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Fig. 1.1a: Some low-power resistors
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Fig. 1.1b: High-power resistors and rheostats
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R : The resistance value at the temperature T
T : The temperature [K]
R : The resistance value at the reference
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temperature Ty

To : The reference temperature [K]
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Switching off protection Semiconductor protection Contact spark suppression
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I
Ohm's Law. R is Resistance, V is Volt, | is Current

R:f)% (/9 :%ndz) P is called "Rho*
PR |
o—|R1|—|R2|—|R3|—o Rs =R1+R2+ Ry
|u1 | u2 | U3 |

Resistors in series; just count them up!

R1

Two resistors in parallel

Rp — R1=-Rz
R1+R2

Itot = I1 + 12 + I3

1 1 .1 .1
I =l+Iz+I3== ! = :=:=
tot =1 + Iz + 13 Ry’ R, R, Ry
1_1.1. 1
Rp Ry Rz Rj

Multiple resistors in parallel
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Ohm's law

I = Current

¥ = voltage R = Resistance
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AT ISl oS] 1

Thickness

e
o - N

Rough size

Rating Thicknes Lengt
power s h

(W) (mm)  (mm)
From the top of the photograph 1/8 2 3
1/8wW
1/4W 1/4 2 6
172w 1/2 3 9

.+ slogially 8,1l @loyn) 4uS Jaxis T alle abn jlias ol avamell dxelall e loglioll amwll Ll

Thickress

Length |
S — Rough size

— - Rating Thicknes Lengt
&_W'__‘“‘_ power s h

(W) (mm) (mm)

From the top of the

photograph 1/8 2 3
1/8W (tolerance *1%) 1/4 2 6
1/4W (tolerance *1%)

1W (tolerance *=5%) L 8.3 12
2W (tolerance +5%) 2 5 15
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Example 1

Ox8x50 mm
(Brown=1),(Black=0),(Orange=3)
10 x 1°* = 10k ohm

iy
\\ Tolerance
Multiplier
2nd Value
15 Yalue
Tolerance(Gold) = 5%
e \_

\ 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%

brown +1%, If no fourth band is shown the tolerance is +20%

silver £10%, gold £5%, red £2%,

13



The following shows all resistors from 1R to 22M:

R0 JIE )
w2 I )
RS [JIRE }-
R8I }-
-2r2 [JRN }-
-2R7 ([N }-
R

S URNEERS B
CUARLLES B
5R6 TN )
R TN 3
oR2 [N }-

“oR T 3
AR T )
sk
sR T )
ZRIH
2Ry
RO}
SR )
AR )
s6R T 3
sor T 3
s2r T 3

“100R THIY 3
~20R THIY 3
1s0R I}
“180R JHIC 3
‘2R I}
270R TN}
“330R IV )
390R TN}
470R TN )
-560R T 3
680R THIT 3
6208 I }-

k0TI 3
“tkz I )
ks [T )
ks T 3
“2e2 [ )
-2k7 T )
33 T}
k9 T )
47 [T -
sk T 3
kg T 3
k2 [T )

ok I )
2k )
sk )
sk I )
a2k ey
~2rk [ )
“33k TN}
39k I}
~a7ic[ 0T -
~sek T}
LR R B
a2k T )

ook JEC -
2ok JER Y
5ok 1)
ok JEC )
a0k JEC Y-
270k R}
330k [T}
“300k 1}
LU &
560k TE I}
~6sok L 3
“s20k TE 3

~mo T -
w2 TR
s I )
g I )
am2 I )
w7 I )
S3m3 I}
ama I
ELUARIEE B
~sme [T}
~6mg I )
-am2 I )

om T 3
am Iy

R I
Rz I}

. adas usdl ologliall §_dlas Yo

-LE AL Il

Nonlinear resistors - a. NTC , b. PTC , c. LDR
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3

ohm, 5% 22000

1
(o] 2

}_

=

123 & 3.

ohm, 5% 2200

1

Ll

ohm , 5% 2700

4

=

|-

K ohm, 2% 47

3

T

2
[t=l] 6.

K ohm, 5% 470

P

=

ohm, 5% 560

4
[ral] 7.

T

1 2 3 4
[L2=l]] 8.

ohm , 5% 5600

-

F

[tﬁ-ll 9.
Kohm, 5% 330

1 2 3

1

3
[tal] 10.
M ohm, 5% 10

F

1

12 3 4
[tal]

M ohm, 5% 39

T

12 3 4
[rol] 12

Mohm, 5% 1

AL -

1 2 3

4
[rol) 13,
ohm , 5% 860

=
?

L)
[ral) 14.

12 3

[tal) 15.

ohm, 1% 1200

{I]]]}

[mu
ohm , 2% 2200

L~

1 2 3

ohm, 20% 75

4
[tol) 17.

ohm, 5% 10

—

3

Kohm, 5% 100

1
[tD'] 18.

P

=

ohm, 10% 1000

4
[tol] 19.

{I]]:F

[:-:.l]
M ohm , 20% 27

AL -

123 4
[tal]

K ohm, 2% 100

21.

—

4 22

K ohm, 1% 270

—

P

1 2 3 1 3.

K ohm , 5% 560

—

|1~

1 2 3 4

24,
ohm, 1% 1940
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Standard Series Values (5%)

o o il gisas dsisanll @IS udl oY §11 225K Wis lgiosd doglio sz o) <lils Lol uads Lusls

OCONOOUURADNWWWWNNNNRRRRRRR

FNOOMNORNWOOWONRANOOWOIUIWNEO

10
11
12
13
15
16
18
20
22
24
27
30
33
36
39
43
47
51
56
62
68
75
82
91

100
110
120
130
150
160
180
200
220
240
270
300
330
360
390
430
470
510
560
620
680
750
820
910

OCONOOUURADWWWWNNNNRRRRRRR

. 0K
1K
.2K
.3K
.5K
.6K
.8K
. 0K
2K
.4K
. 7K
.0K
.3K
.6K
. 9K
.3K
7K
1K
.6K
.2K
.8K
.5K
.2K
1K

(1K0)
(1K1)
(1K2)
(1K3)
(1K5)
(1K6)
(1K8)
(2K0)
(2K2)
(2K4)
(2K7)
(3K0)
(3K3)
(3K6)
(3K9)
(4K3)
(4K7)
(5K1)
(5K6)
(6K2)
(6K8)
(7K5)
(8K2)
(9K1)

10K
11K
12K
13K
15K
16K
18K
20K
22K
24K
27K
30K
33K
36K
39K
43K
47K
51K
56K
62K
68K
75K
82K
91K

100K
110K
120K
130K
150K
160K
180K
200K
220K
240K
270K
300K
330K
360K
390K
430K
470K
510K
560K
620K
680K
750K
820K
910K

CONOOUURADWWWWNNNNRRRRRRR

.OM(1M0)
.AM(1M1)
.2M(1M2)
.3M(1M3)
.5M(1M5)
.6M(1M6)
.8M(1M8)
.OM(2M0)
.2M(2M2)
.4M(2M4)
.7M(2M7)
.OM(3M0)
.3M(3M3)
.6M(3M6)
.9M(3M9)
.3M(4M0)
.7M(4M7)
.AM(5M1)
.6M(5M6)
.2M(6M2)
.8M(6M8)
.5M(7M5)
.2M(8M2)
.AM(9M1)

