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Fig. 1.1a: Some low-power resistors Fig. 1.1b: High-power resistors and rheostats

: (Potentiometer or Variable Resistor VR) :6,.2i0l| aoglanll: Lub

chb.uw‘w)umuiw%g&o@
oJ a ALQ N .A9|9 ,..Q___.a”

,u| iy« 10KQ dogland] aoud ol Josj l.o.u.c Wiod
ICuJ_L.JlJ >|>)_;9 p9| )_o._.a.” o) Cgl)_u q_,ogl_o.oJ| A oud
¢ (0-10KQ) 10KQ (solrell Lpinsd Jai s> Lgay

. Qiuso 4ol sle l.g.u.uu OSou9

! g...p\” adlS s 8 usinll Aogliodl dadliio ;Soug
Lol "o LI" sLp=dl oo 89, 1y Loaied « g all
'Lo.)._as‘o)_awﬂ%gb.oﬂwg_s\s)w Wld ansz
._5\.J| wAsSy weall Ul Lasl doglsoll doud Jai
! - weall 9 dic yuSslly o Jsl
I l.g.uo S b usiadl Wloglaodl (o glg;l dic Jls

e

8 pusziol] doglioll
ay i)l doazioll

a9,V 2lgVl (5o |

S



: @oglicoll @oud bel,9

 Lpinsd 89,20) diglo Blobl dogliall sle azg, 99 985

Bg bl g 29" (snall of MJ._” bl (| ol anglinll aoud a9,z0ls
il Sobll Jaxly " doglandl (58 Uasdl ol colisl] dps 332 o5l
"ol ] Ll o 8l Tulg clisas (sl (siadll of

oo 85, )l 1348 cod ol coadd oo L) Lpune) ologliall Jae Jis
bl o Bk Y U1 okl ikl ol

il | gl i G940

example N VY] >9-U| WS\ LpJQJ Cl.ogl.o.n u.\.b

_ﬂ]] }_ o> sle aod, STy aig) samg oVl Sehall Skl ¢ el (] sludl oo T

uu5|9 CU9J b.\.>9 \_s\JL.” dg]a.U )Jo.:l 51 nSngug S\ u9.U| ‘ &9,09.0.” dg.\.z”
P  Behll bl g5 ¢ 00 Ssluwg sewl Vgl ¢ gagell Jsaxdl s sl ans,

(e " oglll &9.09,0.” Joazl o> csle laol sac and, wiSly aig) 59 ,usVlg eIl

Solaill @i 3z udd 8 Sl il uglll a>Wg . 0hms 100 dwgliol] doud puaid « 1 Seluug s
. %10 dg.x._z” o> D 9\.1”9

. Leawdy Wlogliodl wayyei) doizinwall UIGVI puogs Il Jgazl

4-Band-Code
L 1 1 | | 1
2%, 5%, 10% | | ' Sa0ko+ 5%

| I
I |
COLOR 1stBAND 2nd BAMD 3rd B aMD MULTIPLIER TOLERAMNCE

Bironen

0.1%, 0.25%, 0.5%, 1% 2370+ 1%
] 1 ] [

S-Band-Code

() T)Sg_; )_.S\” Sgoull . %2+ g %1+ adul wld wloglosdl (89 pazuiuwwy gl CLo)>| Aoy )A.O).\.” dsle
. &gl dny>l as,l bsle (il %5+

Lol 08,1 cwly silils JoVI welll ¢Sy aslul allel) Tolos Jilow 5oVl & Blgbl daz wloglioll Jl> 0
. glal @i gaw oS Luoldly HlaoVl sac g9 &1l wolll



Lb>J|@_9u9L0J9|Ua>MJL@USJ b o)l adeall aousllS doglaol daoud gai V gilaoll @ ala=\o
. Tolerance
e pwles abluw sdg « aoglaodl ads a_é)‘st " saall 9i g\,_:m;\_ll" H;\JI Yo bl gilaoll wuisog Ui
€ o Qogliod] %209 %10 (saslly %5 0,19 Uas dws Jld @l (e swdl Vgl ¢ Ighall Lg) >
e3>l Oob

L &S Lpsoud Lpde S wloglaadl Las : alas\o

¢ lalas s go csudd sl 3ol (i anglioll @osd o>l 1Jlio

D owlo lpiowdg sudd 9o ilLJl wglll LY %5 Wlas s UeSH Aoglanll

) . ohm 1050 _sJ| ohm 950

romlo lsowdy %010 blas auws UsSH uad Bgb wld wulS aoglaodl 13y
) . ohm 1100 _sJ] ohm 900

rowlbo Lsioudg %20 blas> auws weSi Bgb U9y wilS anglaoll I5]g

. ohm 1200 _sJ| ohm 800

: Wloglaol glgil

A ousll 01 UeSHy « jeil V @l aoud lp (sull doglanll sy i (AuSduw — Auigs)S ) aulll Lloglinall .1
: . (Vlgll) »islio 1€ ol (B)]) ibo JSoin lpule QugiSo

0Sg 8,0 aogl pud Lo U SHg « Ue,SUl (o Acgian Lpad alSlUl 85lodl LSig & Awigu SIl Wloglandl .2
. ¥ 2o Liclaiwl

00 a0 A< doglanll pw> e Wgalo LISy lw Lpsd alSll 85ledl LSTg + Aushad]l Wlogliall .3
¢ bo legs 8 u20 auogl pud L) WeSUg ¢ a8l S w Ol Jld WSy Ul g dogliod] doyd Cows> wlalll
 3mS WSy aclaiwVI Sy

(ago) l.ug..o 9| (&) 3i0) &S y=i0 dlog Alawles LSWlSo Qoglioll 0id oud ,ueii & 6 pazindl Uloglanll .4
- (al>) Lyl ol

: (LDR) &wg.all &oglicoll .5

.+ Qoglan (sJl sgall hgxi (sle pgdi (g

(CDS) pguslSUl auelw oo wloglioll 0id giai

slsjog « dsloVl 8aw sLssl acic @Vl Lpsiosd Lassis
. sgall Lolassl e Lpioyd

.. (2M ohm) (sJl pMaJI (58 duodacVl lpioud Juai

.. (100 ohm) o] Lpiiowd Joai @oll yanidl sg.all (sd9
alp w9 ol > a_wlw> aug_all a_oglanll , usig

ol

| %

: (Thermistor) ygaann HWI .6
&, =l Jo=y (si9,58]| raic 99
. alay=oll )=
>b>)b gr-1-3%] ).a.a” BV CUogLo.o
9lio A ,zedl &l wlel sl saxs

(12K Ohm) CLJLC anglandl WSS (0C°) dozioll slodl 88 -

Aﬁi (5K 0hm) amslinll wsSs (25C°) @6,a)l ,1,> a)s cob -
(400 0hm) assliall zes (100C°) il slall (a8 -




&9Vl Lpsioud ls;i :[Positive Temperature Coefficient Thermistor] (PTC) @us>g.0d] @, Aoglioall .7

Lgiosd yadis i[Negative Temperature Coefficient Thermistor] (NTC) au>g0Jl au,l,>)] awglinll
l.g.cg.: s Cl.ogLo.o“ 01D pud U:.LQUS ‘ o)l).z” a>)> &cu_,| o Cl.wgw

&5, 8L, 2l &>,5 losuic 8lsd @oglanll @oud Lasis : [Critical Temperature Resister Thermlstor] CTR
w alnsj d99
R/ R/IQ
/ NTC PTC \
b] 1% O) T/oC

8

9

+ 4l asnall Jlosiwl bowsw 0l (Sou NTC £g5 doglio doudy 8,12l @3 o @Ml Ol

1 1

R = Ru-expB(T To

R : The resistance value at the temperature T

T : The temperature [K]

Ry : The resistance value at the reference temperature Ty
To : The reference temperature [K]

B : The coefficient
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Ohm's Law. R is Resistance, V is Volt, I is Current

R:/O% (/o:%ndz) f)is-::alled'Rhu'

u
| R1 RZ  R3 |
o—[ FL F{ 1= Rs=Ri+Rz+Rg

|u1|uz|u3|

Resistors in series; just count them up!

