
B7M 
BC10"c 

VR1 
20ic 

RLA 
C/02 -v 

YRENEOM ISHE 
TEL CTR NICS TODA . TER 

lip fi 

,--11R LC 
N/03 

30V 
BATT 

RLC/3 

02 
-A 

RLC 
N/02 

TRANSF, 
(SEE 

RELAYS 2 

RLD 
N/C 2 

R L B/2 

RLA C/O1 

RLB C/01 

RLC N/C' 

(SEE 
TEXT) r 

RLD/2% - 1011 

W-W} 
R-RE 
G-GR + 

IGNOR. 

RCM 

a 

SQUARE 
WAVE . 

DRIVER DI 

flu 

LEc _ 

01-4 
n 

111111111111111111 

, Li 
n 

N' 
dISTOF 

ET A 110g 

'R2 
1 

11 

till It! 

1 L--1 f . R c 

-0 
12% 

ROW, 

D2 

03 
1NÁ001 

n= -Crnxl +.r.-,... !-A f77 7 4 i i.r 1ifi'F 

OUTPUT 
VOLTAGE 

A 

CLOCK 
aCORTACT% 

'LEI; 

ovO 

c 14 4 

6 %55E 

7 3 

1 

IC1B 
IC1C 

VQ 17 ,15V TO SI_V 
1k 

14 10 

7,556 

7 11 

9 

12 

13 

lOr 

100k 

Do 

SUPPLY 
NOT CONNECTED TO 
TRAIN SUPPLY 

OV .12V 

R1 
15k 

02 
2N3638Á 

C1 
0.047yF 
50V 

R3 
220:. 

C2 
0.0d7uf 
50V 

Rd 
not 



WATFORD ELECTRONICS 01 
17402 

33 CARDIFF ROAD. WATFORD. HERTS.. ENGLAND .1 
MAIL ORDERS, CALLERS WELCOME. Tel. Watford 40588/9 
ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS 
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/ 
P.O.s OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL 
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY 
WELCOME. P&P ADD 30p' TO ALL ORDERS UNDER E10.00. OVERSEAS ORDERS 
POSTAGE AT COST. AIR/SURFACE. SEND S.A.E. FOR OUR FREE LIST. 

'VAT Eepon or den no VAT. Applicable to U.K. Cus[omera only. Unless staled otherwise, all prices 
exclusive of VAT. Please add 8 % to áevices marked* Yo [he rest add 12 Vs % . 

~stock thousands more Items. Send a large S.A.E. for our Free Stock List. It pays to visit us. We are 
situated behind Watford Football Ground. N Underground/8R Stanton:- Watford High Street. 
Open Monday to Saturday. Ample Free Car Parking space available. 

'POLYESTER CAPACITORS; Axial lead ty0e IValues are in a F) 

400V 0001 00015 00022 000338p; 00047 00068 001 0015 00189p, 0022 0.033 
10p: 0041 0 068 14p. D 1 15p; 0 15 0 22 229; 0 33 0 4 / 39p; 0 68 45p. 
1605:0039 015 0 2213p; 03304722p; 06131029p; 1533p; 2238p; 47470 
DUSILIER. 1000V; 001 001516p; 00221Bp; 0 047 169; 01 34p; 0-4743p. 

POLYESTER RADIAL LEAD IValues in P Fl 250Ví 
0.01 001569;0022 00277p;0033 0047 0068 018 
033149;04716p; 06820p; 1-024p;1 527p;2231p 
ELECTROLYTIC CAPACITORS: Axial lead type Nalues are in 0F) 
63V: 0-47 1 0 1.5 2-2 2-5 3 3 4 7 6-8 8 10 15 22 9p; 47 32 50 129; 63 100 27p; 501/: 100 
7p; 50 100 220 25p; 470 50p; 1000 2200 68p; 40V;22 33 9p; 100 129; 3300 62p; 4700 114p1 
35V:10 33 79;330.470 32p; 1000 49p; 25V:10 22 47 69;80 100 160 8p;220 250 13p;470 
640 259;1000 27p; 1500 30p;2000 34p;3300 52p;4700 54p; 16V:10 40 47 68 7p;100 125 
Bp; 470 169; 1000 1500 209;2200 34p; 1011:4. 100, Sp; 640 lop; 1000 14p. 
TAG -END TYPE: 70V: 2000 98p; 4700 121p; 505r 10 000 255p, 3000 7Sp; 40V: 4000 70p, 2500 
65p; 25V.:4700 48p; 2000 37p; 40V:2000+2000 95p. 325V:200+100+50+100 190p. 

W015129;022 
FEED THROUGH 
CAPACITORS 
1000pFr350V Sp 

TANTALUM BEAD CAPACITORS 
35V: 0 1# F 0 22. 0-33 0 47 0-68, 
1-0. 2 2íF 3 3 4.7 6-8 25V:1-5 10 
20V, 1.5 165.10# F 13p each 22 25p. 
470F 10040p. each 
/0V: 221iF 33 47 6V: 47 68 100 
3V:68 100áF 209 each 

POTENTIOMETERS (48 or EGEN, 
Carbon Track 'xW Lag & ''4W LLnear values 
500'1 10.!& 2 K:) Om only) Single gang 

26p 
5113 2M!! single gang 26p 
5103 2M![ single gang D P swatch 55p 
5K1! 2Mí! dual gang ste eo 70p 

MYLAR FILM CAPACITORS 
100V: 0.001 0002 0005 001eE 59 
0.015 0.02 0.04 005 0-056íF 6p 
O11F 0.15 027p. 50V:047#F lop 
CERAMIC CAPACITORS 50V 
Rarsg.: 0.5pF to 10 000pF 3p 

, 0-0151F 0.022yF 0.033yF 4p 
0047pF49. O1#F 6p. 

SILVER MICA IValues in pH 3 3 4 1 

6-8 10 12 18 22 33 47 50 68 75 
82 85 100 120 150 220 9p each 
250 300 330 360 390 
600 820 16p each 
1000 1800 2000 2200 209 each 

SLIDER POTENTIOMETERS 
0-25W log and I near values 60mm 
5K0 -500K0 single gang 70p 
1OKG-500K13 dual gang 80p 
S If St kG d td 8e I 22p 

PRESET POTENTIOMETERS 
O 1W 501-5M'! Miniature Vertical & 
Honxonial 8p 
025W 10012-3 3M1) Hori, larger 10p 
0 25W 200!! -4 7M12. Vert 10p 

CERAMIC TRIMMER CAPACITORS 
2 70F 4 157F 6 25pF 8 3OpF 20p 

MINIATURE TYPE TRIMMERS 
2 5.6pF 3 10pF 10-40pF 22p 
5-25pF 5 45pF 60pF 8890 30p 

COMPRESSION TRIMMERS 
3.40pF 10-80pF 25 190pF 25p 
100-503pF 1250pF 45p 

RESISTORS - Ene make 5% Carbon 
Miniature High Stability Low noise 

RANGE VAL 1 99 100. 
'4W 22524 /M 624 1.5p 1p 
'hW 2 204 7M E12 2p 1.5p 
tW22'IlOM E12 59 4p 
2 . Metal Film 101! 1M9 6p 4p 
100+ pace applies to Resistors of each 
type not mixed values 

DIGITAL PANEL METER 
ETI March 1978. Complete 

Kit now available 

JACK PLUGS ' SOCKETS 

Screened 
chrome 

2 5mm 129 
3 5mm 15p 
MONO 23p 
STEREC 31p 

Plastic 

body 

80 
OP 
5p 
8p 

open 
Wta 

ea 
I39 
ISp 

moulded 
with 

break 

contacts 

224949 

DIN PLUGS SOCKETS 

couplets llp 
12p 
16p 
224 

In Lene 

?PIN Loudspeake' 
1 4 5 Audio 13p Bp 20p 

COAXIAL (TV) 14p 14p 14p 

PRONO 
assorted colours 
Metal screened 

SP 
12p 

5p single 
8p double 
10p 3.way 

15p 

BANANA 4mm 
2mm 
lmm 

lop 
lop 
8p 

12p 
tOp 

8p 

Minimum 
order 

£2 
please 

7403 
7404 
7405 
7406 
7407 
7408 
7409 
/410 
7411 
7412 
/413 
7414 
7416 
7417 
7420 
/421 
7422 
7423 
1425 
7426 
742/ 
7428 
1430 
7432 
7433 
743/ 
7438 
7440 
7441 
7442 
243 
64 

7445 
/ 
/44446 
74387 
/450 

11 
OPTO 

7 

1345531 
ELECTRONICS * 7454 
LEDs +clip 7450 
TIL209Red 1,7410 
TIL211 Grn ,7472 
711212 Yellow 27 ,12313 
2"Red 7474 
2 Amber Green 7475 

Yellow 21 /376 OCP70 60 

- - 
- 

l - J- 
90 

751 M1521144 570 r4 99 / 

M2534A* 795 
20 /10* 48 MCt303 145 
76 741 C4 8 pin 22 MC1304P 260 
19 747C 70 MC7310P 185 
180 748C 36 14C1312P0 195 
55'753 150 MC144331 1250 
90 8038CC+ 355 MC1458P* 90 
109 AY 1 0212 5801 MC1496 101 
58 AY 1 5050 241 MC171006 79 

145 AY 1 5051 125 MC3360P 89 
196 AY 1 6721 6195 MFC6040* 97 
105 AY 3 8500* 450 M550253 550 
81 AY -3.8550* 750 MK50362* 550 
96 AY 3 8600* 850 0M2101 2 210 
95 'AY 5 1224* 295 5IM2111 21,1*298 

145 AY 5 1230* 490 NE5184 210 
130 AY 5 131/4 630 NE555* 36 
99 CA30144 137 NE55600* 90 
58'CA3018+ 82 9E560* 325 
52 CA3020 170 3E561*. 410 
52 CA3023 170 5E562 410 
120 CA30284* 95 5E565A 185 
134 /C43035 140 NE566 180 
134 CA3036 180 NE567V* 187 
115 1.43043 190 NES7I 450 
380 CA3046 80 R4M2102 2r 210 
22 C43048 200 ROM2513* 700 
22)C43075 175 113302+ 255 
32 C43080E 80 SN72733N 125 
21 CA308[ 190 SN76003N 240 
2311(A3089E 210 SN/6013 240 

35/4152 

714í7d81 

- 

74163 

- - 
021 

116 4022 
116 4023 

16 7482 82 /4164 121 4024 
16 7483 95 74165 130 4025 
20 7484 95 73166 141 4026 
22 7485 110 74167 198 4027 
38 7486 36 74170 240 4028 
38 7489 320 74172 625 4029 
20 /490 36 741/3 175 4030 
20 7491 80 /4174 113 4033 
15 /492 53 74175 90 4034 
24 7493 35 74176 120 4040 
23 7494 85 74177 116 4042 
37 /495 70 74180 142 4043 
74,7496 82 /4181 299 4044 
35 /497 262 74182 127 4045 
39 74100 125 74164 225 4046 
16 74104 62 74185 146 4047 
33 /4105 62 74188 650 4048 
24 74107 33 74190 140 4049 
32 /4109 54 74191 140 4050 
30 74110 54 74192 140 4054 
36 74111 70 /4193 140 4055 
36 74116 198 74194 140 14056 
38 74118 90 74195 110 4060 

14067 18 74120 115 74196 118 
32 74121 28 74191 118 4068 
40 74122 48 /3198 248 a0698E 
30 74123 70 /5150 110 14070 
33 74125 65 /54g7 75 4072 
17 /4126 60 75492 80 40758E 
74 
68 

,74128 
74132 

77 
73 CMOS* 4076 

4077 
115 74136 56 (RCA) 

130/8 
112 74141 72 4000 15 4081 
94 74142 280 4001 17 14082 
94 74143 314 4002 17 ;4502 
82 74134 314 4006 105 4507 
74 74145 85 4007 18 4510 
17 74147 175 4009 58 4511 
17 74148 143 4010 56 4512 
17 74150 118 4011 19 4516 
17 74151 75 4012 18 14518 
17 /4153 82 3013 55 I4519 
30 74154 140 1015 93 3520 
28174155 82 4016 52 14528 
32 74157 80 4017 99 4532 
32174159 225 4018 99 4539 
42 74160 116 4019 60 4553 
30 74161 116 4020 102 4585 

ORP12 68 TRANSISTORS 
255777 54 
7 Seg Displays 
T1L312 C An 3" 125 
TIL313 C Cth 3" 125 
TIL321 CAn 5" 130 
111322 C Cth 5"130 
01.704C Cth 99 
DL707CA 99 
DL747CA 180 
END 357 140 
LCD 3901 30, digit ,1 

995 
SWITCHES* 
TOGGLE 2A 250V 
SPST 28p 
DPDT 38p 
4 pole on aft 54p 
SUB -MIN TOGGLE 
SP ha g 59p 
SPSTon/oil Sip 
DPDT 6 tags 709 
DPDTcentre off 79p 
DPDT Biased 115p 
SLIDE 250V: 
1A DPDT 14p 
IA DP cover 16p 
y7Á DPDT 13p 
4 pole c over 24p 
PUSHBUTTON 
spring loaded 
SPST on off 60p 
SPOT a ower 65p 
DPDT 6 Tag 859 

SWITCHES * PUSHBUTTON, 
Miniature Non Locking 
Push to Make 15p Push to Break 25p 
'ROCKER'iblackl on off 10A 250V 23p 
ROTARY: Make your own Rotary Switch up to 6 
pole 12 ways Complete shafting assembly in 

eluding Wafers and DP Switch available 
ROTARY: (ADJUSTABLE STOP) 1 pole 112 
way 2p 26W 3p 24W 4p 23W 41p 
ROTARY- Mans 250V 4C 4 Amp 45p 

DIL SOCKETS*(Low Profile - Texas) 
B pin lop; 14 pin 12p; 16 pin 13p; 20 pin 27p; 
24 pm 30p; 28 pin 42p; 40 pin 58p. 

ETI 583 
GAS MONITOR 
All parts available. 

Gas Sensors TGS109, 308, 
812 & 813 385p' 

Sockets for above 20p' 

DIGITAL PANEL 
METER 

Intersil Evaluation Kit £21.52' 
plus 30p p&p. 
All parts as per ETI £23.85' 
plus 30p p&p. 
ICL7106 £9.75' 
LCD3901 £9.95' 

s A. 
RHYTHM GENERATOR 
Build this PE (Jan '78) 

Easibulld Low Cost Rhythm 
Generator. We are the sole 

suppliers of the complete Ka 
including the case, pre -drilled 
printed front panel and the 
Printed Circuit Boards send sae 
for leaflet_ 

Complete Kit price incl. VAT 

£49.95 only 
Plus P&P £1 

For ready built Units add 
£ 15.00. 

1 

(TV Games & Rhythm Gen. Demonstration on at our shop) 

AC117 
AC125* 
AC126* 
AC117+ 
AC128* 
AC141* 
AC131K* 
AC142 
4C142 K* 
AC176* 
4C187+ 
AC188* 
ACY17 
ACY18 
ACY 19* 
ACY20 
ACY 21 
AC 22* 
4CY28* 
ACY39 
ACV 40* 
.5CY41 
.5D140 
40149* 
ADI61 
40162 
AF113* 
AFt15* 
AF116* 
AF117* 
4F118* 
aF121 
AF 124* 
AF12í* 
.56127* 
AF 139* 
.56118 
4F180* 
AF 186* 
4F239* 
ASY 26* 
45Y27+ 
gC107* 
BC107B 
BC 108* 
8(1088* 
BC108C* 
BC) 09* 
BC1098* 
BC109C* 
BC113 
0C114 
BC115 
BC116 
BCil7 
BC118 
gC119 
BC134 
BC135 
BC136 
BC 137 
BC140* 
BC142 
BC143* 
BC1a/ 
gC148 
8C149 
BC 153 
BC154 
01157 
BC158 
BC159 
81160* 

35 
19 
19 
18 
18 
24 
38 
24 
38 
18 
20 
20 
35 
40 
40 
40 
35 
40 
40 
78 
48 
39 
60 
70 
42 
42 
20 
20 
20 
22 
55 
48 
55 
35 
35 
35 
70 
70 
50 
42 
40 
45 

10 
9 

12 
12 

9 
12 
12 
17 
20 
20 
20 
20 
20 
28 
20 
20 
18 
20 
35 
28 
27 

8 
27 
27 
10 
11 
11 
42 

BC167A 
BC168 
61169C 
BC170 
ÍBC 1 7 1 

BCl/2 
B C177* 
BC178* 
BC179* 
BC182 
BC182L 
BC183 
13C183L 
BC184 
B C)84L 
BC186C 
'BC187* 
16C212 
BC212L 
BC213 
BC211L 
BC214 
SC214L 
BC30/B 
8(320 
8C338* 
8C441 
BC461* 
BC462* 
BC547 
BC548 
BC549C 
BC558 
BC559 
8Cv30* 
B<Y34* 
BCY39* 
BCY30* 
BCY59 
eCY10* 
BCY71 
BCY72* 
B0115 
801214 
80123 
130124* 
80131* 
80132* 
80133 
BD135 
80136 
80137 
80138 

80140 
B0142 
80145* 
80245* 
B0Y17* 
B 0Y60* 
80061* 
0115* 
BF154* 
BF156* 
B F173* 
BF17]* 
80178* 
5E1 79. 
81180* 
8F181 
8F187* 
'5F183* 
;BF 184* 
86185 

DIODES 
4.0.115 
AEI' 1 1 

134100 
BY100 
BY12F 
80127 
0A9 
0410 
04.47 
0A70 
0479 
0481 
0485 

15 
60 
10 
24 
14 
14 
60 
20 
12 
12 
12 
15 
12 

0490 
0491 
0495 
04200 
04202 
N914 
N916 
N4001/2* 
54003* 
34004/á* 
54006/7 
54148 
34/100V4 
34/400V* 

129IiC4309040 390 5N/6023 140 
4011C43123E 2001 5576033N 230 
21 1431304 94 55761155 215 
22 1.44140 951 55762275 175 
21 1C17160* 950 T4A6214711 228 

120 ICM/205* 1150 1346614 155 
55 1M3001/ 170 144960 300 

135ILM3014 39 1841205 90 
168,LM318 195 1845400 220 
98 LM324 98 1045500 355 

125 LM339 55 1846418511 250 
102 1.41348 120 164651 180 
59 LM3/9 398 BA800 90 

108 1M380 98 1858105 105 
99 11381 170 18.5820 80 
127 L'á382 125 íB49200 350 
110 LM3900 65 1042020 320 
449 1M3909N 70, U44170 198 
101 LM3911 125 15414 110 

11 í3F194 10 rJC42* 40 208501 15 
12 130195 10 ppC43 65 210502 19 
14 80196 12 

Ill 
35 218503 19 

18 5E197 15 )0C45* 35 /15504 25 
11 BF198 18 0C46 35 ZTX531 28 
10 8E200 30 OCIO* 30215550 25 
18 BF224 18 00714 302N526* 58 
16 B(2448 30 3C72* 30 25696* 35 
18 eF256* 50 0077* 76'2N697* 21 
10 L.F257* 29 OC/9* 76 25698* 39 
13 SF25B* 29 0081* 28 25699* 50 
10 8F259* 30 0082* 45 257064* 19 
12 BF394 22 00820* 45 244707* 50 
11 8E594 40 OC83* 48 25708* 19 
14 8E595 38 0084* 44 25914 32 
24 BFR39 25 115 25916* 27 
28 BFR4O 28 

`0(123* 
0C139* 140 2N918* 30 

11 BFR79 28 0C140* 125 2N920* 51 
13 BF 080 28 OC141* 157 25930* 18 
11 8FX29 28 0C170* 40 2N961* 61 
14 BFX81* 130 OC171* 40 251131* 22 
14 Br%84* 24 0C101* 125 2N1132* 22 
15 8FX85* 28 0C202* 140 251302 35 
20 8F586* 28 OC203* 160 251333* 50 
15 BF%137* 23 OC204* 150 2N1334* 50 
15 BF%88* 26 11129 431251305* 28 
45 BFV18 50 T1P194 44,251306* 35 
38 gFY50* 17 1IP29C 60 251307* 50 
45 BFY51* 17 1IP30 52 251308* 46 
12 8FY52* 17 11P304 52,251613* 20 
12 BFV71 47 IIP308 64 ,24416714 190 
13 BSX20 18 tiP30C 7012516768* 195 
30 BSy65* 30 t1P31* 50'1251893* 28 
30 BSY95A* 18 '1P314* 5011519E16 60 
57 00105* 140 'I P3113* 581252160* 105 
75 BU205* 190 11P31C* 66 29221/* 48 
80 8U208* 225 -1P32* 55 12N2218A* 35 
78 E5567 65 11P324* 60 2N2219A* 26 
90 M08001158 '1P328* 75 12522204* 26 
15 M3400* 90 11P32C* 77 2522214* 25 
20 MJ491* 160 7IP33* 85 257727+ 20 
15 MJ2955*120 TIP3313* 100I252297 45 
62 MJE340* 45 11P33C* 110 2523037, 50 
78 M2E370* 80 t1P34 * 951252368 25 
98 MJE3/1* 80 T1P344* 9512523694 15 

115 MJE520* 65 11P348 12012N2476 125 
38 MJE521* 74 11P35* 219e252483* 28 
38 MJE2955*115 TIP354 225 2442484* 30 
43 MJE3055*80 IIP35C* 270 252646* 48 
38 MPF102 36 TIP364+ 284252784 55 
36 MPF103 36 11P4144 66 252846 140 
36 MPF104 36 TIP41Et* 73 252894 3 
50 MPF105 36 11P424* 72 2529044* 2 

MPF1O6 50 11P128* 82 2529054* 2 
36 MPF107 50 11P2955* 65 252906* 1 

59 MP5405 32 1173055* 52 251907* 2 
198 MP5406 32 11543 36 1152926G 1 

60 MPSA55 30 11544 45 2529260 
195 MPSAS6 30 1 i54 45 1252926R 
110 MPSA70 34 T1550 47 251926Y 
165 MPSUO_* 58 11574 47 753011+ 30 
22 MP5U05* 50 11591 24 253053* 17 
25 MP5U06* 56 278107 22 1253054* 49 
29 MP5U52+ 65 ZTX108 20 253055* 60 
25 
24 

MPSU55* 66 
MP5U56* 60 

Z1X109 25 253108 60 
215300 16 253121 40 

25 MPU131* 39 ZT8301 16 253133 43 
30 0(75* 120 278302 25 753135 33 
30 
30 
30 

OC26* 170 
0C28* 10 
sC29 16 

210303 25 253250 30 
210304 24 253252 36 
218311 17 253302 35 

30 1C35* 10 210314 24 253442* 142 
20 uC36* 170 218341 20 253563 32 
22 0C41* 48 Z111600 17 253614* 169 

6 !A 6000* 27 *BRIDGE 440000 120 
6 
8 

JA 1'41115* 30 
h4 600V 54 

RECTIFIERS 
t' 'c 

x 

ace p 
641000 73 
544000 92 

9 
8 
4 
5 

5 

13004 20 
14100V 22 
142000 25 
44000 29 

145000 34 

60'61 04 2 ENER8 
Range 3 3V to 
33V 
400MW SP 

rTRIACS* 
34400V 113 
34 500V 140 

6 
1 3W 17p 

24500 35 6A 400V 140 
6 VARICAPS 4100V 44 84400v 100 
7 VVAM2 135p .02000 46 154 400V 240 
4 88104 409 24400V 53 40430 110 
18 581050 40p 34100'2 72 40528 87 
20 5154M115 890 444009 79 40669 110 

253615 135 
253663 26 
253702 10 
253703 11 
153704 10 
253705 11 
253706 10 
25370/ 10 
253708 11 
253709 11 
253710 16 
7443715* 245 
253772+ 170 
253773* 200 
253819 22 
253820 38 
253823 65 
253824* 70 
153866 90 
/53903 20 
253904 18 
253905 18 
253906 17 
253037* 52 
254058 17 
254061 17 
254064* 120 
254236. 145 
251289 20 
254859 65 
255135 42 
255136 42 
144513B 29 
155179* 60 
255180* 60 
155191* 65 
255305* 40 
255457 35 
755458 36 
255459 36 
2445485 38 
155777 50 
2N6017 40 
40311* 56 
40313* 125 
40316* 95 
40317* 52 
40326* 52 
40127* 62 
40347* 99 
40348* 116 
40360* 43 
10361* 45 
10362* 43 
40411* 285 
40412* 65 
405/6* 190 
.30534* 98 
40603* 113 
40636* 165. 
40673+ 80 
Matched 
Pak 
10p extra 
NOISE 
DIODES 
Z5J 105p 

DIAC* 
ST2 25 

THVRISTORS* 
SCRs 
ASUV 38 

141009 42 
IA 2006 47 
144009 52 
34 1000 43 
3A 300/ 110 
SA 400/ 120 
la 200V 120 
/A 4000 125 
BA 4000 150 
Ct060 55 
IC -14 25 

'IC45 45 
254444 191 

.1 



CIRC BOOK: No. 2 
IDEAS AND DATA FOR EXPERIMENTERS FULL CONTENTS OVERLEAF 

EDIIED BY JIM PERRY 

For a long time we have published 
a section in Electronics Today In- 
ternational specifically for the 
experimenter -Tech Tips. This has 
always been one of the most 
popular, sections of the magazine, 
due mainly to the tremendous 
variety of circuits that find their 
way into it. 

But by the very nature of being a 
monthly feature, it becomes 
impossible (without some farm of 
filing system) to remember parti- 
cular circuits - or compare them 
with similar ones. 

Pair answer to this problem is 
this series of Circuits Books, this 
issue includes an enlarged data 
section and uses other sources 
besides Tech Tips - to produce an 
invaluable experimental source 
book. (We never were modest at 
Eli!). 
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ALARMS 

Comprehensive Burglar Alarm 

Examination of the block diagram will 
show the overall operation of this 
alarm circuit. SWI is the main on/off 
switch and should be key operated. 
PBI is the reset control, and should be 
either hidden or wired in parallel with 
a third set of contacts on SWI - this 

MEMORY 

TIME DELAY 
EXIT DOOR 

is to prevent the alarm being disabled 
without a key. 

SW1 is a normally closed contact 
on the exit door. When leaving the 
delay section disables RL1 for about 2 

minutes and also on entry. If this exit 
is used and the alarm is not siwtched 

rRr E O[tAY 

MOAMA 
ORM COMTACTS 

SO TIMA L 

ASUELO COMACYI 

ALA. 
OUTPUT 

off before the 2 minutes are up - the 
alarm will sound. 

The rest of the. circuitry is quite 
straightforward. Q3 and Q4 are used 
to ground the base of Q5 if an alarm 
condition exists. Q5 operates RL2 
which is used to sound a bell or siren 
externally. 

R vDL E 

SIIMLV 

EME GEMTY 
NSR (ROTO. 

FIRE 
ALA. 

SCR Alarms 

In some' SCR circuits the SCR will 
tend to 'switch on' the moment the dc 
supply voltage is applied, at the SCR's 
gate. This is because the SCR is 

sensitive to the rate at which the 
supply voltage is applied, and if this 
rate of rise exceeds a certain level, 
switch -on will occur. The effect may 
be eliminated by connecting a series 
resistor/capacitor combination across 
the SCR. This is known as dv/dt 
suppression and its effect is to slow 
down the rate of voltage rise. A diode, 
connected in the same effective 
polarity as the SCR, may be paralleled 
across the resistor for maximum 
effectiveness. In most applications the 
values shown in Fig. 1 will prove 
effective. 

0 t 

1 

O.1pF 

Fig 1 

0 

False triggering can also be caused by 
transients induced into the gate 
circuits. This is a very common 
problem with a number of burglar 
alarms - even commercially made 
ones from manufacturers who should 
know better. 

The most commonly used SCR 
burglar alarm circuit is basically that 
shown in Fig. 2. In this configuration, 
the gate of the SCR is connected to 
the positive rail via a 10k resistor, but 
an external loop interconnecting a 

number of normally closed trip 
switches, effectively clamps the gate at 
zero potential. However if any switch 
is opened, or if the external loop is 
cut, the SCR will immediately be 
triggered into conduction, thus 
energizing a series connected bell. 

The problem with this circuit is that 
although the gate of the SCR appears 
to be held very firmly at zero potential 
by the external loop, transient energy 
induced into the external loop by 
electro -magnetic phenomena (caused 
by lightning, arc welders, fluorescent 
lighting starters etc) can reach quite 
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ALARMS 

Car Radio Protector 
Many circuits have appeared for 
protecting radios and stereos in soft - 
top motor cars whose interiors are 

readily accessible to thieves. These 

circuits however, have the disadvant- 
ages of high parts count and expensive 
relays to switch on and latch the 
alarm, 

R1 
1k8 

R5 
470R 

R2 
470R 

01 
AC127 

lg SENSOOR 1 + SENSOOR 
V 

2 

The circuit operates as follows: 
sensor leads 1 and 2 are connected to 
the chassis of the equipment to be pro 
tected, therefore holding the bases of 
Q1 and Q2 at earth potential, and 

thus switched off. If one of the sensor 
leads is broken, current flows to the 
base of the respective transistor and 
switches it on. This gates the SCR and 

R4 
470R 

U2 
AC127 

R7 
470R 

S1 +6-+12V 
COURTESY 
LIGHT SWITCH 

--0 o-- 
- SCR 

5A CAR HORN 
Pr 

OV 

sounds the alarm. The self -latching 
characteristics of the SCR now make 
the transistor and its sensor lead inop- 
erative and the alarm can only be 

stopped by switching off the conceal- 
ed switch, Si. 

To prevent thieves tampering with 
the wiring, a seperate car horn and 
courtesy light switch (obtained from a 

breaker's yard) were fitted under the 
bonnet. If thieves cut the normal horn 
wires the alarm is unaffected; also any 
attempt to lift the bonnet to disconn- 
ect the battery will trigger it. The sen- 

sor leads are multistrand flexible cable 
with only one strand connected to the 
equipment, therefore easily broken 
while trying to remove it from the 
dashboard. 

The transistors used are not critical 
and most NPN. general purpose trans- 
istors should suffice. The stand-by 
current is very low (typ. 13mA), and 
therefore is designed to be left switch- 
ed on. The owner can never forget to 
switch on the alarm when leaving the 
vehicle. He must, however, switch off 
before lifting the bonnet. 

Fire Alarm, Simple 

A voltage divider made up of a 

resistor and positive temperature 
co -efficient thermistor has its 
incremental voltage fed to a neon 
indicator lamp. The thermistor is used 

as the temperature sensor. Its value is 

such that under normal ambient 
conditions the neon voltage across it is. 

below striking voltage for the neon. If 
a fire causes the thermistor to heat up, 
its resistance rises, and the neon ignites 
giving a visual alarm. The value of the 
PTC thermistor is selected to give the 
necessary resistance change to ignite 
the particular neon lamp used. An 
audible alarm can be activated by 
adding suitable electronic circuitry. 

240V 
ac 

47k 

NEON 
INDICATOR 

PTC 
THERMISTOR 

high voltage levels at the 'open' SCR 
end of the loop. And these levels are 
more than sufficient to trigger a 

sensitive SCR. 

In some instances this type of false 
triggering can be overcome by 
connecting a 2uF capacitor between 

ETI CIRCUITS No. 2 

the SCR's gate and cathode but 
generally speaking it is bad practise to 
connect long 'aerials' directly to the 
gate circuit of an SCR. 

A better solution is to use a UJT as a 

'buffer stage' - as shown in Fig. 3. 
This will ensure that the gate circuit is 

totally immune from false triggering 
no matter how long the external 
circuit. 

False triggering may also be caused 

by switching transients if long external 
leads are used in the anode or cathode 
circuit of the SCR. This sometimes 
occurs with burglar alarms and other 
control and warning systems if a bell 

(or other load) is located some 

distance away from the SCR. 

This problem can almost invariably 
be overcome by using dv/dt 

suppression (as shown in Fig. 1). In 
extreme cases it may be necessary to 
use a 5uF capacitor and a 5k series 
resistor, but values of 0.1 uF and 1 k 
will generally suffice. 

Fig 3 

TO EXTERNAL 
LOOP 
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'AMPLIFIERS & PREAMPLIFIERS 

Non -Inverting Amplifier 

The circuit shows an amplifier 
which provides an output in phase 
with the input. The gain is equal to 
R,/(R, + r) where r, is the small 
signal impedance of the input diode. 
The value of r, is equal to 0.026 
divided by the current passing 
through R2 to the non -inverting in- 
put. 
-The capacitor values should be 
chosen so that the impedance of these 
components is considerably less than 
the circuit impedance at the points 
concerned. 

AC Amplifier, Simple 

The gain is approximately equal 
to R2/ R, or 10 with the circuit values 
shown. The means potential at the 
output is half the supply voltage. 
The value of R, should be twice that 
of R2, since the current passing 
through either of these resistors is 
then the same. The positive supply 
and ground connections are not 
shown for simplicity, but R, should 
be returned to the same positive 
supply line as that used to feed pin 
14. 

The circuit provides a phase in- 
verted output. Any ripple on the 
power supply line will appear on the 
output at half amplitude. 

Voltage Follower 

Operational amplifiers with very high 
input resistances, like the CA3130, 
are particularly suited to service as 
voltage followers. Figure shows the 
circuit of a classical voltage follower, 
using the CA313O in a split -supply 
configuration. The digital -to -analog 
converter (DAC) circuit, described in 
the following section, illustrates the 
practical use of the CA3130 in a 
single -supply voltage -follower appli- 
cation. 

INPUT 

Cl 

.7.5V 

10k 

0 011.¿F 

BW 1-3 dB) = 4 MHz 
SR - 10V/pS 

R2 
1M12 

R2 
00.52 
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AMPIFIERS REAMPIIFIERS 

Flexible Response 

Figure 1 gives the circuit of a high 

input -impedance amplifier with a 

nominal ' voltage gain of 48 and a 

bandwidth of from 10 Hz to at least 

50 kHz. in the prototype the 

measured value of input impedance 

was um st at 1 kHz. This value will 
vary slightly with frequency and with 
the particular layout employed, but in 

any case is likely to be as high as will 
normally be required for most 

applications. 
As an ac connection, via a 

capacitor, is provided at the 

non -inverting input there would be no 

do return for bias current, at. that 
input, if R3 were not present. The 

value of R3 ís 47 k however, 

bootstrapping is used to raise the 

apparent value of R3 to the value of 
10 megohm as quoted, in the following 
manner. 

Due to the extremely high gain Of 

the op. amp, and to the feedback 

between the output and the inverting 
input pin 2, there is very little 
difference in the signal levels at the 

+ve and -ve inputs, and, since Cl has 

a negligible reactance, there is similarly 
very little difference in signal voltage 

at either end of R3. Accordingly, very 
little signal current can flow into R3 

from the signal input, thus R3 appears, 

to the input signal, to be many times 
its actual value. 