Wl (g 83020

16M
11M
12M
13M
15M
16M
18M
20M
22M

U0 A7 @LQ.CJ?).DBLS)JQJ c__o.:).sug.mog.?).n.” o.).:LnJ|pS.|p.).9)_9u3S_u ul |3.>J|.5.)J|U.UJ.\J| |.).ibu|
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INDUCTOR COLOR GUIDE
Result Is In pH

4-BAND-CDiEj: 270uH = 5%
/ —

1st BAND | 2nd BAND | MULTIPLIER TOLERANCE
BLACK D ( = 20%
BROWN Military = 1%
RED Military = 2%
ORANGE 1,000 Military + 3%
YELLOWY 10,000 Military + 4%

Milit T
ménltﬁirgr__—*—————: i\"/ . 6.8uH = 10%
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INDUCTANCE TABLE
(diameter 5.8 mm, 0.6mm wire)

(Inductance (nH Q-value 13-MHz (Inductance (nH

(Compact coil) (Compact coil)

Q-value 13-MHz

Number of turns (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
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INDUCTANCE TABLE
(diameter 7.2 mm, 0.6mm wire)
Number of  (Inductance (nH Q-value 13-MHz megEznee ([n Q-value 13-MHz
turns (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<

&bl Johal o
colalll 5as o JoYl sgasl
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. sl ollwsdl J>1 o W Jgaxdl plaxiwl HSass
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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 7.7 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 59
0.10 9.9 8.9 8.1 7.0 6.3
0.15 12.1 10.8 9.9 8.6 7.7
0.20 14.0 1256 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 15.7 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 18.6 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 27.3 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
2.60 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 £8.6 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 74.5 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 88.5 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
L = inductance (in microhenries) T -F © VAR NV
2 N2 . i pe . @ J ) e L N £ IR \ VA e Y
L = r r = radius of coil (in inches) | II I I I“ H I I
~ 9r + 10A N = number of turns o R [ ol
A = length of winding (in inches) L TYPE LP TYPE LPS TYPE
: r m ‘ fo w¥Ha Fy.o
v [LEretoA M L L 11
- r2 E ;,J RS TYPE LS TYPE RV TYPE
/. e & o
| ! Z a A\ NS C\ Il ~\ s b
7 ‘ é % Vo PN [ &) 1
N D N N O O T O O
In Metric Units: e — :
2 N2 L = inductance (in microhenries)
L 0.394r° N r = radius of coil (in cm) N L (9r + 10A)
9r + 10A N = number of turns = 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 Rg.
The larger the ratio, the better the inductor.

X, = 2=nfL
XL L= f
Q= —— where:
Rg f = Frequency (Hz)
L = Inductance in Henries
R, 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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1 6- F
uF Micro Farad 0

1 9- F
nF Nano Farad 0

112- E
pF Pico Farad 0
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[1uF (50V) [diameter 5 mm, high 12 mm

[47uF (16V) [diameter 6 mm, high 5 mm

[100uF (25V) [diameter 5 mm, high 11 mm
[220uF (25V) [diameter 8 mm, high 12 mm
[LOOOuF (50V) [diameter 18 mm, hlgh 40 mm
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: Mica Capacitors
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Farad 1,000,000

30



Nano 1
Nano= =)~
nF Farad 1,000,000,000 F(9-)710
Pico . 1
Pico= =)~
PF Farad I 1,000,000,000,000 F (12-)"10

CAPACITOR GUIDE
The Result of Capacitor Code is Given in pF
1% Digit 2" Digit Multiplier Tolerance (+%)

Of Value
F=1%
ot
47 x 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).

Prefix | Abbr. Mutipler! 1000 pico = 1 nano
pi P TE: 1 nano = .001 micro
nano n 1000 nano = 1 micro
micro | M 10-°

EXAMPLES:

223J = 22 x 10°pF = 22nF = 0.022uF 5%
151K = 15 x 10'pF = 150pF 10%
:0ledVl wls wleiss osl,9
Pico Farad >, oSl pwlssi pusll jas
1000pF=102 :0s55 lgiosd so>l sgml (oir 0als iSo Wio
100000pF= 100nF= 0.1uf :()sS5 lgiesd samwl seml s Vol CaiSe Mio

L osSaian Madl oMl 95 0iSall o5l 9

2L o ,SSledl arudl HoST « Lgidog agz g aiSoll drw Jouii cu> pudll acgilno 0S glasll o3 sl
L L 0SS armdl 29 N o Jl 39 5] Y] microfarad

rad Wl jgo dl cons e asaldl soxig « V Lol iSO Y lpiass 89 V o] juiy 05,5 2Rl lasug

PEN] ol
%20 M
%10
%5 J
%?2.5 H
1 pF
Ll 5l uzsall, F
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Ol gl o laiSall pud 5518 Joaz

_;- B Second digit ) ABCD
—,— C Multiplier

g \-[[ \—D Tolerance
. '— E Woltage J [

_— A First digit B G

EXAMPLES

A (] L e

b. c

DIGIT |MULTIPLIER/|TOLERANCE|| VOLTAGE
0 Il x1pF||  +20% |

C=47-1nF=47nFi20%/250V

|
|
1 | x10pF|| 1% || |
2 [ x100pF]l  +2% || 250v |
3 | x1inFl[ +25% || |
4 Il x 10 nF|| [|  a00v |
5 I x100nFf[  +5% || I C=39-10pF=390pF/5%
6| x 1 p|| | |
7|l xwpH| | | e
8 || x100pF|| I | J |
9 |

x 1000 pF +10%
| | |

C=22100pF=2200pF!59%

asialg S poslisll laiSo o515 Jyaz

—— A First digit
— B Second digit
G Multiplier
D Voltags

470 pF20Y

1
2
L

Yellow|| 4 Il Il 6.3V

o | o

Bl 6 | ( 20V

i || I

5 | 8 II x .01 pH|[ 25V

Whitel| 9 | x .1 pF| 3V

Pink|| Il Il 35V




agid g SV powiliidl wlaiSo

i | |
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i

i

1

]

I
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> i

3 i

] |
# =8
gz
O
o
s

: 5 & Crin= 12 pF
> “ Cmar=21B 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%
50V DC