R1
R1+R
[ ] 1rie

Two resistors in parallel

Itot =I1 + Iz + I3

1 1 .1 .1
I =j+Iz+I3= = ! = ! =:1=
tot =1+ 12 + 13 R
1 1 1 1
Ry R R, R

Multiple resistors in parallel



Ohm's law

P = Power I = Current
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¥ = Voltage R = Resistance
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Thickress

————

Rough size
# Rating power Thickness Length
(w) (mm) | (mm)
From the top of the photograph 1/8 2 3
1/8W 1/4 2 6
1/4W 1/2 3 9

1/2wW

.. slogally 8,2l Ols,a) HuS Jomg Ta> adle @ jlins il dwasell dulall Ologliol) @il bl

Thickness

— — (¥

Rough size

Em _____ Rating power Thickness Length
(W) (mm) | (mm)

From the top of the photograph 11/8 2 3
1/8W (tolerance £1%) 1/4 2 6
1/4W (tolerance +1%)

1W (tolerance £5%) . 2'5 1?

2W (tolerance £5%)
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PRI 3.2 mm

| 14 mm |

Ox8x50 mm

STV Sl Sl o

T

\ Tolerance
Multiplier
2nd Value
15t Value

Example 1
(Brown=1),(Black=0),(Orange=3)

10 x 1% = 10k ohm
s

Tolerance(Gold) = £5%
\ Tolerance
Multiplier

drd Value
2nd Value
151 Value

Example 2

(Yellow=4),(Violet=7),(Black=0),(Red=2)
470 x 10° = 47k ohm
Tolerance(Brown) = £1%

silver £10%, gold 5%, red 2%, brown 1%, If no fourth band is shown the tolerance is +20%.
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The following shows all resistors from 1R to 22M:
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Nonlinear resistors - a.NTC , b.PTC , cLDR

er el aasdl 8L

4 .
[ral) 2.
22000 ohm, 5%

4
[tal]

4 4 4
[tal] E ! [ral] 7. | [tal] g !
470 K ohm , 5% 560 ohm , 5% 5600 ohm , 5%

e e i e e B i et Rl T el

123 4
[tal]

! | |

! | |

! | |

| | |

1 4 i 1 2 4 | 1 2 1 | 1 4

. [t} 9. . (o) 10. {rod) n (o) 12.

| |
| ._._330Kohm,5% ___| _ _10Mohm,5% __ | _ 39Mohm,5% __ | _ _1Mohm,5% __ |
| | | | |
| | | | |
| | | | |
! 1 2 3 4 ! 1 2 3 4 ! 1.2 3 1 ! 1 2 3 4 !
! [tal] 13. ! [tal] 14, | [tal] 15 | [tal] 16. |
. ._._.8600hm 5% _ . __ 10chm, 5% ____ _. __ 12000hm,1% __ . _ 22000hm,2% ___.
| | | | |
! ! }_ | }_ | |
| | | | |
[ 123 4 [ 123 4 [ 123 4 [ 123 4 [
I [tol) 17. | [tol) 18 | [tal] 19, [tol) 20, |
| ._._750hm,20% _ | _ 100Kohm,5% _ _! _ 10000hm,10% _ | _ 27Mohm,20% _ |
| | |
i | |
! | |
! | |
! | |
! | |
| | I

100 K ohm, 2%
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Standard Series Values (5%)

1.0 10 100 1.0K (1KO) 10K 100K 1.0M(1MO) 10M
1.1 11 110 1.1K (1K1) 11K 110K 1.1M(1M1) 11M
1.2 12 120 1.2K (1K2) 12K 120K 1.2M(1M2) 12M
1.3 13 130 1.3K (1K3) 13K 130K 1.3M(1M3) 13M
1.5 15 150 1.5K (1K5) 15K 150K 1.5M(1M5) 15M
1.6 16 160 1.6K (1K6) 16K 160K 1.6M(1M6) 16M
1.8 18 180 1.8K (1K8) 18K 180K 1.8M(1M8) 18M
2.0 20 200 2.0K (2KO0) 20K 200K 2.0M(2M0) 20M
2.2 22 220 2.2K (2K2) 22K 220K 2.2M(2M2) 22M
2.4 24 240 2.4K (2K4) 24K 240K 2.4M(2M4)
2.7 27 270 2.7K (2K7) 27K 270K 2.7M(2M7)
3.0 30 300 3.0K (3KO0) 30K 300K 3.0M(3M0)
3.3 33 330 3.3K (3K3) 33K 330K 3.3M(3M3)
3.6 36 360 3.6K (3K6) 36K 360K 3.6M(3M6)
3.9 39 390 3.9K (3K9) 39K 390K 3.9M(3M9)
4.3 43 430 4.3K (4K3) 43K 430K 4.3M(4M0)
4.7 47 470 4.7K (4K7) 47K 470K 4.7M(4M7)
5.1 51 510 5.1K (5K1) 51K 510K 5.1M(5M1)
5.6 56 560 5.6K (5K6) 56K 560K 5.6M (5M6)
6.2 62 620 6.2K (6K2) 62K 620K 6.2M (6M2)
6.8 68 680 6.8K (6K8) 68K 680K 6.8M (6M8)
7.5 75 750 7.5K (7K5) 75K 750K 7 .5M (7M5)
8.2 82 820 8.2K (8K2) 82K 820K 8.2M (8M2)
9.1 91 910 9.1K (9K1) 91K 910K 9.1M(9M1)

om0 i3y ¢ wsdoe S50y Sy b vayei 98 8950l 825l pS) 38 18 0eSs Ol Iyl Sl Gyl s o]
ol ados)l olyladb LasV asil gag « Tuol) Woausss wss 8,58l baws Bagy « @l aulosll 8,101

- Josll aogig 8,8l i csill

14



e W alo Jgjeo lw o wloll WSy 1 waladl wus )i
JISal sae e weSs Ul Sy former &;le 8slo o S|
' Lo
- oMb Sjlgio ol wsSo ol @lghwl JSw sde -1
u.lSugS.:ulUS.wg &)Ugdg_xou_lSJS_wd\l.c -2
85l gl 1> dgzeas gl &> ol Voo UV
=% 3 e . slog)l WS, wl ol ferrite ]|
@‘o % : ' eyl aie eldg ozl o BMe wloll wle Ul (Soy -3
; ”/ 299 a2l auublieo]l OV ol wlodl iy VI 9
U9 Iy 389 ¢ Aoz WMl o B2 bl