Wíth the op. amp, arranged in the 
non -inverting configuration, the volt- 
age gain is: 

R +R 
Av= 1R 2 -48 

1 

This amplifier set-up is most likely 
to be used in the design of a 

pre -amplifier for an oscilloscope or 

millivoltmeter, where the high value of 

input impedance is necessary in order 

to load the circuit under test as little 
as possible. 

In audio applications, a 'tailored' 
frequency response is often called for; 
for example, the output of a tape 

Replay head should be fed to a stage 

with a gain rising at 6dB per octave 

below about 2.5 kHz, and a flat 
response above that frequency. (The 

actual value of the break frequency 

depends on the tape speed and the 

particular replay characteristic em- 

ployed). Such a response is readily 

arrived at by replacing R of Fig. 1 

with the network shown inFig. 2a. 

At high frequencies C5 has a 

reactance low compared to R6 and 

hence it can be ignored. Thus the gain 

INPUT 

0.22pF 
R3 

47k 

OUTPUT 1 

e 

o- 

o 

o 

o 

Cl 
120pF C 
6V 

R1 
1k 

700pF 

OUTPUT 

C4 

t,5k 33pF 

Fig. 1. High input impedance ac amplifier. 
Positive supply rail is pin'7 and negative 

supply rail is pill 4. 

i 

r 

; rIIIIMINIZIfMfllaai,l~11111111a 
AMPLIFIER 

=REIM i 
FLAT RESPONSE 

f Ut 
^INkki,. 7 

6 TAN n419 avvLirtw 1) \! 
a 

kupma 

- 

UP >mi/IF1EN b1' - 
3 

t 

1678 I.2 3 4 - 1 2 3 5 67,391 2 3 d) 6'1891 

100Hí 

(a) R5 

1NÍ Cr-4 

1kHr 

R' 
6 

15k 0,0033pF 

Fig; 2. igfternativq feedback networks 

(ak Zape head; (b) Magnetic pickup. 

is determined by R6 alone (although 
R5 is in parallel its value is large 

enough to be disregarded). As the 

frequency is lowered, the reactance of 
C5 rises and consequently the 

feedback is reduced, so giving the 

frequency response shown in Fig. 3a. 

Resistor R5 provides a do connection 
for the negative input of the op. amp, 

and limits the gain at very low 

frequencies. 
The voltage gain of this circuit at 

high frequencies is about 16 times; this 
will make the tape head output 
comparable to that from a magnetic' 

pick-up. If more gain is called for, this 

is best done by increasing the value of 

(b) 

10 kHz - 

R7 

FREOUENCV 

0.0033u F 

1.v 

Iv 

0.1v 

R6 and reducing the value of C5 in 
proportion. 

What if a response suitable for 
pre -amplification of the output of 
magnetic pick-up is required? In this 
case the network of Fig. 2b is a 

suitable replacement for R2 In the 
original circuit; the overall response of 
the stage is now as given in Fig. 3b. 

Similar reasoning to that given for 
the tape head amplifier applies here 

also - the gain rises at lower 
frequencies as C6 reactance becomes 
larger, falling at the higher frequencies 
as the reactance of C6 and C7 both 
fall. As before, R7 sets the 
low -frequency gain. 
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AMPLIFIERS & PREAMPLIFIERS 

Hi Z, Hi Gain Amplifier 

This circuit has been designed so 
that it provides both a high input 
impedance and a high gain using a 

simple amplifier. With the component 
values shown, the input impedance is 

one megohm and the gain 100. 
The voltage applied to R2 is made 

equal to the output voltage (which is 

half the supply voltage). The value of 
R2 is equal to the sum of R3 and 134; 
these resistors set the dc bias. If 
desired, R2 may be made 4 megohms 
and its lower end connected to the V+ 
supply. 

Resistors R4 and R5 form a potential 
divider so that only 1/100 of the 
alternating output voltage is developed 
across the C2 - R5 circuit. This 
fraction of the output voltage is fed 
back to the inverting input via R3. As 
R3 and R1 are equal, the gain is 

R4/R5. As R 5 is decreased, the gain 
approaches the open loop gain of the 
amplifier. 

Voltage Controlled Amplifier 

A current flows from the positive 
supply through R3 to provide a bias 
which prevents the output of the 
amplifier from being driven to 
saturation as the control voltage is 
varied. When D2 is non -conducting, 
the currents passing through both R2 
and R3 enter the non -inverting input 
and the gain is a maximum. This 
occurs when the control voltage 
approaches 10 V. 

The gain is a minimum when the 
control voltage is zero. In this case D2 
is conducting and only the current 
passing through R3 enters the 
non -inverting input of the amplifier. 

Recording Pickup 

INPUT 

INPUT 

CONTROL 
VOLTAGE 
0-10voc 

11. 

. 

C7 1OyF 
2V 01 

BC109 
L1 

R6 
1452 

R3 R4 
IMS2 

OUTPUT 

It is often inconvenient to interfere with a circuit to take 
an audio tap off for recording etc. However by using a 
telephone pickup coil and placing this near the coil of 
almost any loudspeaker, excellent quality may be obtained 
with no direct electrical connection. The varying magnetic 
flux in the loudspeaker is induced directly into the coil. As 
the output may be low for some uses the very simple 
amplifier shown in the circuit will raise the level. This may 
not work well with some TV sets due to high frame pulses 
from the transformer which may cause a low frequency 
buzz though this depends on the proximity to the loud- 
speaker. 
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AMPLIFIERS & PREAMPLIFIERS= 

High Impedance Bridge 

The MC1556 operational amplifier 
may be used as a voltage follower in a 

bridge amplifier application. The high 

input ;impedance avoids loading effects 
on the bridge and transforms the 
impedance down to a level where á 

third amplifier used in a differential 
mode can provide voltage gain, 10 in 
this case. The third amplifier employs 
the standard offset adjust circuit to 
provide nulling capability for the 
configuration. 

Although the circuit is shown for 
complementary supply voltages, it 
lends itself well to óperation from a 

single supply since the bridge can be 
operated just as well from the single 
supply. One must, however, provide 
for biasing the now -grounded 100 k12 
resistor to half the supply voltage 
using a simple resistive divider. Also, 
of course, the output is no longer 
referenced to ground, but to half the 
supply voltage. 

Direct Coupled Power 

In the circuit, the output from an 
LM3900N amplifier is fed to a Dar- 
lington pair of power transistors. 
This circuit can deliver over three 
amps into a suitable load when the 
transistors are correctly mounted on 
heat sinks. 

CMOS Power Booster 

The current -sourcing and sinking 
capability of the CA3130 output 
stage is easily supplemented to pro- 
vide power -boost capability. In the 
circuit three COS/MOS transistor - 
pairs in a single CA3600E IC array are 
shown parallel connected with the 
output stage in the CA5130. In the 
Class A mode of CA3600E shown, a 
typical device consumes 20 mA of 
supply current at 1 5V operátion. This 
arrangement boosts the current - 
handling capability of the CA3130 
output stage by about 2.5. 

ETI CIRCUITS No 2 

INPUT - _ 
2k 

1 

Av (CL) = 48dB 
LARGE SIGNAL 
8W (-3dB) = 50kHz 

+ 

+15V 

-CA3130 

L___ 

510k 

11 

_ J 
9 

RL = 100(2 
(Po = 150mW 
ATTHD=10%) 

500u F 

NOTE 
TRANSISTORS p1, p2, p3 AND n1, n2, n3 ARE 
PARALLEL -CONNECTED WITH Q8 AND Q12 
RESPECTIVELY, OF THE CA3130 
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AMPLIFIERS & PREAMPLIFIERS 

Photocell Amplifiers 

Amplifiers for photoconductive, photodiode and 

photovoltaic cells are shown in Figures 1, 2 and 3 
respectively. 

All photogenerators display some voltage dependence on 
both speed and linearity. It is obvious that the current 
through a photoconductive cell will not display strict 
proportionality to incident light if the cell terminal voltage 
is allowed to vary with cell conductance. Somewhat less 

obvious is the fact that photodiode leakage and 

photovoltaic cell internal losses are also functions of 
terminal voltage. The current -to -voltage converter neatly 
side-steps gross linearity problems by fixing a constant 
terminal voltage, zero in the case of photovoltaic cells and a 

fixed bias voltage in the case of photo -conductors or 
photodiodes. 

Photodetector speed is optimized by operating into a 

fixed low load impedance. Currently available photovoltaic 
detectors show response times in the microsecond range at 
zero load impedance and photoconductors, even though 
slow, are materially faster at low load resistances. 

12 Volt PA System 
This circuit was originally built for use 
in a negative earth car. A miniature 
speaker, impedance immaterial, is con- 
nected in the emitter circuit of Q1, 
and acts as a microphone. 

Q1 operates in the common base 
mode and a highly amplified signal 
appears at its collector. Q2, used in the 
common emitter mode, provides furth- 
er amplification and the signal from its 

R1 
47k 

Q1 
6C 107 

LS1 
8OHMS 

R2 
5k6 

lo R1 

1M3 0+ V. 

V OUT - I CELL R7 

3 

V. OUT = R 1 

2 

The feedback resistance, R1, is dependent on cell 
sensitivity and should be chosen for either maximum 
dynamic range or for a desired scale factor and should be 

chosen to minimize bias current error over the operating 
range. 

collector is fed via the blocking capaci- 
tor C3 to the volume control RV1 . 

Overall de -stabilisation is provided 
by obtaining 01's base bias from the 
emitter of 02. 

The power amplifier is fairly con- 
ventional and fitted with a heavy duty 
output stage to enable a pair of 312 
P.A. type horns to be driven in parallel. 
Under these conditions 8W is available. 
A single 312 unit can be driven to 4W. 

Since the unit is intended for the 
reproduction of speech a wide band- 
width ís not required and C7 is incorp- 
orated to roll off the response above 
5kHz. C6 also provides a rapid roll off 
in the bass region. Q7 and Q9 should 
be fitted to a 5" x 4" finned heatsink 
and the body of Q4 should be therm- 
ally in contact with this. 

R3 
2k7 

+1C3 
' 511 

C5 
21'2 

RV1 
47k 

R4 LOG 
680 R 

C4 
10µ 

R5 
100k 

R6 
120k 

Q3 
3CY71 

R7 
47k 

. 
RV2 
2k2 

R10 
5k6 

+ 

R12 
1k 

Q6 
9FX84 

04 
gC147 

R11 
80R 

C7 

5n6 
mi. C6 

100µ 

R8 
1k2 

R9 
56R 05 

3C107 

08 

2N3055í 
4../1 WV w i 

SFX30 09 

+12V 

07 
2N3055 

If C8 
T 100u 

LS2 

OV 
o 
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AMPLIFIERS & PREAMPLIFIERS 

Class A Amplifier 

The main advantage of class A 
amplifiers is the absence of crossover 
distortion. Against this major advant- 
age must be weighed the disadvantage 
of permanently hot heatsinks and large 
capacity power supplies. 

The circuit shown here contains 
several novel features and will deliver 
5W of pure class A sound into an 8 
ohm load. 

Q1 and 02 form, with the 

associated components, a high quality 
voltage amplifier with overall ac and 

R1 
Cl S 100k 
100u 

C2 

0- 

R2 
1M5 

el- R3 
680k 

do feedback applied from the collector 
of Q2 via R6 to the emitter of Ql. 

The output stage proper, consists of 
Q6 and Q7 connected as an emitter 
follower darlington pair. These 
transistors are driven by ICI, a 741 op 
amp, and are included in the latter's 
feedback loop. 

These three form a near perfect 
output stage with an input impedance 
of several megohms and a bandwidth 
extending from dc to over 100KHz. 

Quiescent current is provided by - 

the constant current source 03, 04, 
05, R9 and R10. The use of a 

NOTE: 
IC1 IS 741 
Q1,3 ARE BC107 
02 IS BCY71 
04,6 ARE 2N3055 
Q5,7 ARE BD131 

Q1 
R6 
39k 

R9 

constant current source here 
effectively isolates the output from 
line variations and ripple. 

With the components shown, the 
circuit has a bandwidth of 10Hz - 

30KHz -3db, a distortion of less than 
0.1% before the onset of clipping, an 

input impedence of 1.5M11and a sensi- 
vity of 180mV for full output. 

Transistors 04 to Q7 must be 

mounted on an adequate heatsink, a 

5" by 4" finned type is suitable, but 
must be mounted vertically and in 
such a position as to allow ample 
ventilation. 

4k7 

R10 
OR47 
2W 

1 

0 
+24V @ 1A2 

Q4 

Q6 

C6 
2000u 

I 
8 OHM 

OV 

Clipper Preamp 6 to 9V 

RV1 
10k C4 OUTPUT 

10' 

MEDIUM TO 
Hi.Z MIC 

ETI CIRCUITS No. 2 

Maintaining a high average 

modulation level for mobile 
communications transmitters 
considerably improves the 
effectiveness of a transmitter, 
especially under difficult conditions. 

This circuit provides a small amount 
of preamplification as well as variable 
clipping level (preset). 

The two diodes should be a matched 
pair or clipping will not be 

symmetrical. 

It is possible to mount the complete 
unit in many styles of hand-held 
microphone cases. 

13 



AMPLFIERS & PREAMPLIFIERS 

Headphone Amplifier 

The circuit will deliver full 
orchestral' levels to four pairs of 

stereo headphones connected in 
parallel across the output. 

Input signals are coupled to the 
noñ inverting input of á 741 op amp 
via the volume control RV1. 

This IC is used to drive a 

quasi -complementary output stage 
consisting of Q1-4. 

Quiescent current in the output 
transistors is provided by the voltage 
drop across R7 and local feedback 
provided by R,6 iri Q2's emitter 
circuit. 

R6 is included to render the 
whole amplifier short circuit proof 
(to protect Q2 and Q4). Overall 
feedback is applied from the 
'earthy' end of R6 so this 
component has negligible effect on 
the damping factor of the amplifier. 

With the components shown the 
frequency response is -3dB at 4Hz 
and 100KHz, distortionbelow 0.1% 
at 1 KHz (50mW out. 811 load). and 
sensitivity 60mV. 

Op -Amp Circuits, Standard 

Non -Inverting Buffer 

Definitions 
Ay -Closed loop AC Gain 
fo= Low frequency -3dB corner 
Rin=Input Impedance 

ONE CHANNEL ONLY SHOWN 

C1 
4 u7 

0-1 

c2 
10u 

R1 
10k 

Non -Inverting AC Amplifier 

-0 es 

Difference Amplifier 

°0 \R2iR/P 2-R1 
IF R1 N2 AND R2 11e THEN 

. 1.2 -.11 

1 

2.1.11C1 2.012.RQC3 

112 ti FOR MINIMAL OFFSET ERROR 

Inverting Buffer 

14 

Ay -t 

NM1Í1 

o 

r 

1.R1Ct 

Inverting AC Amplifier 

2.N1C. 

Inverting Summing Amplifier 

1 0IC 
ct 

n 0-1 
R t2 2 

l 

I 

l 

[ h o-- 1 Cl ' 

M-RA(.12- ll 
A1 R2 RN/ 

IF RI R1 -. RN THEN 

M "l112-.) 
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SI6NA1 PROCESSORS 

Track and Hold Circuit 

MU019 orelYdwd,.Al wr.IdVnA rtT 

V1n 

When the switch is closed (or the 
FET conducting), circuit is behaving 

Track and Hold, Simple - 

When the control 
input is high the output tracks the 
input but when it goes low the output 
remains frozen at the value it was at 
the instant of transition. The operation 
of the circuit is generally self-evident 
and it may be regarded as two voltage 
followers, one consisting of two o - 
amps with the output following the 
input, the other is just the second 
op -amp which "follows" the voltage 
stored on the capacitor. It is advisable 
to take care with the layout as with all' 
op -amp circuits due to the huge open 
loop gain of these devices. The value 
chosen fdr C is acomprbmise between 
"stewing rate," that is the rate at 

ADM Envelope Shaper 

When. a negative going trigger pulse is, 

applied to the input, IC2(c) dis- 

connects the 'release' pot, the bistable 
is set and the 'attack' pot connected 
to Cl. Cl charges up to the threshold 
voltage of IC1(c) yhere the bistable 
is reset. IC2(b) causes Cl to dis- 
charge to the level set on the 'sustain 
level' pot. If S1 is in position '1', 
when the trigger pulse -.goes high again 
IC2(c) causes Cl to discharge via the 
'release' pot. 

During the time IC1(a) is high C2 
is charged up forcing the output of 
IC1(d) low. Once IC1(a) has gone low 
C2 begines to discharge and after a 

ETI CIRCUITS No. 2 

S1 
OPENED 

s1 

CLOSED 

as an inverting amplifier with a gain 
of i . As the inverting terminal of 
the op amp is a virtual earth, the 
capacitor is kept charged to the out- 
put voltage by the op amp. When the 
switch is opened (and the FET non- 
conducting) the voltage at the output 

which the circuit tracks á sudden 
change of input and "holding ability" 
which is the length of time, the circuit' 
will hold a signal without unreason- 
able. decay. To give some sort of 

IN 

.15V O - 

.AN7G O 

1;M 

CONTROL 
INPUT 

Attack 
aY 

Clog 

10, c+e 

" 

s1 

OPENED 

TIME 

is held constant by the capacitor, the 
current demands 'of the next stage 

being ,met by the op amp. Note that 
the value of C should be chosen such 
that its impedance at the operating 
frequency is large compared to R1 

and R2. 

guide. for a 10kHz square wave to the 
control input, a 0.01µF capacitor 
seems to optimise the. performance. 
The value of the resistors is also worth 
experimenting, with. 

1YS cl0 

SM r SALA .h 

SLITS," LACES 
1Y 

i 

IC/ cU4O11AA IC1cO101Aai 

white IC1(d"s output will go high 
again. When S1 is in position '2' the 
sustain is controlled by the mono - 
stable thus formed. It is retriggable so 

C7 ==, a. 
sr 

1A1 

OUT 

SUSTAIN 
nrA 

N 
OUT 

that should a, second trigger arrive 
before the cycle has completed the 
cycle will restart. The 741 buffers the 
output. 
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SIGNAL PROCESSORS 

Frequency Doubler 

This is a Simple three transistor circuit 
to raise an audio frequency by a factor 
of two ii_e., one octave. Q1 is con- 
nected as a ,phase splitter with anti - 
phase signals. appearing at it's collector 
and emitter. These signals are fed to. 
two emitter followers Q2 and 03, 
which have a common emitter resistor, 
and -thus add the two anti -phase sig- 
nals. A .degree of distortion fs inevit- 
able as shown in Fig. 2, but is accept- 
able for speech and soloists and pro- 
duces a sound similar to the Chip- 
munks or Pinky and Perky. 

I/P 

Frequency to Voltage Converter 

Figure shows a linear frequency to 
voltage converter which works by 
charging a capacitor up once for every 
input cycle, the charge to do so being 
passed by a MOSFET into a summing 
amplifier. The component values 
given are based on an approproxiate 
five volt output for the given 

IN 

frequency. The resistor R 1 should be 
made a 100k2 preset if it is required 
to set a range exactly. The capacitor 
C2 "smooths" the output and rieed 
not be changed from 10p F if fast - 
response on the upper ranges is not 
needed. The linearity achieved on the 
top range will depend on the particu- 
lar "741" used and if reliable opera- 
tion is required a higher speed op - 
amp should be used. 

I/P 

0.1 

I1-° 
2k2 68k 2k2 68k 

Q1 Q1 
EMITTER COLLECTOR 

14 

(13,8,10) 

I - 

+9V 

Q1,2,3 
BC109 OR SIM. 

FIG. 2. 

\SMALL AMOUNT 
02.3 OF DISTORTION 

EMITTER HERE 

C2 

9 

CD4007A --- ------' 
10k 

741 

+15V 

OUT 
o 

OV 

FSD FREQUENCY Cl C2 -15V 

10Hz 1µF 10µF 
100 Hz 100nF 11/F 

1kHz 10nF 100nF 
10kHz 1nF 10nF 
100kHz 100pF 1nF 
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SIGNAL PROCESSORS 

Frequency Meter. Analogue 

This circuit may be used as a pulse counter, tachometer, 
or if preceded by a Schmitt trigger, an analogue frequency 
meter. 

Output linearity .better than 2% can be obtained with 
duty cycles of less than 30%. The meter is selected so that 
it reads full scale when the duty cycle of the uL 914 is 30%. 
The choice of Cl and the meter sensitivity determines the 
range of measurement. 
Potentiometer RV1 is used to calibrate the meter to full 

scale deflection, and resistor R2 counteracts the slight zero 
offset of the saturated IC. -Diode D1 protects the meter. 

Digital to Analogue Convertor 

The circuit of a 9 -bit Digital to Analog 
Converter (DAC) is shown. This sys- 
tem combines the concepts of 
multiple -switch COS /MOS IC's, a 
low-cost ladder network of discrete 
metal -oxide film resistors, a CA3130 
op -amp connected as a follower, and 
an inexpensive monolithic regulator in 
a simple single power -supply 
arrangement. An additional feature of 
the DAC is thatit is readily interfaced 
with COS/MOS input logic, e.g. 10 - 
volt logic levels are used in thecircuit. 

The circuit uses an R/2R voltage - 
ladder network, with the output 
potential obtained directly by termin- 
ating the ladder arms at either the 
positive or the negative power -supply 
terminal. Each CD4007A contains 
three "inverters", each "inverter" 
functioning as a single -pole double - 
throw switch to terminate an arm of 
the R/2R network at either the 
positive or negative power -supply ter- 
minal. The resistor ladder is an 
assembly of one per cent tollerance 
metal -oxide film resistors. The five 
arms, requiring the highest accuracy . 

are assembled with series and parallel 
combinations of 806,000 -ohm resis- 
tors from the same manufacturing lot. 

A single 15 -volt supply provides a 
positive bus for the CA31 30 follower 
amplifier and feeds the CA3085 vol- 
tage regulator. A "scale -adjust" 
function is provided by the regulator 
output control, set to a nominal 1 0 - 
volt level in this system. The line - 
voltage regulation (approximately 
0.2%) permits a 9 -bit accuracy to be 
maintained with variations of several 
volts in the supply. The flexibility 
afforded by the COS/MOS building 
blocks simplifies the design of DAC 
systems tailored to particular needs: 

ETI CIRCUITS No- T 

o 

R1 

2.2k 

cl 

10V LOGIC INPUTS 

C2 
1134P 

D1 1N914 

A K 

0 100 
4A 

+ - 

OUTPUT 

R3 

o' 
+ 3,6r 

' 33051 

RV2 
5052 

ZERO 

+10.010 

LSB 
9 

09 

07 

04 

8 7 

16 13 71 

CD4007A 
"SWITCHES 

VOLTAGE 
+15V REGULATOR 62 

t4 

11 

2 
6 5 

+10.010V 

22.1k 
1% 

16 3 
CD4007A 

"SWITCHES" 

806k 750k 
1% 1% PARALLELED 

RESISTORS 

6 

2 1 

MSB 

T1110 

CD4007A 
"SWITCHES" 

OUTPUT 
o 

LOAD 

1k REGULATED 
VOLTAGE 
ADJ. 

I 100k 
OFFSET c NULL 

0.1,.-F 

O 

VOLTAGE 
FOLLOWER 

56pF 

REQUIRED 
RATIO MATCH 

1 STANDARD 
2 ±0.1% 
3 ±0.2% 
4 ±0.4% 
5 ±0.8% 
6-9 ±1%ABS 

ALL RESISTORS IN OHMS. 

BIT 



SIGNAL PROCESSORS 

Schmitt.Trigger, Without Hysteresis. 

By replacing the common -emitter resistor in a 
conventional Schmitt by a zener diode, the hysteresis 
normally associated with these circuits is eliminated. 

3.3k 

2N3643 

o 
INPUT 

IN747 

Schmitt Trigger, Simple 

One cheap IC, uL914, can be used as an extremely simple 
and effective Schmitt trigger suitable for many applications. 
Hysterisis of the circuit is about 0.1 Volt. This may be 

varied by altering the values of R1 and R2. - 

Púiseléñgthener, Optical 

An LED and phototransistor optical -coupler system may 
be used to lengthen a three microsecond pulse to 55 
milliseconds by using the values shown in the diagram. This 
allows complete isolation between input pulse circuits and 
the lengthener to be obtained. 

18 

v 
3 6v 

OUTPUT 

03 

PULSE 
IN 

J L_ 

R3 
474 

PULSE 
OUT 

04 
MPS6515 
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SIGNAL GENERATORS 

Square Wave, Low Frequency 

A drawback of low frequency oscill- 
ators using bipolar transistors or TTL 
logic is that the timing capacitor 
usually has to be a high value elect- 
rolytic. Using a field effect transistor 
at the input of a schmitt trigger, 
means a low value capacitor can be 
employed . The trigger by Q1 and 
Q2 has a hysterisis of approximately 
3V. This is controlled by the 3V 
zener. 

With Cl uncharged Q1 is off and 
Q2 is forward biased. The voltage at 
the source of Q1 is approximately 
+4V. Q2 conducts, thus turning on 
TR3. The output is therefore at 
+10V. Cl then charges via R1 and 
the gate voltage of Q1 goes positive. 
When the gate voltage is sufficiently 
positive Q1 conducts, turning off 
Q2. The positive feedback from the 
emitter of Q2 to the source of Q1 
ensures a rapid switch off. Q3 also 

Square Wave Generator 
The multiple 'amplifiers in the 

LM3900N device are very suitable for 
use in waveform generators at 
frequencies of up to about 10 kHz. 
Voltage controlled oscillators (the 
frequency of which is dependent on an 
input voltage) can also be designed 
using the device. 
A simple square wave generator is 

shown. The capacitor C,1 alternately 
charges and discharges between v 
voltage limits which are set by R,, R, 
and R4. The circuit is basically of the 
Schmitt trigger type, the voltages at 
which triggering occurs being 
approximately V+/3 and 2V+/3. 

c1 
100n 

o 

R2 
4k7 

R5 
2k2 

R622k 

C. 2N3819 

R3 R4 
2k2 10k 

Q2 
BC108 

Q3 
BCY71' 

R7 
3 k9 

switches off and the output goes to 
-5V. Capacitor Cl now discharge 
towards -5V, but when the voltage 
across Cl falls by approximately 3V, 
Q1 ceases to conduct, turning on 
Q2. 

The collector load of Q3 is con- 
nected to a negative supply giving a 

Cl 

82 
311M12 

0.02/rt 

3 
10RMá2 

tiA.A./1/4 

O+12V 

0 0V 

o _5V 

5V 

50% duty cycle. (The circuit still 
oscillates if R7 is connected to OV but 
the duty cycle will change, the output 
remaining at OV for a longer period 
than at +10V). 

With the components as shown the 
frequency of the output is approx- 
imately 0.025Hz. 

3oks2 

1ó1Ns2 

MM 

OUTPUT 

Monostable Multivibrator 

The time constant T of this circuit is equal to 0.7 R1C2. 
Where T is in seconds, R1 in ohms and C2 in farads. For 
example when R1 = 10 k and C2 = 100 microfarads the 
time constant will be one second. 

Capacitor C2 may be selected over wide a range and R1 
may be a potentiometer 100 k maximum. Outputs 1 and 2 
provide pulses of opposite polarity but the rise time of 
output 2 is long due to the charging current of C2. 

.PUT o-1I 
Cl 
33onF 

R1 

C2 

R4 D2 
33k : 1N914 

0 0 14 
D' 
18914 

P2 R3 
2 74 2 74 

11 
85 
184 

01 02 R6 
BC108 BC108 124 

O 12V 

o OUTPUT 2 

OUTPUT 1 

C3 
100oF 

ETI CIRCUITS No, 2 19 



SIGNAL GENERATORS 

Triangular Waveform Generator 

A triangular waveform generator can 
be made by using one amplifier of a 

LM3900N device as an integrator and 
another amplifier as a Schmitt trigger 
circuit.. A suitable circuit is shown, it 
has the unusual advantage that only 
the one power.supply is required. 

When the output voltage from the 
Schmitt trigger circuit is low,, the 
current flowing through R2 is 

integrated by C1 to produce the 
negative slope of the triangular wave at 
output 1. When the output 2 voltage 
from the Schmitt trigger is high, 
current flows through R2 to produce 
the rising part of the waveform at 
output 1. 

The output waveform will have good 
symmetry if R1 = 2R2. The output 
frequency is given by the equation: 

f=V+- VBE 

2R1C1V 

where R1 = 2R2, V8E is the steady 
voltage at the inverting input (0.5 V) 
and V is the difference between the 
tripping points of the Schmitt trigger. 

Marker Generator 

The marker generator is a constant - 
frequency oscillator driving into a 

CMOS divider chain. Switcháble out- 
puts from the divider chain are 
selected to drive a pulse generator. 

The oscillator is IC1a in which R1 
biases the IC into linear operation. 
The crystal determines the basic 
frequency of operation at 4 MHz in 
conjunction with Cl, 2, 3 and 4 
which appear to the frystal as one 
parallel capacitor. The capacitor C2 is 

150pF 

12 

used to tune the oscillator exactly to 
frequency as explained in the text. 
The resistor R2 adds' extra phase shift 
but also reduces the gain. Thus if the 
oscillator is slow in starting reducing 
R2 may help. The output of the 
oscillator is buffered from the rest of 
the cicuit.by IC1 /b. 

IC2 is a CMOS dual type I? flip flop 
that divides the 4 MHz by four to 
provide an out put of 1 MHz, the 2 
MHz also being brought out. 

o 

2MHz 

4MHz° 

NOTES 
IC1 (4007) PINS 7,4 AND 9 ARE GROUND 
IC2 (40131 PINS 6,4,8,10 AND 7 ARE GROUND 
IC3 (4518) PINS'8,7 AND 15 ARE GROUND 

IC1 PINS 14,2 AND 11 ARE +12V 
1C2 PIN 14. Is +12V 
IC3-PINS 2,10 AND 16 ARE +12V 

D Q 

CLK 

=2 

IC2a 

D 

CLK 

+2 

A further dual division by 10 is' 
provided by IC3 which therfore pro- 
vides outputs of 100 kHz and 10 kHz. 

The required output is selected by 
SW1. and applied -to C5 and R3 which 
differentiate the squarewave output of 
the divider. The waveform is then 
amplified and squared by IC1 /c to 
provide an output train of narrow 
pulses, the amplitude of which may 
be varied by means of RV 1 . 

IC2b 
13 

1MHz 

CLK IC3a 
+10 6'9 

V 100kHz 

6 10kHz 

SW1 

C5 
27pF 

CLK' 
IC3b 
+10 

SW2 

T 

+12V 
BATTERY 

I 
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SIGNAL GENERATORS 

Voltage and Frequency Calibrator 

This circuit provides simultaneous 
voltage and frequency calibrations by 
generation of a precision squarewave. 

The 5F55 timer IC is used in a 

slightly unusual configuration, having 
the advantage that an exact 50:50 
mark/space ratio may be attained by 
trimming R1. The frequncy of oscill- 
ation may be set between 10 kHz and 
1 kHz by switching timing capacitors 
C1-4. C5 decouples the internal ref- 
erence potential -divider of the 555 
from supply:transients. 

The squarewave output from pin 3 
of the IC, while stable in frequency, is 

not stable in peak -to -peak voltage as 

this depends on the supply voltage. 
This is used to switch on and off a 

temperature -compensated constant - 
current source 01. R2 ensures that the 
current -source turns off completely 
when pin 3 goes high. The current - 
source output, trimmed by R3 to be 
exactly 1 mA, drives a resistor ladder 
network so that a series of precise 
squarewave voltages are generated. 
The advantage of current drive rather 

o 

Cl 
7n8 
10k Hz 

T 
T 

C2 C3 
14n3 37n7 
5kHz 2kHz 

\C4 
76n8 T 1kHz 

than voltage drive for this sort of net- 
work is that calibration is much easier. 
A simple ladder network is shown by 
way of example, and more complex 
ones may simply be ,constructed to 
give a wider variety of output voltages. 

2k2 

C5 

0 +12V 

2k2 

Q1 
BC184 

100R 

300mV 
PK-PK 

200mV 
PK-PK 

100R 

100R 

- 100mV 
PK -PK 

Ó9v 

The non-standard component 
values used were obtained by parallel- 
ing standard values. For the timing 
capacitors several in parallel had to be 
used, and only the resultant value is 
shown on the diagram. 

VCO, Simple 

This circuit generates sawtooth and 
triangle waveforms at a frequency set 
by an external control voltage. 

Current source Q1 draws a current I 

from timing capacitor C. Simultan- 
eously current source Q2 draws the 
same current from current mirror Q3, 
04; this is set up (by R1 and R2) to 
deliver (from the collector of 04) 
twice the current leaving Q2. 

Hence C receives a current 2 I from 
the top rail, at the same time deliver- 
ing I to the bottom rail, the net effect 
being that the capacitor is charged by 
a constant current I, its voltage rising 
linearly until the 555's upper trigger 
point (at 2/3Vcc) is reached. 

The output (pin 3) then goes low, 
as does the open -collector discharge 
output at pin 7. The latter shunts the 
output of the current mirror to earth, 
D1 becoming reverse -biased and isolat- 
ing C. 

Now only current source Q1 is 

connected to the timing capacitor 
which is now linearly discharged by 
current I. In this way C is alternately 
charged and discharged. When the 
voltage on C falls to the 555's lower 
trigger point at 1/3Vcc, the output 
and discharge pins go high, and the 

cycle recommences; the repetition 
frequency is determined by the mag- 
nitude of I, which is set by the voltage 
applied at the input point A. 

With the component values shown, 
the frequency range is from approx. 

SO WAVE O/P 

2.5 kHz to less than 10 Hz, ás the con- 
trol voltage varies from +10 V to zero; 
the frequency is directly proportional 
to the control voltage. Other ranges 
may be obtained by altering the value 
of C. 
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SIGNAL GENERATORS 

Voltage Controlled Oscillator 

A simple voltage controlled oscillator 
circuit which produces both triangular 
and square wave outputs is shown. 

Then the output of the Schmitt 
trigger is high, the clamp transistor 
TR1 is conducting and the input 
current passing through R2 is shunted 
to ground. The current passing 
through R1 causes a falling ramp to be 
formed. 

When the Schmitt circuit changes 
state, its output switches TR1 to the 
non -conducting state. The current 
flowing through R2 can be made twice 
that flowing through R1 (R2 = R1/2) 
so that the rising part of the ramp has 
a similar slope to the negative part. 