23 nF
+80to -20°
12 WV

047uF

+20%
ol el
£2010-70%

il
+25%to 88 C
1000WV

10pF
+10%
e pui

+15t0-15%

=] o
+55Cto 125C
1000 WY

‘0.4? uF=470pF
100y

22pF * 1000=22000pF=22nF
+10%
&IV DT

20pF
+20%
S50WAC
A0WDC

22 pF
+20%
1000WV

@

0.033uF

75U £20%

0033 ijlﬁ'ﬂ

+20% / 422t0-56%
e

+10Cto 85C

=

150nF
+10%
250V

4.7nF \
400V

154pF = 'IDU!'IS{H}DU;IF'IEDHF

+20%
1000 DL

2200 pF
+10%
iyl gty
47 pk
+20%
ikt 531
/pF
+0.5pF
&3 il
+60 ppm
i
+25°Cto 85°C




Capacitor Ceramic Electrolytic Metal Ilica Polyester Polycarbon- | Polystyrene Tantalum Polvpropy-
Film ate lene
(Cacacitance 22pto 100n to luto 22pto 1lnto 10n to 10p to 1000 to 100p to
Range(F) 100n 47000u 16u 10n 10p 10p 10n 100p 470n
Tvpical toler- =2to -10to +20 =1 =5to +20 +1,£25+ +20 +5to
ance (%) + 80 +50 +20 1,225, =20
Typical volt- 30V to| 6.3Vto 250V to 350V 63V to 63V to 50Vte 6.3V to 100V
age rating 15KV 450V 60OV (typical) 400V 630V 630V 35V tol.5kV
)
temperature +100 to +1000 +100 to +35t0 -200 =60 -150to +100 -200
cofficient -4700 {typical) +200 +70 +80 to+1000 (typaical)
(ppm/degC
Stability Fair Poor Fair Excellent Fair Good Good Fair Fair/Good
Ambrent -35to -40 to 25 t0 -40to -40 to -55t0 -40 to -40to -5510
+85 +85 +85 +83 +100 +100 =70 +85 +100
Imnge (degC)

Table 1. Capacitor varieties and their typical characteristics.




FaaSailSaog g8l arls I

ode agzr Gular N5 o Ll ieS ar oSl ooy (sSuilSan Tlito o 095h il g rais of 5)Ls
ezl 59z 90l Calall

Mini) cromwss jolis 5925 oo pi L LuguiSIl Toaic aigS o ST Lelbiwl Toaic juin il 13n
iz TAMP o Iaw aslize wlelhiwly 8oasio plxol 1950 obg ranig iUV wllNl Lle S5 (Relay
Glomol oy s3Jl eiSiigSIl Jmo Jm ul oS lgisS I 8 axeluall Wl (9 ,uS 90 s 60AM

WY1 quiall ais alle

HOW A RELAY LOOKS ON THE OUTSIDE HOW A RELAY LOOKS ON THE INSIDE
MOVABLE
. FINED
. CONIACTS ,-/(__\ CONTACT
: H‘,é?—g
. ’ > RETLRM

SECOND " SECOND £

e + CRouT —-EJ*r LT\
“\FiRsT e —_
cCiRCurm - CIRCUN

By V. R:,rcr“

Galaall 2zl oSxill N5 o silgill o2l o o 8505 ong wanigLiSIYl whll (8 Lgilolazim! LiST o
- 1AMP o)ls jslrin ¥ o s il plaziwl ad )l colo Gle

aib ool g iy Lol cuminss iriz awili cliall s1iol To @ pmins anki, )l of LYl camy aiS)
ool e ale wle,w ] gl (il lisbadl (8 lgalasiwl Loy Y 13 1aSuSenll lgdlac e

asoSaluwdl zuiliodl of wlSL,il o axsUniwYl ol gim L Leis

s Vlg 3¢ Laall wlylsg PLC I 85215 awl eIl wlabaiall wlyls (8 ancliall linbaill (o i
eI Slanaill o suaslly il oSl

asalls arollai 29g7 by Linyl 83350 0S5 29g7 S0 Ll (b (020 ity »9535 LgisS) asloYl,
.6V, 9V, 12V, 15V, 24V, 36V, 48V, 60V , 220V

i luall wlagdaill (9 doxzimall lgd il Las,
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g iSOV @Il 9 doazimal| LSl Jasy

WS Sl ) il ey Jl Jas aiy il agal t askiJl Jasi 0.
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/
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Iyl aiSay £, 130 of Lo ji8ly sgme cle_ aralall aziog (o8 jdiaso Wiszo 1,3 Jlin of Lo il o)
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Craalal e
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Jas ai,b b abluy o3 g3y £laxll abhadl o Jlasl Ila oS Diss hraxll dasidl puod,
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C0) azpivgll 385 iy Lois ail cu> ad ) als Il apil) Ipasi loaw, W1 JS6l giogs «sos] JSuins
8,11 g ] Loso cold] pulodl puedys wiziy e Jomiall pwlaidl Jaxy s3I g3l ol (il
F Y aiyziog | oxusmig gl e auSl jasldl 699 58 axug calodl daay Laicy

. inzulator -
Fl ]. FHexible
g ' contact contacts =
piwak £
— =1
= ) "
2 coil 5
Torew o =:
i B =
= windings = = 2
B g -—
" To power
circuit
. contacts —
Fig. 2 L4 &

lady ety 0437 0o 09Sk 13] arldl T aski I slo

oo Lizall, Ty olilio § 1 wslolizall calall Lpsyoa dali
oot ask,)l ol @olall puablizall o Y oSJg
iaa> dabad ot 8,L8 9oy nilieSl puablizoll
ot Liil,gS Ll res Lorins . ellw Lglg> 9galo
ialaill Jg =iy bamsbolize JUzo 0s—Siy U aull
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Design | Sequence | Symbol | Form
SPST t:
MO Make 1A
o
SPST
ML Break 1B
1 !—\'__g
Break[1) 2al g
SPOT Make[2] ﬁ iC
1240
2 ]
-0
Break[1,2]
DPOT | pake(z.4] ﬁ 2c
S0
4 g
is.1 H 0
Make[l] I [22
SPDT Before 0
Break([2) E

Tahel 2.

(SPST) sa=>loll abigilly s>loll cabnall 95 aly ]I
Ing) 0sSig (3>lg walad s) 8azly £L,5 Jld 0sSs arki )l 132 (9
uuo)l.a.U o.\?lg alas; &_b.).”

(SPDT) puibomilly a>lo)l cabnall g5 axl,Jl
oidaii Lelg (a>ly cabnd) samly £15 Il e85 ask, )l I3 s
LLail sa5] pois ¢,31 ozt boris cun aire 0955 patodil

Leas)l giog 8 6,5 abnaidl 0985 loiw Juosill
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(DPST) sa>lgdl abg=illg ulasll g5 auls JI
JS g gl puaiy S =i glel)s Jlin ao gy ads JI e 59
B2>lg ol alass gl {

(DPDT) (pibg=ig pulasll 95 auly I
JSJ 08s widgll pusin OB = olel,s Jba 0oSh adi I 1o 8
ool idasi gl i

o aoisial] ar )l lei oo Lamy oy Lous ool 13 oladl Y] gw,is ¥ Leils valopn 65801 oS5 Logo

arcloally ag,SIY o laulaill
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..(PLC , Inverter) > mileoS oSl )b wlaulai 9 aldi I ploziwl

Trais LisSs sasis Loily alapl o linlaill ole Laas uaiar Y add Jl of 8l &l 6 S5 il
el 5 55 s oo 25l gl Jlam Yl aoland solS s liall oSl wlog) (8 oy

5l 36 Joasll (yaj 58 b ulrall Al 5Sss (E0 250 AMP 6) biasio dwwlss ol by asli)l 035 o5
Sl o slniil am 0268 adi )l Lass of cam ol dadll lis «Jondl s