' Wld a,bu avlsio

s 3 g lial] JU
s ( ) el o9 0,950
Jlseo ellodl s Jg> Uiy el osd 5L 5oy loaic
> > el 09 ,Lodl LUl sl Jlseoll 13 sl « csomablizo
Sl
dile 3 bl Sl :
P ——— : j ialo 5\ ,Wi y9,0
@ *h*:@ oLl (59 Lusblizo Vlxo (shaed &iuso dd)yhny dludl al,
k. — 1] J - . povacdl 8 o o Sax0 a0
<aj_:: = 4::3\\ Al dacls) Cswublieoll Jlxollg allly Ll wlalxil gaxig
*“::::':_L:’J/ . wsuoad|
oL
uJL......ih_,L.n.II A s oswoud| 2l dacld

loll Jg> dailol wili s (iodl I 8 waloll gog 13
ol (| i plpa¥l giol OLS Ll s9,0 ol unss (59
wddell uubligol) (sJlocidl waall (wly walall J31s Jlsall

. aloll 1is lpsiay il

e

u.L-I_,uld-..LL*I J.JI

: vl Gl

Jlzodl 408 UlS « Lol )Ludl g0 JLl g8 oS L.a_:u 9| o.sl;) 5 loll (59 )lodl )Ll doud wslS 13
ol ap> waloll (8,b (sle Mg Al 0id (899 « Laws gl 8503 Ll i HLal e sl (sawubblizoll
9= Loleoll ap=dl 138 aoud wslj bdS Ll juse Jaseo sl LadSg « walodl (9 ,lodl ,Ladl (88 Lasidlg 8503
) Mol el (ol 048 ao)leell Apolsg ¢ il

ol =l Moo ap> ol puisiiwo Ap> gl Gaiwin 2p> 1 il Weaxd Lol ap=dl sy

+ sl il sl Guld lasg

—/P'U[]m]\— sbuodl) of (Symip)l) 8a>gs walod csulidl ! Gulss
Aol (3 Gl ) - (S0
1H = 1000mH = 106 pH

15



XL = Eﬂiﬁa

 wlalol agilow

: 15] ko) Gl Gasdl Sl
. dgb 8y ashis d>luo wsl; -1

. ala) sace sl -2

. opall 83lo o ol sl Bgzeans 9l AsIS dunublize 85l o Wb walol) OIS -3

Cuxo u.uS&“g

: alol asilow 3
. alodb 8,LoJl ,Lsl 55,5 850 -1
bl &> 8Ly -2

- lopulsy -3

For example, if f equals 684 kHz while L=0.6 mH, coil reactance will be:

X, =2-314-684000-0,6-10" = 2577 Q"

: Types Coils wlaloJl glgii

SN 1| NGV :ilgi ‘

16

+ ol aloll STV 515 el Joio sl 85kod) lass wlaloll s

1 vled Ll wId wlale -1

\Q (Ledd J=loy o) (sdslodl La,b] 51w b clopdl Jowin (sl wlalodl i (o9

mh,,.u |,,.u ——
glrhl,s_.ulcu;h.\}-l <

El )
s o8 Lpan .HJ.;"‘"C:L"‘:-'I":
eyl 41 & lae ¥l Sl Lyl =

s wlalodl 0is Jiod csolil sl

1 S>> Wl wld wlalo -2

b ligoll Jlxoll OB« S>> L8 lodl J5Is o9 3]
L by ax, > |).uS > i Vg walodl Jg>g S>> 5550
ol wlaloadl o ggill 13 Jio > Jas 28 . aloll > (0
) .Sy 10

ol ul ¢ wlelodl yo goidl 1id Jbo sde wusy S
oLl vomws Syl sl sy (ol el 8adgio
aolgine vl 9 =i « awlgadl )Ll ol @,LacVl
Sl sl powsy slJidg. a8lall (89 1899 s lisoll
whladl pelad pasl a2 —c adgjeo il )i I
. @uolgall ol @,lacVl

»lg> (89 pusiadl (89 Saua=dl Llsll ol wlalodl paxiiuig
owlaodl 5 5lgy (w9 pai i LeS wgluuodl Ll pugas
. Auiiowyglell




17

-

primary  secondary

e

I SV R4

48V 58
42y

Y
2

a. d.
iron core X I magnetic field
I ———————— 4
- - y L
= o
! —
' S
U, = ; U, Rh
(220V) o 5 (24%) | | (3060
} i e W
' |
l )
““““““““ consumer
primary secondary
.
I, I
— —_—
u. N N U HR,
l l
b,

Us _ Ny L Ny
L Up Np J Te g
PK ________________________

F

: Al Ygseamo o w9 WIS wlalo -3
b1z G 303zl oo gz o Lpdd J3lan gogs sl wlaloll (sodg
&uypS Aoglio 95 Lsnblizo Wb (shaed lhenyg djle 85loy 1=l Y=o

S 3> (] @slacyl ol awlgadl wlybal Julas (sJlUs « alle
SUsSell (sde o 55U ady adle dslsS elloy wlalall oo ol 1is Ui

Torcidal Coil

LSy

Stick Coil



1 Gyt 65l o o WIS wlalo -4

% 83Lo Lpds J3lao o9 sl wlalodl b oy
N = Lpioglio dupblizo 85Lo caypmall 85Log « wuypudll
. n\u\li\!”“‘w'.}_ u|)LuJ| ub)_;.u PAC o) éU.).Jgg TJ.> qJJlS ‘:Lu).aS.”
‘-- s ls au,lac)l

w3l G o tlL

) low Frequency Coils : yas=xioJl >>,3J] wlaloe -1
ol 59,8 20 oo 2ol augall Wiss,ll Ul WBgyeell oy ¢ Augall Wiss il W8 pazws il wlalodl g
Szl Llsll wls wladodl o passiodl 35,0l wlaleg . 55,8 luS 20

: buwgioldl >l wisle -2

@& >3,llg « adawgindl Wiss, il W9 pazwiws il wlalodl g

[ | g & § 5oLy AM Sosull el ol5 g5l 83051 wsb brwgioll

. 5,8 oL 465

oo Egian]l sl wls wlalol (o bowgioll 35l wlalog

. )l 33lo gl 3ozl Bgwwo

High Frequency Coils : sJJl >>,J] wlale -3

o€ 3 ool &dlall Olss il (58 oz il wlaloll (s

- 93Dl 850>l (89 pusiddl Hilg> Jio ¢ 55,8 o 2

. wlgedl sl wls Glalodl oo (sl 53,11 Slalos

&> (299 « 8uS wlaloll asilow wsSs (sl 33,1l Al (58

s L. 4 ; : o0 LSy [1dg 6,20 wlalodl asilown WeSs Lassiodl 35,

TRy Sl ileadl b adlell wlss,l e adgall wlssyil Juad

. passiodl 35,l go sl 35,3l s w,usy

L0, 1504, 180, 23, St gt 3o, depr, 0 £9is Lpald 095, sl clLaloll 03 yame) aSLoYL
o L N T

56H, 68uH, 82uH, 100pH other. e waJgi OIS Jowi sl duazdl gz o of v puall
:%‘ é: T v A il S b il

