahort cdreubl and cach MR aNpn el
fi. Determine the resistance looking into the lood sermimgds i Ry

7. The Morton equivalent circuil consists of Iy i parl .

B Consset e ariginel loud te the Morton equivalen fid gl i,

Superposition Theoram Q

1 Deigrmine the porbion of the cireuit, usun
Analyze the cireudt using one sowree ond
ather curment sources with open ciroul
3. Delerming -.-u]lug-u or currenl or L'I i n| in
4, Repeat steps 2 amd 3 for each s

5, Bum the voliages or currents iy 3 { respecting voltage polorifies and current direetions
o e sunimabon resaliy in the ¢ wisliape eni for the resisior in the original edrcuil.

Using Théwvenin's or Nnnun@cmm&uh:pla Bource Crculls

1. Apply the theasre
&, Use superpositio
3
L]

.Q:h. saperpostion will ke appled,

Fed

e anly o ilils one sonrce,

mavid { Thewenin®s ) or replaced with o shom cirenit (Momon™s }
iler ¥y o Iy for e cireudl in s predent stice

we By or By (they are the same) as reguired

renlent circuil nnd solve as requitred,

Retiern 1o the Ih

Appendix-13
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Mesh Analysis

o Gl N A e Tk B —

Deterimne o murimum number of windows for the coreuil so as i0 mebade ol componenis.

Label the current loops withan eaels window as 1y, 13, 1 sisd so forib, Doectbon does oot sl

There cannot be fewer loops than there are windows b
Label, within each window, polarines for all voltage drops caused by the indicated cu

Write a KirchhofT Yoltage Law equation for each window 1o include all comganent v

Reduce the equutions 1o siandard form and sobve For the currents 1, Tx 15 a8 requined

Currents which solve o be pegative will sctunlly flow oppesie o the direction chasen i 1
Where two currents are defined in one companent, there values are combiped to w": aciun] valsse,

Medal Analysis (Classical Mathod) b\

|
-
1

Define o reference podnt in the cirewil. This i wsuslly o the botiom of gh miatic dingrom
Label all vollnge nodes in the cmreult {even if they are known volia ¥y, w-n forth,
[revelop the standard eguotion [omms shown below for three ko
b EaelfGald ) Fy = (Xl Gia) Vs T 1 ¥ al f
fawminnd Gy ) ¥V, 4 {Eself Qa2 ) Vo — (X mun 1 ¥ a2
i minal Gy ) F) X wncfnel Gia) V> + [ Xa I Llar 3
Mote that “E self G ai /™ means the sum of the sell-c 25 41

en nodes 1 and 2
ts thie stated mosde.
twaen the stated msdes.

(1R1[1} uciange herms ans negoineg
Fc ;
W, i i node nre regative

Mote that muatunl condoctance mefem anly 1o
Moate that ull self-conducionce terms sne positi
Mobe that "L Far [™ meens the sem of the o
Miate that current sources enbering & sode o
Piate the symmetry in siomilor terms: X oy
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Appendices

S| Notation Rules

e following rules illestrate some of the commaonly-seen errom in e uie of the 51 avatem of 1
ape oflen seen in technicsl documenis b an esient inversely proportional 1 the length of the
underaken in the crowtion of the document, I dsese errors ore avoided, litle glse can o

[hese errom
[a 11 B

I Derived mi formed through divinon use “per” when accompanying units are written i " wihen
Accompanying siis are abhreviaied.

L]
CORRECT: kilameires per hour WRONG:  kilo ur

km'h km

2. Quantities abbrevigied by unit symbals are the same in singular or in u@nhhn-wilm'l ipuantises may be

pluralized &

COARECT: 250 km vmumu hnso
eighity kilometres BO k

Q

3 Periods ore nod used after units except ot fhe end of o m:lllrm s
CORRECT A voltage of [53Y was prt!n:q ORI:IHD-. iz ol 15 W, wis present

15V way present ot the :w was presend at the switch,
EXCEPTIONS: Saime non-81 units, sl |F®.ﬂ pari |:|_r|1pl.|:5 are: . in, mi |b
4. Megative exponeits may be ugsd (o indicate & i (1 bist oof an expression.
CORAECT. 50 kah' @ 50 km pih
poo m's” or 14 TOEk st
5. Leave n space between numerals a units, b tween prefixes and wiits

CORRECT 168 Q ad' WRONG:  [0.HmA [6.8m &
I6.8 m A

&, The Celsins iemperature il an g eviously known as centigrade, wes the degree sign () The Si
unit, kelvin, does not use ikl of kelvin udes un uppercase K as its unit symbaol, e Celuiis
dapres 18 equal o an

CORREG o 4 K. WRONG *C=27115k
10 B3I5 K FC=273.15K

T When writi MH which ure less than ane, 2 zero should precede the decimal point. This is designed 1o
help muke cimal poii mere obviows o the reader,

Qﬁ T 0381 WRONG  3HI

y e comrmis ancd decimal pomts for the geographical area in which you are located. For Nanh
» excepl Québer, decimal points are used os the unity digit marker and conunas moy be used as

tor. In Cuébee and some places in Burope, dhe unity digit morker is 0 comma. For North Americs;

CORRECT 15.7 kil WRONG |57 kil
$1326 13,26 %
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l}

I

3

i3

L.