Jisi wle Jam 10x736=7360 Watt i anas] 10 aiclaiwl il oo olall cond atlo I mo o)
0.87 aclniml Jacg SOHZ 55,5380V skl it

rez ol o5 o] aziz ol oSar @3l Jymall 311 Lol Jas g Jmall 1sn dla> cosllaalls
5251 Jsols domall ssme wole Janll 854 gl avadl

1oz Lasaws 591 2l

e35] 38 aniasll &Sl of alall o Jymall b oo Lusd byl 0950 cau asbJl paic Ll of con
S yoall S i b o dnionoll anw il S ymall clé il ,LueYl (e

Wl a5Mel oy wluis oS el Ll O

P =3V.ICosgp[11I = P —__7360 =7.42Amp
3V.Cos¢p 3.380.0.87

SN (511 Josdl H) adi,)l onie Juass of cams 3l Ll oo Lo 0o wJymall (oYl Ll oo Isn
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el deasdl Sl 0sS
lk=1.2x7.42 =9.65A

bl 8L el sis ad )l ois Juass of s sl o3l sami ol it S0
5151 alS e 2507 Jasdl iy slaio ob Uasly <> 15 ba>ly asds ou eols gl go sl an o
Jazll Taus Leade pois il ask,Ji J515 (8 8397 50ll ap,,xll az9 jall asasall axuimall sxas 311 Joxdl

Llows 355 10 (e ol ulsig awlis (o (10 12 Amp 8) s Jlxo lg) auliy JLisl peasi 13

61 Jsa I3lo Jasdl 8305 camnr anb )l Juad sis 8o
(ol e @Y1 glisall) ouinmiog L) adi )l o3 O]
oY )l Lo amy ] Jeogll ] aiul 2985 Y > ((Hand) (oYl apmiogll =
8ol 8,100 2501 Ll Jloj s WSuilogiol Juoodl I ask, )l 325 e (AULO) aulil] aumiogll
Le) asmulall 8,1l a5 ,5) azg> 0l

(.. 26bas - batlgo - oS ,m0) ansliall olugnill alaxn) dossiwell ad I glsil moss alll JISaYI
il Jamidl Uas oo

Yomo W5 o Jamdl wle wLLil lasis 6,8 a5 lginuleo oSay rasig S| al, Jls cowol W
- Jool) i) asaidl Al G o sar Jaxlly paisdl ou LawsS 0585 saxid] @ Yexas croms

LISV Lo awig iV il o doxximedl ab I eloil s> aiall wliwlgall ous adWl axaall

. Blow¥l o T Lawsl

o a1 L) s of oSon il Jasll @lasyis a,i0Vls aralacl ssealls liolgall Gle Sgix
XY 5 sl

41



42

RW/RWH

Contact Rating

B Nominal Load (Resistive Load Cos ¢ =1)
Contact Capacity: BW......... 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 ....... BW: 10A & RWH: 15A.
Max. Allowable Voltage ........ AC 240V, DC 110V
Max. Allowable Power Force RW: 1500 VA, 240WW,
RWH: 1800VA, 360W,
Min. Switching Load............. RW: DC 5V, 10mA.
RWH: DC3V. 15mA.
B Contact Material oo RW:  Ag Alloy.
RWH: AgSnOz.
B Contact Form..coiviiincinnnn, SPST & SPDT.
Performance (at Initial Value)
B Contact Resistance ..., 100mO Max. @ 1A.6VDC
B Operate Time...oooiiniine 10 mSeec. Max.
B Release Time .oocovvccvicinicinnnnnn, 5 mSec. Max.
B Diclectric Strength :
Between Coil & Contact........ 1,000VAC at 50/60 H=
for one minute.
Between Contacts .oooveerneee, SO00VAC at 50/60 Hz
for one minute.
B Surge Resistance ..o 3,000V (between Coil
& Contact 1.2x50pSec.)
B [nsulation Resistance............ 100 MegaQ) Min. at

Main Feature

. RW Series Relay covers switching capacity by 10A is

spite of miniature size to comply with user’s wide
selection.

RWH is approved C-UL & TUV safety standard.

. The employment of suitable plastic materials is

applied under high temperature condition and various

chemical selutions.

4. Complete protective construction is designed form
dust and soldering flux. If required, plastic sealed
type 1s available for washing procedure.

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

Application

Domestic Appliances, Office Machines, Audie Equipment,
Coffee-Pots, Control units, etc.

S00VDC,
Max. On/OFf Switching :
Electrical...ocovevvieeciiciecceeecan, 30 Ops per Minute.
Mechanical....coooociiiiiin 300 Ops per Minute.
Temperature Range ............... -30~55°C
Humidity Range....c.coocoviinnn 45~85% RH.
Coil Temperature Rise............ 35°C Max.
Wibration :
Endurance...cocoveeviicinivniennn, 10 to 55 Hz dual
amplitude width 1.5mm.
Error Operation ..o 10 to 55 Hz dual
amplitude width 1.5mm.
Shock :
Endurance .....cocoviviiviiiiienn, 1,000 m/S* Min.
Error Operation .........cceeee. 100 m/S* Min.

Life Expectancy :

Mechanical ..oooeieviiiiicie, 107 Operations at No
Load condition.

Electrical .o 10° Operations at Rated
Resistive Load.

Welght. e, About 11 g.

Safety Standard & Its File Number :

RW.

UL oo, E141060
C5A e, LR76598
RWH:

CUL e, E141060
TV e, R9354380
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Warking Peak Reverse Vaoliage
Reverse Current Current
Forward Woltage at |, ' J
Forward Current e .- f
“ly Average Forward Output Current
with 1807 conduction in 60 HZ J
sine wave f Forward
Forward Surge Current Peak with ’ r Conducting
. Region
a specified pulse waveform |
Vam = Breakdown Voltage

* Rated Value

Typically 50 to 1800 Vol ratings lo = |
L J ]
W, A

) ’
{BR) Ve /

l l Voltage
- l ! >

T 10V 20V
Reverse
Blocking

- lR Region

I\.
Avalanche

Breakdown
Region

ela¥I Ll
Ir, mA
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) : PIEFEN{IKIEN
go=laell p (Ge)  Vax(Ge)

VR-: V =
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> Ve V
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o
NC

Relay Contacts

Protection
Diode

Relay

Input Transistor
v
wldl aawlg alaxdl 8,15
A
Faorward
Current
IF
The Zener diode uszes
thiz voltage.
Reverse
IR Voltage n -
h l e Forwardr
Yoltage
YR >> Y
Reverse In << IF
Current ¥
k
+VS
Resistor to
limit current
input
voltage +Vz
Zener ﬁﬁf{e!‘it
: Qutpu
Diode voltage
oV o o0V
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: Diode Types (ss:lxJl) wlslidl glgil
:Ge Diode ,o9ulo 2l Ui
0955 lgsiny Usiznog posilosRll o Esimnll (Sl 5
:a;JLuu 0‘19JJ u_al) L)jﬁi; Qi);>| |5qu &o au:>jyo O_ZSJJ u_al)
osslrio adludly azsall Olsll 05S
:Se Diode eSluwd! i
wl> ugS.v |3.u.u u}n_xos ugS.n.L.u.” oY) &9.ua.n.” uu[u“ 9D
e cadlw 80l @13 0555 s3] la go arzse 85l
- oy io adludg ijl Obsldl oS5

ehaill o eoulo,l il 3o
_)j[g) 54\9 Les1> kJJLRjJALEg 6,”}@41LOJ|§
Bridge eygaill slg> Jio 8,28l
laxdlg (IN4001) b guivl (o'