. 70MHz to 100MHz wls>,;
At e ol il Ferrite

i
i

: wlaloll j90,

t soiaaodl LUl ,ilg> (8 waloll

ol @laslll dio (solaedl @ioud sl Jear V ol younw sl Ll 0« walo (sde yoino ap> bl 13
ol (89 Ll H9,0 Losles (sl b s dp> Mo e

2=l 0LS ¢ Gadoll e yoiad] gzl Juad 13]s ¢ yoiwad] Ll dliogs dic waloadl (88 Liyyns i Ll
Jend symo yoall sJl eaw V bg )l 5o 0ls 1« walodl wsd Ll yadls uo,les ol il sl ool
s o> ol ey b bl e seiied] ap =l

4
1
1
1
1
1
1
1
1
1
i e
L .
—

il Ll o alad sie wlodl oo L, Ll (a8l soiowad] Ll go alog sic wlodl (o b, Ll ulsw

18



: Lol ;LI Lilg> 8 wlakoll

s i g3 Lpud 1dgn wlalall 0L Uil © aslsly aiowd (58 )l 0wl s wolisadl Ll Of Loy
. osbaodl Ll yilgs wsd wlalodl ells JLogs boaie olsoVl yusi of Lasdl ol 63U3)1 Lo,les wsulil]

1 Olalol abuuwddl Olaanbdll oy

DCiRipple) N

w9 wlodl plasiwl L aeain JLl JSadl o
&Ll Ul cu> ¢ pugsill ddoc ae WLV pui s
L5 yoiunadl (5| wolisadl Ll (o0 pug-8ill sy
S el Ol i adle Wiy, sJe Sgxi
wlss, il 03D j == @ Lol pg8) > ¢« pui,ill

. Lolou 8 youo 8,L] csle 2,2l (88 Jua=i)

Ripple filter circuit
ot aiSally waloll 09y S . oVLaVly lilzell oy (88 bas Lo ST sl puiball ol Uy lanb
e Jusb o> bzl b s doiio ad>yo wad U Jyby »oVl 15 (59 ey anwlioll kel 8l
ol Sy Sl

N 1t : I
- 03C
: |
—f f 1

fo= S — =7+
27 A IE Rezanant 27 4T Rezonant
Series resonance oircuit f requency ‘Parallel resonance circuit frequency

: Lloe wladodl wlua>g 6¢l,9

&8,20 rSoy . Al Lpowd UsSig Layl aug) wlal> (sle (Soxig wloglanll auis sdg : 830l wlaloll -1
. Wloglioll go @izl syl Gusing I Jgazdl plazswl lpoud

INDUCTOR COLOR GUIDE
Result Is In pH

4-BAND-CODE 270uH = 5%
£

1st BAND | 2nd BAND | MULTIPLIER TOLERANCE
+ 20%
Military = 1%
Military = 2%
1,000 Military + 3%
10.000 Military + 4%

BELACK
BROWN
RED
ORANGE
YELLOWW

[
et

=] 001~ (5 e B2l (A P = O
el 00! 1 [ o N O R —




olaloll UsSs &S Luwl VLV Glyls (58 Logass aueuIVl il (b & puis @5,20)l Glaloll Clas -2
. Al adoc piliowig dgpll Agp=o s ulaill AUl o

N Josll Lad « Lua> slopll (o s wsSy Ol wsllaadl OF ol « Boaull 59 59910 e 1UH anwsy wilo : Mias
o owlsgdl Wlall ols wlelodl Olus @8.S plei Bgw 4l o wVl Vs (o
: Vlspdl Wl wld wlaledl WLl

e (bl Jole — wlalll sac) ilgpdl wlall ols wlalodl Glus @S auogs alll M|
. aJul @MU (slaso gos & wlall sac -1

JL18d+400)]

o
d
ol Jole -2
d*> n?
L(uH) =
18d + 40/
Ol G

- Sidg,Suo (UH) — 989 seunblisall ya,=dl 1 L
) . (1 inches = 25.4 mm) VUL wloll 118 : d
aa) ,3l sl asd Jgl o adluwoll « (1 inches = 25.4 mm) LU alodl Jgbs & |
Lolall sac i n
l |

s sbubig (sdoc Jbo
 (LuH) 8,laJl b wlalall Sa>] dowd wolS FM Jlsodl (e duguslyl zlgoVU .JLw)XJI wbls sas| 9
- aloll ligd wlall sac Llw> wellollg

alll ) s 8505 pac Ul ol ol g 7,2mm sl jhasig 0,6mm ghsos dllw )L s LJ.>I
Qg 9 Pud ity J-8> Lpad JS i ol Sou Ca> adlell wilss, il Jlso 08 Llogasg I,,..,S T isoll
.ol 8¢l Jole LolazsV asloVl 8,La\
s asyLudl adMlell o

\/1*[18*() +a0% 109
n= 254" _16.11

7.2
25.4

. &) (n=16) pwad wlalll sac Uyss JWL
Linch ol MM oo Jugzal) 25.4 (sle Liowd el . (inch) o agbg walodl 4hd of Tasluw U,S5 a8 @ alas\lo

20



olalll g olelalb layly pozowell dllwdl ,4 asleio @s) 431 (] @) ol oo @dluwall U] 1 oMo

SJy « il G Jaodl Las puwss Ol oSou ol Lesw £L,9 Ve wlalll sy wl Ol (S waloll @ alas\o

. (0,6mm) Ul elsl wlalll oo @8lusadl colS 15] (QL) walol) 839> Jole Jadl (sde Jgazl oS

1>0.4d =1 0 U 1% (su> @ids @izl @8Mell 0] & aas\o

Lowd csdazsw Lpio Wb ,SJ ¢ wlaloll Gl @0, auogi iVl csle wlxaally guolgoll oo i)l Jla

ab

g hious (5.8mm) of (7.2 mm) Lo| (aealll , b sT) Lo, bod weSy sl wladodl leasis pazaowl s Sl p0s
asogioll il ol @ ads pud sdawi g o 25l JWs o clsg (0.6mm) cud sl WSU el

oWl doazdl,

Number of turns

INDUCTANCE TABLE
(diameter 5.8 mm, 0.6mm wire)

Inductance (nH) Q-value 13-MHz Inductance (nH) Q-value 13-MHz
(Compact coil) (Compact coil) (Air-space coil) (Air-space coil)

| 4 92 540 79 -

\ 5 131 370 120 530

] 6 175 340 155 500

| 7 220 300 184 640

| 8 272 370 234 560

| 9 315 470 267 770

] 10 363 650 313 1270

INDUCTANCE TABLE
(diameter 7.2 mm, 0.6mm wire)
Number of turns Inductance (n_H) Q-value 13—M_Hz Ind_uctance (nI_-I) Q—\_/alue 13—M!—|z
(Compact coil) (Compact coil) (Air-space coil) (Air-space coil)

3 77 407 66 440
4 122 325 102 560
5 177 340 - -
6 240 440 206 550
7 306 509 290 690
8 379 607 319 1300
9 470 1500 422 >1500
10 582 >1000 515 >1000
11 644 >1000 - >1000
12 656 >1000 545 >1000
13 745 >1000 612 >1000
14 789 >1000 658 >1000
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AIR COIL WINDING CHART