R1 

CONTROL 
VOLTAGE 

The greater the value of the con- 
trol voltage, the greater the 
frequency of oscillation. However, 

INTEGRATOR 

a OUTPUT 1 

-the voltage must exceed the con- 
stant input voltage (V8,) or the circuit 
will fail to oscillate. i 

Sine Wave Oscillator 

C3 
0.01µF 

101 C1 
1ur 1 

+ C2 
0.0 0.1µF 

RV1/B 

R6 

15k 

C7 

RV4 I, 

10k 1. 0.1µF 

+12V 

BC 107,108 
OR SIMILAR 

The oscillator makes use of the well 
known Wien -bridge network to set the 
frequency of operation. A resistor (in 
this case RV1a and R1) and a 

oarallel capacitor (either Cl or C2) are 
connected to further resistors (RV1b, 
RV3 and R4) in series with a further 
capacitor (either C3 or C4). It is a 

property of the Wien network that the 
junction of the two RC arms, has, at a 

single frequency only, a voltage in 
phase with, but smaller than, that 
applied to the whole network. Since, 
in the oscillator, this in -phase voltage 
is fed to the non -inverting terminal of 
the op. amp. it constitutes positive 
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feedback, and thus oscillations will 
occur and be maintained at one 
specific frequency - a frequency 
determined by the values of the 
resistors and capacitors employed in 
the Wien network. 

So much for the frequency of 
oscillation. What of its amplitude? 

Consider for a moment what would 
happen if, with the oscillator already 
giving a sine wave output, the output 
amplitude should increase for some 
reason. If it continues to do so, 
eventually the voltage will become so 

large that it will be limited by the 
supply rails and a clipped sine wave 

C8 'P 
10µ F 

R8 
3.3k 

will result. Conversely, if the 
amplitude of oscillation should 
decrease, then oscillations will 
eventually die away to nothing. 

Such variations in amplitude can 
easily arise due to temperature changes 
etc., and will in any case occur as the 
frequency is altered, due to tolerances 
in the capacitor values and tracking 
errors in the twin -gang potentiometer. 

Thus, some means of automatic gain 
control is essential in order to 
maintain a constant output amplitude. 

It will be recalled that the signal 
voltage applied to the op. amp. 
non -Inverting Input was smaller than 
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SIGNAL GENERATORS 

Tone Burst Generator 

The circuit in Fig. 1 generates the wave- 
form shown in Fig. 2. The output is 
basically oscillations at a certain freq- 
uency outputed in small pulses. This type 
of waveform has varied uses ranging from 
a beat for an organ or synthesizer to 
audio or radio frequency testing. 

The variable parameters of the 
waveform are shown in Fig. 3:- 

VR1 alters the time between pulses. 
Cl alters the length of the pulse. 
VR2 alters the amplitude of the wave- 
form. 
Cx alters the frequency of the wave- 
form within a pulse. This ranges from 
.0005 giving RF, to 5 giving AF. 
(microfarads) 

f 

the output voltage due to the 
attenuation in the Wien network. To 
maintain oscillation the op. amp. must 
have a gain equal or exceeding this 
attentuation - which is in fact x3. The 
desired gain is obtained by selecting 
the ratio of feedback resistance to 
input resistance of the inverting input 
(RV2 + R3)/R2. 

If the overall gain, including 
feedback, exceeds unity the circuit 
will produce sine wave oscillation at a 

frequency set by the Wien network. 
Stabilisation of the gain is brought 

about by the action of diodes D1 and 
D2. 

When the instantaneous output 
voltage is close to zero, neither diode 
conducts, since even a germanium 
diode requires 0.4 volts or so forward 
voltage to bias it on. Consequently, 
the negative feedback loop is open 
(giving maximum gain) and, under the 
action of the positive feedback via the 
Wien network, oscillations build up 
rapidly. As soon as their amplitude is 
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VR1 
220k 

VR1 
500k 

R2 
39k 

R3 
56R 

sufficient to bias on either D1 or D2 
(depending on the polarity of the 
output voltage swing), then R2, R3 
and RV2 provide negative feedback, so 
limiting oscillations to a convenient 
level. 

Re-inforcement of such oscillations 
takes place close to each zero crossing 
when D1 and D2 are open i.e. 
non -conducting; the setting of RV2 
determines the final amplitude. 

This method of stabilisation does 
give rise to a very small amount of 
crossover distortion, but the effect of 
this can be minimised by setting VR2 
for the largest possible sine wave 
without clipping. In any event, some 
distortion ís a small price to pay for 
such a simple, easy -to -get -working sine 
wave oscillator and, further, it is a /ow 
level of distortion - some class B 
audio amplifiers are worse! 

Range switching is confined to a 

choice of two ranges, in the interest of 
simplicity and cheapness, but more 
ranges could easily be provided if the 

WIG_ 1) 

R9 
3k3 

C4 6.49F 

BC109 

constructor is so inclined. 
A simple emitter-tollower output 

stage completes the unit, with a 

logarithmic potentiometer as a level 
control, enabling the output to be set 
from 1 V rms down to 10 mV rms or 
so. 

With wiring up completed and 
thoroughly checked, switch on and, if 
possible, monitor the output on an 
oscilloscope. No 'scope? Then a pair of 
headphones, of reasonably high 
impedance, can be used instead. Set 
RV4 about half way, S1 to "low" and 
RV1 about half way. If there is no 
output, adjust RV2; clockwise 
rotation should give increased output. 
With an ac meter, measure the signal 

level at the junction of D1, D2 and 
RV2. Adjust RV2 for 3 volts rms. This 
will ensure the highest output level 
(thus reducing the effect of crossover 
distortion) consistent with sine wave 
operation (no clipping). This should 
provide about one volt rms at the 
output. 
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SIGNAL GENERATORS 

Thermistor Oscillator 

A simple very low frequency 
oscillator cán be made by 
interconnecting one positive 
temperature co -efficient and one 
negative temperature co -efficient 
thermistor in series. For conditions of 
oscillation the characteristics of the 
two devices have to be chosen 
carefully. The operating point is 

determined by the intersection of the 
two curves. 

N TC PTC 

OPERATING 
POINT 

PTC 

VOLTAGE 

Theremin 
This is the only musical instrument 

known to the writer that is played 
without being touched! The Theremin 
is named after Professor Theremin 
who, in 1928, amazed New York 
audiences when he demonstrated his 
ability "to obtain music from the 
ether". 

The instrument has two rods 
protruding from its housing, each one 
forming one 'plate' of a capacitor. The 
performer's hands become the second 

'plates' when held near the rods. The 
capacitive changes engendered in one 
rod controls the pitch of the tone, the 
other rod responding by varying the 
amplitude of the output. 

A simple experimental circuit is 
illustrated . The plate should be 
around 30cm. square. It is placed 
next to a radio receiver tuned to a 

fairly strong station around 900 
kHz. The slug of the coil is then 
adjusted to obtain the most pleasing 
tone. When the hand is moved near 
the plate, the picth of the tone will 
change. 

5v 

ov 

PITCH 
PLATE 

LAFAYETTE 
32-Há108 
lot egmv. 1 

Exponential Waveform Generator 

.12v 0 

01 

This circuit produces a waveform that 
decays exponentially from a set 
voltage to near -zero, and then rapidly 

0V 
BC 212 0 

1k2 

resets to re -start the cycle. 
Initially Cl is charged to +12V, and 

R3 

1C2 
OUTPUT i 470k 

' v v V \ 
01, Q2 are both off. The timing 
capacitor there discharges slowly 
through R1, the exponentially decay- 

Z01 114914 

IC 

ing voltage appearing at low C1 
2 2p 

BC184 

impedance at the output of unity -gain 
buffer IC2. R2 prevents the leakage 
current from Q1 affecting the dis- 

RS 
33k 

0 

12k 
1R R4 
R1 Sk6 

charge as D1 is reverse -biased. When 
t2 

114914 
o 

the voltage on Cl reaches a value just !IC"' 
ICI An ooen collector OtP comparator. eq LM339 IC2 741 or umdat above zero that is set by R3, R4, the 

open -collector 0/P of IC1 goes low, 
turning on Q1 and rapidly recharging seconds by the positive feedback loop ing off 01, and allowing the slow 
Cl. IC1 of course reverts to its original through R5, C2 and 02, to ensure Cl discharge of Cl to begin again. 

state almost at once, but the recharge charges fully. After this time C2 is also With the component values shown, 
mode is prolonged for several milli - fully charged, and Q2 turns off, turn -each cycle lasts about ten seconds. 
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FILTERS 

Loudness Control 

Many modern high quality arñp- 
lifiers have loudness controls built 
in. In most instances they are 
manually switched into circuit when 
required - in a few amplifiers the 
circuit is switched in at all times. 

Nevertheless there are innumerable 
older or present-day low-priced 
amplifiers that are not fitted with 
loudness compensation - and it is for 
units such as these that this simple 
project has been designed. 

The device shown is for a mono 
amplifier - two are required for 
stereo amplifiers. It can be very 
simply assembled on tag strips or 
matrix board, and, when completed 
connected between your pre- 
amplifier and main amplifier. If 
yours is an integrated unit it should 
be readily possible to break into the 
volume control circuit - just con- 
nect the unit in series with the slider 
terminal of the potentiometer. 
Screened leads may be necessary of 
long lengths are required. 

We would like to emphasize that this 
is a 'compromise' circuit. Ideally a 
loudness control must be designed 
specifically to suit the amplifier for 
Which it is intended. Also the. degree 
of loudness compensation should be 
related to the volume control setting. 

This latter requirement involves 
replacing the existing volume control 
by a suitably tapped potentiometer - 
a device that is not readily available 

"off the shelf" - so the circuit shown 
here introduces a fixed amount of 
compensation that is adequate for 
moderate listening levels. 

This circuit will suit most amplifiers 
quite well - and in any case can be 
adjusted by minor variation of 
component values if required. 

Switch SW1 should be a double -pole 
double -throw type if stereo operation 
is required. 

We've got something to ibter"est'you if you're. that way 
inclined. Sorry, it's got nothing to do with kinkiness if - 
that's what you thought, but if you, want your old 
copies of ETkunder bondage., nre'tíé got the ;perfect 
binderfof you. 

Beautiful quality as well, this:biñder. Norméssing with, 
string, é the,: 'ithás concealed rivets and gold lettering:: 
and made specially for us in black simulated feather 
to tyke twelve issues of ETI. 

P.S..Just in case; binders aré. sent urídiir'plain cover: 

Serid .£3.00 (which incÍüdes VAT and postage tó: 
ETI Binder`s, - 

Z5-21.Oxford Street, 
'London'W1 R'IRF.. 
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TAMTRONI K 

P.C.B.s and 

on -board 

components 
for 

ETI projects 

Send large s.a.e. for 
further details 

TAMTRONIK LIMITED (oEPT: ETI) 
217 Toll End Róad, Tipton 
West Midlands DY4 OHW 
Telephone 021-55/ 9144 Ran nmn4c+v 
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FILTERS 

Rumble Filter. Switchable 

Thé circuit -shown provides a cut-off at 
25, 40, or 80Hz. C1 and C2 in con- 
junction with R3 - 9, ,form second 
order Butterworth filters with 12db/ 
octave roll -off below the turnover fre- 
quency. 

Unlike most designs, the feedback 
is taken from the inverting input. In 
practise this works well once the signal 
at this point follows exactly that at 
the non -inverting input. 

A useful feature is the deep bass 

boost provided by the feedback loop 
proper. 

S2 in position 3 gives a +3db point 
at 100Hz- whilst position 2 provides a 

+3db point -at 150Hz. A supply 6-35V 
DC at 10mA,is required. 

R1 
39k 

R3 
68k 

R4, 39k 
SW1a 

R5, 22k 

Cl C2 
100n í00n 

jR2 

1-6-11- 

R6 
68k 

a-----dVV 

o 
+&35V 

C5 1-1 C6 
470n 680n 

SW1b 

ICI 
447 

2 

R11 

9---01A42k2 

R7 R8 R9 C4 

39k 22k 2k2 

39k 

C3 

T 47p dt 

100p 

R10 
1k 

SW1 -3dB 

1 25Hz 
2 40Hz 
3 80Hz 
4 FLAT 

SW2 I +3dB 

1- 

2 
3 

1 

Flat 
150Hz 
100Hz 

SW2 

+ I-o 
C7- 

o 

VCF, Cheap 

Readers intending to build the 
dynamic noise limiter may be interest- 
ed in the following circuit. 

The circuit consists of two RC low 
pass filters connected by a unity gain 
buffer (inverting). 

The n -channel MOSFETs are used 
as voltage controlled resistors to vary 
the cut-off frequency of the two filters 
which are controlled by a voltage 
entered at points X - The additional 
resistors limit the variation to limits 
of 5 and 50k Hz. 

CMOS Filters 
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NOTES 
1. The control voltage should be 

positive -going, not negative -going 
as in the original. 

2. Signal input should be resticted to 
50mV, when distortion will be low. 

3. The cut-off is less sharp than the 

High pass and low pass filters may be 

readily constructed using CMOS in- 
verters (CD4007 CD4069 74C04) 
since these have only a single comp- 
lementary pair, and hence lower power 
dissipation and less likelihood of 
instability. A form of 3allen and Key: 

Standard equations are used to 
determine component values. It is 

recommended that passband gain be 
restricted to unity. 

DNF VCF so less trouble can be 
expected from changes in band- 
width, as such changes will be less 

obvious. 
4. A high impedance buffer is required 

at the output. 
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FILTERS 

Voltage Controlled Alter 

An input attenuatór (R10 and R 1 1) 

limits the signal amplitude presented 
to the FETs to about 0.1 volt p -p at 0 
VU to ensure low distortion. Output 
amplifier A7 makes up exactly for this 
loss. An op amp having external 
frequency compensation was used 
here so that this relatively high -gain 
stage could be tailored for flat res- 
ponse to 15 kHz (a 741 could be 
used, but would roll off slightly above 
10 kHz). Resistors R1,6 and R17 
attenuate the output signal by an 
amount equal to the gain, só that this 

amplifier doubles as the unity -gain 
buffer required for filter operation. 
The highest cutoff frequency is dic- 
tated by minimum FET resistance and 
capacitors Cl and C.2. The latter 
should have values in a ratio of about 
3:1 to produce the desired Butter- 
worth response. 

Tone Control. Active 

BANDWIDTH 
CONTROL) 

INPUT 

RI 
10K 

D1 
1N4148 
- 

R2 
47K 

R5 
3,3K 

R4 
27K.. 

<-1SV 

R6 R3 
470K 22K 

R7 
2 5 MEG 

TRI MPOT 

SIGNAL 
INPUT 

02 
1N41481 

DISTORTION 
1 

NULL 
RIO 

2.2K 

RI I 

47 

01 AND 02 ARE SELECTED 
2N4220 FETs 

ROS 610 OHMS ±20% AT VGS0 
FOR CIRCUIT VALUES SHOWN 

Re 
470K 47oK 

R19 
82 MEG 

0 

s0 sD 

Rte 

TRIM POT 

02 R20 
10'MEG 

3 

The input signal is applied to the non -inverting input of 
the IC which is a Siemens TAA861 operational amplifier. 
Rats ánd treble boost and cut are controlled by the 

potentiometers RV1 and RV2 respectively. 
Control range is 20 dB of boost or cut at 50:Hí- tid'1`d6 

boost or 20 dB of cut at 12 kHz. 
The overall gain óf the circuit at 1 kHz is 15dB and the 

input impedance is. greater than 80 k ohm. Total harmonic 
.distortion for 2.4 volts output is less than 0.5% ánd remains 
below 4% for up to 3.5 -volts output. 

Correct law. for the potentiometer is an"tilog. This may be 

obtained by using slide potentiometers which are mounted 
ín reverse (end -for -end) to normal. 
Note that equalization is not íncorpdrated in this 

preamplifier. 

Tone Control Circuit 

This simple single -transistor Circuit 
will give approximately 15 dB boost or 
cut at 100 Hz and 15 kHz respectively. 
A low noise audio type transistor is 

used, and the output can be fed 

directly into an -y existing_ amplifier 
volume control to which the tone 
control is tin be fitted. 

The gain of the circuit is near unity 
when controls are set in the "flat" 
position. 
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G 

R12 
12K 2K 1C 001KF 

2 LM 

AT 

8 

TIOpF 

-CI Ri4 R15 
-0030F - 4.7K 220K 

DI TORtION 
NULL 

)OUTPUT 

R16 
2 2K 

RI 7 
:47 

HI 
5 .ilM 

( 

11I139.F t'1 

ut 

Utl l t.l : 

-INPUT 

a 

1000 pF 

11100k 

000 pF 0.01 nF 

INPUT 

o 

4 I 

10 pF 

oF 

EXISTING 
VOL. CONTROLT 
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SPECIAL EFFECTS 

Organ, Simple 

The tone generator is an astable 
multivibrator with one of the resistors 
being variable to change the notes. An 
amplifier could be used to increase the. 
volume, but quite a high volume is 

attained by the astable. Due to the 
simplicity of the circuit the wave 
form is rather irregular in shape. (To 
produce the note. the probe is moved 
across metal strips wired to points A, 
B, C etc.) 

Warbling Alarm 

This device gives a two-tone alarm 
from a digital clock. It may be used 
with any CMOS alarm clock chip hav- 
ing an active high alarm output and 
1Hz (optional) output. It was built to 
work with a CT7001 chip and requires 
no interface components. 

The 555 operates in normal astable 
mode when the alarm goes high (ie 
point (a) approaches VSS). Pin 5 is 

the normal control voltage input and 
swings from almost VSS to VDD via 
the 27K resistor at a 1Hz rate. This 
causes the audio output to switch 
between high and low tones, above 
and below the frequency determined 
by R1, R2 and Cl. To vary the 

frequency difference, R3 may be 

altered within wide limits, but it is 

Guitar Synthesiser 

This circuit uses a CMOS Phase 
Locked Loop, the 4046, to produce 
a very unusual sound from a guitar, 
which sounds something like a 
syntheiser 

The signal from the guitar is 
amplified by two of the amplifiers in 
the 4007. The amplified signal is 
used by the phase comparator to 
lock the VCO to the frequency of the 
note played. The VCO does not 
oscillate until a note is played, when 
using the low pass filter shown (i.e. 
the 15 k resistor and 100 n 
capacitor), If the value of the 
resistor is increased, the VCO 
oscillates continuously at about 1 

kHz (with no input signal). This 
gives very smooth note changes 
The basic frequency may be 
changed by varying the 100 k 
resistor. 
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ALARM 
OUT (a1 

R2 
680k 

R7 
3306 

'Cl 
T1000pF 

Vs, IOVI 

47 
4 a 

LS 3-801! 

(555) 

27k 
5 1Hz 

R3 

inadvisable to keep it below 15K. The 
basic frequency is best varied by 
changing Cl. Audio output may be 
varied by .changing C3 (depending on 

loon 

INPUT - 

r.. C2 
~1000pF 

VDD (-15V non,l 

LS impedance). In the original, a 

3512 speaker was used with -12V VDD 
and was sufficient to rouse an expert 
heavy sleeper. 
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SPECIAL EFFECTS 

Guitar Fuzz 
The input signal is amplified by the 
two transistors. The distorted output 
is then clipped by the two diodes 
and the high frequency noise is 
filtered from the circuit via the 
500pF capacitor. The 1 M pot 
adjusts the intensity of the fuzz, but 
this tends to make the unit oscillate, 
so a 33k resistor is put between the 
input and ground to stop this. When 
the pot is at minimum intensity the 
unit may be switched off to allow 
normal playing. 

O 1NF 

75 

33k 

Drum Simulating 
A variety of percussive sounds may 

be obtained with variations on a 

simple twin -T oscillator of the type 
illustrated. The table is given as a 

guide to the frequency determining 
and envelope shaping components. 

DRUM TOM TOM BONGO BLOCKS 

R5 22K 87K 82K 330K 

R6 10K 82K 82K not used 

R9 2 7K 68K 6.8K BbK 
R11 82K 22K 17K not used 

R12 1M 056M IM 1M 

R13 27K 2.7K 2.7K 68K 

Cl D1 0047 0.047 0047 
C2 O 1 0.01 0.01 not used 

C3 01 0047 0.033 0.01 

C4 0.1 0.027 0.015 0.0033 

CS 0.1 0.027 0015 0.0033 

C7 0.1 0.1 0.01 0 1 

ell`; watt 117. 

47k 

gh. 8C109 BC109 

47,F 1M 
1 

2k7 

10k 1004F 

0l<F 1M 1M 

OUTPUT 

ANY SILICON 
DIODES CAN BE 

USED 
to 1N4148, 1N914 

500pF 
V_ 

110 1pF INTENSITY 

/W 1M 

o INPUT 

TO PRE AMP 

V 

Fishcaller, Transistorised 

A lot of controversy exists among 
amateur fishermen as to the 
effectiveness of "fish -callers". Some 
swear by them, others just shake their 
heads. 

Here's an inexpensive- way of finding 
out. The two -transistor circuit drives 
the speaker. Varying the two 
potentiometers produces a wide 
variety of sounds. You may be lucky 
and hit on one that will bring in the 
big ones. 

An inexpensive waterproof housing is 

a thick-walled polythene bag with a 

few lead sinkers inside. An on -off 
toggle switch can be manipulated 
without opening the bag when 
switching power on and off. The bag 

opening is sealed with goad quality 
electrical tape to make system 
waterproof. Tape seal should be 

renewed after each use. 

15k 33k 

1µF 

BC 108 

TRIMMER 
10k 

0.02pF 

SPEAKER 
75f2 

0. pF 

TRIMMER 
10k 

BC 108 

0.02pF 

3V BATT. 

/ TOGGLE 
SWITCH 
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UlIXERS 

Audio Mixer 
The amplifiers of a LM3900N device 

can be conveniently used to make a 

mixer unit for audio purposes; the unit 
enables three separate audio signals to 
be mixed together to produce a 

composite output. The circuit shown 
provides this facility using only a 

single LM3900N device and also 
enables any one channel to be 
selected by switches. The currents 
passing through the resistors R R. 
and R1, are summed in the input 
circuit of the fourth amplifier. 

If Si is open, amplifier 1 will be 
driven to saturation by the current 
passing through R2. It will therefore 
be inactive. 

Basic Mixer 
This simple mixer circuit will work 
with two or three channels, providing 
excellent input isolation and except - 

Cl 
0.06{IF R7 

INPUT 111 

1-1\11111--- 

V* 
R2 

s1M52 
s1 

C2 0.06µF 
INPUT 121 

V+ 

C3 
0.06)5 

INPUT 131 

R4 
100012 

AMPLIFIER 1 

R7 
10MS 2 

AMPLIFIER 2 

R71 
1oMi2 

V. 

1112 
10aí 2 

R10 
61 MS2 

AMPLIHER 3 

Fig. 13. An audio mixer unit. 

ional frequency response, extending JK1 
well over the top end of the audio 
spectrum. 

It is usable by one or more instr- 
uments plus microphone; or with 
special effects, such as mixing an input 
with pink noise, to give 'surf'. 

The unit will give 8db gain, and 
since low-level signals are involved, 
should be housed in an aluminium 
box. If a mains supply is used, the 
usual anti -hum precautions must be 
taken. 

It is useful to use scaled slider 
potentiometers, so that effects may be 
re-created. 

10n 
Q1 

d 10k 

1oMf2 

100411 

OUTPUT 

AMPLIFIER 4 

5n 

02 
MPF103 

27k 

SW1 +22V 

5n JK4 

0V 

TO OTHER 
INPUTS 
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MIXERS 

Switched Mixer 

The circuits illustrated first app- 
eared in "dB", March 1969. It is, in 
-essence, a twelve -channel ring 
sequencing device, with provision 
for external trigger. When the switch 
is at 'interrupt' a single 12 -event 
sequence occurs. The start button is 
pressed to insert a pulse into the ring 
generator and, by pressing this but- 
ton more than once, it is possible to 
generate highly complex sound 
patterns, as the multiple pulses fol- 
low each other round the ring. 

39! 

TI r T2 

INPUT 

IN914 

INPUT 

toR 

I IT 
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PATCH 
PANEL 

STE PEO DONO 

START 

LEIT 
OUTPUT 

L 
CONTINUOUS OR 
INTFRIMT 

EXTERNAL 
TRIGGER ER 

Fig. 1. Twelve channel switching mixer 

A47R JIVY' 

TRANSISTORS 
711E7 44 

TRANSISTORS 7N1307 

, OUTPUT 

10YP 27' O 

-0 
1jVe< 

T7J `TI 

101, 

IOUF 

PULSE 
INPUT 

A Ur. IC 
INPUT 

3 2'. 

Fig. 2. Circuit details 
of switching mixer 
shown in Fig. 1. 

TOP: One-shot 
multivibrator in'. 
CENTRE: Gated 
mixer -amplifier 'G'. 
BOTTOM: Line - 
amplifier 'L 

701.102 

GATEO LUXE R 

Acws'c 

AGGIo - INPUTS 

TRIGGER INPUTS 
OUTPUTS 

ONE SHOT 
MULTAVI BB TORS 

17V,T.O 
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--- DETECTORS & COMPARATORS 

Low Battery Warning 

Thé prototype of this device, will be 
used in a hospital operating theatre in 
conjunction with battery operated 
medical equipment (powered by four 
'pen -light' cells). 

A moving toil voltmeter was not 
appropriate as, in the designers' 
experience, medical staff have 
difficulty in interpreting a voltmeter - 
and sometimes find themselves half 
way through an operation with 
exhausted batteries. Therefore, the 
requirements for the indicator were 
that: 

1) the display be eye catching, easily 
understandable and provide a sense of 
urgency as the battery approaches 
exhaustión; 

2) provide adequate warning of 
battery failure (at least 1 hour); 

3) current consumption of the 
indicator be low in relation to the 
main equipment;. 

4) preferably, be; more rugged and 
cheaper than a moving coil meter. 

The design was; based on a 
programmable unijunction transistor 
(PUT), because its threshold 
characteristics can be well defined, 
arranged to flash alight emitting diode 
(L.E.D.) indicator. 

The circuit is shown in Fig. 1. The 
PUT (Q1) is used in a relaxation 
'Oscillator circuit. As the voltage being 
monitored (Vmon) falls, the voltage 
on the gate (V9) falls whilst the anode 
voltage (Va) remains essentially 
constant. Oscillation commences when 
V9 falls below Va by 0.6 volts. 

As Vmo falls further, Vy falls and 
the PUT triggers at lower values ofd. 
Thus the cycle time shortens and the 
frequency of flashing increases giving a 
sense of urgency as the battery 

R1 
R2 
R3 
R4 
R5 
RV1 
ZD1 
Q1 

Q2 

2k2 1/4W 
100k 
18k 
18k 
330R 
2 u2 
4V3 400mwW 
2N6027 PUT 
BC107 

approached exhaustion. Transistor Q2 
and C2 act as a pulse stretcher and 
amplifier to drive the L.E.D. display. 

In the prototype the trigger point 
can be adjusted from 4.5-5.5 volts and 
the current drain when Vmo is 6 
volts is 1 mA (controlled primarily by 
R1). This is considered acceptable as 

the device being monitored draws 
17 mA. All the requirements have 
been met. The components are 
mounted on the printed circuit board 
of the main device. 

Battery Voltage Monitor 

The 555 timer can conveniently funct- 
ion as the heart of an automatic battery 
charger, the circuit is intended to 
maintain a full charge on a standby 
battery supply for an instrument that 
is always connected to the mains, 
whether in use or not. It can also be 

used for the charger unit for pocket 
calculators, etc. The circuit uses the 
timer's two on -chip comparators, the 
flip flop and driver amplifier. 

A zener provides a reference voltage 
somewhere near the battery voltage 
with an allowance for adjustment. 
The two potential divider networks 
supply the comparators with adjustable 
voltages, one for LOW (switch on) and 
the other for HIGH (switch off). When 
on, the output gives a maximum of 10V 
and when off gives OV, the maximum 
current is 150mA which is limited by 
the 47 ohms and protected by the 
diode. 

3.2 

470 ohm 47 ohm' 

555 

1N4001 

68K 

25K 

ON 

18K 

2 

56K 

.001 

OFF 

The circuit is calibrated by sub- 
stituting a variable voltage supply for 
the NiCd batteries. The HIGH adjust- 
ment is set first so that the output 
switches off at the maximum battery 

- I 

i 

voltage and then the LOW is set for 
minimum battery voltage. It is simp- 
lest to leave the output disconnected 
from the resistor until after the setting 
up procedure. 
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DETECTORS & COMPARATORS 

Recording Level Meter 

The circuit shows a two -stage voltage 
amplifier driving a recording level 
meter. The AC signal input is amp- 
lified, rectified, and the resultant DC 
voltage shown on the' meter. The 
circuit can be- used with a tape - 
recorder or audio Mixer and should be 
fed from a point early in the pre -amp. 
Current consumption in a no -signal 
.state is 2.8mA. The 12K preset gives a 

wáriatiOn in sensitivity. The meter can A. C_ UT 
be any general purpose type. o 

12k 

27k 

2k2 

100µ 
25V T ]] 150k 

0 47µ 
3V 

47p - 
3V 

+18V 

26µ 
16V 

+n¡ 

4x1N914 

oV 
0 

Comparator Voltmeter 
This circuit, although simple, is 
capable of accurate voltage mea- 
surement. The input is applied to 
the high impedance input of IC1 via 
the attenuator comprising óf Rt 
R5 inclusive. 

Since this, IC is used as a unity gain 
buffer, the output at pin 6 is equal to 
the input voltage at pin 3, but at a low 
impedance. IC2 is connected as a 

comparator driving a pair of LEDs, D1 
and D2. 

The inverting input samples a por- 
tion of the unknown input voltage, 
whilst the non -inverting input is con- 
nected to 'a 1V reference obtained 
from the stable voltage across ZD1. 

In use RV1 is adjusted till D2 just 
illuminates. At this point, if the con- 
trol knob is: Of the .0 - 10 calibrated 
type, -the pointer will indicate .the 
input voltage. 

For example, with SW1 in 
position 2, and with a reading of 2 
On FV1, the input -voltage will be 
2V. With a little practice, the 

LEDt,2 
TIL209 -9V 

0 
voltage can be read to ± 2%, 
comparable to a moving coil instru- 
ment. The input impedance- on all 
ranges is 3.2M0_ 

Voltage Comparator 

The- circuit shows how an 
LM3900N amplifier may be 
employed to compare two input vol- 
tages and to indicate the result by 
means of a small lamp. If the input 
voltage connected to the non - 
inverting input -is appreciably more 
positive- than the other input, the 
output of the amplifier will provide a 
positive voltage which renders the 
TR: conducting. The lamp will then 
be illuminated. 

One of the inputs may be a 
reference voltage so that one. can 
then compare a single input voltage 
against this constant reference. 

:' .P ".1111 TS No 2 
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True RMS Detector 

To get an RMS value when you can't 
afford the time it takes to heat an 

element, try this technique. It may not 
be feasible for a multimeter but how 
about a sampling voltmeter good up to 
600 kHz? 

Mathematically, the RMS value of a 

function is obtained by squaring the 
function, averaging it over a time 
period T and then taking the square 
root: ,f t 

VRMS T o 

In a practical sense this same 
technique can also be used to find the 
RMS value of a waveform. Using two 
multipliers and a pair of op amps, an 
RMS detector can be constructed. The 
first multiplier is used to square the 
input waveform. Since the output of 
the multiplier is a current, an op amp 
is customarily used to convert this 
output to a voltage. The same op amp 
may also be used to perform the 
averaging function by placing a 

capacitor in the feedback path. The 

V 2dt 

: 
<10 

Schematic Diagram of True RMS Detector 

TIOpF 

30k 67k 

12 7 6 

MC159F 
MC1F94 

l5 5 N 

ISV -1SV 

SOUARING CRT 

ADJUSTMENTS 
a, - INPUT OFFSET 
R7 - OUTPUT OFFSET 
R, - GAIN 
R - GAIN 

R, - INPUT OFFSET 
R. L OUTPUT Of FSET 

32.1.1* 

510 10 OF 

16. -15V 

1 5I 9 10 

1áC1594 

r - - 795 

15V \ 
-15v 

7 

67._ 

MC17.1G 

15 

15 

1. 

sa 7h 

L 

hYl . 

SU 

c,71F l I sOVARE.R00T CKT 

RF 

15V 
15V MC1741G 

6 

10 o 

AVERAGING CRT 

275 

Cf determined by lowest Input ~eV 

second op amp is used with- a 

multiplier as the feedback element to 
produce the square root configuration. 

This method eliminates the 
thermal -response time that is prevalent 
in most RMS measuring circuits. 

The input -voltage range for this 
circuit is from 2 to 10 Vpk. For other 
ranges, input scaling can be used. Since 
the input is dc coupled, the output 
voltage includes the dc components of 
the input waveform. 

Positive Peak Detector 

Peak -detector circuits are easily imp- 
lemented with the CA3130, as illust- 
rated: It should be noted that with 
large -signal inputs, the bandwidth of 
the peack-negative circuit is much 
less than that of the peak -positive 
circuit. The second stage of the 
CA3130 limits the bandwidth in this 
case. 

True RMS Convertor 

An absolute -value circuit, using the 
CA3130 is shown. During positive 
excursions, the input signal is fed 
through the feedback network directly 
to the output. Simultaneously, the 
positive excursion of the input signal 
also drives the output terminal (No. 6) 
of the inverting amplifier negative 
such that the 1N914 diode effectively 
disconnects the amplifier from the 
signal path. During the negative - 
going excursion of the input signal, 
the CA3130 functions as a normal 
inverting amplifier with a gain equal 
to -R2/R1. When the equality of the 
two equations shown is satisfied, the 
full -wave output is symmetrical. 

+7.5V 6V p -p INPUT 
BW (-3 de) = 1.3 MHz 
0.3V p -p INPUT; 
BW (-3 dB) = 240 kHz 

10k 

l6) PEAK POSITIVE DETECTOR CIRCUIT 

R1 
4k 

-17 
20pF 

R2 R3 GAIN 
=R1 -x R1+R2+R3 

R3=R1(1+9( 
2) 

FOR X=0.5:4 
= k q1 

R3=4kI0.55)=6k 

R2 
2k 

100k 
OFFSET 
ADJUST 

PEAK 
ADJUST 
2k 

+ DC 
OUTPUT 

20V p -p INPUT : BW (-3 dB) = 230 kHz, 
DC OUTPUT (AVG) = 3.2V 

1V pip INPUT . BW (-3 dB) = 130 kHz, 
DC OUTPUT (AVG) = 160mV 
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DETECTORS St COMPARATORS -- 
Temperature Sensor, Differential 

The circuit is comprised of three parts 
(i) the differential temperature sensor 
(ii) a differential amplifier to provide 
gain (iii) a switiching circuit to 
monitor the Output from the different- 
ial amplifier. 

Two diodes D1 and D2 are used as 
probes for the sensor. A small preset, 
RV1 provides fine adjustment of the 
current through each branch so as. to 
give zero differential output between 
D1 and D2 when they are at the same 
temperature. 

A gain of 500 must be provided at 
the differential output to provide a 
useful voltage to switch the LED's 
(....ie IV corresponding to WC.) RV2 
provides fine adjustment of the gain 
and RV3 adjusts the CMRR. 

A potential divider network is set 
up by RV4, R9, R10, RV5 to provide 
the necessary switching voltages for 
the voltage comparators, thus enabling 
LED1 or LED2 or LED3 for voltages 
set up -by RV4 and RV5..ie.. -3V and 
+5V. 