=4 Cathc-de
N\ e

Anode 4 Jdougell e Jxy Wil meI
Maximum Maximum
Diode Reverse
Current
Voltage
1N4001 | 1A S0V
1N4002 1A 100V
1N4007 1A 1000V
1N5401 3A 100V
1N5408  3A 1000V
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K10

15% 1z +104
+22V | 27y

BZXTICLZ +12¥

+5Y

.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 = 0.05kf2 = 50£2, choose R = 47%}
6. Resistor power rating P > (8V - 4.7V) X 66mA = 218mW, choose P = 0.5W
o———=—{1] o—— Juosill (8 pazimy sinj il ol plei o
= le uy,su 39 0sSs Loxind ¢ OsaSIl canii) (wuSall
bVl 03aS) i 0saSl o J3l ardlo

] whasze Jdaxll doslio 09, pu usaS“ A VS

Vi 7N 7 vZ RL[ VL radMaJ L
Rv.l-VL=Vz=Vs-Vrv=Vs
| = IL +1Z
O ® el Ll L

aall Al oin 9 ssbuus il Wl 9 Ll LaIIZ
VL=Vs-(IL+1z)Rv
_ VL=Vs-IL. Rv
0505 ) sz 0905 Gl bl rray iz il Sl (ol ou V5eSIl §,8 sl Il VgaSl oLyl gog
e Gulaall 9gaSIl §,9 5Lo,b Sl Ll olojug o il (29 (1Z) uwSe Ll oy ains (VZ gl
OsoSIl 132 solng « sins Grlaoll DgaSl) Lgluwo il Sl (o G VgaSIl 909 iy W iy Sl
IZ)RVVL=VS-(IL +
i Wi awd oy $3l ralac¥l Ll o b W alidl o il 5l alax) (RV) doglioll pasiws
s dasd Glely S8l gu J5II OgaS s
0905 06 Jir il lisaSIl aulais a6lSo] o35 o0 i)l Wil dhamles O9aSt askais 6,13 Seluio pol (o

Y

: (Light Emitting Diode (LED ($giall wlauVl Sl
awl peS o)LwL: Ol boaic sguall gy
u.oLoyl oVl (s8 JSWidl (29 LaS (Wouall Wl (b5 Luogus

slaszall asl oSl aslall ol ule Ll 3 Joe ay,lai doisig
a.:._.a.)t.-. 535 Lo il & Yol> ol Gle Josi crolo¥l Juosill o
&_L&w| Ao uLbLRJyl ,JS u\9 Cauis 6 > ul;s.;s_‘? .\.u.]s.: UJI

Cathode: Anode
il e saall G o . sguall
ool oLS 1 Ll pol 680 ulo leioss doslio Losls Josis
o LED sl cxc Wl (bl pandd

Resistor

LED

i‘II II-I, IIII,'I'II L I

48
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Ll JS.WJI @9 Oso 99

. (oYl _pasYlg )pyl olelVl ) xay ail o>

lagy Teo iVl Jleiiol ws (ra>ls sol) paad po 0sSi alsly (9 9ng

aoYl ong WL sl
Ll osll (32)s sasYl 0sll (a1)s Jisall Lagoll b cbansll alaadl

; +Vg
+Vg
Do not R
connect Vs- Vi
x LEDs in |
parallel! S A
" red “
ol
oV yellow =~ [V =3x2V
green “
R = Vs - V|_ /1
( ) oV
Type Colour I Ve Ve Vr L_umlnqus Viewing Wavelength
.max  .typ .max .max intensity angle
Standard Red 30mA 1.7v 2.1V 5V 5mcd @ 10mA 60° 660Nnm
Standard Bright red 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 2.5V 5V | 32mcd @ 10mA 60° 565nm
High intensity Blue 30mA 4.5V 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
. u\,LMJI u\_<;JLc.JI .JaLoyl u\nja_c)H LWl @ e max
. aloxiy ul uvLu.U OSoy 5ng u\oJa.;yl u\L,Lakll A.e.x” VF max
d.l.oJu.l UI i Sy sl u\nja_c)H Sl xexll 1 Ve max

mcd = millicandela sl gg¢laudl 82 : Luminous intensity
. sl a5 dl wlSsil agl; - Viewing angle
.. nm = nanometer jslall cgiall 4590 Jgb : Wavelength

:Diode Photo igsall niliidl
o.).9l.53 N g./\.“.aw ).7|3 P AZ g0 tlao_g.o aui Y uusaa.“ uuLu.” L)_9S.u
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Anode Cathode : Varactor sgsud| slill
Lede g8ls)l agall e Toloisl 6 putio @ laiSoS aygmmll o lslidl o
9 aloge pommlad] o (PN asls alog e 5,k Lwbul seamdl bl

LISl o LaS sy cwuSall ol
9 LS 195 ol 0saSl aibnio o S il aslol] asdl ceslis
( PF 2500) ] aslsll asmd] dosd Juos 289 «somml] il plaiwl
31335 053] gad vawl )l axadl dasd a8 w9l (x5 gaie (o Gudaall wuSall OgaSIl canl,
0505 5bob asliss (cd) aslsll amdl o] ( (cd aslsl amwdl yasiss (d) o)l OgoSl adlnio aSlaw
sl il il V] 5 cSall gVl 0saS W] Jsos)l pas alasNo s rgalaall sl
go Jiig gabroll uuSall 0gaSll 420 go o135 cum 6,1l az s elar,b (cd) awlsl aswll aos il

.0
S
el 85 (FM) ool Jiaedl ole alaledl Jbaiwdl 65621 ous @ls 8 asgsudl bl prsiws
L sole il 1S anlaxiw] Sas LS e salid] 6 3e2] b aolsg (UHF) adlal §gs wlas,ill

PARAMETERS SPECIFIED AT 25°C 1
Forward
VF Forward Voltage at IF Current
IF Forward Current C Sl i
VRwM Working Peak Reverse Yoltage LT S
IFsm Forward Surge Current Maximum — s - s
(Specified non-repefitive 8.3ms, 1/2 sine) IF Veatle Jbill pugii) Josiuws lilidl oin
Ir Maximum Leakage Current at Vewm JJ’S )0“"‘4“ J'-“Jl U‘” USL“"JI
Ver Not Specified u_gl.uo.” _)Lu.” 30,5 UsSy boais
(Typically 20% to 30% higher than VRWM) e Wl
Reverse _ Forward =
_\oltage VER VR Voltage \
= atWrwm
S.'_:t?‘mt? . 25°C Schottky diode
9 g Junction Anode
25°C
— 1 |k at Vawm *
-~ | 100°C 0 150°C 50°
100 to 150°C Cathme
Reverse
'““"a'ar_““‘e_ Current
of pn junction 1
: Tunnel diodes 2ol Ll
ool o ple JSinr il oilill gy
Pl.z” u_g.nS.” aalaio 9 a.Lo_ng a> lwo u_gSJ_g
Tunnel diode lolos uwSall Jypogill (28 siaill wLuJI ._9)@,
Forward ald oSl Juogill (9 Ll . Sl Sl
Anode current . welexll R0 leinn aalize asyylay 9 paiy
3ol go waloYl Ll jaslis 3ame Jlro aio
I waaidl (SL ol sl grdasll oleYl HsoaSI
2220l Jlxol 130 (poso adlw doglio sow
Cathode | el @l oo LS el (bl exsiw
Ve Vy 9 Lasl U9 la> adlsll wlodll wls
Forward voltage O9aSUl doud 1S s ¢ (ralo¥l Juogil!