Inductance Number of Turns Number of Turns Number of Turns Number of Turns Number of Turns
in Microhenries Diameter = .100 Diameter = .125 Diameter = .150 Diameter = .200 Diameter = .250
Length = .200 Length = .250 Length = .250 Length = .400 Length = 500
0.01 3.1 2.8 2.6 2.2 2.0
0.02 4.4 4.0 3.6 3.1 2.8
0.03 5.4 4.8 4.4 3.8 3.4
0.04 6.3 5.6 5.1 4.4 4.0
0.05 7.0 6.3 5.7 4.9 4.4
0.06 1.7 6.9 6.3 5.4 4.8
0.07 8.3 7.4 6.8 5.9 5.2
0.08 8.9 7.9 7.2 6.3 5.6
0.09 9.4 8.4 7.7 6.6 5.9
0.10 9.9 8.9 8.1 7.0 6.3
0.15 12.1 10.8 9.9 8.6 1.7
0.20 14.0 12.5 11.4 9.9 8.9
0.25 15.7 14.0 12.8 11.1 9.9
0.30 17.1 15.3 14.0 12.1 10.8
0.35 18.5 16.6 15.1 13.1 1.7
0.40 19.8 17.7 16.2 14.0 12.5
0.45 21.0 18.8 17.1 14.8 13.3
0.50 22.1 19.8 18.1 16.7 14.0
0.55 23.2 20.8 19.0 16.4 14.7
0.60 24.2 21.7 19.8 17.1 15.3
0.65 25.2 22.6 20.6 17.8 16.0
0.70 26.2 23.4 21.4 18.5 16.6
0.75 27.1 24.2 22.1 19.2 17.1
0.80 28.0 25.0 22.9 19.8 17.7
0.85 28.9 25.8 23.6 20.4 18.3
0.90 29.7 26.6 24.2 21.0 18.8
0.95 30.5 21.3 24.9 21.6 19.3
1.00 31.3 28.0 25.6 22.1 19.8
1.50 38.3 34.3 31.3 27.1 24.2
2.00 44.3 39.6 36.1 31.3 28.0
2.50 49.5 44.3 40.4 35.0 31.3
3.00 54.2 48.5 44.3 38.3 34.3
3.50 58.6 52.4 47.8 41.4 37.0
4.00 62.6 56.0 51.1 44.3 39.6
4.50 66.4 59.4 54.2 47.0 42.0
5.00 70.0 62.6 57.2 49.5 44.3
5.50 73.4 65.7 59.9 51.9 46.4
6.00 76.7 68.6 62.6 54.2 48.5
6.50 79.8 71.4 65.2 56.4 50.5
7.00 82.8 74.1 67.6 58.6 52.4
7.50 85.7 76.7 70.0 60.6 54.2
8.00 88.5 79.2 72.3 62.6 56.0
8.50 91.3 81.6 745 64.5 57.7
9.00 93.9 84.0 76.7 66.4 59.4
9.50 96.5 86.3 78.8 68.2 61.0
10.00 99.0 88.6 80.8 70.0 62.6
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AIR COIL INDUCTORS

SINGLE LAYER AIR COIL WINDING FORMULA AND Q FACTOR

R TYPE RP TYPE RPS TYPE
2 N2 L = inductance (in microhenries) | - o WAL £7- 3
_ r- N r = radius of coil (in inches) i II ] | 1 i I ]
~  9r + 10A N = number of turns I Pt gl g
A = length of winding (in inches) L TYPE LP TYPE LPS TYPE
- r 1= i f i & 4* * _..'-:f;\r - _.“s:
y_ /Lier+10A) T U B 1 T A 1 | O O B
- r2 _J 1 RS TYPE LS TYPE l'lV TYP.E
P/ Zias ; - A S ..
% ! f 24 I\ ! - Y T} o
?' t ? :/; 1 \< . Q I i .'—-I;),' : i
o ;o 7 R L Y I G B O
In Metric Units: 3 : :
2 \2 L = inductance (in microhenries)
L = 0.394r° N r = radius of coil (in cm) L (9r + 10A)
- 9r + 10A N = number of turns N = 0.394 r2
A = length of winding (in cm) )

This formula is most accurate when the coil length (A) is greater than 0.67r and the frequency is less than
10 MHz. As the frequency goes above 10MHz, the formula becomes less accurate, because parasitics
dominate the circuit.

The chart on the following page shows data for single layer air coils with inductances of 0.01ph to 10.0ph.
For each inductance value, the number of turns required is shown for coil diameters of 0.1 inch, 0.125 inch,
0.150 inch, 0.200 inch, and 0.250 inch. In all cases, the length (A) is 4 times the radius.

The Q or Quality Factor of an inductor is the ratio of its inductive reactance X to its series resistance Rag.
The larger the ratio, the better the inductor.

Xi = 2wfL
xL L= f
Q= —— where:
Rg f = Frequency (Hz)
L = Inductance in Henries
Rs is determined by multiplying the length of the wire used to wind the Q

coil by the D.C. resistance per unit length for the wire gage used.

Q changes dramatically as a function of frequency. At lower
frequencies, Q is very good because only the D.C. resistance of the
windings (which is very low) has an effect. As frequency goes up, Q will
increase up to about the point where the skin effect and the combined
distributed capacitances begin to dominate. From then on, Q falls
rapidly and becomes 0 at the self resonance frequency of the coil.

Frequency

Methods of Increasing Q of Inductors

1. Decrease the series resistance of the windings by increasing the wire gage used. Larger wire has a
lower resistance per unit length.

2. Spread the windings. Air gaps between the windings decrease the distributed capacitances.

3. Use a powdered iron or ferrite core to wind the coil on. This will increase the permeability of the
space around the core.
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b 8356>50JLS Lpsoud @9,20) 0l o0 Bl bl o) wlasSell Las

i | ki . Wloglaoll
. :olusell Juogs
E—] rsJlgill
+ |C2 o JSeadl WS Jowdowsio JSein wlaiSell b, pxig
- : Soluss aiSall el aouall usSis
re? C1 1/Ct=1/c1+1/c2
Ct=1/(1/C1+1/C2)
e s
— — v JSaidl oS Sslgse JSain wlaisSell by, ey
o e + ol caiSol) aslpall ansall s

: olaiSoll oud bsl,8

Micro _ 1
M = N(-
Pl Farad iero= 1,000,000 107(-6) F
Nano 1
Nano= A(-
" Farad 1,000,000,000 107(-9) F
Pico — 1
Pico= A(-
PP Farad 1,000,000,000,000 | 07 (-12)F
CAPACITOR GUIDE
The Result of Capacitor Code is Given in pF
1% Digit 2" Digit Multiplier Tolerance [+£%)
0f Value 0f Value
F=1%
G=2%
i J = 5%
47 % 10,000 pF K = 10%
= 47 uF M= 20%
Z = +B0%/—20%

On some capacitors the value is shown as a straight
number (4.7pF). On others the decimal point is replaced
with the first letter of the prefix (4p7 = 4.7pF).

e A e 1000 pico = 1 nano
p P 0 1 nano = .001 micro
nano n 1000 nano = 1 micro
micro u 10-*

EXAMPLES:

223) = 22 x 10°pF = 22nF = 0.022uF 5%
151K = 15 x 10'pF = 150pF 10%
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:WUlgVI OIS Wlaiso b¢1,9

Pico Farad >|)l6 oSlb wlis puill Lasy

102=1000pF :0eSs lpioud Joxl gl (o Ll S0 Mo

100000pF= 100nF= 0.1uf :0sSH lpsioud o0l Sewl s Lol @iSe Wio

r S M| BRI 95 aiSoll 6sl,9

5L 9,S0Lall asudl g S « Lpidsg bag>g wiSoll daw Jouis s> pudll dcedno 0gSs ghasll ois wlel

28

3L L UeSH asuudl (29 N 50l 3> 15] V| microfarad

raJUl 90,1 o> (sde @8l saxig V9=l iy Y lpasy (599 V Byl gais 03,5 ap=dl (ndasug

&l 10,
%?20 M
%10 K
%5 J
%?2.5 H
1 pF
) F
Jludl ol w90l

Ol aiyb e wlaiSoll pud 8elyd Jga>

Ig ;irstdidgi; .
—_— econd digit
% C Multiplier
\ [ Tolerance

a E Voltage

ABCD EXAMPLES

bl —

C=47-1nF=47nF!20%/250V

= C
A’D
b.