SETTING UP 

1. Adjust offset -null on .all Op. Amps 
for zero output --by connecting 
input terminals together. and_,taking 
to ground and adjusting either 
RV6, RV7 and RV8. 

2. Adjust CMRR for differential amp- 
lifier by shorting input terminals 
and connecting to +15V line, then 
adjusting RV3. 

3. Apply probes D1 and D2 to a 
liquid, say at room #eniperatufe7 
and adjust RV1 until there_iszero 
output across collectors of TI and 
T2. amplifier output. The CM RR 

P 43 

REE RWIFS r.- .., 
M01 

' 

2D1 

BALAItCE 

VI 

05 

RE 

e7 RV; 

-M.-7)(n-* 
GAP. 

"Re 
` RVs 

RVF-SETCMRR 

tv'.G DIFEEREktlal 
OUTPUT 

R9 

41 NIGH FAIL 1 5401 

-VW" 
02 

4 
RV7 

RI 

o 

R1 

RV6 

74 

iRV8 

012 

LED: 

LEo, I; 
PAST 

R13 

LEo2 
1 

Lo44 SAIL 1 

RESISTORS RV4,RV5 2.2k 
R1 2.2k R V6,R V 7,R(8 10k 
R2,R3 51k TRANSISTORS 
R4,R10,R13 1k T1,T2 80108 
R5,R6 2k DIODES 
R7,R8 910k D1,D2 1N4004 
R9 390,52. D3,D4 1N914 
R11,R12 1.2k LED1;L1:D2 miniátul'e RED 
PRESETS -LED3 miniature GREEN 
RVI 10052 ZD1 400mW,3V3 
RV2,RV3 100k 3 Opératión3l Amplifiers 741 

4. Apply probe D1 to a liquid at a 

-.twitiperatüre 1000 different from 
above, then adjust gain control 
RV2 until there is 10V at the Jiff. 

should a _gain be set.. 
5. Adjust RV4 and RV5 so that the 

comparators switch at -3V and 
+5V corresponding to -30C and 
+5oC. 

Schmitt, 555 

A very useful schmitt trigger can be 
made by utilising a single 555 timer 
with its trigger and threshold inputs 
connected togethpr. The schmitt has a 
very low input current (1.5uA) and 
can directly drive a relay taking up to 
200mA of current. 

The circuit shows a 555 schmitt 
being used to energise a relay when the 
light level on a photoconductive cell 
falls below a preset value; the relay 
energises when the voltage on pins 2 
and 6 is greater than 2/3Vcc and 
de -energises when the voltage falls 

555 

TIMER 

o 

below 1/3Vcc. This gives a hysteresis 
of 1/3Vcc. The circuit can be used in 
many other similar applications where 

Vcc 12V 

12V relay 

fr 

a high input impedance and low out- 
put impedance are required with the 
minimum component count. 
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INDICATORS 

Temperature Sensor, Remote 

The circuit shows a temperature sen- 
sing device which can be used to 
indicate at a remote point when the 
temperature passes through a certain 
value or to give an alarm when this 
occurs. 

The sensing unit itself contains a 

2N930 transistor. The base -emitter 
voltage of this device appears across 
R1 and (as the base current is far less 

than the collector current) the voltage 
at the upper end of R2 will be the 
emitter -base voltage multiplied by 
(R2 + R 1)/R 1. The base -emitter volt, 
age changes with " a temperature 
coefficient of -2.2mV/0C and this 
change is multiplied by the same 
factor before being applied to the 
LM339 circuit. 

The potential at point A is set by 
the resistors R3 and R4. As the 
temperature of the sensor transistor 
rises, the voltage at point B falls. At 
the time this voltage falls below that 
at point A, the output of the LM339 
voltage comparator will go 'high'. If, 
however, the input connections to the 
LM339 are reversed, the output will 
go 'low' when the temperature of the 
sensor falls below the preset point. 

The LM339 contains four separate 
voltage comparators in one package; 
only one of these comparators is used 
in the circuit shown. The other 
three comparators could be used with 

Warmth Indicator 

A simple indicator was required 
for a gas fridge in a caravan to show 
when the pilot light had gone out. 
The sensing element used was a 
thermistor, attached to the outlet 
which is 'warm' when the pilot light 
is on. A rod -type thermistor was 
used for cheapness, with a resist- 
ance of about 3k at 20' C. 

Two gates of the 7400 provide a 
Schmitt trigger with a low hysterysis 
(determined by the 1 8k feedback 
resistor) and the third gate inverts 
that output. When the pilot light is 
on, the input of IC 1 a is high, IC 1 c 
output is logic 0 and LED2 (green) is 
on. If the pilot light fails, the 

36 

R5 

2N930 

REMOTE 
SENSOR 

another three temperature 
transistors so that an indication is 

given when the, temperature passes 
through three other preset values. 

The value of R5 should be chosen 
so that the current passing through 
the remote sensor unit is about 10µA. 
If the temperature range over which 
operation is required is narrow, the 
ratio R2/R1 may be large so that the 
system is very sensitive to small 
temperature variations. A potentio- 
meter may be substituted for R3 and 
R4 so that the temperature at which 
the comparator switches is variable. 
The voltage at point B is.highly linear 

+12V 
O 

uAAH 
1K 

+ 22u 
6V2 

sensing 

1N914 

over a very wide temperature range 
(about -650C to +1500C) and there- 
fore the potentiometer which replaces 
R3 and R4 can be given a linear 
calibration. 

A feedback resistor may be con- 
nected from the output to the non - 
inverting input to provide a small 
amount of hysteresis (so that the 
temperature at which the output 
changes when the temperature is rising 
is different from that when it is 

falling); one then has the basis of a 

thermostat. 
The output current has a maximum 

value of about 15mA. 

temperature falls, all gates change 
state, LED2 goes off and LED1 (red) 
comes on. 

18k 

IC 7400 

LED: 

> 
330R 

I IC1c 

5V 

: 
LED2 

330R 

The temperature at which the 
changeover takes place is set by the 

1 k preset. 
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Warning Flasher 
this circpit will operate reliably from 

noisy or fluctuating power supplies - 
and unlike many multivibrator circuits - is inherently self-starting when 
power is applied. In this circuit 
unijunction transistor Q1 is used as a 
relaxation oscillator supplyiñg . -a 

-continuous train of pulses to the gates 
of the SCRs.. Assume that SCR2 has 
been triggered into conduction . and 
that lamp 2 is energized. The next 
trigger pulse from Q1 triggers SCR1, 
this discharges C2 and the resultant 
commutation pulse turns off SCR2. 
The resistor R2 in the anode of SCR1 
is of -a value high enough to prevent 
SCR1 from latching on. SCR2 is 
retriggered by the next triggering pulse 
from 01. Usingithe component values 
shown, the flash rate of this circuit is 
adjustable - by R2 - from 35 to 150 
flashes a minute. 

Qt 

'Transistorised Flasher 

This simple circuit will flash a 6 volt lamp at a rate 
determined by the size of capacitor Cl. It is most 
economical on power as it only draws current when the 
lamp Is ON. When the lamp is OFF both transistors are 
biased OFF. 

Blown Fuse Indicator 
Base current for Q1 is taken from the 
'earthy' side of FS1. 01 will conduct 
its collector voltage falling to zero. 
Q2 base will also be zero, switching 
LED 1 off. 

If FS1 were to 'blow' or cease to 
exist, depart for its maker, have a rest, 
go to sleep, peg out, become inopera- 
tive, deceased, out of order, or duff, 
kick the bucket, bite the dust, pass 
away, self destruct, become no longer 
intact, or cease to conduct in any way, 
due to war, flood, corrosion or act of 
God etc., 01 would switch off, causing 
its collector to rise to 12 V, switching 
Q2 and LED 1 on. R2 is the current 
limit resistor for LED 1. SW1 will by- 
pass FS1 via emergency fuse 1, until 
FS1 can be replaced. 

BATT +Ve 

LED1 

R2 
470R 

+Ve 

FS1 

-Ve 
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INDICATORS 

Novel Indicators 

Since a bicyclehas no effective width, 
normal indicator lamps placed on each 
side do not give a clear indication of 
direction 'when seen from a distance. 

330R 

especially at night. 
The circuit shown is a four stage 

ring counter which sequentially drives 
four yellow lamps giving an impression 
of movement i.e. towards the left or 
right. Lamp sequencing rate can be alt- 
ered by changing .C1 and C2. (50uF 

2 

IC2a 12 IC2b 

13 

5 

9 

NOTE 
IC1 AND IC3 ARE 7400 
1C2 IS 7473 
1C4 AND 105 ARE 7402 

10 

12 

13 

IC3a 

IC3b 

IC3c 

IC3d 

IC4a 

5 
1C4 b 15k 

Tf 

was found to be about right). Oscill- 
ator pulses are shaped by schmitt 
trigger IC1b. The decoding and output 
gating are performed by ICs 3, 4, and 
5. Driver transistors Q1 to Q8 can be 
any low current, medium gain NPN 
silicon. 

08 

6 
8 IC411) 

15k 02 

_ 9 

11 

IC4d 

11 13 
16Ity07 

12 
2 ICSa 

15k 03 

3 
5 ICSb 

16k 06 

. 

ICSc 

10 161. 
Q4 

9 
11 

IC5413 
15k 

12 

5.4V 

'LEFT' F 'RIGHT' 

9 
SW1 

6V BATTERY 0 

01 

*UV 
09 
AC128 

i 
REPEATED 
THREE 
TIMES 

SEQUENCE ROWS 

01 02 03 04 (ROW 11 

08 07 06 05 (ROW 2) 

Neon Tube Flasher 

Flashing neon globes have use in 
many applications, however their 
relatively high working voltage 
precludes their general use where a 

mains supply is not available. 
This circuit enables neon tubes or 

bulbs to be operated from a low 
voltage dc supply. 

The voltage required to ignite the 
neon tube is obtained by using an 
ordinary filament transformer 
(240-6.3V) in reverse. 

Battery drain is quite low - being in 
the region of 1 to 2 milliamps for a 

nine volt battery. 
Q1 is a unijunction transistor and 

operates as a relaxation oscillator. Its 
frequency of operation is determined 
by R2 -C1. 

38 

The pulses from 01 are directed to 
02 which in turn drives 03 into 
saturation. 

The sharp rise in current through the 
6.3V winding of the transformer as 03 
goes into saturation induces a high 
voltage in the secondary winding 
causing the neon to flash. 

7 

The dipde D1 protects the transistor 
from high voltage spikes generated 
when switching currents in the 
transformer. 
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SWITCHING 

Stereo Input Selector 

Four different inputs cán be switched 
through by the continual pressing of 
SW1. 

IC1 is a dual 'D' type flip flop. The 
Q outputs are connected to the D 

inputs so that the clock inputs are 
divided. by two. The two flip flops are 
connected in series, giving a two -stage 
binary counter. 

IC2 is a quad AND gate. This is 

used to decode the four states of the 
counter. The outputs are used to 
control the quad switches at 1C3 and 
IC4 (4016ÁE). 

DV 
swt 

o d 
CLOCK 

o 
.Ve 

D 

3 

% 4013 

13 

Icta }V 

CLOCK 
11 12 

Yá013 

ICtL 

3 

Ic1d 3_ 
J1012 

5 

11 

13 

QIIA 

D 

115 

6 C 

11 !111ZEfTINPUTS 

4016 

s 

8 

11 

4016 

LEFT 

g 

10 

1!I 
R WR INPUTS 

A GIB C 

Stereo Switch, Simple 
A device to switch the audio from a 

stereo tuner only when a stereo sig- 
nal is being received. 

Two .CMOS NAND gates and two 
transistors are employed. One of the 
inputs from each gate is. connected 
together and to the indicator- output 
of the decoder IC. 

The other gate inputs are connected. 
to the emitter's of Q1 and.Q2 respect- 
ively, by means of the feedback resis- 
tors R2 and R4. On reception of a 

stereo signal the indicator output of 
the decoder goes high and the 
feedback resistors' bias the gates 
Into the linear region .passing the 
signal On reception -of- a' -mono- 
signal or interstation noise, no 
signals pass through the gates. the 
Circuit providing a 'mute function 

C'2 R1 
4µ7 1M 

!- - 
DECODER 

1 

OUTPUT 

DECODER 
INDICATOR 
PIN 
O 

C1 
RR 

O4µ7 

1M 

DECODER 
OUTPUT 

R2 
1M 

R5 
10k 

R4 
1M 

N1, 2 ARE ''!i 4011 AE 

0 
LOUT 

01 
BC109 

+3 to +1.5V 

02 
BC109 

R OUT --o 
R6 
10k 

Logic Touch Switch 

An n -channel' field-effect transistor is 
the basis of this simple trigger. In its 
quiescent state the voltage.at the out- 
put is about 3V. When the plate is 

briefly touched 'with a finger, the 
minute currents between the body and' 
the plate alter the electric field at the 
gate of the transistor. The effect is to 
cause a drop in output voltage. It falls 
almost to zero and can be used to 

ETI CIRCUITS No 2 

trigger a TTL flipflop. This can be 
constructed in the usual way, using 
two NAND gates from a 7400 IC. If 
several triggering, circuits are requited, 
it is more convenient to use. the 744-18 
sextuple bistable latch. 

The statue ofthe capacitor is''not 
critical, but 10uF is convenient. The 
touch -plate can bet :, 1éáFQf copper 
etched án a circuit -board, a square of 
aluminium foil, or simply á drawing - 
pin pressed into an insulating support. 
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SWITCHING 

Stereo Only 
This circuit allows only stereo broad- 
casts to be outputed by a tuner using 
either a 1310 or 3090 type stereo 
decoder chip., In both cases the stereo 
beacon driver is used to switch the 
audio output 'of the tuner When a 
stereo signal is being received the 
beacon driver output is low which 
turns the 01 and energises reed 
relay RL1. The two contacts which 
switch the output lines are closed 
and the stereo signal is available at 
the tuner output sockets. RL1 can be 
any reed relay with a coil resistance 
greater than 120 ohms and two norm- 
ally open contacts. 

STEREO 
BEACON 

DECODER 
CHIP 

o 

PIN 6 
MC1310 

'CA1310E 
K 84400 
PIN 12 ON 
CA3090AQ 

01 
2N3102 etc 

10k 

10k 

S1 / 
FROM 
DECODER L 

OUTPUT R O 

S1.OPEN FOR STEREO ONLY 
-CLOSED FOR NORMAL 
OPERATION 

, RL1 

O L TO OUTPUT 

OR SOCKETS 

Input Selector, Sequencing 

Four different inputs can be 
switched through by the continual 
pressing of SW1. IC1 is a dual 'D' 
type flip flop. The Q outputs are 
connected to the D inputs so that 
the clock inputs are divided by two. 
The two flip-flops are connected in 
series, giving a two stage binary 
counter. 

IC2 is a quad OR gate. This is 
used to decode the four states of the 
counter. The outputs are used to 
control the quad switches of IC3 and 
IC4 (401 6AE). 

ICta 
SW1 CLOCK _--y 0-- 3 2 

p F 4013 
,.-in +Va D 5 1 

4012 

IC2a 

2 

4012 
5 

CLOCK 

D 

IC1b 

11 12 

4013 

9 13 

IC26 

6 

8 4012 

IC2c 

y - 

4012 

12 

13 

IC2d 

3 

4 
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ABC D 

13 

5 3 

8 4016 

10 

11 

11 

13 

5 

8 

11 

4016 

61121 

ABC O 
RIGHT INPUTS 

9 1~0 
10 LEFT 10 

OUTPUT 

9 
RIGHT 

OUTPUT 

Audio Switch 

Contacts X -X and Y -Y of the relay 
are normally open. When the relay is 
energised, current flows through SW1, 
X -X and R5, thereby locking on the 
relay. At the same time contacts Y -Y 
close and current from the secondary 
of T2 is available at the extension 
lead sockets, to operate the remote 
bell or lamp. 

If the' lock -on switch SW1 is open, 
contacts Y -Y open when the sound 
ceases, and this is satisfactory if the 
warning lamp or bell is likely to 
receive immediate attention. The 
pilot lamp LP1 is of aid when setting 
the unit, as with SW1 open it will 
show at what sound level operation is 
being obtained. 

For occasional use battery opera- 
tion is possible by omitting the silicon 
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II 
Cl 

¡ 
0.1aF 

V' 
17 SP30.1000EAKER 

1 ) 

rectifier D1, C5 and transformer T2. 
A 9V battery is connected to the 
positive and negative points shown, 
with an on -off switch in circuit. 
Quiescent current is about 6mA, 

EXTENSION 
TO HELL OR 
LIGHT 

which is not very heavy and will allow 
a long period of working from a PP9 
or similar battery. 
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SWITCHING 
Touch Switch, Thermo 

The following touch switch works 
on the temperature dependence of 
the forward voltage of silicon 
diodes. At 0 C this is about 
650mV, but drops by 2mV per C 
increase in temperature. 

When a finger is placed on D3 and 
134 the voltage at A will drop below 
that at B and the 0/P of the 
Op -Amp will go high, causing a TTL 
compatible pulse to appear at C. 
D1 and D2 provide compensation 
agáinst ambient temperature 
changes. VR 1 is initially set so that 
VA is greater than VB by about 
10'mV. 

The system has the intrinsic advan- 
tagé that it may be used in 
moisture -prone conditions in which 
ordinary touch switches would be 
most unsatisfactory due to their 
principleof operation. 

B 

04 1N914 
RV1 

5V1 
ZENER 

0V 

LED Changeover Circuit 

This configuration allows a green LED 
to be turned off and a red LED turned 
on by the operation of one ' make" 
cóntáct only, thus simplifying the 
design of circuitry to indicate, for 
'example, safe/unsafe or standby/on 
states. 

The circuit relies on the fact that a 
green LED has a slightly higher "on" 
voltage than a red LED of the same 
size, and hence is turned off when the 
red LED is paralleled with it. 

For the diode types shown, R 
should be chosen to give a current 
drain of about 20mA from the chosen 
supply rail voltage. 

RED 
TIL209 

1k 

GREEN 
TIL211 

20V 

av 

OR Gate, SCR 

An'OR' gate, again using C106s, 
is shown. Here, an input to either 1 

or 2 will energize the load. 

AND Gate, SCR 

rigure shows how a pair of C106s 
may be used as an 'AND' circuit 
capable of switching up to four amps. 
In this circuit, unless inputs 1 and 2 
occur simültaneously, no voltage can 
exist across the load. 
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SWITCHING 

4016 DPDT Switch 

It should be appreciated that the out- 
put impedance of the switch is fairly 
high and so for low signal distortion, a 
load greater than 10k51 is necessary. 
Using a high supply voltage (10-1 5V) 
also helps to achieve this end. The 
gates will pass signals above the 
10MHz mark but as the frequency 
becomes higher, crosstalk between 
the switches and distortion will inveit- 
ably increase. 

I, 

12 0- 

CONTROL 
INPUT 

IN OUT 

IN OUT 
004 

Beam Splitter, Oscilloscope 

The basis of the beam splitter is a 555 
timer connected as an astable multi - 
vibrator, components R1, R2 and Cl 
being selected to give approximately 
equal high/low pulses of about 3 kHz. 

Resistor R3 couples the output of 
the oscillator to the npn/pnp pair Q1 
and 02. When the output of the oscill- 
ator is low, resistors R10 and R11 
allow Q2 to be on so that any signal 
applied to input 2 is effectively short- 
circuited .via resistor R8 to the common 
line of the power supply. At the same 
time; the npn transistor Q1 ís off, so 
that any signal at -input 1, plus a posi- 
tive voltage provided by RV1a and R4, 
appears at the output via R7. 

Conversely, when the output of the 
oscillator is high, Q1 is biased on whilst 
Q2 is off. A signal at input 2 plus a 
negative voltage via RV1b and R5 
appears at the output via R9. Thus 
signals at the two inputs are alternately 
displayed on the oscilloscope with a 
clear separation between them. The 
separation is controlled by the tandem 
potentiometer R V 1 a/b which also 
varies the amplitude df the traces. 

Twilight Switch. Automatic 

Here is a circuit Which will 
automatically light your porch light or 
activate any other device when the 
ambient light drops below a certain 
level. 

A light dependent resistor is used in 
series with a relay. 

The resistor has a value in -excess of 1 

megohm when illuminated, this drops 

42 

to below 110 ohms when dark. 
It is important that the LDR be 

positioned in such a place as not to 
receive any spurious illumination as 
this will cause the relay to drop out 
intermittently. 

A bimetallic strip type relay will.glve 
sufficient delay to ensure that incident 
light flashes have no influence. 

Eli CIRCUITS No. 2 



SEQUENCE TIMING - 
Time Delay Switch 

IC1a is provided with re- 
sistive and capacitive feedback to 

,form an integrator with initial 
conditions. IC 1 b is in an "open 
loop'" mode so that its output is 
either high or low depending on its 
inputs, and changes state when the 
output of IC1a goes more negative 
than the voltage set at ZD2. When 
the output of ICI b goes positive the 
transistor Q1 biases hard on 
switching the SCR on. Diodes 
Dl -D4 are to make the SCR conduct 
on both halves of the mains wave 
form. 

The delay period is set by the 
components ZD1, ZD2: C, RV1, and 

ZD1' 

R1 
10k 

uv 

SW1 

OV 

-12V 

O Ov 

Snooze Delay Unit 

SW3 

ZD2' 

-06 

When the Set switch is depressed the 
large electrolytic capacitor is charged 
via the limiting resistor (1k). This 
charge causes the BC109 to conduct 
which supplies enough base current to 
switch on the 2N1711 space and 
operate the relay. The relay contacts 
are wired in parallel with the 'mains 
switch so that if the mains switch is 
now turned off, the equipment will 
continue: 

The supply 'voltage is taken from 
the equipment in which the unit is 
fitted and will determine the choice 
of relay. The maximum delay being 
1.75 hours. 

ETI CIRCUITS No. 2 

R. If ZD1 is chosen to be OV5 and 
ZD2 at 5V, then the maximum delay 
period is given by T= 10.C.R. 

RV1 =ZD2 XR<10.R 
ZD1 

The meter is a voltmeter with a 
fsd equal to the value of ZD2. The 
switch then operates when the meter 
reaches fsd. The meter can therefore 
be calibrated to show remaining 
delay with OV equal to T and fsd 
equal to zero. 

SW2 changes round the inputs of 
the op -amp so that the output either 
swings from high to low, or, low to 
high. SW3 is to reset the time delay 
which it does by discharging the 
capacitor. ZD3 should be chosen 

METER' 

SW2 

R2 
10k 

R3 
"10k 

OV 

OV 

.12V 

R4 
2k2 

OV 

SET 
PUSH BUTTON 
SWITCH 

95 
5008 

azz BC109 

J 
22k 

to be a value slightly higher than 
ZD2, this is to stop the capacitor 
charging beyond a set limit and 
therefore overloading the meter. 
SW1 is the run -hold switch. When 
the switch is at +12 volts the 
integrator charges the capacitor. 
When the switch is set to OV the 
charging of the capacitor is stopped 
until the switch is set back to 12 
volts. 

Q1 is a buffer to avoid loading on 
the IC and to trigger the SCR. The 
supply voltage should be 12-0-12 
and does not need to be well 
smoothed as the zener diodes set the 
timing function. 

Warning 
The circuitry is not isolated from 

the mains and should therefore be 
isolated from the enclosure. 

'SEE TEXT 
D1-D4= 1N4004 
ICI 72747 OR SIMILAR 

01 
RC108 

@scRi 2N444 

+Ve 
SUPPLY 

I 

1700 OHM 
'RELAY 

I 

WIRE ACROSS 

r MAINS SWITCH 'LIVE' 

2N1711 

WIRE ACROSS 

MAINS SWITCH 
'NEUTRAL' 

-ve 
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SEQUENCE & TIMING 

Timer. 1-12 Minutes 
The -circuit is centred around the 

4701 NE555V timer which provides a logic 
0 level at pin 3 every 1 - 12 minutes, 11 "l+' 
depending upon the position of the 12 
way switch (SW1). SW2 is a push - 10 Mons 

button switch which synchronises the 
first pulse (originally a switch circuit 
was fitted to the reset pin, 4, but the 
first timing period was. never the same 
as the subsequent periods). The var- 
iable 22k resistor allows a degree of 
fine adjustment for the timing period. 

Gates A and B form a tone gener- 
ator. Gate C inverts the output of the 
NE555V so that -a logic '1' is fed to 
gate D .at the end of each timing per- 
iod. Thus a tone burst of a few sec - 

470k - 2 Mss 
470k 

Mm 

15k 

onds is produced by the transducer +i 
(any surplus crystal microphone insert T22o° 
should be suitable). 

- 
7 

555 

6 2- 
5 

3 

10ná 

5V 

C c 

13 

IC = 7400 
PIN 14 IS +5V 

11 PIN 7 IS 1)V 

1s 1.0mA 

CRYSTAL 
VIC INSERT 

10 

fl 22k 516 

470n 

o 

OVO 

Code Switch 

When button 3 is pressed R3 'Gates' 
SCR 1, which remains on with a load 
of R1. It also supplies voltage to the 
anode of SCR 2. 

When button 7 is pressed SCR 2 
is 'Gated' by R3 also, and held on by 
R2. thus súpplying the anode of SCR. 
3, which when 'Gated' by button 9, 
closes the relay and makes an external 
circuit. 

It can also be used to switch a 

circuit off depending on'how the relay 
is wired. This would be an advantage 
in,a home intruder alarm. 

Components: The Thyristors can be 
any type end values for R1 and 2 
selected to hold the SCR's in conduct - 

TO PRESS IN ION+TJON CIRCUIT 

r- 
o 

121 
SWITCH SAN. 
GRO SURRL 115 

SWt 5W7 SW4 SWS S'W6 SWR SWO 
(SUPPLY FROM A TAP FROM THE IGNITION CIRCUIT( 

ion. R3 is selected to suit the thyrist- 8,0 when pressed short out SCR1, 
ors. The remaining buttons, 1,2,4,5,6, thus switching off any following SCR. 

Timing Circuit 

In operation, the peak point 
requirement of U.7T C`11 is reduced to 
about 1/1000 of its normal 
requirement by pulsing -its upper base 
with a. % volt negative pulse derived 
'from the free running oscillator UJT 
Q2. This regular pulse momentarily 
reduces the peak point voltage of Q1 
and thus allows the Oeak point.current 
to be supplied from Cl rather than 
R1, as it would be with the more 
conventional circuits of this type. The 
pulse rate of oscillator 02 is not very 
critical but it should have a period that 
'is less than one fiftieth of the overall 
time delay. 
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R2 
R4 ' 15052', 
390k 
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SEQUENCE & TIMING 

Combination Lock 

The circuit and switching system is 
simplified by the ¡use Of a multiplex 
system. S1 inputs. pulses to the'decade 
counter 7490. The resulting BCD is 

decoded by The 7442. It is the decimal, 
output of this which carries out the 
multiplexing via the AND gates. 

S2 inputs pulses which are trans- 
ferred to the other 7490 decade 
counters by the AND -gate multiplex. 
system. The BCD output from the 
7490's is taken to the AND -gates 
whose outputs control the Alarm 
'Disable' and 'Enable' switch system. 

The 'Disable' function effectively 
prevents TR2 from being biased on 
and hence prevents the 'Enable' Reed 
relay from working. 

This circuit has several advantages 
over -conventional electronuc com- 
bination locks as only two. switches 
need be 'installed on the object to be 
guarded, regardless of the number of 
figures in the combination. The value 
of the example combination is 314. 
The alarm is 'triggered if any of these 
digits is exceeded in value. While the 
circuit is capable- of directly driving an 
actuator it is recommended that it is 
only used to disable an -alarm system 

T.0 

0 . . 

DV 

.sv 16` 
ov e 492 

ll NESET 

,00Z. 
,.V 

12 

,. 
I''t 

?490 

T 

1219 .1,4 

7490 

.5V Tr. 
9; 

T r-. 

p .1. +,I 

,'711:1173-r -15<9. - 

conventional locks doing the actual 
locking. (To operate the example the 

Sr 

IJ 
1.90 

-99+5. 
.. 

,0V 

.9 

0. 

r,/ £50 9 TO SUIT COI 

9V 

switch `sequence would be: S1, S2, S2. 
S2, S1, S2, Si., S2. S2. S2, S2.) 

Flexible Timer 

The precision time delay circuit 
shown will provide accurate and 
repeatable time delays adjustable 
from a few milliseconds to a minute 
or two. This is a very flexible circuit 
in which the operating cur 
nt and voltage depends only on the 
choice of SCR. 

The timing sequence may be initiated 
either by applying power to the circuit - or by opening a shorting switch 
wired across C1. Timing capacitor Cl 
is charged via R1 and R2 until the 
voltage across Cl reaches the peak 
point voltage of the UJT Q1. When 
this occurs, Q1 fires, generating a pulse 
across R4, triggering the ,SCR, and 
applying power to the load. Holding 
current for the SCR is provided via RS 
and D1. 

The circuit is reset by momentarily 
removing the supply voltage. 

If the circuit is to be used in an 
application where both rapid cycling 

FIG. 12 

and accurate, repeatable timing is 
required - some provision must be 
made to ensure that Cl is discharged 
to zero before each timing sequence. 
This can most easily be done by 
interconnecting a pair of switch 
contacts with the reset system so as to 
momentarily short out Cl whenever 
the circuit is reset. 

R5 

Temperature compensation for this 
circuit is provided by R3. Increasing 
the, value of this resistor causes the 
circuit to have a positive temperature 
coefficient. It Is possible to obtain 
zero coefficient over a small range of 
ambient temperatures "by optimizing 
R3. 
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POWER CONTROL 

Impulse Power 

This circuit is often 
used in electrically powered stapling 
machines, impulse hammers etc, and 
causes load current to flow through 
the load for one complete half -cycle of 
the ac supply whenever SW1 is 

actuated (i.e. moved from its normal 
position (1) to energise -load position 
(2)). The circuit is arranged so that the 
SCR is always triggered at the 

beginning of a positive half -cycle of 
the ac supply, even though the switch 
may be closed randomly at any time. 
during the previous two preceding 
half -cycles. 

Resistor R1 and capacitor Cl 
should be chosen so that their series 
combination supplies just sufficient 
holding current for the SCR for one 
complete half -cycle. 

A.C. 

±EM401 

rSW1 

soa 

1PF i 

Half -Wave Control 

One of the most common 
applications for SCR phase control 
systems is speed control of 
commutator motors - such as those 
used for food mixers, sewing 
machines, pottery wheels etc. 

However one of the disadvantages. 
Of controlling motor speed by varying 
input power is that as the effective 
power input is reduced to slow down 
the motor - the torque available is 

reduced as well. 
This may be overcome by using a 

feedback signal to advance the firing 
angle in proportion to the load on the 
motor - thus increasing the power 
input if more torqueis required. 

The circuit shgwn in Fig 20 achieves 
this load compensating function by 

deriving a feedback signal from the 
armature back-emf (produced .by the 
residual field of the motor). In this 
circuit, the SCR is triggered when the 
voltage on the wiper arm of 
potentiometer R2 rises. to a high 
enough value to forward bias diode D2 - thus allowing gate current to flow. 
As the back emf tends to reverse bias 
D2, the firing point of the SCR 
depends largely upon the back emf 
and this in turn is a function of speed. 
If the motor is loaded, 'the speed 
reduces, thus also reducing the back 
emf - hence D2 becomes forward 
biased earlier in the cycle (triggering 
the SCR earlier in the cycle), and 
thereby supplying the motor with 
more power to offset the effect of the 
loading. 

The component values shown are 

súítable for most fractionál horse- 
power motors - for optimum results 
it will be necessary to adjust com- 
ponent values to suit the motor. 
used. 

The circuit described above will 
provide stepless speed clintrol over -a 
wide range of motor speed - but tends 
to cause jerky operation at low speeds. 

Improved- Half -Wave 

The above drawbacks can be al- 
most entirely overcome by using the 
circuit shown. As may be seen from 
the circuit diagram, it is necessary to 
bring but separate connections from 
the armature and field windings.. This 
is generally a simple operation and 
providing it can be done the circuit 
will provide stepless speed control 
down to virtual 'standstill. In this 
circuit the 20V zener diode provides a 

constant voltage for the discharge of 
Cl. Capacitor C2 and resistor R4 are 
connected from gate to cathode of the 
SCR to stabilize the circuit by 
preventing the SCR from being 
triggered by extraneous signals.. 

AC 

FIG 21 

o 

SPEED 
ADJUST 

RV2 
5k 
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'.üWER CONTROL 

Zero Switching 

A very simple yet effective zero 
voltage switching provides half - 
wave control only, but is satisfactory 
for commercial applications where 
the heating elements can be de- 
signed to suit. 

The circuit is extremely stable and 
unaffected 'by quite large variations in 
line voltage and ambient temperature. 
The response time depends upon the 
characteristics of the thermistor which 
is used - times of one to two seconds 
are typical. The sensing differential is 
around 1/.0F at normal ambient 
temperature. 

The Zener diode Z1 forms a voltage 
pedestal of 5.6 volts nominal 
amplitude by clipping. the incoming 
positive half -cycle of mains voltage. 
This pedestal is differentiated by R2, 
C2 and associated resistors to form a 
pedestal of reduced amplitude with a 
pulse superimposed on top Of the 
pedestal. This waveform -is applied 
to the gate of SCR1 . The capacitor 
Cl, which is connected. in parallel 
with R1, provides a leading phase 
shift to the pedestal so that SCR1 ís 
triggered into conduction by the 
peak of .the positive decaying pulse 
which is superimposed on the 
pedestal. It does this at the begin- 
ning of the positive going half-cyCle 

R1 

6.8k 
2W 

240 V 
50Hz 

Z1 

5.6V 
zener 

of line voltage appearing at the 
odes of both -SCRs. 
The thermistor controls the 

amplitude -of the pedestal and thus 
provides a semi -proportional control 
with a small temperature differential. 

The lock -in configuration of SCR1 
and SCR2 reduces the effects of 
ambient temperature variations. The 
cost of this- circuit is very low 
compared to a phase control circuit of 
the same power handling capacity as 
no rfi components are required. 

an- 

Triac Lamp Flasher 
The circuit is a relatively simple triac 
lamp flasher, probably of most interest 
to those in the. disco. business. The 
flasher will handle a load of up to 2kW 
with a variable -flash rate of about 20/ 
200 flashes per .minute, achieved by, 
altering the value of RV1. 

Cl, the timing capacitor, can be 
experimented with ,to obtain the most 
satisfactory results. Even though little 
power is dissipated in the triac (15W 
on full load), it should be mounted on 
a heatsink. 

ITS No. 2 

200:9V 100mA 

load 
2W 
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...-.POWER COMM. 

?riac Slave Controller 

The circuit shown will provide 
full -wave control of heating loads of 
almost any size. The triggering 

EM404 

10k, 2W 

circuit will drive Triacs of any size 
from 1 amp up to 125 amps,. In 

addition almost any number of ad- 
ditional Triacs can be'slave driven by 
the main triggering circuit. 