adlw doglio wle Jganll Gulaall owaSall
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s Sl o6 6 umall jgoll

Photo Photo Erlr_1||gtp|:1 Gun Diode Varactor Schotky Tunnel Zener General
Diode Diode Diode LEgD Diode Diode Diode Diode Diode
:Lu :lu
(€0 oV
I I &U\LD LJV L) 7 LSU g_j\-'

RPN | N B P |

A/ 400V 14

Amp 1

aple wlls axl go (pusail umz) o uunll Sl oSy

o+ s> JShiw lgiass go aloge
lesle Tlino 0950 bolas u,,| ole sl Sl sgix

DC S~ - +) AWl jee b

+ out ogioll J5r0 uujmn ule 839250l (~) &, L]
outpd - (oglio Hls) szl

AC .. poiall e o (-, +) L]
input ~ ,o_g.n.n.” ._,uL.J| ua:uu I.ul _9J LnS ._s).ux.z” ,o_g.n.n]l ua.zs ‘o.u
1 0= omiiw Wil ol /bl ISl ] Lol guilasi JS 350,
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230V

AC —>-{Transformer > Rectifier [>- Smoothing > Regulator {>- Regulated
Mains 5V DC

Block Diagram of a Regulated Power Supply System

Full wave rectification

Half wave rectification

: Diode bridze E E E
' I ' Tranzformer !
: 0c : v e I
:%ansfnrmer ::\’ ------ i +W: : > +_M :
| Aa{é s - w %E ﬁ] |
AC g% Phgvall - T | | - |
! Y e e e !
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T1 T1
_E ,é v 5[:: _E L_l: D1 | ¥ sec
= D2
half wave full wmave I:uriu:_lge
rectifier rectifier rectifier
111&240 T1 D2 .
:The formula for C1 is
IL
Ca) Vo C1(uF)=[(I.* t )/Vrip 1 X10
1 el @[j 6
T LOAD

D4 ) = C1=[(0.5A X 0.00833) /

¥o (no load) =¥ sec X 1.414
Po = ¥o X IL
Load (RL) = ¥o f IL

C1 (¥min) = ¥o X 1.414
Fl1{ay=(2x I} f N (N = turns ratio)
¥sec = ¥o f 1.414

0.92V]X10 °

C1 = 0.00453 X 10 ® = 4529 uF

.. dZ790 A pu90) 6)'.)

current

ar +
A o+ voltage
f: output
mains 0 N
O - time
Transformer Diode B
Single diode rectifier Output: half-wave varying DC
capacitor charglrjg . _
\ capacitor discharging
+ current 4 /
I or + ;: N : "" N Y ," Y i \
voltage |, Y ) - Vo Vs \
: ..I. “l' ‘1 I" L : !
— 0{ ! Y] \ A 1-*
Smoothing time
Smoothing capacitor for 10% ripple, lo x5
=C Vsxf

.. lo = output current from the supply
. (Vs =
L (F o=
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supply voltage (peak value of unsmoothed DC
frequency of the AC supply (50Hz in UK




D alolS azg90 pugdi 81> >0

Transformer + Rectifier

N O+ J:.ﬁ::tltagﬂ
AC
mains output ,
time
O —

Transformer  Rectifier Qutput: varying DC

+

(=]

Transformer + Rectifier + Smoothing

N ® O+ ‘I.FGHEIQE
+-.—""‘-—-u""‘--u""-—-u""-—-..f""--
AC +
mains —— output ¢ —
I time
® Q=

Transformer  Rectifier Smoothing Qutput: smooth DC

Transformer + Rectifier + Smoothing + Regulator

N ® ip olp O+ J:mltage
+
AC + com
mains — output o —
I time
& Q-

Transformer Rectifier Smoothing Regulator QOutput: regulated DC
o qn*9)3 aub Z;%’ 29> chu Lo);S QUBJaSJyILJLﬂJJIk’S A@Jdlt_Jhda¢o P)Jkuuu
odais J21 o (78XX) &bl pazins cuz o (78XX , 79XX) abll (oo wlalriall 032 eloil yeul Ol
- adladl 592l pulnis J21 oo (79XX) alslal pazinss « dxzgall 25gll
A wiols « Thes « J3xe) blas W gl plaial 0]
oo plaiall Gla> ol e 51,6l @quu&, plaioll 7309 JBa0 le giai Leily § doln ala>Yo
o) b pledl WY og sz loadl xgxdl glas)l

Pos. Reqg. Neqg. Reqg.

O—ip op—0O

F812 Fa12
com
1 3 1 3
Regulator 2 2
I Out Gnd Out
Gnd IM
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Fixed Voltage Regulators (7800, 7900 series)

LM78xX
+0_ IN OUT_0+
UNREGULATED GND REGULATED
INPUT 21 OUTPUT
- C 0-
()
‘ I_(2)
- o+ (1)
UNREGULATED REGULATED
INPUT 2 1 3 OUTPUT
- O0—1 IN GND OUTp——0-
LM 79xx

o (78XX , 79XX) alilell pulaiill 39> uns I Jgazdl

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 27.1V
7905 -9V -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 271V
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LM7808
230Vrm53‘ |€ Vs < v
GND

VO

oVout

= G

AY

= C2

8

s il oML lass s9g2)l Ol LS+ oiuo Hl wlgs 8 xg7 plaio sex aisluwll 8,la]

Lo ] asloYl « (10.5V) s ol 2g7 ] alss 8 gling (7808) plaiall 918 &obadl Jgozdl o
+10.5) Jszoll doill dadll o soilill 2g2)6 Jls (0.740.7) s umznll pgioll e sgzll
. (11.9V=0.7+0.7

. (Vrms = 11.9/ 1.41 8.145) sslill bl e agl) auleall donall Lo]

+ (LM317) olabaioll Jio & piio 396> pbaii 51 eWle azgs (78XX , 79XX) abilall o] asLiol