DIGIT MULTIPLIER| TOLERANCE | VOLTAGE
0 x 1 pF +20%
1 x 10 pF +1%
2 x 100 pF +2% 250V
3 X1 nF +2.5%
4 x 10 nF 400V
5 x 100 nF +5% C=39-10pF=390pFi5%
6 X 1 uH
7 x 10 pF e
8 x 100 pF ]
9 x 1000 uF +10%

C=22-100pF=2200pF!5%




a9,V pguiliudl wWlaiSo b¢l,8 Jga>

A First digit o
B Second digit =
= Multiplier
O voltags C ~ g
+
470 pF20V 2.2 pFeav
DIGIT MULTIPLIER VOLTAGE
0 x 1 A 10V
1 x 10 uF
2 x 100 pH
3
4 6.3V
5 16V
6 20V
7
8 x .01 yF 25V
9 X .1 pF 3V
35V

auidg SV ol wleiSe

(=]
S
i |00 s v Gimmeme bl aare
<<
&=
Oz
W
=
Cmin= 12 pF
b. c Cmax=218 pF d.

a, b, c. Variable capacitors, d. Trimmer capacitors
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0.003uF= 3 nF= 3000 pF

+20%
400V

10pF * 100=1000pF=1nF
+10%
50 DC

EgnF 5
+80to =20
12'Wv

0.47uF

+20%
Sl ymiili
+20t0-70%

el
+25Cto 88 C
1000 WV

10pF
+10%
Sl i

+15to-15%
el

o o
+55Cto125C
1000 WY

2500

0.22uF= 220 nF 150nF
+20% +10%
250V 250V

‘{I.ﬂﬁ" uF=470pF
100y

22pF * 1000=22000pF=22nF
+10%
&3V DL

4.7nF \
400V

154pF * 100!1 50000pF=150nF

+20%
100y O

20 pF

+20% 2200 pF
50VAC +10%
400VDC biyln A e i

22 pF
+20%
1000WV

®

47 pk
+2056
gkl 531 5

U +20% +up5pF
0033 5313 il L ’m‘
+20% / $22t0-56% ;‘g’: -
A ppm
+10°C to 85C +250;; o
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Table 1. Capacitor varieties and their typical characteristics.

| Capacitor | Ceramic Electrolytic Metal Mica Polyester Polycarbon- | Polystyrene Tantalum Polypropy-
E Film ate lene

E Cacacitance 22pto 100n to 1pto 22pto Into 10n to 10p to 100n to 100p to

» JRange(F) 100n 470000 16u 10n 10u 10u 10n 100p 470n

E Typical toler- =2to -10to +20 =1 =5to +20 +1,£25+ +20 +5to

¢ fanece (%) +380 +50 +20 1,£25, £20

E Typical volt- S0V tol 6.3V to 250V to 350V 83V to 83V to 50V to 6.3V to 100%

! Jage rating 15KV 450V 600V (typical) 400V 630V 630V 35V tol.5kV
PO

E +100 to +1000 +100 to +35to -200 +60 -1530to +100 -200

¢ Jeofficient -4700 (typical) +200 +70 +80 to+1000 (twprcal)
e

Stability Fair Poor Fair Excellent Fair Good Good Fair Fair/Good
! | Ambient -35ta -40 10 -25to -40to -40 to -5510 -40to -40 10 -55 10

E temperature +85 +85 +85 +85 +100 +100 +70 +85 +100
 Jrange (degC)
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De=zign | Sequence | Symbol | Form
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H.C. Break | B
1 tg
Break[1] zal g
SPFDT | pyakef2) ﬁ e
1o
ELQ
Break[1,3]
DEDT | pake[z.4] ﬁ 2c
3ﬂ_—_g
4al o
Make[l] I [22
SPOT Before iD
Break(2] ﬂ
Tabel 2.
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RW/RWH

Contact Rating

Nominal Load (Resistive Load Cos ¢ =1)
Contact Capacity: RW......... 12A at 120VAC . (UL)
10A at 120VAC,

10A at 24VDC.
RWH ... 12A at 250VAC. (UL)

10A at 277VAC(TUV)

TV-5 at 120VDC.

15A at 24VDC.,
Rated Carrying Current........ RW: 10A & RWH: 15A.
Max. Allowable Current ....... RW: 10A & RWH: 15A.
Max. Allowable Voltage ........ AC 240V, DC 110V

Max. Allowable Power Force RW: 1500 VA, 240W,
RWH: 1800VA, 360WW

Min. Switching Load............. RW: DC 3V, 10mA.
RWH: DC5V, 15mA.

Contact Matenial .......coovevee RW: Ag Alloy.
RWH: AgSnOa.

Contact Form...ccoocoiviiiiinnns SPST & SPDT.

Performance (at Initial Value)

Contact RBeslstance ..., 100mO Max. @1A,6VDC

Operate Time ..o 10 mSec. Max.

Release Time .oovvvcviiciicrcnens 5 mSec. Max.

Dielectric Strength :

Between Coil & Contact........ 1,000VAC at 50/60 Hz
for one minute.

Between Contacts ..ooeeivvevcenen, S00WAC at 50/60 Hz
for one minute.

Surge Resistance ..o 3,000V (between Coil
&z Contact 1.2x50p5ec.)

Insulation Resistance.............. 100 MegaQ) Min. at

Main Feature

1. RW Series Relay covers switching capacity by 10A s
spite of miniature size to comply with user’s wide
selection.

2. RWH is approved C-UL & TUV safety standard.

3. The employment of suitable plastic materials is
applied under high temperature condition and various
chemical sclutions.

4. Complete protective construction is designed form
dust and soldering flux. If required, plastic sealed
type is available for washing procedure.

5. 12A at 120VAC for RW & 12A at 240VAC for RWH
are UL approved.

Application

Domestic Appliances, Office Machines, Audio Equipment,
Coffee-Pots, Control units, ete.

500VDC.

B Max. On/Off Switching :
Electrical....cooiiiiiiiiieinien, 30 Ops per Minute.
Mechanical......cooooviiiiiinen, 300 Ops per Minute.

B Temperature Range ..., -30~55°C

B Humidity Range.........c... 45~83% RH.

B Coil Temperature Rise............ 35°C Max.