T - glass bead 
type thermistor. 
100k at sense 
temperature. 

Light Show, Simple 

¡---LIVE RIDS oF 
~w MAIM wrMLv 

LOAD 

IC.AREOMM 
TRACKI 

TO LOVCPEARER 
TERMINALS ON 
AMPLIFIER 

NEUTRAL SIDA 
OP MAINE 

Most people think that sound activated light shows are 
expensive items of equipment, this need not be so, in 
fact a simple but effective unit can be made very 
cheaply. The circuit shown is very flexible. Any 
thyristor that has a low gate sensitivity may be used. 
The transformer is used in reverse i.e. the amplifier is 
connected acróss the secondary of the transformer via a 

capacitor and the gate of the thyristor is connected to 
the primary of the transformer via a fixed and variable 
resistor. The components marked ' can be altered to 
vary the frequency response of the unit. The sensitivity 
of the unit is not as high as more expensive units. 

48 

3k, 10W 

10k 

The differential 'of this circuit is 

approximately ± 1/60C. This circuit 
has a semi=proportional action, and is 

suitable for applications where large 
amounts of power have to be 
controlled accurately and at low cost. 

.0:82µf 
400V 

56 ohm > 1W 

,. EM404 

EM404 

EM404 

0.47µf 
400V 

470 ohm 
1W 

SC45D 

LOAD 

2.4kW 
max. 

to slave 
drive circuit 
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POWER CONTROL 

DC Lamp Intensity 

A simple and inexpensive unit for 
reducing the brilliance of a lamp and 
at the same time reducing the current 
drain, thus increasing battery life con- 
siderably. A power saving does not 
happen by merely inserting a resistor 
in series with the bulb, hence the 
reason for the above circuit. 

Q1 and Q2 form an astable multi - 
vibrator, the RV1 varying the mark/ 
space ratio. The output from Q2 
collector is fed to Q3 base, either 
satuating Q3 or turning it off. Varying 
the mark/space of the lamp. 

A notable point is that as Q3 is 
either fully 'on' or 'off' it need not 
be a high wattage type. As an 

+9V 

example, when Q3 is satuated, Vice = 0.2A the power across 03 is W = V x 1 0.3V approx, and the lamp current is = 0.3 x 0.2 = 0.06. 

Train Speed Control 

The following is a low voltage adapt- 
ation of the type of speed control 
popularly used to regulate power 
drills. It gives very good starting 
torque and excellent speed regulation 
of the model. A reversing switch may 
be incorporated in the leads to the 
motor. 

L 

240V ac 

N 

E 

3 MAP STUD SCR, SOV 
upward,. 

(2)40TOR 

Temperature Controller 

A negative temperature coefficient (NTC) resistor is used to sense temperature. Transistors 01 and Q2 form a 
Schmitt trigger which switches when the voltage at the base of Q1 increases above 1.4 volts. Thus when the temperature falls below that set by RV1 the Schmitt changes state and the relay opens switching the heater 'ON'. Regulation 
accuracy is 10 to 20C. 

ETl'CIRCUITS No. 2 
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POWER SUPPLIES 

Current Source, Drift Free 
The conventional type of constant - 
current source, as shown in Flg.1, will 
drift in output current immediately 
after "switch -on. This is. because of the 
voltage drop across 01, causing a sig- 

nificant amount of power to be dissip- 

ated in'the transistor, heating it and its 

Vhe. Hence the outpút currentslbwly 
increases after switch -oh, typically 
reaching a stable value about two 
minutes later. In tests the, current 
increased by about 4% for a small sig- 

nal transistor dissipating 100mW. 
This effect is greatly reduced by the 

configuration shown in Fig.2,'which 
fixes the voltage across 01 at a very 

low level by virtue of the common - 

base transistor 02. The main voltage 

drop occurs across 02, leaving about 
600mV across 01t this being set up by 

the two extra diodes in the bias chain, 
(D1, D2) which fix the emitter poten- 
tial of 02. 

V+ ,(10-30V), 

I const 

15k 

Fig. 1 

01 

OV 

O-- 

4x 
1N914 

o 

15k 

V+ (10.30V) 
- - Q 

Iconst 

Constant Current, High Voltage 

WHEN .a constant current source is, 

required and the various advantages 
offered by the use of IC's are to be 
exploited, an input voltage limit 13140 

or, possibly, 50 V s I ane. Ify 
necessary if the IC's aré not tó: be 
damaged. 

Neil Wellenstein, an applications 
engineer working Jo_ Motorola's 
Phoenix, Arizona, laboratories, 
discovered a means of obtaining a 

variable constant current supply with 
input voltages as high as -750 V using a 

standard regulator IC. In fact, the 
input voltage is limited Only by the 
breakdown voltage of the series pass 
transistors employed. 

The IC used by Wellenstein was the 
Motorola MC1566L which hás the 
ability to "float" on its own output' 
voltage. However, when used 

conventionally, a voltage sensitive 
error occurs in the constant current 
mode and this is large enough to 
prevent the device from being used as 

a precision constant current source. 
Normally the constant current feature 
of the MC1566L would only be used 

to provide short circuit protection 
when the device is employed as a 

voltage regulator. The magnitude of 
the current error is small enough to be 
of no consequence in this application. 

The MC1566 contains a ctirrent 
sensing and a voltage sensing amplifier 
which "float" on the output voltage 
and which are supplied from an 

on --chip regulator. The on -chip 

+o - 

-o 

IC, 
MCt5661: 

R3 
ORS 

CRa 
tn4001 

Sri 
...s to 

R4 
tek 

C3 

RI to. 

ik 

1t,41pt 

Rs 

CR, tu400. 

CR, .,.400+ 

R2 

C. 
tp 

regulator receives its input from an 

auxiliery 25 V supply external tothe 
chip. 

When used conventionally a constant 
1 mA flows from pin 3 through a 

resistor .tó ground to establish. -the 
reference voltage for 'the- voltage 
,sensing amplifier. The error voltage 
appears between pins: 8. and 9. When 
the device goes into the current limit 
mode (short circuit conditions) part of 
the 1 mA output from pin 6 can flow 
through a diode to pin 9 'thereby 
upsetting the error voltage and 
producing a voltage sensitive gutput 
current error. 

Wellenstein discovered by reversing, 

the roles of.the voltage.and the current 

CR> 
104001 

rr, 
M: E 340 

R 

cut Put 

sensitive amplifiers, he could eliminate 
this problem altogether. The 

net effect is that any portion of the 

reference current that appears in the 
load must pass through the current 
sensing resistor (R9) which cannot be 
bypassed as was previously the case. 

The maximum input voltage "to the 
circuit is- !Milted by the series -pass 

transistor. In the case of the MJE340 
shown, the maximum input voltage is 

300 V. The circuit provides a constant 
current Output 'which is adjustable 
from 200 pA to 100 mA; above 
10 mA take care not to exceed the 
ratings of the MJE340. At both the 
200 pA and the 1 mA settings, output 
impedance exceeds 20 M ohms. 
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LIES 
Output Voltage, Adjustment 

When the output voltage of a power 
supply comes out a little higher than 
expected it can be adjusted by making 
the simple addition illustrated above. 

R1 is a 500, ohm or 1000 ohm 
potentiometer (10 watt rating) 
inserted in series with the input filter 
capacitor. Adjust it to give the correct 

voltage under load. 

For low voltage supplies (i.e, up to 
50 V or so) a 50 ohm or 100 ohm pot 
might be more suitable. 

The pot could be connected between 
the negative lead of Cl and ground 
and would not then need to be 
insulated. 

High Voltage, Variable Regulator 

This regulator is ideal for SSB linear 
amplifier tube screens. It would also 
have application in the repeller supply 
for a reflex-klystron microwave 
oscillator. CRO deflection amplifier 
supply is another possible application. 

Regulation is about 0.5%. The 
output transistor will need to be 
mounted on a small, insulated 
heatsink. A BF459 is preferred (30V 
Vceo) as the BF458 is sailing a bit 
close to the wind when the output is 
down to 50 V. 

o -- 
MAX 300V 
UNREG 

50V 
ZENER 

BF458 OR 
BF459 

27k 
4W i 

100k 
1W 

2N3819 

BF337 

24V 
ZENER 

1M 

120k 

+V 

OUTPUT 50 to 250V 
MAX OUTPUT CURRENT 
25mA @ 50V 
120mA @ 250V 

Switched Output 

THIS little power supply provides a 
range of switch selectable output 
regulated voltages from 4.5 to 12 
volts, selectable by a switch. The 
supply will provide up to 400 mA 

LIVE 
0--áo 

240V INPUT 

NEUTRAL SW1 

EA R 

" 
o 

IIiO 
I{p 

T1 i 
240V/15V @ lA 

and the output can withstand a short 
circuit without damage. It is there- 
fore ideal for the experimenter or for 
use with high drain appliances. 

ZDI 

C?3 
(18V, 400mW) 

R 1k i 

12V 

Nominal output voltage 12V, 9V, 6V 
and 4.5V 

Output current 0 - 400mA 
Current limit approx. 500mA 

B1 

C337 
e c 

R6 
1.5 

R7 
220 

1k 

C ' e 

B C327 

OUTPUT 

02 
2N3055 
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POWER SUPPLIES - 

Dual PSU - 

Anyone: who. experiments with op - 
amps will need a dual stabilised power 
supply. The°circuit shown was designed 

to power up to twenty 741s simultan- 
eously. 

IC 1 is used to provide an output 
voltage of 18 V at pin 10. R2 sets the 
short circuit current at 100 mA and 

should be rated at 1 W. 

IC 2 is used as a precision short 
circuit proof voltage divider. 

A 9.0.9 V supply has been found in 
practise to cater for most op -amps 

with the notable exception of the 
CA3130 which has a maximum supply 
rating of 16 V. 

Mobile Power Supply 

R1, Cl and ZD1 provide clipping and 

smoothing of supply spikes, while D1 

protects against reverse polarity 
connection. The reference voltage is 

provided by the ring -of -two, since in 

this configuration the zeners bias 

constant -current sources for each 

other, the output across ZD3 is almost 
totally independent of supply variat- 
ions. R2 ensures the ring starts relia- 

bly. 
A set fraction of the reference 

voltage is applied, via VR1, to the 741, 
which in conjunction with current 
amplifiers Q4, 05 forms a negative 
feedback loop to maintain the output 
voltage constant. It may be set 

1744001 RI 
1R 

VE o--}--,err 

BATTERY 
TERMINAL 

ZO, 
tTV 
15W 
ZENER 

..íz. 01 al a 

RING OF TWO 
REFERENCE 

Z ,L 
4O22V 

40064,1 /ENT R 

®02 

VRI> 
4#10k 

OUTPUT 
VOLTAGE 

. 
BCIM OR EOUIV 02 BEM OR EOUIV 

6 
nwT w 
TENER 

between 10 and 6 volts, so, for 
instance, most battery cassette equip- 
ment may be driven. Short-circuit pro- 
tection is provided by Q3; when the 

output current exceeds 400mA 

242 

05 2743055 OR SIMILAR 

Evo 

tw 

..1 173 - 

IRS 

10, 

UVQ 

sufficient voltage is dropped acrosr- 

R3 to turn on Q3, which shunts drive 
away from the base of Q4 and hence 
prevents the output current from 
rising further. 

Converting Single to Dual 

Operational amplifier círcuítry requires double -ended 

power supplies. This simple circuit converts a conventional 

single ended supply to a double ended operation. Once 

adjusted, the positive and negative rails will track within a 

few millivolts without further adjustment. 

The circuit will provide output voltages within the range 

five to 25 volts at output currents up to 100mn. The 

corresponding supply voltage range is 10 to 50 volts. 

Potentiometer R1 is used to balance the output voltage 

(test by precision divider network) and potentiometer R2 is 

adjusted to provide best tracking. 
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POWER SUPPLIES 
Op -Amp Supply 

The rated output, of 100 mA from 
either side, will be found to be more 
than adequate for the intended use, 
since type 709 and 741 op. amps. 
draw less than 5 mA each, unloaded. 

F1 

220240V 
501.12 

f 7.0 0 12V 

24VCT -. 
D5 i 

id1 

1000µF 
25V 

D3 

D7 

+ 
C4 
1000µF 
25V 

R3 
1.5k 

C5 
22pF 
16V 

BC 177, 
BC557 

BD139 
04 

Q3 

- C3 
100µF 
16V 

1 

OV 

1R4 
6.8k + 

=1'"C6uu 

16V F 

0 -12V 

Low Ripple PSU 
The power supply circuit shown may 
be'used where a high current is requir- 
ed with a low ripple voltage (such as in 
a high powered class AB amplifier 
when high quality reproduction is 
necessary). 

01. 0.2 and R2 may be regarded as 
a powerdarlington transistor. ZD1 and 
R1 provide a reference voltage at the 
base óf 01. ZD1 should be chosen 
thus: ZD1 = Vout -1.2. 

C2 can be chosen for the degree of 
'smoothness' as its value is effectively 
multiplied by the combined gains of 
01/Q2, if 100úF is chosen for C2, 
assuming minimum hfe for Q1 and Q2, 
C=. 100 x 15(01) x 25(Q2)= 37,000 i c. 

Zener Assistance 

The simple zener shunt of diagram (1) 
may not handle sufficient current if 
the zener available is of low wattage. A power transistor will do most of the' 
work for the zener in circuit (2). 

The output voltage is increased by 
0.7V but it is stabilisation rather than 
exact voltage which is often required. 

ET{ CIRCUITS No. 2 

+1N +OUT 

(1) 

(2! 

+0uá 
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POWER SUPPLIES 

Crowbar, Simple 
This circuit provides overvoltage pro- 

tection, in case of voltage regulator fail- 
ure or application of an external volt- 
age. It is intended to be used with a 

supply offering some -form óf short 
circuit protection. either foldback, 
current limiting or simple fuse. The 

circuit is less effective in the latter case 

however, as a good deal of damage can 

be done in the time taken to blow a 

fuse. 

Fig. 1 

The most likely application is a 5V 

logic supply, since TTL is easily dam- 

aged by excess voltage. The values: 

chosen in Fig.1 are for a 5V supply, 

although any supply up to about 25V 

can be protected by simply choosing 

the appropriate zener diode. When the 

supply voltage exceeds the zener volt- 

age +0.7V, the transistor turns on and 

fires the thyristor. This shorts out the 

supply, and prevents the voltage rising 

any further. In the case of a supply 

with only fuse protection; it is better 
to connect the thyristor across the un- 

regulated supply as shown id Fig.2 to 
prevent damage to the regulator circuit 
when the crowbar operates. 

The thyristor should have a current 
rating about twice the expected short 

circuit current and a maximum voltage 

greater than the supply voltage. The 

circuit can be reset by either switching 
off the supply, or by breaking the 

thyristor circuit vith a. switch. 

Fig. 2 

low Voltage. Short Protectioil,.. { _ 

These r pretected,'; 
stabilisers give -177S 4'4 '9 V'front án' 
automobile battery imply of 13.5 V 

4 

nominal:however, tike :,will function 
just as well if cbrinected to a smoothed " 
dc output from a transformer/rectifier 
circuit. : ,`:,....ti 
Two types: are shown for both - 

positive and rnegattve earth systems. 

The power transistors in eacn case can 

be mounted -on the heatsink-without a 

mica insulating spacer thus allowing 

for greater cooling efficiency. 
Both circuits are protected against 

overload or short-circuits. 
The current cannot exceed a value off. 

330 mA. Under normal operating' 
conditions the voltage -across R2 does 

not rise above the 500 mV necessary 

-to turn 02 on and the circuit behaves 

as if there was only 01 present. 
If excessive current is drawn, 02 

turns .on and cuts off 41 pratectinq 
the regulating transistor. 

The- accompanying .14,Fble gives the 
values of R1 for different zener. 

voltages. 

Rl 

- 13.5 V 
O ma 

FUSE 
500 mA 

a 

201 

o 

V IN ZDl 
+13.5 V 

FUSE - 
500mA 

01 
AD161 

D1, 
AD162 

R2 
1.812 

hW 

02 
BC 108 

+v OUT 

VOLTAGE 400 
R1 

6V 6V2 680;! 

7.5V 7V5 390:: 

9V 9V1 220:! 

02 
BC258 
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POW° SUPPLIES 
Low Ripple at Low Current 
In the normal circuit (Fig. 1) the 
ripple at 1 'amp is at least 2 volts. 
Cheap power amps use this circuit 
(with low supply ripple rejection) and 
produce annoying amounts of hum at 
low signal levels. 

In the circuit in Fig. 2 the ripple is 
considerably reduced at low levels and 
at high currents the supply voltage is 
only minimally affected. 

Maximum low ripple current 
(Im) = Vz/R where Ptot R must be 
more than Vz2/R = Im Vz. IM = 
maximum total current so Ptot = IM- Im Vz. A typical set of values for 
Im ='/2Amp is Vz = 3V, R = 11/2 ohms. 

2500pF 

T 

IA 

R 

- 2500pF 

FIG. 1. 

LOAD 

FIG. 2. 

2V 

30 Volt Regulators 

Three -terminal voltage regulators are 
available in 5,9,12,15,18 and 24V 
types. If you require a 30V supply 
use a 24V regulator with a 6.2V zener 
diode in the earth lead as shown.This 
increases the volatge to 30V. A 0.1pF 
capacitor should be connected across the zener diode as shown. 

The zener should be of suitable wattage rating. In a similar manner for 27V use a 3.3V zener or for 33V 
a 9.1V zener. 

1 uF 

3 Ti;rminal Reg 

24V 

A ó.[V ZENER 

30V 
REGULATED 

Standard Configurations 

FULL -WAVE BRIDGE - 
CAPACITIVE INPUT FILTER , 

V d.c.-1 41.V a.c. 
idc 62Ia.c. 

FULL -WAVE - 
CAPACITIVE INPUT FILTER 

Y d.G 
p1 d<.+ 

T 
Vdc-071Va.c 
] d.c =1 0 l a.a 

f,IFIIJITS No. 2 

-41 

V d.c.=0.90V a.c. 
1dc=0-90Ia.c. 

FULL -WAVE - 
RESISTIVE LOAD 

Vete 

V d.c. = 0 45.V a.c. 
I d.c =1.271ac. 

HALF -WAVE - 
CAPACITIVE INPUT FILTER 

Vac 

V d.c.=1.41 V a.c. 
dc.=0281a.c. 

HALF -WAVE - 
RESISTIVE LOAD 

V d.c 

V d.c.=0-45V a.c 
I d c.=064.1 a.c. 
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TEST1 

FET Testing. Static 
A transistor socket will facilitate 

changing FETs. A good procedure is. 

to first measure RDS at Vas = O. Then 
increase Vas (negatively for N -channel 
FETs) until RD is about thrée times 
the zero -bias value; this corresponds 
to a mid-range:cutoff frequency where 
matching is the most critical. With this 
Vas setting try different FETs until a 

10 percent or better match is found. If 
Ros values seem to cluster higher or 
lower, try another unit as -a reference 
and try,matching to it. When matched 
units afe found, check the match at 
minimum Ros = +0.5V) and at 10 
times this value of R. A 20 percent 
mismatch can be tolerated at these 
extremes: 

- 15V 

MEASURE 
VGS 

+15V 

IOK 

2.5K POT 
VGS SET 

RESISTOR 
DECADE BOX 

MEASURING PROCEDURE 
RDS VERSUS VGS: 

I. SET DESIRED VGS 

2 SET R FOR VDS = 0 050 V 

3 RDS 
300(APPROX) 

CASE 
MEASURE (N C) 

VDS 

G S 

BOTTOM VIEW 

2 N4 220 

Diode Tester 

This is a diode tester with light emitting diodes. 

If we change the polarity of the diode under test'the 
appropriate LED will light. 

If both of the LEDs go on, this means that the diode 

is shorted. 
If neither light, this means that the diode under 

test is open circuit. 

Ammeter. Wide Range 

The instrument shown will measure 

currents from 1µA to 1A F.S.D. in 

seven ranges. 
(Cl is connected as a unity gain 

buffer and the input current flows 
through the resistor selected by`SW1 to 
earth. In so doing a voltage, propor- 
tional to the input current is 

56 

R2 
10R 

1' 

R1 
100R 

3 

`SW1 
INPUT 

R3 
1R 

2 

IC 1 

n1 

developed across. the resistor and this 
appears at the output, pin 6. 
Small currents are measured by IC2. 

In this mode the current flows into the 
non inverting input. Since this ís a virt- 
dal earth, the output will generate a 

voltage proportional to the input 
current. 

In practice, this voltage is developed 
across R9 and hence provides a prop- 

ortional current through Q1 and Ml. 
02 and RV1 form a meter protection 

circuit and the latter component 
should be adjusted so that Q2 starts .to 

conduct at F:S.D. D1 is included to 
prevent damage to the base emitter 
junction of Q1 in the event of an input 
of wrong polarity. 

+Ve IN 

SW1 FSO 
1 10mA, 
2 100mA 
3 1A 
(SW2 CLOSED ) 

SW3 FSD 
1 1NA 
2 10uA 
3 100p A 
4 1mA 
(SW2 OPENI 

RV1 
10k 
SET 
ZERO 

01 R5 = 1N914 1M 

4 Ra 
SW3. lk 

R6 
100k 

R7 

02 
BC 107 

+6. 15V 

R9 

11mÁ FSD 

RV2 
820R 

1k 

01 

Ovo 

3CY71 

--6.15V 
o 
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TEST 

r 2k7 
R9 
3k3 C3 

10u 

+GI 

R12* 
100k 

02 
BC109 

No _setting up is required except for 
the zero adjustment .o.f RV1. Input 
impedance i5 1..MS1 On all ranges. 

Resisthrsmarked with an asterisk 
are 1% types. 

R13* 
1M 

2 

3 

Millivoltmeter. Audio 
This circuit was conceived as an 
easil4,r built -instrument offering a ±2% 
accuracy. 

Q1 and Q2 are connected as a high 
gain feedback pair with a fixed gain of 
100: 

F.S.D. 

lmV 
2 10mV 

3 100m V 

4 1V 

R1' 
INPUT 1M 

Cl 
10y 

4 + 
SW1 

R3 
100k 

IC 1 and IC 2 form a precision -full 
wave rectifier with a gain' of 10 over a 
bandwidth extending from below 
20 Hz to above 50 kHz. 

The gain of the whole circuit there- 
fore is. 1000 and input signals above 
1 mV must be attenuated. 

,C2 
1,150p 

R6 
47k 

Q1 
BC109 

R5' R R4 k 10k $1k 
R11 
680R 

R15' 
100k 

1N4001 

e---0 t gv 

Q3 
3C109 

6 r 

RV 
10k LIN 
(ZERO 
SET) 

1mA 
F.S.D. 

R18 
1k 

OV 
o 

-9V 
O 

OC Probe. 100 000 Megohm 
The input current of a junction FE -T, 
usually less than jnA, flows out of the 
gate, and is constant at a particular.. 
temperature, prOVided the voltage 
across the device is constant`. By 
making the gate positive to the source 
this leakage current can be made 'to flow back into the device, reducing the 
input current almost to zero. 

FET A should be a low loss, law 
Vp device (ideally Vp should be about 
0.5V). FET B must be somewhat 
higher but is less critical', the bargain 
pack is usually a good source of such, 
devices. Forward bias.should be about 
150mV and current through the FETs 
about 400mA. 

The mercury cell holds the voltage 
across the input FET constant at 1.5V 
(1.35V plus 150mV) and the silicon 
diode ,in' the op amp's negative lead 
prevents the cell from discharging 
when the power is off. -" 

By adjusting values ] g9i 

FETB 

MERCURY CELL 

ZERO 
1k 

di det it is possible to achieve input Irént within a few picoamps either 

TO rve RAIL 
27k +9V 

METER 

OV 

SILICON DIODE 

TO-e.ddAF, 

-9V. 
'way and to measure the voltage on a 
small capacitor without changing it. 

:.'4,1,11 No 2 
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Measuring RMS with a DVM 

The above circuit may be used for 
measuring the RMS value of ac 

(sinewave) with -a do digital voltmeter. 
It has a frequency response to beyond 

10 kHz and will measure signals as low 

18k 2.2k 
2 

ac 
INPUT 

(4V MAX RMS) 

10k 

O 

as 400 mV. The error rises at low 

frequencies, somewhat below 50 Hz, 

to about 4% mean. The LM301 supply 

may be as low as ± 4V. or up to 

±15V, it desired, with reduced 

4-9V 4 x IN914 
Q OR BAX13 

7 

1 

1M 

sensitivity at the lower voltage. 
The DVM input -must be floating and 

a differential 'input is required. To 

increase the input range a step 

attenuator may be used. 

L 10k 

2N3645 

25uF 

10k 

DVM 
DIF 

INPUT 

O+ 

Logic Indicator, Audible 

The indicator will work with either 
TTL or CMOS circuits. A useful fea- 

ture is that the unit can be powered by 

the same supply as the one supplying 

R1 
1M 

PROBE 

R3 
270k 

IC1a 

R4 
1M 

D4 

D3 

the circuit under test. Logic state 1 at 

the probe will produce an audible tone 

on the loudspeaker. A switching signal 

at the probe also activates the loud- 
speaker. 

RV1 sets the threshold level at 

which IC2 will switch on. This is 

IC1b 
D1 -D5 IN4148 

IC7 is CA4011 
IC2 is pA746 

Q1, 2 are BC108 
Q3 BFY51 

IC1c IC1d 

C3 Z2M2 470n 

D5 

ZD1 
5V1 

normally set at maximum (wiper at 

the R2 end). RV2 sets the volume of 
the audible tone, and can be adjusted 

as required. 
IC2 can be substituted by the 

equivalent LM748, but R3 must be 

removed first. 

Q1 

R7 
10k 

RV2_ 
50k 

Q2 

R8 
4k7 03 

SPEAKER 
1W 
8 OHMS 

OV 
o 

+5V 

ETCH RESIST TRANSFER 
KIT SIZE 1:1 

Complete kit 13 sheets 6in x 4'/2m 
£2.50 with all symbols for direct 
application to P.C. board. Individual 
sheets 25p each. (1) Mixed Symbols (2) 
Unes 0.05 (3) Pads (4) Fish Plates and 
Connectors (5) 4 Lead and 3 Lead and 
Pads (6) DILS (7) BENDS 90' and 130 
(8) 8-10-12 T.0 5 Cans (9) Edge 
Connectors 0.15 (10) Edge Connectors 
0.1 (1 1) Lines 0.02 (12) Bends 0.02 (13) 
Quad in Line. 

FRONT AND REAR PANEL 
TRANSFER SIGNS 
All standard symbols and wording. Over 
'250 symbols, signs and words. Also 
available in reverse for perspex, etc. 
Choice of colours, red, blue, black, or 
white. Size of sheet 12in x 9in. Price £1. 

GRAPHIC TRANSFERS 
WITH SPACER 
ACCESSORIES 
Available also in reverse lettering, colours 
red, blue, black or white. Each sheet 
12in. x 9in contains capitals, lower case 
and numerals Vein kit or '/sin kit. £1 
complete. State size. 

All orders dispatched promptly. 
All post and VAT paid 

Ex U.K. add 50p for air mail 
Shop and Trade enquiries welcome 

Special Transfers made to order 

E. R. NICHOLLS 
P.C.B. TRANSFERS 

DEPT. PE/10 
46 LOWFIELD ROAD 

STOCKPORT, CHES.061-480 2179 
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TEST 
Transformer -Inductor Tester 

Transformers and inductors can be checked for open circuits; short circuits, 'shorted turns, etc., by this very simple method. 
The inductance to be checked is connected across the Y -input terminals of a CRO and the time -base output coupled to the Y -input via a small capacitor. The retrace edge of the timebá a ramp will set the inductance ringing, and a decaying oscillation will result. 
Various conditions are shown in the accompanying illustrations - these have been photographed directly from an oscilloscope. From left to right, the photographs show - 

OEAO 
SHORT 

OPEN SNORTED 
CIRCUIT TURN 

r - 

41 _ 

no fault - a dead short - an open circuit - a shorted turn. The capacitor should be between 100pF and 1000pF for inductances down to 2 mH. It should be decreased for inductances lower than 2 mH. Meaningful results can be obtained for inductances as low as 50 uH. Timebase speed should be increased as inductance is decreased. 

CAPACITOR 
(Sec le.11 

11{{ 

Lt 

0 Y INPUT 

T 

OUTPUT 

Pulse Catcher Probe 

When working on digital equipment it is very often desirabl to know the 
state of various points 16f the circuit. 
Usually an oscilloscope is used, 
however a very short duration pulse is 
usually hard to see unless the scope is 

.a sophisticated wide -bandwidth type. 
This logic probe has its own readout which illuminates a LED indicating 

Whether the point tested is a logical "O" or "1" 
It also indicates the presence of a high speed pulse, whether positive or 

negative going, (SW1 selects the 
polarity). This LED will also indicate a 
pulse train. 

An inexpensive TTL Hex inverter is 
used. Power is derived from the five volt supply to the circuit being tested. 

Having connected the earth and +5 V 
leads a simple check is to connect the probe tip to the 5 V supply and then to earth. The "1" and "O" LEDs 
should light in turn. 

PROBE 
TIP 

47k' 

IC1 
7404 

HEX. INVERTER 

01 
BC108 

k 

IC1/1 IC1/2 

1N914 

119914 
IC1i4 

/ 47'! ...... , .. 

+ 

10!.' F 

-I- LED 

IC1/5 

470!! 

tinte-} 
PULSE 
LED 

.5V 

JFET Test, Quick 

A quick test of an N or P -channel JFET is possible using only a standard 
mulitmeter ohmmeter. 

With the ohmmeter connected be- 
tween source and drain (polarity 
unimportant) the channel resistance 
(about 20012) will be read. If the 
gate is now touched with' a finger 

ETI CIRCUITS No. 2 

once or twice, the channel resistance 
should rise to about 10M12 indicating 
pinch off. If this does not happen the FET may be assumed not working. 
Electrostatic pickup from the "mains" 
charges the gate capacitance and 
pinches off the FET. The time it 
takes for the channel resistance to 

return to normal gives an indication of the gate leakage resistance of the FET. 
The relatively low gate leakage 

resistance, and the high resistance 
between the finger and the mains 
helps to prevent destruction of the FET whilst it is being tested in this way. 
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I. DIGITAL 

Data Selector, Two Way 

When the "DATA SELECT" terminal is 

at logical'O', the output of N1 is held 

high, whilst information presented on 

the "'DATA B" terminal ís transferred to 

the output of the circuit. Similarly, 
when the "DATA SELECT" terminal is 

at logical "1", the output of N3 is held 

high, whilst "DATA A" is transferred to 

the output. In a parallel data system one 

7400 would be used for each bit 

input 

D A B 

0 X 0 

X 1 

0 X 
X, 

output 
C 

0 

o 

7 Segment Improvement 

The display font of some 7 -segment 

output devices produce the digit 6 

without the top bar. Examination of 

the font reveals that whenever the 

bottom segment ('d' segment) is on, so 

is the top segment ('a' segment) for all 

D = ANY SILICON 
DIODE WITH 
SUFFICIENT 
VOLTAGE AND 
CURRENT RATINGS 
e.g. 1N4001 

the other digits. Hence all that is need- 

ed is a diode connected so as to light 

segment 'a' whenever segment 'd' is 

on. The diagram shows the idea app- 

lied to a 7447 decoder. The drive 

capability of the device may be 

exceeded by this addition, so a buffer 

circuit may be required as shown. 

TO 7'SEGMENT DISPLAY 

TO OUTPUT A 

7447 DECODER 

A B C b 

I I I I 

BC178 

a 

I 

TO 

BUFFER CIRCUIT FOR 
GREATER CURRENT 
DRIVE 

3 Chip Die 

This differs from previously published 
circuits in that decoding, count and 

drive LED is achieved by a single 7 seg- 

ment decoder/driver chip, 
IC1d and b form a multivibrator, 

providing clock pulses for the counter 
IC2. IC1c gates the pulses to the coun- 
ter when the 'roll' switch, Si, is 

opened. IC1d is used to provide a logic 
1 for the B input of the decoder, IC3 
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DIGITAL 

Hex to 7 Segment 

The circuit described below provides 
an extension to the 7448 BCD to 
seven -segment decoder, converting it into a hexadecimal to seven -segment decoder which will give the numerals 0-9 and the characters A,B,C,D,E, and F as output for a four bit binary input. 
(Inputs of A,-A,B,B,C,C,6 are needed 
with an inverting buffer - fan out 30 - 
on the B input.) 

The 7448 is disabled by bringing 
the blanking input low when the input 
is greater than 01112 (i.e.15. is con- 
nected to B 1/R B0 on the 7448.) Out- 
puts from the 7448 and the add-on 
decoder are OR-ed together creating a 
single seven -segment output. 
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TRUTH TABLE for the 'add-on' 
decoder. Note that when the input is 01102 (610) a logical one is inserted in 

nr 
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the 'a' column to provide the resulting seven -segment '6' with a cap, thus diff- erentiating it from a 'B'. 

e 

r 

Qf Oa 

ra 

o 
C 
o 
o 

,O 1 

Binary Calculator 

This simple circuit allows infinite 
addition in binary (base 2). The circuit 
can be split into many identical stages, 
each consisting of a flip flop and lamp 
driver. An input of 'state 1' initiates 
the first flip flop. Hence the l's lamp 
is on. A second pulse alters the first 
F.F to switch off the lamp and send a 
pulse to the second flip flop which 
illuminates the (2's) lamp. The third 
pulse causes F.F1 to light its lamp 
without altering the second. This 
means that the l's and 2's lamps are 
on (14-2+=3) a total count of three. 
This on/off process continues for all 
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ALL TRANSISTORS 8c+06 ALL IC . 5,674 72 

the stages. 
There is no limit to the total count of the circuit, Each additional stage doubles the count. i.e: 9 stages, total 
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count is 511. To enter large numbers 
a press button shorts the input of the 
intermediate stage to OV vía a" 1k resistor. 



DIGITAL 

TTL Keyer 
This device can be used to send per- 

fectly spaced Morse at very high 

speeds - up to twice as fast as with an 

ordinary Morse key. It uses six inte- 

grated circuits, and also requires two 

special switches, SW1 and SW2, which 

are described later. 

To describe the operation of the 

circuit fully would take up over a page 

of ETI, and so a simplified explanation 

is given here. IC1 is a 555 timer con- 

nected 'as an astable multivibrator, 

whose frequency is varied by RV1. 

The output is fed to IC2a, a D flip- 

flop, which divides the input fre- 

quency by 2, producing a square -wave 

with' a .1:1 mark -space ratio (dots). 

If SW1 and SW2 are both open, the 

D inputs of IC2b and IC6a are both at 

logic 0, so that the dots from IC2a are 

inverted by IC3a, but blocked by IC5a. 