15

Lise apnees o break wp Inrge biocks of numbers on groups of three in either direcosan from the decomal pom
Commas are still widely used n Morih Americo 08 spocen

CORRECT: 48 116,748 1| WRONG: 43316.T4E21 :%

42 116,748 2| 4316, 748,21
Doly one prefis may be uded with 8 wilt symbol. In e past ibe use of muliple pl‘tl._t:::"l 8 PuCees misro in
place of pico wai widely acceptod. Thas is no lenger the case, W
CORRECT: 390 pF WRONG: 390 pjf
580 jm S80 |11|u®

iustiar. There dee aomc
amples are widely il

Farr dherived unils use oily one prefix aisd oitach it o tse momerion, nol o
excepiinns o his rule which are in widespread use, The two iechnically

CORAECT 16.3 ndm WRONG
S00 ks "\
The use of Engmeering Matntion where powers nre alwiys o ma of thres by i 2= | bt < 1)
is highly recommended where units are bvvolved, Where oo und presemt ific ntation is preferred but

only T very large or very smoll numbers

CORRECT I3 mA . Gﬂcmc.
1.2 ki

] \ 06
Ap =380 = .58 x 10" [cumbersome)
Ap =650 IH o.ﬁ.p = {5, 500, 000 {enumbersame)

intended only for use alongside a umit

Where no undts are present, il 15 meoTTest (o -
% hoas 68 k miy be shown in ploce of 68 kL3 only

syimnisal, never e gtind alone. Cn 1L‘|'|.-I:I'III.I.IIL

where the legend Indicates all resistor va r| nhm.'-
CORRELCT Aw =350 bwuman Av=[ 15k
Wilues pre sssumed 1o be pogill wnl negutive sign so il is redundont 1o inchede the positive
lgn unkess there s 0 valid n‘-JQ the polanty.
CORRECT +54.8 kY
@ Iy

The 81 svutem spells wd ‘mie tram it 15 used in tho confext of a distance nnd e “meier” where on

piasirmaeEial s invo

CORRE lhcﬂi‘ § [ive metres, WHONG  The lengih Is five meters

was uned A volimetne was uasd.
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Capacitor Identification

l

- }
J .

Pl Capoedion = Yalues boas than |
are e gl alees grester tlsan | ape

] |I-+' Thiw TN |I'JI'I:|-||I

el b 0.0 ab il D vted For 400 Y

il Lapugio

il jinimiber s o< 0 o b pl! (011
enpeiple 9 Q04T plf or 4701

©

[iin wslue dn shiw 0 or ihe
{ii ruibaand palbel nn DU0T o (s b |& %‘,‘

Klegiralyiio
penurally pri
ulang wilh
I wiflemi
1l b

lnge rmiing which
wtnid i |I il

he clreled negative
tive lond v il

b =) markimgs on

e el This eapacibor maisl
necied wiih ihe comeci polmeity
af 11 iy exjilode,

A i il [V i
* a5 il iy bi
i Ihree-

S

Cirnmile Capnelioe - Thi
persltlan of the prefis lcate ol g

thir dauimnl paidnd. This ¢
1a&,T ||I- Chaw godoil ns
ar M2 wioiald Ba 0.7
23 pF

&

sillosad] by e nambor

L bl Ui il |.n:l||l|u |
il This ense oo ATHO0
Tl

Film € 'h|l.'l-l:lllrl
it ol Abe b Tlils eose
fins i doiihila ornnga Kl wnd &
A0 Tl livweedd try (KM, whikch s
THEICHE ol eir 530 60 Thore ey
b whin ibar doiable-vw lde red baned

m« sl is v, Cilor-gaoded |1
bt wiwy bk

iimpks b |

v | e, o RO pl
ueh i O &y wouilad amin
i il pd” mnel whaiiald be
el 0o b e o (s walin

Eleceialytie Cagmeiior - The idark
bl pardin fovwandd the negotive
leadl. Thin example b 0.0 pilf or
PEHR L, I etaled adssi b coibes] an
j bk Tor the same value. A value
coded il waald be 6.8 e

perlind
Tinlld

Sim=Eolan ped Cagae ar = Tiia
Lype oy be garmected il il
prrarity even thiigh § s g lorge
wile af capacilmee.,
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