B Vibration :

Endurance ....cooovevviiniieniniennn, 10 to 55 Hz dual
amplitude width 1.5mm.

Error Operation ..., 10 to 55 Hz dual
amplitude width 1.5mm.

B Shock:

Endurance ...ooeomvviieiiennnn, 1,000 m/5? Min.
Error Operation ..., 100 m/S* Min.
B Life Expectancy :
Mechanical ..o, 107 Operations at No
Load condition.
Electrical .o, 10° Operations at Rated
Resistive Load.
B Welght. i, About 11 g

Safety Standard & Its File Number :

m RW
L R E141060
CSA LR76598
m RWH:
C-ULoiiiiiica E141060
TUV o eessen s essnsnnn R9854380
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Vo = Working Peak Reverse Voltage
I = Reverse Current Current
Ve = Forward Voltage at | | & !
I = Forward Current . '
*l, = Average Forward Output Current
with 180° conduction in 60 HZ /
sine wave f Forward
"l = Forward Surge Current Peak with - . Conducting
F3M . Regicn
a specified pulse waveform |
Viar = Breakdown Voltage
* Rated Value )
- | - vo@ I,
Typically 50 to 1800 Vol ratings lo = |
\. J/
A4 |
v \BR] Vv R
l l Valtage
—1< P *
T 1.0V 20V
Reverse
Blocking
- | R Region
Evalanche
Breakdown
Region
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1N4002 1A 100V
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1N5401 3A 100V
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Jev

15% 1z +10Y
+e2V | 427Y

BZX7IC1Z +12¥

+5V

Example: output voltage required is 5V, output current required is 60mA.

1. Vz = 4.7V (nearest value available)
2. Vs = 8V (it must be a few volts greater than Vz)
3. Imax = 66mA (output current plus 10%)
4. Pz > 4.7V x 66mA = 310mW, choose Pz = 400mW
5. R=(8V-4.7V)/ 66mA = 0.05kL2 = 50£}, choose R = 47£}
6. Resistor power rating P > (8V - 4.7V) x 66mA = 218mW, choose P = 0.5W
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Type Colour le VE | VE | VR Luminous Viewing Wavelength
max. | typ. /max. max. intensity angle
Standard Red 30mA | 1.7V 2.1V | 5V 5mcd @ 10mA 60° 660nm
Standard Brightred |[30mA 2.0V 2.5V | 5V | 80mcd @ 10mA 60° 625nm
Standard 30mA | 2.1V |25V | 5V | 32mcd @ 10mA 60° 590nm
Standard Green 25mA | 2.2V [25V | 5V | 32mcd @ 10mA 60° 565nm
High intensity Blue 30mA | 45V |55V | 5V | 60mcd @ 20mA 50° 430nm
Super bright Red 30mA 1.85V 2.5V | 5V | 500mcd @ 20mA 60° 660Nm
Low current Red 30mA | 1.7V |2.0V | 5V 5mcd @ 2mA 60° 625nm
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Ir Forward Current s SIg ol
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half wave
rectifier

T1

L

FiG

T

full wave
rectifier

L_l: D1 | ¥ secC
= | 1

D2

bridge
rectifier

117 f 240
YAC

The formula for C1 is:

Yo

Yo (noload)=V¥ sec X 1.414
Po =¥o X IL

Load {RL) = ¥o f IL

F1{(AY=(Z2X I} fN(N=turns ratio)

+

aHE—

IL
a0
C1 II\,_,/I @
LOAD

C1=[(0.5A X 0.00833) / 0.92V]X10 °

C1 {¥Ymin) = Yo ¥ 1.414

¥sec = ¥o f 1.414

C1(uF)=[(I.* t )/Vrip ] X10 ©

C1 = 0.00453 X 10 ® = 4529 uF

. A>g0 a) pugdi 8l

current T
or +
: e AWAWA
output
mains P 0 ek
O - time
Transformer Diode
Single diode rectifier Output: half-wave varying DC
capacitor charglr]g . _
\ capacitor discharging
+ current ¢ /
or W r h N ' f " ! '
V{)itﬂge ' YL v v Yor '
: ..l : IIIl|. " ‘1 : 1 : Ii.|I
— 0} " ¥ \ N >
Smoothing time
. . . 5 x Io
Smoothing capacitor for 10% ripple, C= Vs x f

Io = output current from the supply ..
Vs = supply voltage (peak value of unsmoothed DC) ..
f = frequency of the AC supply (50Hz in UK) ..
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Fixed Voltage Regulators (7800, 7900 series)

LM78xx
+o_ IN OUT_0+
UNREGULATED GND REGULATED
INPUT 21 OUTPUT
- C O_
@)
‘ I (2)
+ o O+ (1)
UNREGULATED REGULATED
INPUT 2 1 3 OUTPUT
- O— IN GND OUTp—o0-

LM 79xx

w (78XX , 79XX) alilel pubiid] 598> uw NI Jgaxl

IC Part Number Output Voltage Minimum V,
Required

7805 +5V 7.3V
7806 +6V 8.35V
7808 +8V 10.5V
7810 +10V 12.5V
7812 +12V 14.6V
7815 +15V 17.7V
7818 +18V 21V
7824 +24V 271V
7905 -5V -7.3V
7906 -6V -8.35V
7908 -8V -10.5V
7910 -10V -12.5V
7912 -12V -14.6V
7915 -15V -17.7V
7918 -18V -21V
7924 -24V -27.1V
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Dual Voltage Power Supply
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Caution: Input/Ground are reversed

between the 7812 and 7912 l l | | l l
3 1 3

2 2
IM Out Gnd Out

Gnd IM

=

51



Transformer Rectification
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ooV

Figure 4: A simple 5% DC regulated power supply system
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R2 = (VOUT - VLED) / (10 x 0.001)
VLED = 2V : cu>
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Mini-drill Adjustable Powersupply (c) Tony van Roon
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Code |Structure

BC107

BC108

BC108C

BC109

BC182

BC182L

BC547B

BC548B

BC549B

2N3053

BFY51

BC639

TIP29A

TIP31A

TIP31C

TIP41A

2N3055

Code | Structure

BC177

BC178

BC179

BC477

BC478

TIP32A
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NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

NPN

PNP

PNP

PNP

PNP

PNP

PNP

Case

style
TO18

TO18
TO18
TO18
TO92C
TO92A
TO92C
TO92C
TO92C
TO39
TO39
TO92A
T0220
T0220
T0220
T0220
TO3

Case
style

TO18
TO18
TO18
TO18
TO18

T0220

Ic
max

100mA
100mA
100mA
200mA
100mA
100mA
100mA
100mA
100mA
700mA
1A
1A
1A
3A
3A
6A
15A

Ic
max

100mA
200mA
200mA
150mA
150mA

3A

NPN transistors

Vee
max

45V
20V
20V
20V
50V
50V
45V
30V
30V
40V
30V
80V
60V
60V
100V
60V
60V

Vce
max

45V
25V
20V
80V
40V

60V

hee
min
110
110
420
200
100
100
200
220
240
50
40
40
40
10
10
15
20
hee
min
125
120
180
125
125

25

Ptot
max

300mw
300mw
600mwW
300mw
350mwW
350mwW
500mwW
500mwW
625mW
500mwW
800mw
800mw
30W
40W
40W
65W
117W