IC5b output is a 0, and so the audio 

oscillator made up of Q1 and 02 and 

the associated components is disabled 

and no tone is fed to the speaker. 

If 'SW2 its closed, IC6a's D input 

becomes logic 1. However lC6a's out- 

put can only change state on the rising 

edge of a clock pulsé (i.e. the beginning 

of a dot): Hence if a dot has already 

started when SW2 is closed, it will not 

get through to the speaker, but the 

next dot will, because it will make 

1C6a's Q output to go to 1. Hence the 

dots now get through to the oscillator 

end successively enable and disable it, 

causing dots to be heard coming from 

the speaker.. When SW2 is opened, if 

a dot is in progress ít will Continue 

until it has finished, and then at the 

beginning of the next dot, IC5a out- 

put will go low and no more.dots will 

be heard. There is a short delay bet- 

ween the beginning of the dot and the 

Q output going low, which does cause 

a short 'blip' at IC5b output, but the 

blip is too fast to be heard. 

If SW2 is closed, but SW1 openL 

IC4c output gOes to 1 and IC2b's Q 

output is effectively shorted to its D 

input. This causes IC2b to divide the 

string, of dots tram IC2a by two. The 

outputs of IC2a and IC2b are combined 

by IC3a to produce a waveform with a 

3:1 mark -space ratio (dashes). These 

are passed on to the audio oscillator 

just as before. The dashes, like the 

dots, are. self -completing. Notice that 

IC4c output deterniines whether dots 

or dashes aré.produced. 
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IC2h 

D O 

IC3c^-- 

D IC4d 

While SW1 or SW2 is closed, IC6b's 

D input is fed from IC4c output and 

clock pulses come from IC5b. If SW1 

and SW2 are both operated together, 

lC4a allows the output of IC6b to 

pass to IC4c, and lC4d inverts IC4c 

output again, so that IC6b if output 

is shorted to its D input. Thus IC6b 

changes state every time a dot or dash 

begins at the output, and causes alter- 

nate dots and dashes to be produced. 

This is useful when sending a letter 

like C (dash -dot -dash -dot), as the 

switches SW1 and SW2 each need to 

be closed and opened just once. 

It was found after the unit had 

been built, that it was difficult to send 

a letter like A (dot -dash) at high speed 

because SW1 had to be closed a frac- 

tion of a second after SW2, which was 

difficult to achieve at the first attempt. 

Hence IC5d and IC4d were added. 

When both switches are released, IC6b 

input becomes O. A clock pulse is then 

applied to IC6b by the 'blip' described 

earlier. This makes the output go high, 

and if now SW1 and SW2 are closed 

simultaneously, the first thing to be 

heard in the speaker will be a dot. 

SW1 and SW2 are push-button' 

microswitches, and these are operated 

by means of a lever arrangement as 

shown ín the diagram. Plastic rulers 

were used on the unit built because 

they are flexible. 

IC5c1 

IC2.6 ARE 7471 
IC3. 5 ARE 7400 
IC4 IS 740? 

C O 

R4 
12k 

01 
8C105 

4n 

o 
.5V 
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ov 
0 

The component values shown 

around IC1 give a speed range of 11.-30 

words per minute. The upper limit can 

be raised by decreasing R2. I have só 

far reached -a speed of 20 wpm on the 

unit, after only a week or so of using it. 
As it stands it is a Morse practise unit, 
but if IC5b output is. taken to a trans 
istor driving a relay, the relay contacts 

could be used in place of an ordinary 
Morse key in a C.W. transmitter. 
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DIGITAL 

ASCII Keyboard 
Thiscircuit uses a 16 key calculator 

keyboard to generate the 7 bit 
ASCII code. using.two hex ríumbérs 
to definé ASCII character. 

If, for example. the code for A (41 
hex) is required. '4' is pressed first. 
After 1OmS (to avoid switch 
bounce) the binary code from the 
diode matrix is latched into three 
D -type flip-flops '1' is now entered. 
This time, after the 1OrS delay, a 
200uS pulse is pro,iuced by the 
second 74121. If the ENABLE input 
is low, a negative pulse appears on 
the STROBE output, while the 
ASCII code for A appears on the 
other óutputs. If the enable input 
is high. the circuit remains in its 
initial state with the strobe pulse 
disabled,. 

Counter -Display Module 

The signal is connected to the input 
line of the 7490 decade counter. When 
the 'latch' is high, the display will 
follow the count. When the 'latch' 
goes low, the display holds. 

The module may be constructed on 
two pieces of viroboárd, the boards 
being held together by wire soldered 
at each corner. 

In order to cascade, cómmón up all 
the latch hold and reset lines, and 
connect the carry line to the input line 
of the next module. 
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Multiphase Clock Generator 

The circuit shown, uses only two 
CMOS ICs, was designed by Michel Burri of Motorola's Geneva 
applications laboratories. It will 
produce a pulse on each of the four 
output lines ín turn. These pulses do 
not overlap one another. 

-o 
MC14013 

,1.111~ 
S 

: O - 

Operation of the circuit is 
self-evident from . an examination of the schematic; however, it is 
interesting to note that the power 
supply of the MC14001 ís derived from the clock input. The maximum 
operating speed of this circuit is abóut 
1 MHz. 

TJ 
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Wjndici3tor 

With two TTL ICs and a handful of 
other components, a circuit can be 

constructed that will indicate which of 
four buttons was pressed first, as well 

as lick out all other entries. It is thus 

suitable for quizzes, games of Snap 

and the like. The appearance of a logic 

0 at one of the Q outputs, lights the 

appropriate LED and locks out other 
entries by taking the clock input low. 
The TTL outputs are capable of sink- 
ing 10 TTL loads or 16mA. Running 
the LEDs at 5mA leaves adequate 
margin to sink the 1 load of the 7420 

gate. 

c o 

N/O 
PUSH 
BUTTONS 

1k 

D2 02 

7475 

D 

n 

7 CLOCKS 
jj 

1 

3 14 

1 

r 572 

5V 0 

Yr ' f 
680 

10 
680 

680 

7420 

LED's 
1k 

N/O 
RESET 

PUSHBUTTON 

,77,7 

Self -Clear 
The network consists of two resistors 

R2 and VR1 arranged as a potential 
divider, the latter being shunted with a 

non linear load Q1 whose value 

depends on the voltage developed 
across R1. This is related to the charge 
of the capacitor Cl. The resistor VR1 
was made variable to make the design 
less critical. 

As soon as S is closed, Cl starts 
charging; at the same time the base - 

emitter junction is being forward 
biased and Q1 conducts, bypassing 
VR1, Voltage at point A is "low" and 

a set pulse is produced, therefore: 
'When the charge 5n Cl reaches a 

given value, Q1 stops conducting and 

voltage at point A rises tó a stabilized 
value which is approx. 4.5 VR1/(R2+ 
VR1). 

Component values are not critical 
although R1 and R2 must be close to 

1 Cl 
50pF 

8C171 

R1 
4709 

0.2 
10k 

s e"'"p---o 4,5V 

the indicated values. 
Any NPN silicon 

work the prototype being assembled 
with the BC171. 

- 4 

5 

6 

4 

5 

FROM 
CIRCUITRY 

VR1 adjustment depends, amongst 

transistor will other things, on the number of flip- 
flops and must be adjusted in each 

particular case to give best results. 

LED Counter 
The astable multivibrator is used to 
generate pulses which operates the 
four integrated bistables. The 7490 
gives a binary counting sequence 
and the 7490 gives a BCD count, 
This Circuit is very useful for testing 
the IC's. 
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AUTOMOBILE Fuel Gauge, Digital 

This circuit will give a digital readout of tank capacity in gallons, up to the 4 gallon mark. As the 
sender is of a log. nature, and 
knowing you have at least 4 gallons in the tank I did not find it necessary to provide a greater figure display. The switch is a means of 
switching to fuel gauge. The voltage 
across the sender unit must not 
exceed five volts, thus, the resist- ance of RX must be 2.5x resistance of sender, when the tank is empty, 
presuming that the resistance is high on an empty tank. Disconnecting the output of a sender unit on a car fuel tank, and wiring it in series with a resistor RX we create a positive potential at point Y, relative to earth, which varies in relationship to the fuel level. Connecting point Y to the inverting input of a 741 op. amp., and using a trimmer at the non -inverting input, a condition is 

created whereby the output of the IC is either + or -, depending on the fuel level. A corresponding voltage, which represents X gallons, can be set at pin 3, and a drop in fuel will give an increase in 
potential at pin 2, which will result in 
a negative output, at pin 6. In the circuit above, voltage drop may cause one particular IC to go 
negative, but still be at a level to give 
another IC a positive output. 
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In the case of IC4 (representing 4 gallons), the voltage at point Y may be of a level to give IC4 a + 
output, but also be lower at pin 3 on 
ICs 3, 2 and .1. This would mean that the non -inverting inputs would, ín each case, also be positively biased, giving a positive output from 

each IC. To overcome this positive feedback from pin 6, of any IC 

500F1<' 

.1=I 
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TRANS ALL L 13.01113.011MOOES. 

L11M914 
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which has a positive output, is fed to inverting inputs to preceding ICs 
causing those particular ICs to 'turn off'. 

The outputs from pin 6 of each IC may then be used to drive individual indicators, or the discrete 
decoder which drives a seven 
segment display as shown in the circuit. 

Immobilisation, Automobile 
In order to discourage theft of an automobile, many people incorporate 
a 'secret' switch to break the ignition circuit (usually in series with the key switch).' This system .is very easily by- 
passed using 'jumper' leads. 

A more effective method of 
immobilisation is shown in Fig.1, also using a 'secret' switch. A 10uF/400V 
capacitor is switched across the points 
preventing the ignition being started; at the same time this prevents the use .of 'jumper leads. 
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MISCELLANEA 

Emergency Lights 

Basically it's a 240 volt mains 

operated device that provides low 

voltage dc power, and switches 
instantaneously and automatically to 
battery operation = in the. event of 
power failure. When power. _is restored 

the unit automatically reverts to mains 

operation -and recharges the battery. 

The unit may be used to provide 
emergency listing in hospitals, or 

dark corridors, as an automatic battery 
change -over supply for intruder alarm 

systems, or as a power failure alarm 

for heaters or deep freeze systems. 

The circuit may be used in many 

different forms with circuit 
component values and battery 
ampere/hour capacity chosen to suit 
individual applications. 

Figure 1 shows a circuit desigried :to 
supply 12.0 vóltsat 1:0.Amp, this may 
be increased to at least 2.0 Amps if :the 

SCR is mounted on a heat -sink. 

Transformer Ti is a standard 

filament transformer with a secondary 
winding capable of supplying 12.6 

Volts rms.- Any SCR capable '.of 

handling a couple of Amps may be 

used for SCR1. We' suggest a C106 

series, primarily because they are 

generally available from most parts 
suppliers. 

In theory; capacitor Cl should be 

non -polarised because, during 
emergency operation, it is 

reverse -charged to the SCR gate 

triggering voltage. 

240V 
5oHz 

R3 

D1 CURRENT LIMITING 
EM 401 RESISTOR (AS REQUIREOI, 

02 
EM 401 

10052 

1K 

12V 
BATTERY - 

The 12 volt lamp shown in this circuit should be rated at 12 watts or less - this may be 

increased to 24 watts if the SCR is mounted on an adequate heat sink. 

Ttiis rarely exceeds half a volt and in 

practise standard electrolytics may be 

used without fear of breakdown. 

Resistor R3 must be chosen to limit 
the charging current of the battery to 

a safe level. This level varies from one 

type of battery to another - most 

nickel cadmium batteries, may be 

trickle charged continuously at 

1/100th of their Ampere/hour rating 
- i.e., a one A/h battery may be 

continuously charged at 1/100th of an 

Amp = 10 mA. 
I 

The value of R3 may be calculated 
as:- 

R3=Vs 
-VB 
Ic 

x 1000 

Where Vs = Supply voltage from 
transformer 

VB = Battery voltage 
Ic =' Charging current in 

milliarlips 

If in doubt, the maximum safe 

continuous charging current earl be 

ascertained from the supplier or 

manufacturer -of.. the battery that -you 

have chosen. 

To modify the circuit for other 
applications it is necessary to choose a 

transformer having an output about 5 

or 10% higher thane the standby 
battery, and rated to provide the load 

current required. The SCR must also 

be- chosen with voltage and current 
ratings suited to the application. 

Digital Thermometer 

This circuit we haven't tried Vet'..but 
it looks very good, anybody ..who tries 
it, let us know how you get on. The 
circuits output frequency varies a. a. 

nearly linear manner from 38 tá =114Hz 
as the temperature changes from 3.70F 
to. 1150F. The 555 is set up in the 
normal astable configuration with one 
resistor replaced -by a. thermistór/ 
resistor network and.the other replaced 
by 'a transistor. The transistor's near 

zero on -resistance and 'very high off - 
resistance results in equal charge and 

discharge intervals that depeha only by 
the thermistor/?esistór network: The 
thermistor is one with a value of -5000 
ohms at 250C and a resistance ratio of 

To 7490's 

and Displays 

2.7K 

(5-15VDCI 

6.8K 

555 

2.7K 
2N4 062 

4r 

4.03K 

9.06:1 over the temperature range 00C 

to 500C. The capacitors need to be 
temperature stable a'ñd may need to be 
hand selected and added to give the 

1.04uF 
oPOlYCA119ON47:1 

t 

best results. It would seem that a 

similar circuit for Centigrade might 

also be possible - any ideas? 
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ISCELIANEA 
SCR One Shot 

The circuit shown is a 'one shot' or pulse generator. Here an incom- ing signal triggers the SCR and en, ergizes the load. The load voltage. 
energizes the UJT timing circuit. After a time determined by R1/ C1, the UJT fires, ánd a pulse generated 
across R2 is coupled to the cathode of the SCR through D1 and C2. The 
SCR's cathode is momentarily lifted 
above the anode voltage and the 
SCR turns off. 

SCR Multivihrator 

A triggered multivibrator - an input to 1 energizes load 1. A sub- 
sequent input to 2 energizes load 2, thus turning off SCR1 and de- 
emergizing load 1. a 

INPUT 1 

EM401 
o 

LOAD 1 

T -II 
SCR1 

1k 

LOAD 2 

SCR2 

1k 

o +v 

EM401 

INPUT 2 

00V 

Meter Amplifier 

Now for the dc meter amplifier which uses a 741 type IC. The values shown give full scale deflec- tion on a 1 mA meter with only 
1 0µA flowing into the input. 

Cir,cuit fiínction depends on there being negligible difference between the 
voltages at the two inputs of an op. amp. when arranged in a negative 
feedback configuration. Accordingly, 
whatever voltage is applied to the 
non -inverting terminal, that is, across R will appear at the inverting 
terminal, that is, across R3. However, 
R'3 is only 1/100th of the value of RI, 
so that the current through R3 must 
be 100 times larger than that through RI. It is, of course, the current through R3 that flowsthrough the 
meter, and it is worth noting that the 
value of this current is not affected by resistor R2 in series with the meter - 
provided of course that R2 is not too 
large to allow the required meter 
current to flow. The value of Rz is 
chosen here to limit meter current to about twice the FSD current, so 
providing a useful safety device should 
an unexpectedly high voltage be 
applied to the non -inverting terminal. 

Thus we have a circuit in- 
dorporating a meter of 1 mA basic 

en CIRCUITS No. 2 
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33 

R4 

o 
0v 

sensitivity but which appears to be a meter of 100 times that sensitivity. 
Resistor R4 is included to improve the performance with regard to drift, of the meter reading, as temperature 

changes cause changes in the op. amp. bias currents. It is best selected by experiment, although the value giver was found to be satisfactory with three individual 741's. 
The voltage at the slider of RV1 is fed via R7 to the inverting input to 

Cl 

M1 

O + 
1mA 

4 

-Ve 

provide a meáns of setting the meter zero. It can, if desired, be used to give 
a centre zero, so producing a 5 µA-0-5 pA meter. The capacitor C1 ensures that the gain falls at high 
frequencies. 

With a basic sensitivity of 10/íA., this amplifier enables a do voltmeter of 100 kohm per volt to be constructed, by connecting the appropriate resistor in series with the input. The valueof the resistor is given by: 
R = 100 V kilohms 

where V is the input voltage 
required to give FSD Note that the basic meter of 1 mA is 

a type of movement that is much more 
robust, and yet cheaper, than others of greater sensitivity. 
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MISCEIIANEA. 

Night Light, Automatic 

This circuit was devised to turn 
off a bedroom light after a. period of 

an hour. It could, however, be used 
tocontrol,any load up to a maximum 
of 200W. At the end of the period 
the unit switches off both itself and 

the load. 
The timing period is generated by 

á standard 555 timer in monostable 
mode controlled by SW 1 b and PB 1. 

For reliable operation timing capaci- 
tor C should be selected for low 
leakage. The output of the timer 
switches al which in turn controls 
the gate current for the triac. During 
the timing period the triac is fully 
turned on so thereis no degradation 
of the waveform across the load or 
RFI due to switching transients. 

To initiate the timing period 
mains must be applied to the 
-transformer to provide a DC supply 
for the .timing circuitry. This is 

achieved by momentarily bypassing 
the triac with one pole of the ON 

switch, SW 1 a, Because this switch 
must also provide power to the load 

TRANSFORMER CASE 
9V 100,A 

IA 

LOAD 
200W MAX 

N 

TRIAC 
NAS1640 

sw1 I] 

N 

o 

SILICON. RECTIFIER 
600m4 50V 

250u 
16V If 

it must be rated accordingly. SW 1 b 

is.used to trigger the 555 and start 
the -timing period. Q 1 will then be 

turned on, providing gate current to 

Turn on the triac. When SW1 is 

released the. supply and the load is 

maintained until the end of the 
timing period. PB 1 is provided so 

100v,ó 

5 

1 6 V + 

DAD 

that the load can be switched off at 

any time. It may be Omitted if this 
feature is 'rtót required. 

Great care must be exercised with 
this circuit as all components are 
connected to mains neutral even 
when inactive. 

Telephone Circuit 

If handset A is lifted, RLA is acti- 
vated changing over contacts RLA 
energising RLD. RLD has a pair of 
N/C contacts wired in series with its 

coil and this causes the relay to vibrate. 
The contacts 'would not however, 
change over fully, -and .a capácitor is 

wired ih parallel and stores enough 
charge to allow the relay to change 

fully. The value of the capacitor will 
depend on the type -of relay being used 

but the- value selected should be 

chosen to cause the, relay to vibrate at 
about 25 Hz. 

A second set of contacts is wired in 

series with the transformer, which in 

the prototype was an old 250 to 125 V 

transformer with the .125 V winding 
being used as the primary. The output 
of the transformer is fed to the third 
set of contacts of RLA which selects 
which telephone is to be rung. 

On lifting the other handset relay 
RLB will energise and the exclusive 
OR arrangement of contacts RLA and 

RLB will inhibit the bellringi.g circuit. 
To prevent either bell ringing again 

if one ofthe handsets is replaced RLC 
is included. When both handsets are 

raised RLC energises and is self=latch 
ing, one set of its contacts being in 

series with RLD. When both handsets 
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RLD 
N/O 1 

R LA/3 

A-LA 
100R 

R L B C/02 

RLA 
C/02 

[ 

R LC/3 

RLC 
N/02 

R LC 
N/03 

30V 
BATT 

TRANSFORMER 
(SEE TEXT) 

ALL RELAYS 24Vdc 

W-WHITE 
O (j R-RED. 
t^I R G G-GREEN 

HANDSET A 

A 

IGNORE BLUE 

are replaced, RLC is' shorted through 
the 100 Ohm resistor and turns off, 
resetting the bellringing circuit. The 

RLD/2 

J 
RLA C/03 

R L B/2 

(SEE 
TEXT) 
10u 

G R W 

HANDSET -6 

1 uF capacitor provides .the required 
coupling for speech between the two 
handsets. 
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MISCELLANEA Headphone Adaptor 

HEADPHONES have impedances which range from 8 ohms to 2 k ohms LEFT or more and handle a typical ..- maximum power of 500 mW. Tó limit the power that may be delivered into the 8 ohm types, commercial amplifiers 
generally supply the headphones from 
the amplifier output via series resistors of around 220 ohms. 
Although this technique- allows the 

use of practically any type of z headphones without fear of damage the series resistor drastically redúces 
the amount of damping the amplifier 
can apply to the phones. 
A further problem with headphone 

listening is that the stereo separation is 
unnatural in that there is little right 
channel information fed to the left ear 
and vice versa. 

This simple little adaptor is inserted 
between the amplifier and the leads to 
the speakers. It restores damping, by 
supplying the phones from a 10 ohm source, and has a blend control by which the separation between channels 
can be varied to obtain a more natural sound. 

RIGHT 

LEFT 

COMMON 
RIGHT 

O 
COMMON 

COMMON 
RIGHT 
O . 

COMMON 
NOTE 

SW'A AND SW1B ARE PART OF THE 
SOCKET USED FOR THE HEADPHONES 

Fig. 1. Circuit diagram of the headphone 
adaptor. 
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MISCEUANEA 

Rising Edge Trigger 

The diagram shows a method of 
triggering a conventional m6nosta- 
ble on the rising edge of a short 
negative -going pulse. The addition- 
al transistor, TR1, "provides good 
isblation between the output pulse 
and the triggering circuitry. The 
circiiit shown gives a pulse of 51.1sec 

duration., but of course the usual 
design formula T = 0.65 RC can be 

used to determine circuit values for 
other pulse widths. 

One 'slight disadvantage of this 

circuit is that the collector of TR2 is 

triggers here 

Trig ` 
o 

+Vcc 

560R 
C 
Ins 

22K 

R 
4K7 

560R .SuS 

Ti) ' Tr2 Tr3 

BC182 BC182 BC182 

--t 

held down by the triggering wave- falling edge of the output pulse is 

form, so the switch -on of TR3 is not not as fast as it might be, but is 

regenerative. For this reason the sufficient for most purposes. 

Position Transducer, Digital 

A shaft angular -position to digital output transducer is 

.shówn in this circuit 
Rotating the angular positión potentiometer R2 will 

provide a digital output varying from approximately 200 

Hz to 2000 Hz. 
The 5k trim potentiometer R 1 provides a rate adjustment 

of a further 50%. This trim adjustment is independant of 

the main timing potentiometer. 

«,..4.311r1 
5K 

R2 
50K (linear) 

147012 . 

o 
+20V 

Digital o/p 

470 

-oV 
o 

Temperature Stabilized Relay 

Accurate relay trip -point Operation can be obtained over 

an ambient temperature range from -50°C to. +90°C using 

this simple circuit. 
The temperature sensitivity of the silicon transistor Q1 is 

balanced out by the silicon diode 01. Gain/temperature 

stabilization may be obtained if required by using a positive 

*temperature co -efficient resistor for R3.* 

a1 

Input 
Signal 
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= CRYSTAL OSCILLATORS 
Basic solid state crystal oscillator circuit techniques are by now well 

established, most circuits being. 
adaptations of the well-known vacuum 
tube technology such as the Pierce, 
Hartley, Clapp and Butler oscillator 
and ,use both bipolar and FET devices. 
Whilst these circuits basically fulfil 
their intended, purpose, there are many 
applications which require something 
different or where performance needs 
to be reliably characterised. 

Presented here are a variety of 
circuits, for a range of applications 
from LF through the VHF range, that 
are not commonly found in current 
amateur use or literature. 

MODES OF OPERATION 
A point not often appreciated, or 

just forgotten,, is that quartz crystals 
can oscillate in a parallel resonant 
,mode and a series resonant mode. The 
two frequencies are separated by a 
small -amount, typically 2-15 kHz over 
the frequency range. The series 
resonant frequency is lower in 
frequency than the parallel. A crystal 
specified and calibrated for use in the 
parallel mode may be satisfactorily 
used in a series resonant circuit if a 
capacitor equal in value to its specified 
load capacitance (usually 20,30, 50 or 
1d0 pF) is connected in series with. the 
crystal. Sadly, you can't invert the 
process for series resonant crystal in 
parallel mode circuits. The series mode 
crystal will oscillate higher than its 
calibrated frequency in this case and it may not be possible to capacitively 
load it down sufficiently. 

TRANSISTORS 80107,8,9 
2N3563/4, 2N3646, 2N2222, 
2N5770, 2N918, BFY90, BF WO, 
5E1010, A111119, 5E1002 

Overtone crystals operate in the 
series mode usually on the third, fifth 
or seventh overtone, and the 
manufacturer normally calibrates the 
crystal at the overtone frequency. 
Operating a crystal in the parallel 
mode and multiplying the frequency 
three or five times produces quite a 
different result from operating the 
same crystal in the series mode on its 
third or fifth overtone. When ordering 
overtone crystals avoid confusion and 
specify the frequency you want, not 
the apparent fundamental frequency. 

Fundamental crystals in the range 
500 kHz to 20 MHz are usually 
specified for parallel mode operation but series mode operation can be 
requested. For low 'frequency crystals, up to 1 MHz, either mode can be 
specified. Overtone crystals generally 
cover the range 15 MHz to 150 MHz. 

WIDE RANGE or 
APERIODIC OSCILLATORS 

Oscillators that do not employ tuned 
circuits can be very useful, whether they are simply used as 'crystal 
checkers' or some other purpose. 
Particularly for LF crystals, tuned 
circuits can be bulky. However, they aren't without their traps. Some 
crystals are prone to oscillation on 
unwanted modes, particularly the DT 
and CT cut crystals used for LF quartz 
oscillators. It is wise to check that the output is on the correct frequency and no mode instability is evident. 
Reducing feedback at the higher 
frequencies usually cures this. In extreme cases, the idea has to be 

3V to 12V 

0.1µF 

OUTPUT 
1k LOAD 
MINIMUM 

Fig 1. Áperiodic Butler oscillator (series model 

abandoned and an oscillator having a 
tuned circuit used instead, (LF crystal 
oscillators are discussed later). 
The first circuit is an emitter -coupled 

oscillator, a version of the Butler 
circuit. 
The output of the circuit in Fig. 1 is 

essentially sine wave; reducing the 
emitter resistor of 02 increases the 
harmonic output. By doing this, a 100 
kHz crystal produces good harmonics 
through 30 MHz. It is a series mode 
circuit. 
A variety of transistors may be used. 

For crystals above 3 MHz, transistors with a high gain -bandwidth product 
are recommended. For crystals in the 
50 kHz to 500 kHz range, transistors 
with high IF gain, such as the 2N3565 
are recommended. Also, for crystals in 
this range, permissable dissipation is 
usually less than 100 microwatts and 
amplitude limiting may be necessary. 
Low supply voltage, consistent with 
reliable starting, is recommended; 
Modifying the circuit by the addition of diodes - as shown in Fig. 3 - is a 
better method, and starting perform- 
ance is improved. The circuit will: oscill- 
ate up to at least 10 MHz with approp- 
riate transistors and emitter resistor 
values. An emitter follower or source 
follower buffer is recommended. Simi= 
lar comments to the above apply to Fig. 
2. An emitter follower buffer is 
included in this circuit. Both circuits 
are slightly frequency sensitive to 
power supply voltage changes and load 
variations. A load of 1 k or greater Is 
recommended. 
TTL IC can be used in crystal 

oscillator circuits but many published 
circuits have poor starting 
performance or suffer from 
non -repeatability owing to wide 
parameter spreads in IC's. The clrcúit 
in Fig. 4. has been tried by the writer 
over the range 1 MHz to 18 MHz and 
can be recommended. It is a series 
mode oscillator and suits AT -cut 
crystals. The output is about 3 volts 
peak to peak, square wave up to about 
5 MHz beyond which it is becomes 
more like_ half -sine pulses. Starting 
performance is excellent, often a 
critical factor with TTL oscillators. 

LOW FREQUENCY 
CRYSTAL OSCILLATORS 

Crystals in the range 50 kHz to 500 kHz require special considerations not 
encoyntered with the more common AT or BT cut HF crystals. The 
equivalent series resistance (which 
determines 'activity' - that figure of 
merit of days of old) is much greater and their permissable dissipation is 
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CRYSTAL OSCILLATORS 

limited to less than 100 microwatts, 
preferably 50 microwatts or less. 

The circuit in Fig. 5 is a series 

mode oscillator. It has the advantage 
of not requiring a tuned circuit, and 

has a ichoice of sine or square wave 
output. For crystals in the range 
50-150 kHz, 2N3565 transistors 
are recommended although the aut- 
hor has found BC107's satisfactory. 
Either type will suffice for crystals in 

the range 150 kHz to 500 kHz. If you 
find the: crystal has a very high equi- 
valent series resistance, in which 
case increase R1 to 270 ohms and 

R2 to 3.3 k. For square wave opera 
Lion, Cl is 1 uF (or a value close to, 

or above it). For sine wave output, 
C1 is not in circuit. Amplitude 
limiting is unnecessary. Sine wave 
output is about 1 V rms, square 
wave output about 4 V peak to peak. 

The circuit in Fig. 6 is a modified 
form of the Colpitts oscillator, with 
the addition of resistor Rf to control 
feedback. Capacitors Cl and C2 

.should be reduced by preferred 
values as the frequency is increased. 
At 500 kHz, values for C_ 1 and C2 

should be around 100 pF and 1 500 
pF respectively. 

The circuit as shown gives sine wave 

output with the second harmonin 

about 40 dB down (or greater). This 

cañ be reduced by careful trimming of 
Rf and Cl. Note that, at the reduced 

level of feedback necessary to achieve 

this, it takes some 20 seconds for the 
oscillator to reach full output Output 

is about 2 to 3 volts peak to peak.. 

If you need an output rich ín 

harmonics, the simple addition of a 

0.1 uF capacitor, across the emitter 

72 

o 

22k 

resistor will achieve this. Output then 
rises to about 5 V peak to peak. Power 

supply voltage can be reduced in this 
case to lower crystal dissipation. 

Other transistors can be used, but 
bias and feedback may have to be 

adjusted. For cantankerous crystals 
determined to oscillate in modes other 
than those you wish, the circuit of 
Fig.7 is recommended. Feedback is 

controlled by tapping down the 
collector load of Q1. Amplitude 
limiting is necessary to keep the 
crystal dissipation within limits. For 

50 kHz crystals the coil should be 2 

mH and its resonating capacitor 0.01 

uF. Output is about 0.5 V rms, 

essentially sine wave. The use of an 

emitter follower or source follower 

Fig.3. How diodes are used for 
amplitude limiting 

47011 

C1 

I 
5 

TRIMMER XL 

10-15V 

03 

0.1µF 
OUT 

(1k LOAD 
MINIMUM) 

470n 

Fig.2. Emitter -coupled oscillator 
Series mode. 

buffer ís recommended. If a parallel 

mode crystal is used the 1"000 pF 

capacitor shown in series with the 

crystal should be changed to the 

crystal's specified load capacitance 

(usually 30, 50 to 100 pF for these 

crystals). 

HF CRYSTAL 
OSCILLATOR CIRCUITS 

Solid state circuits for the popular 
AT -cut HF crystals are legion. 
However, results aren't always what 
one would expect. Most fundamental 
crystals up to 20 MHz are ,usually 
specified for parallel mode operation. 
However, such crystals can be used in 
series mode oscillators by putting the 

47011 

E9 8 
10 

7400N 
SERIES OUAD- 
NAND GATE 

(APPROX..3V PPI 

OUT 
o 

Fig.4,'Reliable TTC crystal oscillator. 
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CRYSTAL OSCILLATORS 

1 
XL 

R1 
15052 

Q1 
BC107 

2N3565 

/R2 
620 

I 

33k 

0.47µF 

0.47µF 

2.2k 

3.3k 

2.2k 

BC107 
2N3565 

BC107 
2N3565 

I C1 

TSEE TEXT 

specified load capacitance in series with the crystal as mentioned 
previously. Both types of circuit are 
detailed here. 

A useful oscillator for the range 3 to 
10 MHz that does ,not require a tuned 
circuit is given in Fig. 8 (a). It is, of 
course, the same circuit as Fig.6. The 
circuit can be used down to 1 MHz if 
C1 and C2 are increased to 470 pF and 
820 pF respectively. It can be used up to 15 MHz if Cl and C2 are reduced to 
120 pF and 330 pF. Respectively. This 
circuit is recommended for non -critical 
applications where high harmonic 
output is wanted, or not a 
consideration. 

The addition of a tuned circuit as in 8(b) reduces harmonic output 
considerably. A tuned circuit with as 
high a Q as possible is recommended. 
In a 6 MHz oscillator, I have obtained 
the following results. With a coil Q of 
50 the 2nd harmonic was 35 dB down. With a Q of 160, it was -50 dB! 
Resistor Rf can be adjusted (increase 
slightly) to improve this. The output is 
also increased with a high Q coil. As 
previously noted, with reduced 
feedback it takes some tens of seconds 
to reach full output from switch on, 
however, frequency stability is 
excellent. 

Operation at other frequencies is 
accomplished by changing the 
.capacitors and coil appropriately. 

This circuit (Fig. 8) can also be 
turned into a very effective VXO. A 
small inductance is placed in series 

10V 

0.47µF 

0.1µF 
OUT 

470 

XL 5gOpF 

Cl 
.0033pF 

C2 

.0039µF 

BC107 

Fig.6. Parallel mode L F oscillator. 

Fig.5. LF series mode oscillator 
with sine or squarewave output. 

with the crystal and one of the 
capacitors in the feedback circuit is 
made variable. An ordinary two -gang 
10-415 pF (or thereabouts) broadcast tuning capacitor will do the job nicely. 
Both gangs are paralleled. The tuning 
range depends on the crystal used, the 
inductance of L1 and the frequency. A 
greater range is usually obtainable with the higher frequency crystals. Stability 
is excellent, approaching that of the 
crystal. 

12V 

.1.0.1F-oOUTPµF 

UT 

(MIN .1k LOAD) 

10052 

A VHF 
OSCILLATOR -MULTIPLIER 

The circuit in Fig.10 is .a modi- 
fication of the 'Impedance Invert- ing' overtone oscillator. Normally, 
with the impedance inverting circuit the collector is either untuned or 
grounded for RF. The collector can be 
tuned to twice or three times the 
crystal frequency To reduce the output at the crystal frequency, a 
double tuned circuit is recommended. 
DO NOT tune the collector to the 
crystal frequency, otherwise the circuit will oscillate at a -frequency not 

Fig.?. 100 kHz crystal oscillator (with tuned circuit). 
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CRYSTAL OSCILLATORS 

5r0pF C1 
220pF 

y.C2 T 470pF 

XL 

15k 

4.0 6.15V 

OUTPUT 

I I --a 

10.01}íF 

Fig8. Parallel oscillator for the 

range 3-10 MHz 

controlled by the crystal.. It is 

advisable to keep the collector lead as 

short and direct as possible. 
Results with this circuit are 

excellent. All outputs other than the 

wanted output were at -60 dB or 

greater. Nóise output ;Is at least 70 dB 

below, the wanted output. it makes an 

excellent conversion oscillator for 
VHF/UHF converters. Almost 2 V of 
RF it available at the hot end of L3 
(author's prototype at 30 MHz). A 

Zener regulated supply is 

recommended. As indicated on the 

diagram, different circuit 'values are 

r ecessary for different transistors. 