Dadec @i ol

14004
ol
IM
+9.6¥ @ 7206 ouT & +5¥
1 3
From + 2 |Gnd. to
POWEFsSOUNrCE — [ —]

receiver
10uF 1uF
16w 10w
— i & —

27 Juogi pi JI> 8 plaioll alox) pozimy obg ol S| sl Tjloio Jlay (IN4004) (sl
oA W dweSee dudns,

Dual Voltage Power Supply

Pozitive
Regulatar
2200uF t
Bridge - L b O +12 Yolt
T1 Rectifier | 4 _L 7812 |3
+ +
115¥ 18 = -:::;-ann z C5 | 220uF
Zzul;\f ct -t ) 0 Yolt
12 T [CT]
o C4|100n +
47 C2 T C6 | z20uF
7912
ZZI.'II.'II.IF 3 | & -12 Yolt
IC2 |out
Transformer -- 25 - 364 CT, 1A (min) Fﬂ"f;j;‘;";
Capacitars -- 35V
Bridge Rectifier -- 100V, 24
C3,C4 -- Ceramic, S0V Pos. Reg. Neg. Reqg.
7812 7912
Caution: Input/Ground are reversed
between the 7812 and 7912, | l | l | l
1 3 1 3
2 2
IN Out Gnd Out
Gnd I



Transformer Rectification

FUSE
Cr
—1

03 14 : :
4= Smoothing Requlation
=X g
= N1 3 our

=

o

7805 +5
2 GND
.—_L Sy DG
REGULATED
470 “FT TEI.IpF D.IHFT QUTPUT
O oY

Figure 4: A simple 5% DC regulated power supply system

4 ¥ 1M4001

Variable DC Power Supply
 (LM317) alaiall phsuwl « cdsd (TO 25 1.25) o dolaio a3ss )l o s Le alll o1l

s s 25 g s Jamdl Ul cras « (5K) b putiall doglasdl yoas 75 b agll i Jo

. g 28 alaiall U35 e gl 058s Ol cazy wils =l
SLD_ 3R .
e H

Bridge

LM317 +Y
240

1.25v to 25v
De

IN OUTHe

wely

L

Gnd

T1=115v primarny &
DC Power Supply 24 v secondary
AC Volts

duz g0 B juRio &% BI>g

oyl b
- DC aiuio 267 | AC Uslitall S5l 3g> o Sgs prsis suuz 0S5 D1-DA wlslisl
@il g0 gioy C2 aiSall pu> (08« soinmoll pugsill Juuz T3 24> pusisy i psis Cl dfw:
- osllaall 3l gz Gle Jsanll g lavall Ll 2g> ks 6,05 o LM317 6,1l
iuidnis 267 Juogs pi JI b plaioll alond e obg camsdall Juwindl slisl Tl Jlay D5 Lilidll
-l ] awsSse
iogliall o sgxl 13 ubni pi « bl 35Tog 2531 o 1.25V 0,55 Lawsl sz o 1ng> plaiall o
el Ll g e cuy 909 R1
ALy 2gl dod usiins VRL dogliall Lavio U5 ¢yog « VR & iioll 2ogliall s caldl kil T o
- Al gz oo oy
L abslrall wlass gl 2g>s

(VOUT =1.25(1 + VR1/R1

@30, 9,0) Taie C5 5 C4 olaiSall oby ou> b plaiell 5Ll asilos o C3 waiSoll amiy
- ol e aimaxially alall

on 0952 0 can isiall il 13n s Ll LUl s 2l ls gl 358 ol wrisall (] i
GBML; UG § q.;_g.ua.o.” C).ZJI 2g> d.o.ulJ L&u Pt i) R2 4.0.;.9_9 R2 Jll? OO0 OMIRT plug 20mA 9 5mA

(R2 = (VOUT - VLED) / (10 x 0.001
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VLED = 2V : ¢cu>

o1 Cl LM317L
» IN OuT -
02 AL ; FE |:r|\:|:'3‘-; Z.[;T' vom
+ C2 e
Xle e — L1} L . 4 '\
" —
2288 c3 i
0387 D4 18uF = ]
H_ T Adjust
Mm....0a6 INS4a1

Mini-drill Adjustable Powersupply (c) Tony van Roon

Bridge Rect. Q1=2M1613

o _ +6to 12:
115¥AC
or
220¥AC
mJ
. @

1000uF#25¥ Q1 needs a cooling rib.
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Variable Regulated Power Supply

1.2 to 30Volts @ 1.5 Amps.

D1
IINH.IJEII
LM
_ n 317 out . +
Ic1
E 18K Adj E 220
L1 ,:_",_,- 45-
Q
T 15K %‘
Led L1 c1) cz o = L
_ = = = ]
=D 'r. 2200uF 0.1uF 1uF >
s Y
‘ —
15V Preamplifier Power Supply-/+
03
—4
7815
- i 7] Yia 5V T Lm » +a |
0z + 01 T A00nF B T 100nF T00uF F 04
AC I 4, 7000UF o
T 2
chD |
i 47000F | 100nF e 1oonF It ce O
— t f— T1|:":"-IF
Yo - e - - EE
Cannon Male ALR 715
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W2
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4, 700F
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alolS a>g0 ,ou99i 6,
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2Vm
Vdc =
U
Vm
vV ="
rms \/E
2/ 2v
Vdc =— s
7T
VDiod :Vm
I, =0.5IL
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alaa; alolS a> g0 ug9i 6,0

2Vm
Vdc =
U
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TO39 Views are from below with
the leads towards you.
BCE C is the metal case itself
TO218
TO220 TO3
NPN transistors
Code Structur Case Ic Ve | hee Piot Category Possible
e style max max min max (typical use) substitutes
BC107 NPN | TO18 100mA 45V | 110 300mW Audio, low power 38551272
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BC108 NPN | TO18 100mA 20V 110 300mw General purpose BC108C

low power BC183 BC548

BC108C NPN | TO18 100mA 20V 420 600mW 'Gelr(‘)‘svragopv;’éfose

BC109 NPN | TO18 200mA 20V | 200  300mWw '(Aﬂgiv‘v’é'gv"vve?"ise S
BC182 NPN  T092C 100mA/| 50V | 100  350mwW 'Gelgflvragoﬁ,‘v’g‘r’ose ol
BC182L NPN  TO92A/100mA 50V || 100 | 350mw 'Gelg‘flvragoﬁlb’gfose S
BC547B/ NPN | TO92C 100mA 45V | 200  500mW |koA;g\i/?er BC1078B
BC548B NPN  TO92C 100mA 30V 220 500mW 'Gelgﬁvragopvvgf“e BC108B
BC549B NPN  TO92C 100mA 30V 240 625mW A“dligvs'%‘gvc‘grise)' BC109
2N3053 NPN | TO39 700mA 40V 50 | 500mWwW 'Gelg‘flvrap'oﬁfv’gf“e BFY51
BFY51 NPN | TO39 1A | 30V | 40 | 800mw Gél%ﬁi'nf‘;?v‘iéf BC639
BC639 NPN TO92A 1A | 80V | 40  800mW Gggz:amggpﬁ:f BFY51
TIP29A NPN |TO220 1A | 60V | 40 | 30W 'Geh’}gga:)gv‘jrepfse

TIP31A NPN ||TO220 3A | 60V 10 @ 40W 'Geh’}ggaégv‘égﬁose LESEON
TIP31C NPN | TO220 3A |/100vV 10 @ 40W ,Gehrilge;arl)gyvreprose LESA
TIP41A NPN | TO220/ 6A | 60V 15 | 65W 'Geh?;a:)g\fv;prose