Ptot
max

300mwW
600mwW
600mwW
360mwW
360mwW

40W

Category
(typical use)

Audio, low power

General purpose,
low power

General purpose,
low power

Audio (low noise),
low power

General purpose,
low power

General purpose,
low power

Audio,
low power

General purpose,
low power

Audio (low noise), low

power

General purpose,
low power

General purpose,
medium power

General purpose,
medium power

General purpose,
high power
General purpose,
high power
General purpose,
high power
General purpose,
high power

General purpose,
high power

Category
(typical use)

Audio,
low power

General purpose,
low power

Audio (low noise),
low power

Audio,
low power

General purpose,
low power

General purpose,
high power

Possible
substitutes

BC182
BC547

BC108C
BC183 BC548

BC184
BC549

BC107
BC182L

BC107
BC182

BC107B

BC108B

BC109

BFY51

BC639

BFY51

TIP31C
TIP41A

TIP31A
TIP41A

PNP transistors

Possible
substitutes

BC477

BC478

BC177

BC178

TIP32C
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Choosing a suitable NPN transistor :

1. The transistor's maximum collector current Ic(max) must be greater than the load current Ic.
supply voltage Vs
load resistance R,

load current Ic =

2. The transistor's minimum current gain hgg(min) must be at least five times the load current I¢
divided by the maximum output current from the chip.

load current I
max. chip current

hFE(min) > 5x

3. Choose a transistor which meets these requirements and make a note of its properties:
Ic(max) and hgg(min).

4. Calculate an approximate value for the base resistor:
Vs X hre

RB=0.2XRLXhFE or Rg=
5% Ic

5. and choose the nearest standard value.
6. Finally, remember that if the load is a motor or relay coil a protection diode is required.

Example
The output from a 4000 series CMOS chip is required to operate a relay with a 100<2 coil.
The supply voltage is 6V and the chip can supply a maximum current of 5mA.

1. Load current = V¢/R. = 6/100 = 0.06A = 60mA, so transistor must have Ic(max) > 60mA.
2. The maximum current from the chip is 5mA, so transistor must have hrg(min) > 60
(5 x 60mA/5mA).
3. Choose general purpose low power transistor BC182 with Ic(max) = 100mA and
hee(min) = 100.
4. Rg=0.2 x R. X hgg = 0.2 x 100 x 100 = 2000¢2. so choose Rg = 1k8 or 2k2.
5. The relay coil requires a protection diode.

Choosing a suitable PNP transistor :

The procedure for choosing a suitable PNP transistor is exactly the same as that for an NPN
transistor described above.

+Vs +Vs
- —
I
Chi
protection diode '}Tla.' ' Load Duipﬁi.lt
(if required) % R
f — C
- |
le C
B C I
Chip protection diode =7.* Load
Qutput (if required) 2 _ . R
—_ E -
ov ov
NPN transistor switch PNP transistor switch
(load is on when chip output is high) (load is on when chip output is low)
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Voltage applied to gate Voltage across resistor | Voltage across transistor

2.5 volts no voltage approximately 12 volts
3.5 volts less than 12 volts less than 12 volts
4.5 volts approximately 12 volts virtually no voltage
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IRF511 TMOS Power FET
Data sheet
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"Lamp Flasher™
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Fig. 3
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pick up Proximity Switch

plate Tony wan Roon

Buzzer
+49 to 12¥
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= Gnd.

R1
|>—m||m@_
F 9
R2 Fig. 4
100M

which functions as the pick-up sensor, A 3x3-inch piece of circuit board (or similar size metal object),
is connected to the gate of Q1. A 100 Mega Ohm resistor, R2, isolates Q1's gate from R1, allowing
the input impedance to remain very high. If a 100-MegaOhm resistor cannot be located, just tie 5
22-MegaOhm resistors in series and use that combination for R2. In fact, R2 can be made even
higher in value for added sensitivity.

Potentiometer R1 is adjusted to a point where the piezo buzzer just begins to sound off and then
carefully backed off to the point where the sound ceases. Experimenting with the setting of R1 will
help in obtainin the best sensitivity adjustment for the circuit. Potentiometer R1 may be set to a point
where the pick-up must be contacted to set of the alarm sounder. A relay or other current-hungry
component can take the place of the piezo sounder to control almost any external circuit.
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Manufacturer

Type Number

ECG Philips

ECGO55M

Exar

¥R-555

Fairchild

NESDSS

Harris

HA555

Intersil

SE555/MES55

Lithic Systems

LC555

Maxim

ICM7555

Motorola

MC1455f/MC1555

Mational

LM1455fLM555C

MTE Sylvania

MNTEQS55M

Raytheon

RM555/RC555

RCA

CASS55/CASSSC

Sanyo

LC?555

Texas Instruments

5N52555/5N72555

555 widiol) asiandl wlS il ablaodl 390, Guw Jgazll

aolsll u|,;MJ|
o Josl e adgill (o
500KHZ (si> swolacVl sl 53, -2

wlelw dac (i>g a4l 9,0l dac o wsioill wdeidl -3
€ Al dow gy sl puae jipo [ da >l dlas g i wVl Sl upeS ae i Sou -4
.55A4L4ojk@*b99LSﬁ> LhL@U)jiU\JLO&JILﬂ)a*&un

aall | adludl aaudl ol dusgall cL,aMJI Qs ol aanull )9.\JI Jm,o uS.o.; -6
JMeiwl liSoud «wlgd 5 ap= aiiei aue TTL go aushiolly @w0d )l Ol)ladl go bolos (38lgin g,xall -7

TTL dwd )l oblul 85ba) wésoll lis

555 General Specifications

Ve 5-Volts 10-Volts 15-Volts
Max Frequency (Astable) 500-kHz to 2-MHz

Vc Frequency Range +/- 25% +/- 25% +/- 25%
Vc Frequency Range +/- 90% +/- 90% +/- 90%
Vc Voltage Level (center) 3.3-V 6.6-V 10.0-V
Frequency Error (Astable) ~ 5% ~ 5% ~ 5%
Timing Error (Mono) ~ 1% ~ 1% ~ 1%
Max Value Ra +Rb 3.4-Meg 6.2-Meg 10-Meg
Min Value Ra 5-K 5-K 5-K
Min Value Rb 3-K 3-K 3-K
Reset VH/VL (pin-4) >0.4/<0.3 >0.4/<0.3 >0.4/<0.3
Output Current (pin-3) ~200ma ~200ma ~200ma
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la: 1:1 mark-space ratio {50% duty cycle)

1b: 3:1 mark-space ratio {75% duty cycle)

1c: 1:3 mark-space ratio {25% duty cycle)

Figure 1: Pulse width modulation waveforms
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INPUTS OUTPUTS
Pin 4 Pin 6 Pin 2 Mational Signetics
{LOW) | (HIGH) [ (LOW) | | mM555H NES55¥
1r 0 1 Resets T Resets T
1r 1 1 L] L]
ir 0 0 r r
1r 1 0 0 ir
1 It 1 Resets Resets
1 I 0 r 1
L] I 1 0 1}
L] I 1} 0 1}
1 1} r sets [ sets |
1 1 r 1] Il
1] 0 1r 0 0
L] 1 r i} 1}

Pin 2 = Trigger, Pin 4 = Reset, Pin 6 = Threshold
Pin 2, 4, and 6 are "active"
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