Strays in individual construction may 

also necessitate variations. L1 can be 

used to pull the crystal onto 
frequency. 
Slight variatións in frequency (about 

1 ppm) occur -when tuning L2 and L3 

and also with load variations. 
However, in practise, these_ turnout to 
be of no consequence. 
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Fig.5t VXO 

2 GANG 10-415pF 

Rf 

3.9k 

390pF I 
Fig.Bb. Adding a coil to the cirlcuIt 
shown in Fig8. 

1 

15k 

1k 

8C107 
2N3564 

1 
.O1µF 

4.010V 

I I- 
2N918 etc 

toot( T 

65 MHz Xtal 130 MHz OUTPUT 

Lt = NEOSID AZ ASSEMBLY 
(4mm FORMER & F29 SLUG) 
WOUND WITH 12 TURNS OF 4.56'mm 
ENAMEL WIRE. CLOSEWOUND 

L2l3 NEOSID. DOUBLE ASSEMBLY 
7300 CAN. TWO 72211 FORMERS. 
F29 SLUGS. WOUND WITH 5TURNS. 
0.63mm ENAMEL. CLOSEWOUND 

Cl = 33 OR 39 pF 

43 MHz Xtai 130 MHz OUTPUT 

L7' = 20 TURNS 0.4mm AS ABOVE 

L2/3 AS ABOVE 
C1-= 56pF 

38MHz Xtzl 116 MHzOUTPUT 

Ll = 24 TURNS 0.4mm AS ABOVE 

L2/3 9 TURNS 0.63mm AS ABOVE 

Ct = 68pF OR 100pf 

0.01µF 

XL C2 C3 

65mHz B.2pF 5.6PF 

43mHz 15pF 10pF 

38mHz 22pF 18pF 

66mHz 18pF 12pF 

43mHz 33pF 18pF 

38mHz 56pF 39pF 

} BC107 

2N3564 
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SPEAKER CROSSOVERS 
Speaker crossover networks are 
quite simple to design - if you 
have acomputer to calculate the 
component values. So we 
presented a Honeywell 
computer time-sharing terminal 
with the task. Here are the 
results,- crossover design made 
easy. 

N, MO.DERN high-fidelity systems 
the loudspeaker must cover a range 
of frequencies from 30 Hz to at least 

15 kHz. 
Generally this requires the use of two 

or more speakers in each enclosure, 
each speaker operating within a 

controlled frequency range. 
The extent of that part of the sound 

frequency spectrum handled by. each 
speaker is controlled toy 'crossover' or 
'frequency dividing' networks 
consisting of two or more filters. 

A two speaker system usually has a 
two-way network consisting of a 
high-pass filter and a low-pass filter. 
The high-pass filter limits the low 
frequency response of the high 
frequency speaker, and the low pass 
filter limits the high frequency 
response of the low frequency speaker. 

A three speaker system will usually 
have a three-way network. This will 
consist of a high-pass filter, a 

band-pass filter, and a low pass filter. 
The high and low-pass filters act in a 

similar manner as those in a two-way 
system. The band-pass filter controls 
the frequency range of the mid -range 
speaker. 

The effect, in theory at least, is a 

smooth transition from one speaker to 
another over the total frequency range 
of, the ,system. 

For a multi -speaker system to have a 

substantially flat response, it is 
essential that each speaker in the 
system has a usable frequency range R OHMS 

overlapping the next. For example the 
bass speaker in a two speaker system 
may have a response that is 
substantially flat from say, 70 Hz to 3 
kHz. The high frequency speaker 
chosen for this system would probably 
have a .usable frequency. range from 
500 Hz to.15 kHz. Thus.the overlap is 
2.5 kHz.. 

DETERMINING THE CROSS -OVER 
POINT 

A crossover network for the system 
outlined above would be designed to 
'operate somewhere between 800 Hz 
and 1 kHz. 

A three-way system would probably 
be designed to crossover at 400 to 500, 
Hz and again, at 5 kHz. 

ETI-CIRCUITS No. 2 

The optimum crossover frequency 
may be easily determined by studying 
the frequency response curves of the 
speakers to be used and arranging for 
the crossover to take place before the 
response of a given speaker unit falls 
off, or the movement of the 
diaphragm becomes non-linear. Few 
bass speakers, for example, have any 
really usable response beyond 2 to 3 
kHz. The range of the frequency 
spectrum covered by the mid -range 
unit must be restricted to those 
frequencies at which the displacement 
of the diaphragm does not exceed the 
manufacturer's rating. 

It should of course be quite clearly 
understood that the sole purpose of a 
crossover network qs to control the 
operating range of each speaker. It is 
to prevent a tweeter with a cone travel 
of a few thousands of an inch from 
being driven by a 50 Watt amplifier at 
35 Hz - and to ensure that a bass 
speaker does not have hysterics trying 
to emulate Victoria de los Angeles. 
A crossover network' cannot be used 

to correct for deficiencies in the 
record player, amplifier, speaker drive 
units or enclosure design. 
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DIFFERENT TYPES OF FILTER 
Figure 1 shows a typical frequency 

response for a crossover network 
(operating point 1 kHz) consisting of -a 
low-pass filter and a high-pass filter. 
The graph does in fact show three 
different pairs of filters, each having a 

different rate of attenuation. 
In practise an attentuation of 6 dB 

per octave is generally inadequate. The 
rate of cut-off is not always sufficient 
to protect the mid -range and high 
frequency drive units from being 
overdriven. 

An attenuation rate of 12 dB per 
octave is commonly used, although 18 
dB per octave filters are sometimes 
chosen. For amateur design ;it is 
advisable to stick to the 12 dB per 
octave filter. 

Both series and parallel filters are 
used. Series filters are used only in 
two -speaker systems. Most 
commercially built networks use the 
parallel configuration because 
component values are the same for 
each filter and this reduces inventory 
costs. Apart from cost the parallel 
network has slightly better electrical 
characteristics in the transmission and 
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SPEAKER CROSSOVERS - 

attenuation bands. Nevertheless the 
design data given later in this article 
covers both series and parallel 
networks. 

Apart from the series and parallel 
configurations, filters used for 
crossover networks are known as 

'constant k' or 'm derived'. It is not 
essential for the amateur to 
understand the difference between the 
two types. Basically the 'constant k' 
networks are limited to a cut off rate 
of 12 dB per octave, whilst the 'm 
derived' networks can operate at cut 
off rates of 18 dB per octave. The 'm 
derived network' is often used by 
designers of top quality speaker 
systems as the design approach permits 
closer control of impedance and 
attenuation characteristics. 

INSERTION LOSS 

One of the most important design 
considerations is that the filter does 
not introduce any appreciable loss 
(this iscalled 'insertion loss') between 
the amplifier and the speaker drive 
units. Thé insertion loss - which is 
usually quoted in dBs - is caused by 
the do resistance of the coils, together 
with the shunt and series reactance of 
the circuit elements. The insertion loss 
of a well designed filter should not 
exceed 0.5 dá (preferably less than 
this for high power systems). 

For speaker systems driven by 
amplifiers of less than 30 Watts or so, 
áñ insertion loss of 0.5 dB is quite 
acceptable. But a manufacturer of high 
power systems will usually try to 
reduce the insertion loss below 0.5 dB 
if economically feasible - for the 
power absorbed by a 0.5 dB filter at 
100 Watts input will exceed 10 Watts. 
Inserti(iri l óssés are minimized by 

using coils of low dc resistance, and 
capacitors of low power factor. 

(Apart from the insertion loss, a 

further loss of approx 3. dB will occur 
at the crossover frequency. This is 

because the amplifier power is divided 
more or less equally between the two 
speakers at this frequency. This loss is 

inevitable whenever a crossover 
network. is tiled - but in practise it is 

hardly ever apparent to the ear.) 
Speaker drive units used in multiple 

speaker systemsshould all have similar 
nominal impedances. Thus, if he bass 
driver is an eight ohm unit so also 
should be the mid -range (if used) and 
high frequency units. If twin units are 
used for any part of the spectrum - 
such as twin tweeters - then each 
speaker should be twice the nominal 
impedance of each of the remaining 
speakers, the twin speakers should 
then be connected in parallel. (Two 16 

SYD 0134 

HONEYWELL G265 TIME- SHAPING SYD 

ON TTY 41 AT 18:52 

USER NUMBER ---S85004 
MODERN MAGAZINE H. 

PROJECT ID ---BARRY 
SYSTEM ---BPS 
N EW OR OLD --NEW 
NEW FILE NAME --FILTERS 
A EADY 

T APE 
R EADY 

15 PRINT USING 18 
18:FREQ., Cl C2 C3 C4 C5 L1 L2 L3 L4 L5 
20 PRINT 
35 READ R 
37 READ M 

40 DIM F(25) 
50 FPR I=1 TO 22 
60 READ F(I) 
70 LET W=2*3. 14159*F(I ) 

80 LET Z=R*W 
90 LET X=2E6/Z 
110 GOSUB 500 
120 LET C1=X 
130 LET X=1E6/(Z+Z*M) 
150 GOSUB 500 
160 LET C2=X 
170 LET X=1E6/Z 
190 GOSUB 500 
195 LET C3=X 
200 LET X=1E6/(2*Z) 
220 GOSUB 500 
230 LET C4=X 
240 LET X=1E6*(1+M)/Z 
255 GOSUB 500 
260 LET C5=X 
270 LET X= 1000*( I+M)*R/W 
280 GOSUB 500 
28 5 LET L 1=X 
290 LET X=1000*R/W 
295 GOSUB 500 
300 LET L2=X 
310 LET .X=1000*R/(2*W) 
320 GOSUB 500 
330 LET L3=X 
340 LET X=2*1000*R/W 
350 GOSUB 500 
360 LET L4=X 
370 LET X=1000*R/(W+W*M) 
380 GOSUB 500 
390 LET L5=X 
450 PRINT F( I); TAB( 10); CI; TAB( 16);C2; TAB( 22)1C3; TAB( 28);C4; TAB( 34);.c5; 
460 PRINT TAB( 40);L11 TAB( 46):L2; TAB( 52);L3; TAB( 58);L4: TAB( 64).L5 
480 NEXT I 
500 IF X< 100 THEN 520 
505 LET X=INT(X+5) 
510 GOTO 600 
520 IF X<10 THEN 540 
525 LET X=INT(X*1O+1)/10 
530 GOTO 600 
540 I F X< 1 THEN 560 
545 LET X=INT(X*100+5)/100 
550 GOTO 600 
560 LET X=I NT(X*1000+5)/1000 
600 RETURN 
700 DATA 8 
710 DATA 0.6 
720 DATA 100.150.200.250.300,350, 400. 500, 600. 750. 1000.1250ti1-500 
730 DATA 2000.2500,3000.3500.4000.5000,6000,7500.10000 
999 END 

RUN 

USED 33 UNITS 
BYE 

TOTAL TTY MINUTES 35 

TOTAL CRU'S USED = 33 

***OFF AT 19:27 

This is the computer programme used w calculate the circuit component values In the 
crossover networks. Copyright - Electronics Today International. 
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Fig. 1. Typical frequency response curves 
of a two-way crossover network. The graph 
shows three different pairs of filters, each 
having a different rate of attenuation. 

ohm speakers connected in parallel 
will reflect an 8 ohm load impedance 
to the crossover network.) 

CALCULATING COMPONENT 
VALUES 

Calculation of the component values 
for crossover networks is a long 
tedious business. Unless you have a 

computer that is! 
The programme - specially written 

by our Engineering, Manager, Barry 
Wilkinson - is reproduced elsewhere 
in this article. Component values have 
been calculated for both 'constant k' 
and 'm derived' filters and for speakers 
of both 8 ohm and 15 ohm nominal 
impedance; complete design data is 
given for all crossover frequencies 
from 1.00 Hz through 10 kHz. 

CONSTRUCTION 
The actual construction of filter 

networks is quite simple. Air -cored 
coils aré normally used (iron -cored 
coils can introduce distortion) and 
these are very simple to wind. -(Design 
data for winding these coils is included 
in this article.) 

Standard (non -polarized) electrolytic 
capacitors are not suitable for 
crossover networks, as even low 
leakage types have an unacceptable 
power factor for this application. 
Special non -polarized electrolytics are 
made by some firms specifically for 
crossover networks - but it is 
significant that many of the top 
speaker manufacturers will only use 
paper capacitors for this purpose. 
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O 

Constant k crossover networks. Fig. 2 - series type, 6dB/octave. Fig. 3 - parallel 
type, 6dB/octave. Fig. 4 - series type, 12dB/octave. Fig. 5 - parallel type, 12dB/ 
octave. 

When choosing capacitors for 
crossover networks ensure that the 
capacitors' rated dc working voltage is 
never exceeded by the peak voltage of 
the signal. 

DESIGN PROCEDURE 

1. Determine crossover frequencies 
and attenuation required (i.e. 6dB, 
12dB or 18dB per octave). 

2. Decide whether filter is to be series 
or parallel - as explained earlier the 
parallel type has some advantages 
over its series counterpart. 

3. Select the appropriate circuit from 
Fig. 2 - 9. 

4. Establish component values for 
required speaker impedance (and 
either 'constant k'' or 'm derived' 
design) from computer print-out. 

5. Design coils using data provided. 

COIL DESIGN 

Any coil used in a crossover network 
has a certain amount of dc resistance - and this resistance will dissipate a 

proportion of amplifier power. Thus, 
the dc resistance of the coils should be 
as low as economically possible. A 
reasonable compromise - where the 
amplifier power does not exceed 30 
Watts continuous power output per 

=REC. C1 C2 C3 L1 L2 L3 
100 199 28 1 141 12.7 9 18 150 133 188 93.8 8.49 6 12 200 99.5 141 70.3 6.37 4.5 9 250 79.6 113 56.3 5.09 3.6 7.2 300 66.3 93.8 46.9 4.24 3 6 350 56.8 80.4 40.2 3.64 2.57 5.14 400 49.7 70.3 35.2 3.18 2.25 4.5 500 39.8 56.3 28.1 2.55 1.8 3.6 600 33.2 46.9 23.4 2.12 1.5 3 750 26.5 37.5 18.8 1.7 1.2 2.4 1000 19.9 28 1 14.1 1-27 .9 1.8 1250 15.9 22.5 11.3 1.02 .72 1.44 1500 13.3 18.8 9.38 849 .6 1.2 9000 9.95 14.1 7.03 637 .45 9 2500 7.96 11.3 5.63 509 .36 72 3000 6.63 9.38 4.69 424 .3 6 3500 5.68 8.04 4.02 -364 .257 514 4000 4.97 7.03 3.52 318 .225 45 5000 3.98 5.63 2.81 255 .18 36 6000 3.32 4.69 2.34 212 .15 3 7500 2.65 3.75 1.88 .17 .12 24 10000 1.99 2.81 1.41 127 09 .18 
COMPONENT VALUES FOR CONSTANT -K 
I NL`UCTANCF IN MI LLI HENRI £S 
CAl-ACI TANCE I N MI CFOFARADS 
SPEAKER IMPEDANCE = 8 OHMS 
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channel - is to keep he dc resistance 
below one ohm. 

The ob/|do,i8o that will'proide the 
highest inductance in proportion to 
the dc resistance is that shown in Fig. 
10. In this drawing the radius of the 
circular winding bobbin io shown ao'x' 
and all other dimensions are related to 
this. 

Construction of the bobbin is not 
critical and it can be made from 
cardboard, or a combination of a 

wooden core and cardboard cheeks. 
Metal must not be used. 

The design procedure is as follows: - 
1. Determine the bobbin size required. 

This is done by using Graph I. This 
graph indicates bobbin size ('x' 
measurement) required to 
accommodate coils of different 
sizes and dc resistances. For 
oxxmp|9 a 5.5mH coil wound on a 

0J5" fóirno, (remember that this 
refers to the measurement shown as 

'x') will have a dc resistance of 1.4 
ohms - if wound on a 1" former 
the resistance would be 0.7 ohms. 
As: the dc resistance should be 
preferably less than 1.0 'ohm` the 
1'' former should be used. 

2.GrapxUsoowsmvnumbm,mfxu,nv 
required to provide the required 
inductance for various bobbin sizes. 
In our example 200 turns are 
required. 

3; Graph Ill shows the wire gauge 
rOuirod. In our example 290 turns 
on a 1~ bobbin would require 15.3 
B&S. The nearest standard siie is 
16G sg this is the wire size used. 

4. The coil should be layer wound 
using enamme|ed copper wire. As 
the operating voltage is quite low, 
nu into,laymr insulation is required. 
Graph IV shows the dc resistance of 

the coil given -the wire gauge and 
former size, providing the former is 
filled completely. In our case the 
resistance shown is 1.0 ohm - but as 
we have only 290 turns whereas the 
filled- bobbin accommodates about 
350 turns the resistance would be 
about 0.8 ohm. This is ouffioiondy 
close to our 'design requirement and 
would be ucuesitao|o tor a low power 
amplifier. 

Figure 11 provides the ,approximate 
weight of 'wire used for fully wound 
coils of each size. 

THREE-WAY CROSSOVER 
,IVE7lN0RKS 

These differ from two.way networks 
only in that they include 'a mid-ranáe 
filter. 
A three -Way 12 d8 per octave 

pxm|/=| p,on,v"= Is shown in Fi9. 12. 
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The midrange section 
filter consisting of a 
1L38 and C38) and a 

(L3A and C3A). 
The deiign procedure is firstly 

establish the values of the low pass 
sectiorl L3 and C3. 
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Circait elements L3A and C3A, in 
the mid -range filter, must also cross 
over at the same frequency as the low 
pass fi|ter, and thus have the same 
values as L3 and C3. 

The values of L3B the same osL3C 
as also are C3B and C3C. The values of 

FREQ. Cl C2 C3 LI. L2 L3 

100 106 150 75 23..9 16-9 
150 70.7 100 50 15^9 '1.a 
200 53^1 75 37.5 11.9 8.4* 
250 *2`4 60 30 9.55 6.75 
300 35.4 50 25 r.oa 5. 63 
350 on^o 42`9 21.4 6.82 *.ou 
*oo .ua^s or^s ,Fn.n s`or 4. 22 
Son 21^2 30 15 4. 77 3. 38 
600 17^7 25 12,5 3.98 e^81 
750 14.1 20 10 3. 18 2. 25 
1000 10.'6 15 70 2. 39 /.*o 
1250 n^*p 12 6 1.*1 -I^os 
1500 7.07 10 5 1 59 1'/n 
coon 5^31 7.5 3.75 1.19 .844 
2500 4.24 6 3 .9 55 'a7s 
3000 3. 54 5 u^n ,r*o 'sao 
3500 3.03 4. 29 2.14 .00u '*eu 
4000 2.65 3.75 1.88 ^unr ,4uu 
5000 a^xu 3 /.s ^*rr 'auo 
6000 I^rr c^s 1.25 ,own .ao/ 
rsoo 1.41 2 

33.8 
5 

/a^y 
1o^s 
x1'o 

9 as 
o'+* 
6. 75 
5. 63 
*^s 
3. 3S 
o^r 
2. 25 
/^6a 
x^3s 
1.1u 
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' o44 
' avs 
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II-= T--- SPEAKER CROSSOVERS 

1 , it i 
.r1 , 

s1111 111111u.-n 
. -4-. 

_ . . 
1..t..._.. 

26 

W.G. 24 

(B&Sf 

22 

18 

16 

14 

17 

'x' inches Weight (ozs.), 

0.25 0.5 
0.375 1.75 
0.5 4.25 
0.75 14 

1.00 33 
1.50 110 

Fig. 11 - This table shows the'weight of 
wire used for fu//y wound coils of each size 
of it 

Fig. 12. Three-way 12 dB per 
octave parallel crossover. 
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GRAPH IV 

111I1Or.11111111~11111 
R1iur1Mlri 11111 
111111111f110/11 1111. 

IW 1111/ 

FREQ. C1 C2 C3 C4 C5 L1 1.2 L3 L4 L5 

100 212 66.3 106 53 170 38.2 23.8 11.9 47.7 14.9 
150 141 44.2 70.7 35.3 113 25.4 15.9 7.9 6 31.8 9.9 5 

200 106 33.1 53 26.5 84.8 19.1 11.9 5.97 23.8 7.46 
250 84.8 26.5 42.4 21.2 67.9 15.2 9.55 4.77 19.1 5.97 
300 70.7 22.1 35.3 17.6 56.5 12.7 7.9 6 3.98 15.9 4.97 
350 60.6 18.9 30.3 15.1 48.5 10.9 6.82 3.41 13.6 '4126 
400 53 16.5 26.5 13.2 42.4 9.55 5.97 2.98 11.9 .3.73 
500 42.4 13.2 21.2 10.6 33.9 7.64 4.77 2.39 9.55 2.98 
600 35.3 11 17.6 8.84 28.3 6.37 3.98 1.99 7.9 6 2.49 
750 28.3 8.84 14.1 7.07 22.6 5.09 3.18 1.59 6.37 1.99 
1000 21.2 6.63 10.6 5.31 16.9 3.82 2.39 1.19 4:77 1.49 
1250 16.9 5.31 8.49 4.24 13.5 3.06 1.91 .9.55 3.82 1.19 
1500 14.1 4.42 7.07 3.54 11.3 2.55 1.59 .796 3.18 .995 
2000 10.6 3.32 5.31 2.65 8.49 1.91 1.19 597 2.39 745 
2500 8.49 2.65 4.24 2.12 6.79 1.53 .955 .477 1.91 .597 
3000 7.07 2.21 3.54 1.77 5.66 1.27 . 79 6 398 1.59 49 7 

3500 6.06 1.89 3.03 1.52 4.85 1.09 .662 341 1.36 426 
4000 5.31 I.66 2.65 1.33 4.24 .955 . 59 7 298 '1.19 373 
5000 4.24 1.33 2.12 1.06 3.4 764 .477 .239 .955 298 
6000 3.54 1.11 1.77 .884 2.83 637 .398 .199 79 6 .249 
7500 2.83 .884 1.41 707 2.26 509 .318 159 637 .199 
1000(1 2.12 .663 1.06 531 1.7 382 .239 119 477 .149 

COMPONENT VALUES FOR M -DERIVED LOUDSPEAKER CROSSOVER NETWORKS 

INDUCTANCE IN MILLIHENRIES 
CAPACITANCE ;N MICROFARADS 
M=0.6 
SPEAKER IMPEDANCE = 15 OHMS 



BATTERIES 
System Anode Cathode Electrolyte 

Open 
current 
voltage, 

Typical 
operating 
voltage, 

Capacity 
Ah/Iba Wh/Ibb Remarks 

Primary.systems 
Leclanche 

Zn(Hg) 
- 

Mn02(C) NH4CI-ZnC12 1.6 0.9-1.4 23 30 most common form of the dry 
cell; extensive applications; 
sloping discharge curve Alkaline Zn-Mn02 Zn(Hg) Mn02(C) KOH 1.52 0.9-1.2 30 33 suitable for greater drain rates 
than Leclanche cells; sloping 
discharge curve mercury cell (Rubin) Zn(Hg) HgO(C) KOH-ZnO 1.35 1.30 40 53 constant voltage during discharge; 
heavier drains and higher 
capacity than Leclanche cells Mg-Mn02 Mg Mn02(C) MgBr3, Li2CrO4 2.0 1.6-1.8 30 46 higher capacity and voltage than 
Leclanche cell; 35-40% of 
magnesium consumed in 
hydrogen liberation during 
discharge air -depolarised Zn Zn(Hg) 02(C) KOH 1.36 1.1-1.2 60b 70b utilizes oxygen from air; wet type 
used for railway signals, home 
radios; dry type available but 
moisture loss a problem Zn-Ago Zn AgO KOH 1.8 1.4-1.5 35 53 one-shot, high -drain -rate reserve 
cell; also available in another 
form as a secondary battery Zn-Pb02 Zn Pb02 H2SO4 2.5 2.0-2.3 18 26 one-shot, high -drain -rate reserve 
cell Zn-Cu0 Zn(Hg) CuO NaOH 1.06 0.9-1.0 low operating voltage; used 
principally for railway signals Zn-Cl2 Zn ZnCl2 Cl2 2.1 1.5-1.9 one-shot, high -drain -rate cell Pb-Pb02-HCIO4 Pb Pb02 HCIO4 2.0 1.6-1.8 11 19 one-shot, high -drain reserve types 
used for military applications thermal cell Ca PbCr04(Ni) LICI, KC1 fused 2.8 2.2 'must be heated to melt 
electrolyte, one-shot, 
high -drain, military type cell 

Mg-Cu2CI Mg Cu2C1 MgCl2 1.4 1.1-1.3 25 30 one-shot, high -drain reserve cell; 
may be activated with sea 
water Mg-A3CI Mg AgCI MgCl2 1.6 1.3-1.5 54 75 one-shot, high -drain reserve cell 
with very high capacity; may 
be activated with sea water Zn-V203 Zn V203 NH4OH, ethylene 

glycol, boric acid 
1.2 1.2 available commercially as a bias 

cell providing stable voltage át 
zero current over long periods Weston standard 

solid electrolyte 
Cd(Hg) 

Ag 

Hg 

CuBr2 
HgSO4, CdSO4 

AgBr 
1.019 

0.75 

1.2 used as a voltage standard, 
power source for radiation 

warning devices; charging 
source for low -leakage 
capacitors Fery cell Zn 02(C) NH4CI - 1.2 0.7 used extensively in foreign 
countries for telegraphy and 
telephone service; performs 
efficiently at low drains Zn-AgrO Zn Ag20 KOH or NuOH 1.6 1.5 33 49 small sealed primary cell for 
electric wrist watch or hearing 
aid use; hermetically, sealed In-HgO In HgO KOH 1.15 1.05 electric wrist watch battery; 
hermetically sealed Experimental cells 

(primary) organic 
cathode 

Mg m-dinitro- 
benzene 

MgBr2 1.65 1.15d 56 65 one of the more promising of a 
large number of organic 
compounds being considered; 
multistep discharge solid electrolyte Ag V203 Agl 0A6 0.38-0.46d typical of a variety of similar 
systems that could be made 
commercially if applications 
warranted: thin flat cells 
providing 100 V/in. of battery 
length Al-Mn02 Al Mn02 AIC13,(NH412Cr207 1,7 1.3 higher capacity and voltage than 
Leclanche cell; wasteful 
corrosion of aluminium 
remains a major problem Mg-Bi203 Mg Bi203 MgBr2 1.6 1.0 6 operates 0.2-0.3 V lower potential, 
than HgO-Zn system but otherwise has similar voltage -time discharge 
characteristics Secondary cells Pb Pb02 H2SO4 2.2 1.95-2.05 10 20 conventional lead storage cell lead acid 

Edison 
Fe Ni oxides KOH 1.6 1.2-1.4 10 13 much longer useful life than lead 

storage cell but lower capacity 
and more expensive Cd Ni oxides KOH 1.35 1.1-1.3 10 12 available as a completely sealed 
cell Cd-Ni0 

Zn-AgO 
Zn AgO KOH, ZnO 1.8 1.4-1.5 35 53 very high capacity and suitable 

for high discharge rates but 
smaller number of cycles than 
Ni-Cd or lead storage cells Cd-Ago Cd Ag0 KOH 1.4 1.0-1.1 30 33 greater number of cycles than 
Zn-AgO secondary cell Mn0-Zn Zn Mn02 KOH 1.5 8 9 available only as a completely 
sealed cell a Based on total weight -of commonly available size of commercial cal/s. b Exclusive of 02 consumed from air. 

c Average voltage for light -drain application. 
d 2 X 10.10 A//n.2 drain for the first 7 yr of cell life. 

ETI CIRCUITS NO 2 
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CONVERSION TABLES 

8 7 6 5 4 3 2 1 

Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal Hex Decimal 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 268.435.456 1 16 777,216 1 1,048,576 1 65,536 1 4,096 1 256 1 16 I 1 

2 536,870,912 2 33,554432 2 2,097,152 2 131.012 2 8,192 2 512 2 32 2 2 

3 805,306,368 3 50,331,648 3 3145.728 3 196.608 3 12,288 3 768 3 48 3 3 

4 1,073,741,824 4 67,108.864 4 4.194,304 4 262,144 4 16,384 4 1,024 4 64 4 4 

5 1,342,177,280 5 83,886,080 5 5,242,880 5 327,680 5 20480 5 1.280 5 80 5 5 

6 1,610,612,736 6 100,663.296 6 6,291,456 6 393,216 6 24,576 6 1,536 6 96 6 6 

7 1,879,048,192 7 117,440,512 7 7,340,032 '7 458,752 7 28,672 7 1,792 7 112 7 7 

8 2,147,483,648. 8 134,217,728 8 8,388,608 8 524,288 8 32,768 8 2,048 8 128 8 8 

9 2,415,919,194 9 150,994,944 9 9,437,184 9 589.824 9 36,864 9 2,304 9 144 9 9 

A 2,684,354,560 A 167,772,160 A 10,485.760 A 655.360 A 40,960 A 2,560 A 160 A 10 

B 2.952,790,016 8 184,549.376 B 11.534.336 B 720.896 8 45,056 B .2,816 B 176 B 11 

1. 3,221,225,472 C 201,326,592 C 12,582,912 C 786,432 C 49,152 C 3,072 C 192 C 12 

0 3,489.660.928 0 218,103,808 D 13,631,488 0 851.968 D 53,248 D 3.328 D 208 D 13 

E 3,758,096,384 E 234,881,024 E 14,680.064 E 917,504 E 57,344 E 3.584 E 224 E 14 

F 4,026,631,840 F 251,658,240 F 15,728.640 F 983,040 F 61,440 F 3,840 F 240 F 15 

8 7 6 5 4 3 2 la 

TO CONVERT HEXADECIMAL 
TO DECIMAL 

TO CONVERT DECIMAL 
TO HEXADECIMAL 

1 Locate column of decimal numbers corresponding to left -most 
digit or letter of hexadecimal..select from this column and record 
number that corresponds to position of hexadecimal digit or letter. 

1 (A) select.from table highest decimal number that is equal,to orless. 
than number to be converted. 
¡B) Record hexadecimal of column containing selected number. 

2 
3 
4 

Repeat step 1 for next (second from left) position. 
Repeat step 1 for units (third from left) position. 
Add numbers selected from table to form decimal number. 

2 
IC) Subtract selected decimal from number to be converted. 
Usingremainder from step 1 (C) repeat all of -step 1 to develop 
second position of hexadecimal (and remainder). 

3 Using remainder from step 2 repeat all of step 1 to develop'units 
position of hexadecimal. 

4 Combine terms to form hexadecimal number 

Decimal -Hex -Octal -Binary -ASCII 

-Biilºry Bit ASCII 
'Dec octal Hex Pºttéirl Character i,7 65 -4 3 2 I 

Dec Octal Hex 
Binary Bit ASCII Binary Bat 

Pattern Character Dec Octal, Hex Pattern 
7654321 7654321 

ASCII 
Character 

0 0 
C 1 

2` `2 
3 3 
9 4 
5 5 
6 6 

R:_o$Q:Os_Q I u od0'1 
2 0000"0)C0 
3 0 0 0-0"1r'1 1 

^4 '080010-0 
5 .0 0.9-0 1 9'1 
6 .0-0$0,11 0 

43 
44 
45 
46 
47 
48 
49 

53 
54 
55 
56 
57 
60 
61 

2B 
2C 
2D 
2E 
2F 
30 
31 

0101011 
0101100 
0101101 
0101110 
0101111 
01 
0 1 

0000 
0 0 0 1 

+ 

- 

4 
I 

86 
87 
88 
89 
90 
91 
92 

126 
127 
130 
131 
132 
133 
134 

56 
57 
58 
59 
5A 
5B 
5C 

10110 
10111 
1 000 

001 
010 
0 1 1 

100 

V 
w 
X 
Y 
z 

7 7 
a. 10 
9 11 

2- 00.00.11 1 

8 "Q001,0.40- 
9 0Ifb1Q'Q'1 

50 
51 
52 

62 
63 
64 

32 
33 
34 

01 
01 
01 

0010 
0011 
0100 

2 

3 
4 

93 
94 
95 

135 
136 
137 

51) 
5E 
5F 1 

101 
110 
111 

) 

r 
4- 

]12 

12 14. 

A. 0p;01 0._10 
0'0"0i_ 0 ] 1 

C Q_Q:01Xf0 

53 
54 
55 

65 
66 
67 

35 
36 
37 

01 
01 
01 

0101 
0110 
0111 

5 
6 
7 

96 
97 
98 

140 
141 
142 

60 
61 
62 

00000 
00001 
00010 

a 
b 

18- 15 D 001 1 0i 56 70 38 01 1000 8 99 143 63 00011 c 

14 16 
15 17 
11 20 

E . 

F 
10:,. 

0.0,.3 I 1 O 
0 0 1 I 1 J 
0 1 0 0 0 

Special 
Characters 

57 
58 
59 

71 
72 
73 

39 
3A 
3B 

01 
01 
01 

1001 
1010 
1011 

9 100 
101 
102 

144 
145 
146 

64 
65 
66 

00100 
00101 
00110 

d 
e 
f 

1' 11' o IO..0 0 1 60 74 3C 01 1100 103 147 67 00111 B 

'1822 12 0 I 0 0 1` 0 61 75 3D 01 1101 104 150 68 01000 h 

19 23 13 01 001 t' 62 76 3E 01 1110 > 105 151 69 01001 
20 .24 I4 0 1 0 1 0 0 63 77 3F 01 1111 106 152 6A 01010 

' 31 -25 15 '0 1 0 1 o-1 64 100 40 000000 107 153 68 0 1 0 1 1 k 

22 '26 16 0. 1 0 -1-:1 -0 65 101 41 000001 A 108 154 6C 01100 
'23 -22 17 .. 11r1 0' T 1 1. 66 102 42 000010 B 109 155 6D 01101 m 

2+1-30 18 01-1000 , 67 103 43 000011 C 110 156 6E 01110 n 

25- 31 19 0`1'1 0 0 1 68 104 44 000100 D 111 157 6F 0 1 1 1 1 o 

26. 32 IA 0 1 1.0 j--0 69 105 45 000101 E 112 160 70 0000 p 

27 33 IB - . 0,;L'1 Ó 1.1 70 106 46 000110 F 113 161 71 0001 q 

28 34 
29 35 
30 36. 
31 37, 
32 40. 

1C .' 
11) _. 
LE.. 