2N3055 NPN TO3 | 15A |60V 20 @ 117W 'Gehr}sga:)g\fvg’rose

PNP transistors

Codestructure Z500 | 1o | 1= min| mex | (typicsuse) | subestutes
BC177| PNP | TO18 100mA/| 45V | 125  300mw |koAgg\i:er BC477
BC178 PNP TO18 | 200mA 25V | 120 600mW 'Gelg‘ivragopvyéfose BC478
BC179) PNP | TO18 200mA/| 20V | 180 600mwW '(A‘jg‘v‘v’é'gv"vve?mse

BC477 PNP | TO18 150mA 80V | 125  360mw |koA;g\i,§)er BC177
BC478 PNP | TO18 150mA 40V | 125  360mWw 'Gelr;‘f,vra;opvlv’gf"se BC178
TIP32A PNP | TO220 3A | 60V 25  40W 'Gehri‘sga;gv‘jreﬁ“e 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 hre(min) must be at least five times the
load current Ic divided by the maximum output current from the chip.
load current Ic
max. chip current

hee(min) > 5 %

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

4. Calculate an approximate value for the base resistor:

—_ _ MgX_hE
RB—O.ZXRLXhFE or Rg = 5 % I

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 1002 coil.

The supply voltage is 6V and the chip can supply a maximum current of 5SmA.

1. Load current = V4/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 hr(min) > 60
(5 x 60mA/5mA).

3. Choose general purpose low power transistor BC182 with Ic(max) = 100mA and
hee(min) = 100.

4., Re = 0.2 X R X hee = 0.2 X 100 x 100 = 200012. 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.

+V's +s
- —
I
Chi
protection diode '}‘:\' ' Load Duip?.lt
(if required) &2, RL
s — C
- [
Ie R C
— C :
Chip protection diode i Load
Output (if required) £ _ >, RL
b
— E LI
oV oV
NPN transistor switch PNP transistor switch
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(load is on when chip output is high) (load is on when chip output is low)
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Power Supply /
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volts 2.5 no voltage approximately 12 volts
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volts 4.5 approximately 12 volts virtually no voltage
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The power MOS FET switching circuit
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IRF511 TMOS Power FET

IRF511

[C] Tony van Roon

Data sheet

0o dSgiao dalgs 93 (N-Channel) ggi o oo (IRF511) ,gim jil il

0-) JSdl o Ye (95 Jusmidl 8 adle Sl puw Jol o osSalil]
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0o b paally giall gu Wl Wl e wlsizY asloYl elabaiall Jie

o~ o, oY A o gt il alo> Jo

Device Vds (rds(on Id
IRF510 100V Ohm 0.6 A4.0
2 IRF511 60V Ohm 0.6 A4.0
IRF512 100V Ohm 0.8 A 3.5
IRF513 60V Ohm 0.8 A 3.5

pods Bow Jgim il 0l U5l (9 8,Lb] 5979 xixd
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A 3x3-inch piece of circuit board (or similar size metal object), which functions as the
pick-up sensor, 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 ¥XR-555
Fairchild MESSS
Harris HAS555
Intersil SE555/MNESSS
Lithic Systems LC555
Maxim ICM7555
Motorola MC1455/MC1555
Mational LM1455f/LM555C
MTE Sylvania MNTE9S55M
Raytheon RM555/RC555
RCA CAS55f/CAS55C
Sanyo LGC7555
Texas Instruments |SN52555/SM72555

555 cadgall anvanll o8 il abliall oo )l o Joaxll

General Specifications 555
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Vec 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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Pulse Width Modulator with 555
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INPUTS OUTPUTS
Pin 4 Pin & Pin 2 Mational Signetics
(Low) | (HIGH) | (LOW} | | M555H NES55%
1 0 i Resets [ Resets [
1 1 1 1} 0
ir 0 0 r r
ir 1 0 0 r
1 IL 1 Resets Resets
1 It 0 r 1
0 I 1 0 1}
i} I 1} 1} 1}
1 o r sets | sets |
1 1 1r 1] Il
0 0 1r 0 0
0 1 1r 0 1}

Pin 2 = Trigger, Pin 4 = Reset, Pin 6 = Threshold

Pin 2,
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With my best wishes..

walidbalid81@gmail.com

Mit meinem besten Wunschen..
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	أنواع الثنائيات (الدايود) Diode Types :
	الثنائي النفقي Tunnel diodes :
	
	
	الترشيح :
	
	Io  = output current from the supply ..
	Vs = supply voltage (peak value of unsmoothed DC) .. f    = frequency of the AC supply (50Hz in UK) ..
	مراحل دارة تقويم موجة كاملة :
	Transformer + Rectifier
	
	Transformer + Rectifier + Smoothing
	
	Transformer + Rectifier + Smoothing + Regulator
	
	منظمات الجهد وتطبيقاتها :
	تستخدم منظمات الجهد في الدارات الإلكترونية عندما نحتاج جهود خرج ثابتة ودقيقة ..
	إن أشهر أنواع هذه المنظمات هي العائلة (78XX , 79XX) ، حيث تستخدم العائلة (78XX) من أجل تنظيم الجهود الموجبة ، وتستخدم العائلة (79XX) من أجل تنظيم الجهود السالبة ..
	إن لمنظم الجهد ثلاث نقاط (مدخل ، ومخرج ، وأرضي) ..
	ملاحظة هامة : دائماً نضع على مدخل ومخرج المنظم مكثفات من رتبة النانوفاراد من أجل حماية المنظم من ارتفاع الجهد المفاجئ ومن الحالات العابرة للتيار ..
	
	الجدول التالي يبين جهود التنظيم للعائلة (78XX , 79XX) ..
	
	مثال تطبيقي :
	
	الدارة السابقة تحوي منظم جهد 8 فولت تيار مستمر ، كما أن الجهود تعطى بالعلاقات التالية :
	من الجدول السابق فإن المنظم (7808) يحتاج في دخله إلى جهد اصغري (10.5V) ، بالإضافة إلى هبوط الجهد على المقوم الجسري (0.7+0.7) وبالتالي فالجهد الثانوي من القمة للقمة للمحول (10.5+0.7+0.7=11.9V) ..
	أما القيمة الفعلية للجهد على الطرف الثانوي (8.145 Vrms = 11.9 / 1.41) ..
	بالإضافة إلى العائلة (78XX , 79XX) يوجد عائلات أخرى تنتظم جهود متغيرة مثل المنظمات (LM317) ..
	دارات تغذية عملية :
	
	
	
	الدارة التالية عبارة عن دارة تغذية منظمة من (1.25 TO 25) فولت ، باستخدام المنظم (LM317) ، ومن أجل تغيير الجهد في الخرج ندور المقاومة المتغيرة (5K) ، ومن اجل الحصول على جهد 25 فولت في الخرج فإنه يجب أن يكون الجهد على دخل المنظم 28 فولت ..
	
	
	
	+/-15V Preamplifier Power Supply
	وحدة تغذية متغيرة ( 1.2 To 25 V ) ثنائية القطبية
	
	دارة تقويم موجة كاملة جسرية
	دارة تقويم موجة كاملة نقطة مشتركة
	دارة تقويم نصف موجة
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