1F 
20 

0 1 1 :Z .0 0' 
0.1:;1 1 º 1 
0.11 1 1 0 
0 1 1 1 1 1 

1, 0 0 0 0 0' .&RAGE, 

71 
72 
73 
74 
75 

107 
110 
111 

112 
113 

47 
48 
99 
4A 
4B 

000111 
001000 
001001 
0 0 1 0 1 0 
001011 

G 

1 

J 

K 

114 
115 
116 
117 
118 

162 
163 
164 
165 
166 

72 
73 
74 
75 
76 

0010 
0011 
0100 
0101 
0110 

r 

s 

u 

33 41 
34 42 

21 
22 

1 00001 
1 0 0 0-1 0 

76 
77 

114 
115 

4C 
4D 

001100 
001101 

L 
M 

119 
120 

167 
170 

77 
78 

0111 
1000 

w 
x 

35 43 23 '( 0 0 0 1 1 78 116 4E 001110 N 121 171 79 1001 y 
36 44 24 1 0 0 1. 0 0 % 79 117 4F 001111 O 122 172 7A 1010 z 

37 45 25 1 0 0 1 0 1 80 120 50 010000 P 123 173 7B 1011 
'38 46 
39 47 

26 
27 

1 0 0 1 1 0 

1' 0 0 1 1 I 

141 

82 
121 

122 
51 

52 
010001 
010010 Q 

R 

124 

125 

174 

175 
7C 
7D 

1100 
1101 

io 50 2t4 0101000 ( 113 123 33 o l O o l l S 126 176 7E 1 1 1 1 0 

41 51 29. 01 01001 84 124 54 010100 T 127 177 7F 11111 
42 52 2A 0 1 0 l' 0 1 0 85 125 55 010101 U - means special characters or codes not used. 
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LOGIC DATA 
CMOS/TTL COMPARISON 

Logic Noise Prop. delay Fan Out Max. Toggle Supply Voltage Power Diss. Decoupling and other family Immunity 
Volts 

nS Speed 
MHZ 

Nominal Min. Max. 
V V V 

per package 
mW (typ) 

requirements 

74 Series 0.4 9 10 15 5.0 4.75 5.25 40 0.1 uF Ceramic 74H Series 0.4 6 10 40 5.0 4.75 5.25 60 capacitor for every 8 74S Series 0.3 3 10 125 5.0 4.75 5.25 40 packages to eliminate 74LS Series 0:3 9 10 25 5.0 4.75 5.25 8 switchingcurrentspike CMOS 4.5 30 >50 10 - 3.0 18.0 0.01 No special precautions 
TTL BIPOLAR LOGIC 

The 74 Series of transistor -transistor logic is a medium speed family of saturating integrated circuit logic designed for general digital logic application requiring clock frequencies to 30MHz 
and switching speeds in the 7-11 nS range under moderate capacitive loading. 

The circuits' are identified by a multiple emitter input 
transistor and an active "pull up" in the upper output network. 
Clamp diodes are provided át each input to limit the undershoot 
that occurs in typical system applications such as driving long 
interconnect wiring. The active pull-up output configuration 
provides low output impedance in the high output state. The resulting low impedances in both output states ensures excellent a.c. noise immunity and allows a high-speed operation. with capacitive loads. 

COMPLEMENTARY MOS (CMOS) 

Complementary MOS is the newest of the general-purpose logic 
families. 

The following are primary design features of the whole of the 
COS/MOS and McMOS ranges. - Double diode protection on all inputs. - Noise immunity typically 45% of VDD, 30% of VDD 

mínimum. - Buffered output compatible with M HTL and Low Power TTL. - Low quiescent power dissipation: 25nW typ. per package. - Wide power supply voltage: 3-18 Volt dependent on type. - Single supply operation. - High fanout: greater than 50 - High input impedance: 10' ohms typ. - Low input capacitance: 5pf typ. 

TTL FUNCTIONS 
Device Description 7481 16 -bit Active Element Memory 7400 Quad 2 -input Positive NAND Gate 7482 2 -bit Binary Full Addder 7401 Quad 2 -input Positive NAND Gate (open collector oil)) 7484 16 -bit Active Element Memory 7401A Quad 2 -input Positive NAND Gate (open collector o/p) 7485 4 -bit Comparator 7402 Quad 2 -input Positive NCR Gate (open collector o/p) 7486 Quad 2 -input Exclusive Or Gate 7403 Quad 2 -input Positive NAND Gate (open collector o/p) 7489 64 -bit RAM (16 x 4W) 7404 Hex lnverter 7490 Decade Counter 7405A Hex Inverter (open collector o/p) 7491 8 -bit Shift Registers 7406 Hex Inverter/Buffer 3ÓV olp 7492 Divide -by -twelve Counter 7407 Hex Buffer 30V o/p 7493 4 -bit Binary Counter 7408 Quad 2 -input Positive AND Gate' 7494 4 -bit Shift Registers (Parallel -In, Serial -Out) 7409 Quad 2 -input Positive AND Gate 7495 4 -bit Right Shift, Left Shift Register 7410 Triple 3 -input Positive NAND Gate 7496 5 -bit Shift Registers (Dual Para -ín, Para -Out) 7412 Triple 3 -input NAND Gate (open collector o/p) 74100 8 -bit Bistable Latch 7413 Dual 4 -input Schmitt Trigger 74107 Dual J -K Master Slave Flip Flop 7414 Schmitt Hex Inverter Buffer 74121 Monostable Multivibrator 7416 Hex Inverter/Buffer 15V o/p 74122 Monostable Multivibrator with reset 7417 Hex Buffer 15V o/p 74123 Dual Monostable Multivibrator with reset 7420 Dual 4 -input Positive NAND.Gate 74124 Universal Pulse Generator 7421 Dual 4 -input AND Gate 74138 3 line to 8 line Decoder/ Demultiplexer 7426 Cuad 2 -input High Voltage Interface NAND Gate 74141 BCD -to -Decimal Decoder/ Driver 7427 Triple 3 -input NOR Gate 74145 BCD -to -Seven Segment Decoder/ Driver 15V output 7428 Quad 2 -input NOR Buffer (Fan Out 30) 74150 16 -bit Data Selector 7430 8 -input Positive NAND Gate 74151 8 -bit Data Selector (with strobe) 7432 Quad 2 -input OR Gate 74153 Dual 4 to 1 line Data Selector 1 MPX 7433A Quad 2 -input NOR Buffer 15V 74154 4 line to 16 line Decoder 7437 Quad 2 -input NAND Buffer. 74155 Dual 2 -to -4 line Decoder/DeMPX (totem pole output) 7438i Quad 2 -input NAND Buffer 15V 74156 Dual 2 -to -4 line Decoder/ DeMPX (open collector output) 74414 BCD -to -Decimal Decoder/Nixie Driver 74157 Quad 2 line to 1 line Selector 7442 BCD -to -Decimal Decoder 74160 Synchronous Decade Counter 7445 BCD -to -Decimal Decoder/Driver 30V output o/c 74162 Synchronous Decade Counter 7446A BCD -to -Seven Segment Decoder/Driver 30V/40mA 74163 Synchronous Binary Counter 7447 BCD -to -Seven Segment Decoder/ Driver 5 V / 20mA 74164 8 -bit Shift Register, Serial In -Parallel Out 7447A BCD -to -Seven Segment Decoder/Driver 15V/40mA 74165 8 -bit Shift Register, Parallel In -Serial Out 7448 BCD -to -Seven Segment Decoder/Driver 74174 Hex Type "D" Flip Flop 7450 Expandable Dual -2 wide. 2 i/p AND -OR -INVERT Gate 74175 Quad "D" Flip Flop with common reset 7451 Dual 2"wide, 2 i/p AND -OR -INVERT Gate 74180 8 -bit Odd/Even Parity Generator/Checkers 7453 Expandable 4 wide, 2 i/p AND -OR -INVERT Gate 74181 4 -bit Arithmetic Logic Out 7454 4 wide 2 -input AND -OR -INVERT Gate 74182 Carry -Look -Ahead Unit 7460 Dual 4 -input Expander 74190 Synchronous Up/Down Decade Counter (Single Ciock Unit) 7470 Positive Edge -triggered J -K Flip Flops 74191 Synchronous Up/Down 4 -bit Binary Counter 7472 J -K Master -Slave Flip Flops (AND inputs) 74192 Synchronous 4 -bit Up/Down.Counter 7473 Dual J -K Master Slave Flip Flops 74193 'Synchronous 4 -bit Up/Down Counter 7474 Dual D Type Edge Triggered Flip Flops 74195 Synchronous 4 -bit Parallel Shift Register with'J-K inputs 7475 4 -bit bistable latch=Quad bistable latch 74196 50Mhi Presettablé Decade Counter/Latch (BiQuínary) 7476 Dual J -K Master Slave FIip,Flops+preset and clear 74200 256 -bit Random Access Memory (RAM) 
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IODIC DATA 

CBIOS FUNCTIONS 

Device Description 
CD4000 Dual 3 -Input NOR gate plus Inverter CD4052 Differential 4:Channel Multiplexer 

CD4001 Quad 2 -Input NOR Gate CD4054 4 -Line Liquid Crystal Display Driver 

CD4002 Dual 4 -Input NOR Gate CD4056 BCD -7 -Segment Decoder/Driver 

C D4006 18 -Stage Static Shift Register CD4059 Programmable Divide -by -N Counter 

CD4007 Dual Complementary Pair Plus Inverter CD4060 14 -Stage Counter and Oscillator 

C D4008 4 -Bit full Adder with Parallel Carry_ CD4061 256 -Word X 1 -Bit Static Ram 

CD4009 Hex Buffer/Converter (Inverting) CD4066 Quad Bilateral Switch 

CD4010 Hex Buffer/Converter (Non -Inverting) CD4068 8 -Input NAND Gate 

CD4011 Quad 2 -Input NAND Gate CD4069 Hex.Inverter 

CD4012 Dual 4 -Input NAND Gate CD4070 Quad Exclusive OR Gate 

C D4013 Duar'D"Flip-Flop with Set/Reset CD4071 Quad 2 -Input OR Gate 

CD4014 8 -Stage Static Shift Register CD4077 Quad Exclusive NOR Gate 

CD4015 Dual 4 -Stage Static Shift Register CD4081 Quad 2 -Input AND Gate 

CD4016 Quad. Bilateral Switch CD4082 Dual 4 -Input AND Gate 

C D4017 Decade Counter/Divider CD4085 Dual 2 -Wide 2 -Input A01 Gate 

C 0401 Presettable.Divide-By-""N'. Counter CD4086 Expendable 4 -Wide 2 -Input AOI Gate 

CD4019 Quad AND -OR Select Gate CD4093 Quad 2 -Input NAND Schmitt Trigger 

CD4020 14 -Stage Binary Ripple Counter CD4099 8 -Bit Addressable Latch 
BCD UP/DOWN Counter 

CD4021 8 -Stage Static Shift Register CD4510 

C D4022 Divide -by -8 Counter/Divider CD4511 BCD 707 -Segment. Decoder/Driver 

CD4023 Triple 3 -Input NAND Gate CD4514 1 to 16 Decoder (Output High) 

C D4024 7 -Stage Binary Counter CD4515 1 to 16 Decoder (Output Low) 

C D4025 Triple 3-Inpift NOR Gate CD4516_- _Binary UP/DOWN Counter 

CD4026 Decade Counter/ Divider CD4518 Dual BCD UP Counter 

CD4027 Dual J K Master Slave Flip -Flop CD4528 Dual Retriggerable Monostable 

CD4028 BCD TO -Decimal Decoder MC14502 Strobed Hex Inverter/ Buffer 

CD4029 Presettable Up/Down Counter. MC14517 Dual 64 -bit Static Shift Register 

CD4030 Quad Exclusive -OR Gate MC14521 24 State frequency Divider 
CD4035 4 -Stage Parallel IN/OUT Shift Register MC14522 Programmable divide by N-4 bit Counter (BCD) 

C04040 12-Stage.Binary Ripple Counter MC14526 Programmable divide by N-4 bit.Coúnter (binary) 
CD4042 Quad Clocked ''D" Latch MC14534 Real Time 5-Decade .Counter 
CD4046 Micropower Phase -Locked Loop MC14536 Programmable Timer 
CD4049 Hex Buffer/Converter (Inverting) MC14543 BCD -to -Seven Segment Latch/Decoder/Driver 
CD4050 Hex Buffer/Converter (Non -Inverting), MC145.53 Three -Digit BCD Counter 
CD4051 Single 8 -Channel Multiplexer MC14566 Industrial time base Generator 

TWO NEW SUPER MODULES 
17OW INTO 4 OR 8 OHMS 

..,0. 

By papuiar demand we have designed Mgher powered 
modules The CE 1 704 which gives 1 70W into 4 ohms 
170W into a ohms are physically similar to :he :original 
combination of compatible performance features which 
audibly superior to Me competition and the only choice 
have also produced suitable power supplies.which 
TRANSFORMERS, only 50mm h.gh, w:th a 120-240 
Write of phone for more mformatson and biased opinions.. 

versions of our well known 
and me CE 1708 which gives 

types and nave the same 
makes CRIMSON amplification 

if you have an ear for music We 
again use our superb TOROIDAL 
primary and single belt feting. ' 

Rome Europe 
POWER AMPLIFIER MODULES 

CE 608 60W/6 01145135435V 354 ..y (16.30 (16.60 
CE 1004 IOOW/4 calms 36-0-354 ,s - 8.19.22 (19.30 ' 

CE 1006 100W 6 cent 45-0454 £2322 8.23.00 

CE 1704 170W/1 oems 450454 - £25.12 (28.45 
CE 1708 170W'/8 Oemt 604604 £31.90 £31.07 

TOROIDAL POWER SUPPLIES 
CPS I for 2 a CE 608 vr 1 a CE 1004 £11/7 £18.40 
CPS 2 for 2 a CE 1064 lie a 8.f 608 . (16 B2 £20.571 
CPS 3 far 2 o CO 1001 er I a CE 1704 LITER £21.35. 
CPS 4 lor I a CE IOW .... .£15.31 E1í18 
CPS E for 1 a CE 1708 11268 £26.50 
CPS 8lor 2 a r8. 1704 ºr 2 a CE 1705 £23.98 E27.70 

H0SINKS 

Duty SOmm2Ora E0.90 (1.30 
Medium Power IOOatm 1.4 01W (160 IUD 

'Duce/Proup1504545I.ItCiw .:.... 8.2.38 í3.65 

THERMAL CUT -CUTS 
Aecammealad for improved reliability' 
70 Clot use via het air rettia6 .., (1.60 (1.50 
700 Far ase rid ha resoled rabbi £1.50 0690 

TJLC : Typically <.02% 
ap Melsr. floc 8 

. , . - 
Tic. 
Slur Bab We :281 

y S 

s/B bib : 11018 

rí4 boom IOeb-9914.. 
-SAO 

5áY 8y : Uncond+bonal 

Mtsrre .: Drives cy load 
watery 

Ser b*F : 775esv 1250454 ey 

100454 oft Rebell 
Sin :120 80 0 Mom 

CRIMSON 
ELEKTRIK 

Please role our new address Coe 

teleplooie Dumber: Stamford Hoast., 
Stamford Street. Leicester LEI 6NL 
Trepan ¡05331537722 

Home paces include V A I end postage C.O.D. 9Lp exoris..8-1 D0 limit (upon no 
prnb*em European ones tnclud, carriage insurance and handling payment in Starting 
by bank draft, P O - International Gro 0, Money Order Outside Europe, please write for 
specific quote by return Send SAE or two International Reply Coupons for fun literature 
Favourable trade quantity pnce list on request High quality pre -map circuit 20p 

a. 

'84 

SUBSCRIBE 

TO ETI 

MAGAZINE! 
DETAILS INSIDE BACK COVER 

11111 

r 1 
1n.1 j%- 

± t- 
DELTA 

Electronics 
Complete with 
Ready built 
Timer facility 
50o 

DIGITAL CLOCK KITS .. . 
thousands .sold 

TEAK a PERSPEX qsn 
r%ged LED. 

4 
digit 12 fv dtspley. PM mdcator Min$ 

frequency accuracy Complete lnetruCt,ons Power cut 
flasher Reel winded case or White, 'Black Red. Blue, Green 
Perspex 6'r s237í x 3" 
Aran' Pu8SSQaone. Auto bnghtness 9 min- snoo,te 

only kit Non Alarm 110.00 Alarm C13.00 
case Non 'Alarm E13:O1).. Alarm £16.00, 

Tested Working Add £1 00 
Show seconds Stopwatch use Sleep delay 

DISPLAYS: Yar' Red LED FND 500 £1.20 each b for £6.48 
N5B5LL30 Ya" Red stick of 4 14.32, 51.202 stack ofd Green (5.40 

CLOCK CHIPS: MKS 07.53N Alarm 12 24 M 446 bag 66.40. MM5385 £4.32. 
MK50362N Calerr4.r £7,56. 6 Digit Counter 50395 6 7 £9.18. 

MICRO PROCESSORS: 280 CPU £21.60. CTC 6 PtO £15.12- MK.:096N 300h5 45 
A l Dyn RAM (6.75. ' 702« - PROM 4SOnS £10.80. 

BATTERY RECHARGES' SE1 Morns Adaptor warn A way plug 4 xAA (1.2V) NlCads plus 
nobler £8.64- AA Not ds separately £1.20. 

BARON (ET)6 GOWER ROAD, ROYSTON. HERTS 
Tel. (0763) 43695 Use Access and Barclaycard 
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LOGIC DATA 
TRUTH TABLES 

INPUT 

BUFFER 

OUTPUT 

C 

A C 

0 0 

1 1 

INVERTER 

INPUT OUTPUT 

C 

A C 

0 1 

1 0 

A AND GATE 

-C 

A B C 

0 0 0 

1 0 0 

0 1 0 

1 1 1 

NAND GATE 

-C 

A B C 

9 0 1 

1 0 1 

0 1 1 

1 1 o 

OR GATE 

A B C 

o o o 

1 0 1 

o 1 1 

1 1 1 

NOR GATE 

-C 

A B C 

0 0 1 

1 0 0 

o 1 o 
1 1 0 

EXCLUSIVE 

B 

OR GATE 

C 

A B C 

o o o 

1 0 1 

0 1 1 

1 1 0 

EXCLUSIVE 
NOR GATE aln 

A B C 

o 0 1 

1 0 0 

0 1 0 
1 1 1 

LAWS OF BOOLEAN ALGEBRA 
A+0=A A.A=A 
A+1=1 A+A=1 
A.0=0 A.A=O 
A+A=A A.1 =A 
A.B + A.0 = MB + C) 

A + B.0 = (A+ BMA +C) 

A.B.C=A+B+C 
A.B.C. = A + B + C 

J.K. Flip Flop 
CLR 

J 

K 

CLK 

ETI CIRCUITS No. 2 

INPUTS OUTPUTS 
CLR CLK J K Q Q 

0 X X X 0 1 

1 11 0 0 Qo Qo 
1 JL 1 0 1 0 
1 Jl 0 1 0 1 

1 JL 1 1 TOGGLE 

-HIGH LEVEL PULSE, DATA 
IS TRANSFERRED ON FALL- 
ING EDGE OF PULSE. 

Qo -THE LEVEL OF Q BEFORE 
INDICATED INPUT CON- 
DITIONS WHERE ESTAB- 
LISHED. 

TOGGLE -EACH OUTPUT CHANGES TO 
ITS COMPLEMENT ON EACH 
ACTIVE TRANSIENT (PULSE 
OF CLOCK). 

85 



LOGIC DATA 

Every time we produce a circuit using CMOS chips we nag our readers to be careful how they treat them. Nonethéiéss we 

still receive countless telephone tales of woe to the common testimony of blown., melted, or otherwise deceased CMOS. So let 

us all kneel on our conductive -rubber mats facing magnetic north (wearing our earthed wrist -bands) and repeat the litany 

against static - Thou shalt not touch the pins, but ye shall leave the bloody thing in its black foam until the Moment of the 

hot iron arrives. Got that? Good. 

CD 4000A DUAL 3 -INPUT 
NOR GATE PLUS INVERTER 

VDD F E 

NC NC Yá 

K 

B G 

L 

H 

CD4001A QUAD 2 -INPUT 
NOR GATE 

CD4002A DUAL 4 -INPUT 
NOR GATE 

VDD K H 

86 

G F E 

G 

Vss 

NC 

CD4006A 18 -STAGE 
STATIC SHIFT REGISTER 

VD0 

D7 NC ú D2 D3 D4 V5g 

O 1 
u 

CD4007A DUAL 
COMPLEMENTARY PAIR 
WITH INVERTER 

VDD 

CD4008A 4 -BIT ADDER 
WITH PARALLEL CARRY 

VDD 

vss 

á .1.1'Jt Tvur1 

4 úÓ 54 53 S2 S ú3 

A4 B3 A3 B2 A2 BI AI V55 

.NPUTS 

CD4009A,4049A HEX BUFFER 
CONVERTER - INVERTING 

VDD L F NC K E J D 

CD4010A,4050A HEX BUFFER 

CONVERTER - NON -INVERTING 

VDD L F NC K E J D 

CD4011A QUAD 2 -INPUT 
NAND GATE 

VDD H G 

A B J 

M 

K 

L 

C 

F 

D 

E 

V55 
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LOGIC DATA 
CD4012A DUAL 4 -INPUT 
NAND GATE 

VDD K H G F E Ñ. 

CD4013A DUAL D -TYPE 
FLIP-FLOP WITH RESET 

OUTPUT U 

VD D Q2 51 

11 5 
OUTPUT .ú 

I- 
w 
W 

w 

4 
á 

0- V55 

CD4014A 8 -STAGE 
STATIC SHIFT REGISTER 

CD4015A DUAL 4 -STAGE 
SHIFT REGISTER 

< W m m 
vODém ám'ó Ó ó Ó 

v 
Z > 
cD cr ir Nm 

Ln 

SER 
IN 

CLOCK 

PAR SER 
coNT 

U 
O 

Ua 

ac m a 4 < H v55 
Om O O O O Ña Q' l a O 

C04016A, 4066A QUAD SWITCH 

VD 

:a 
f- 
z 
O 
U 

SIG b SIGC 

ó 
28 8z 8Z Zó. 

jzz j ZD 
Ó'0 \___/ó 

SIGA SIG B U 

VSS 
z 
O 
U 

CD4017A DECADE COUNTER 

F 
Ñ 

VDD 

YJ >- V Um aF O Oa aD J 
U V W ÚQ 

- R CI C E. C.O 9 4 

DECADE COUNTER 

OUTPUTS 

CD4018A PRESETTABLE 
DIVIDE -BY -N COUNTER 

W 
VDD 

V 
O 
U_1 05 

~ J 
I/P WQ zz 5 Q4.aw 

I/P 
4 

m_m_m_m_m_m_o_0 . 
R CI '5' PE 4" 

5 STAGE COUNTER 
D .1.. "2" Ó2 01 Q3 "3" .. 
0'0'0'0'0'0'0-0 
r..:5 (ST 03 3 V55 
¢ I/P I/P I/P o 

CD4019A QUAD AND -OR 
SELECT GATE 

84 A3 B3 A2 82 AI BI V55 

CD4022A DIVIDE BY 8 
COUNTER -DIVIDER 

W yYy V S F 
n O OZ Is 

VDD á V W U :r '7" r\`C 

. 

R CI C E. C.O. "4" -Pill 
DIVIDE BY 8 
COUNTER 

,.6.. 

1111 Ili 
r© E d © 0 0 0r 6- NC VSS v 

OUTPUTS 

CD4023A TRIPLE 3 -INPUT 
NAND GATE 

CD4024A 7 -STAGE 
BINARY COUNTER 

VDD NC QI 02 NC 03 NC 

U 
O J 
U 

w 
w 2 

07 Q6 Q5 04 V5S 

CD4026A DECADE 
COUNTER -DIVIDER 

VDD 

ú 
O J 
U 

La L,Z 

ú '5 DECODED OUTPUTS LO 7Ñ c be ad 

Y w 
UmJ 
OZ 

w 

9 '$5 
-1W¢030á00 r a 4 DECODED óZW U OUTPUTS 
w 
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LOGIC DATA 

O wri 
cc 

VDD v Q3 á 

CD4025A TRIPLE 3 -INPUT 
NOR GATES 

VDD G H L J C 

©_m_E_m_m_o_o 

o-©-©-o-©-c-o 
A B DEF K VSS 

CD4030A QUAD EX -OR GATES 

VDD H G M L FE 

CD4027A DUAL J -K FLIP-FLOP CD4041A QUAD TRUE 
COMPLEMENT BUFFER 

OUTPUT I OV 

VDD OIOI Ó v L4 - INPUT 

C Kl I SET 

- O 
w K Y21 SET VSS 

OUTPUT 2 OJ 

¢ INPUT 
u 

CD4028A BCD TO 
DECIMAL DECODER 

BCD INPUTS 

VDDQ3 01 B CD A 08 

04 02 00 07 09 05 06, VSS 

DECIMAL OUTPUTS 

CD4029A PRESETTABLE 
UP -DOWN COUNTER 

SI- / 

wi íwn WN 
CC 

Q2 7 
m -CI _m -II _m -CI _m_o 

4 STAGE COUNTER 

I 

o-0-a-o-©-o-o-o w 04 1- w 
> I > VSS 

yñ yS n áz 
áz a a0 
4. u./ O. a u u 

VDD D N 

E F A 

M 

G 

C L K 

H B V5S 

CD4042A QUAD D -TYPE 
LATCH (CLOCKED) 

CD4043A QUAD 3 -STATE 
NOR R/S LATCH 

VDD R4 S4 NC S3 R3 

04 QI RI 

03 02 

SI LL1 S2 R2 V55 

i 
w 

C04044A QUAD 3 -STATE 
NAND R/S LATCH 

VDD 54 R4 OI R3 53 03 02 

Q4 NC 51 RI 
J 
CO 

z 
w 

R2 52 V55 

CD4047A MONOSTABLE 
ASTABLE MULTIVIBRATOR 

.J 
Q 

uf- á 

" DD 198 a o n!s< 

R a 
,_1}.i 

< d 

CD4068B 8 -INPUT NAND GATE 

VDD J H G F E N/C 

m_m_m_m_o_o_o 

W© -WW -a-0-0 
N/C A BC D N/C V55 

CD4071B QUAD 2:INPUT 
OR GATE 

V55 
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LOGIC DATA 
CD4072B DUAL 4 -INPUT 
OR GATE 

VDD 

NC 

NC 

V55 

CD4073B TRIPLE 3 -INPUT 
AND GATE 

VDD 

VSS 

CD4075B TRIPLE 3 -INPUT 
OR GATE 

VS5 

C040766 QUAD D TYPE 
FLIP-FLOP 

DATA 
DISABLE 

DALA INPUTS INPUTS 

D D2^D3D4 DDI D 

ODJ 01 02 03 04 CI V55 

DATA 
INPU`5 Ot+TPpTS 28111, 

ETI CIRCUITS.No. 2 

CD4077R QUAD EX NOR GATES 

CD4081B QUAD 2 -INPUT 
AND GATE 

vDD 

14^13 12._,,11 10 9 

VSS 

f'_- 

1-112 

CD4082B DUAL 4 -INPUT 
AND GATE 

VDD 

V55 

NC 

NC V55 

CD4510B BCD UP -DOWN 
COUNTER 

PRESET J INPUTS 3 
VDD u 03 P3 P2 02 - 

h- 

N 
W 

m-®-m-a~m_m-o-o 1R 
CL 03 P3 P2 02 U/D R 

PE 04 P4 PI CI OI CO 

a-©-©-a-©-o-o-o F- W 

,r)J 
W 

m a 
aw 

04 Phi ¢ OI 

PRESET á INPUTS 

> V ¢ 
¢ 

- 
D 

ú0 

CD45118 BCD -T0 -7 -SEGMENT 
DECODER/DRIVER 

0 LiTS 

VDD /r.-773 o b c d e 

CD4516B BINARY UP -DOWN 
COUNTER 

PRESET 
INPUTS á3 

03 P3 02 D ó 

W 
tf 
W s 

CD4528 DUAL 
RETRIGGERABLE MONOSTABLE CD4096B GATED J -K FLIP-FLOP 

ExTERNA 
COMPO' ENT NG_". : 
Du va a +:2 :? 

X XX I- 

EXTERNAL 
COMPONENTS 

rer- 

á 0' DI VSS --^.-- >+v Q'JTPUTS 
TRIGGER 

NPUTS 

Y 
K INPUTS 

VDDSET V KI K2 K3 O 

N C RESET JI J2 J3 O`%55 

J INPUTS 

;89 



LOGIC. DATA 

SN7400 QUADRUPLE 2 -INPUT 
POSITIVE NARID GATES 

'cc 1 tik_ )v 

11 t/ tv cw 

SN7402 QUADRUPLE 2 -INPUT 
POSITIVE NOR GATES 

VCC V 48 M. 3V 36 34 

Ir IA 19 2V 0 28 No 

SN7413 ;: 9tlAL NAND 
SCHMITT TRIGGERS 

VC ro ac NC 79 2A 

13_112 11 10J9 
I 

4-) 
-p 

ST 

ST 

IA -n NC u le 
s 
1 

2 r 
ONO 

SN7425 DUAL 4 -INPUT 
NOR GATES WITH -STROBE 

Sí97430 84NPUT 
POSITIVE NAND GATES 

vcc c - G c `K v 

1:10_0_111.0_1113 

. 
O o o D o 0_ 0 

SN7401 QUADRUPLE 2 -INPUT 
OPEN -COLLECTOR 11AMD 

GATES 

IY 

b. 3Y 3. 

2A T 

3A 

G-0 

S117410 TRIPLE 3 -INPUT 
POSITIVE NAND GATES 

SN7404 HEX INVERTERS SN7420 DUAL 4 -INPUT 
POSITIVE NAND GATES 

vcc 20 
2C VCC 6A 6V 5A NV tA 4V C. 

,A 3.v 

3 

2A 2V 

SN7472 ' J -K MASTER SLAVE 
FLIP-FLOPS 

~EMT CLOCK 13 42 [I -0 

C .0 

SN7473. DUAL J -K 
MASTER -SLAVE FLIP-FLOPS 

-11-u 

Ó 1 1 

O tiNu K O Ó 

.: J 

SN7474 DUAL D -TYPE 
EDGE -TRIGGERED FLIP-FLOPS t. c vs+u. r. y4y IAkaki9r is 

y3 I (e1 RI 4014 

IJ L 3 SIJ 
. ttru. .1O 

CyIOCK VIÉSIy 
W ;nT 

u 1I NC 

tl ta tY 

IC 10, 1 

SN74104 GATED J -K MASTER - 
SLAVE FLIP-FLOPS 

SN7447A BCD -TO - 
SEVEN -SEGMENT DECODER/ 
DRIVE 

SA97481, S(X17484 16 -BIT 
ACTIVE=ELEMENT MEMORIES 

1417'- 
1 

_ L 
11.3j1.3_11 n _ 

1 
;t` 
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LOGIC DATA 

SN7470 EDGE -TRIGGERED 
J -K FLIP-FLOPS 

SN7432 QUADRUPLE 2 -INPUT 
POSITIVE -OR GATES 

SN7475 
LATCHES 

4 -BIT BISTABLE 

ctx M -> G.O IO 10 O 

SÁ17486 QUADRUPLE 2 -INPUT 
EXCLUSIVE -OR GATES 

113ai11112111,_1Bts9,ie1_ 

IV 

_-11 

n , G,0' 

SN7489 64 -BIT READ/WRITE 
MEMORY 

LST Mu,T 

nc 
OAT, tt.rs, 

, o,tw IWv 
. . , 

s,!O qV I WTa I/Vu O,L TIY '+ti. w Wti YT 

u,sº 
ovrwr 

cm 

SN7476 DUAL J -K MASTER - 
SLAVE FLIP-FLOPS WITH 
PRE-SET AND CLEAR 

1 1 1 1J VCC 2 2 2 
CLOCK PRESET CLEAR CLOCK PRESET CLEAR 

SN7427 TRIPLE 3 -INPUT 
POSITIVE -NOR GATES 

VCC 1C 

1/ 13 12 

18 3C 38 3A 38 

L__, 

J 

1A 18 2A 28 2C 28 GM) 

SN7445, SN74145 BCD -TO - 
DECIMAL DECODER/DRIVERS 

O.TP,JS 

.SLTD'_' 

SN74160 THRU SN74163 
SYNCHRONOUS 4 -BIT 
COUNTERS 

SN74160. SN74161 SYNCHRONOUS 
COUNTERS WITH DIRECT CLEAR 
SN74162, SN4162 FULLY 
SYNCHRONOUS COUNTERS 

SN7480 GATED FULL ADDERS 

SN7485 4 -BIT MAGNITUDE 
COMPARTORS 

DATA INPUTS 

VCC A3 82 A2 At 81 n RO 

A BA BA RA BABA B IN IN IN OUT OUT UU1 

B3 A A 13.%.2/,.,.12. A y : ..n UATA 
"'PUT CASCADING INPUTS pV'pl 

SN7492 DIVIDE -BY -TWO 
AND DIVIDE -BY -SIX 
COUNTERS { , GG C ._Ñ {u12tin la º. 

I 

. 
JI,a 

Q I I .t ,r ¿ ó 1 

v 

SN7492 
COUNTERS 

ucc . I 0rn 

4 -BIT BINARY 

rI 

... I. 
I 'L 

SN7495A 4 -BIT RIGHT -SHIFT 
LEFT -SHIFT REGISTERS 

OUTPUTS -, CLOCK 1 CLOCK 2 VCC 'OA D8 O OO1 R -SHIFT L -SHIFT 

l3 12 ,, 

Í 
s 

L-Ii2-13rir SERIAL A B C D MODE ONO INPUT_ INPUTS-/ CONTROL 
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LOGIC DATA 

SG17490 DECADE COUNTERS 
INNIi 

A NC + O GNU e 

SN 7491 A 
REGISTERS 

8 -BIT SHIFT 

SYNCHRONOUS RATE 
MULTIPLIERS 

SN7497 

SZ74167 

SN 74190, 
SN74191 SYNCHRONOUS 
UP/DOWN COUNTERS WITH 
MODE CONTROL 

~. me.. ..a v 
N.l. TAL. 

1113111:111 1:1 

SN74121 MONOSTABLE 
MULTIVIBRATORS 

TIMING PINS 
VCl NC N_C_ NC 

II iIjei_ 117 II 109 @ 

' 
a 

1 

_ 

17:LJ`1l5J J 
G NC Al A2 B Q GM) 

SN74122 RETRIGGERABLE 
MULTIVIBRATORS WITH 
CLEAR 

,-1 

SK74181 ARITHMETIC LOGIC 
UNITS 

, r _r1rjA~1,eit ;tot ,ter 91.. U uty3i 

I Y e 5 e 

0 4- 

` 1 1.1.14,2 / iS 

SN741954- BIT PARALLEL 
ACCESS 

SHIFT REGISTERS 

©_o_©_m_®_I-ao 
EIMER 
4 aD 

c o 

GA 09 Ga CLOCK 

CLEAR SHIFT 
A 

CLEAM `1 e C D. CAD 
SERIALiNvv,5 APARALLELNEatS 

SN74175 
FLIP-FLOP 

QUAD D -TYPE 

9974164 8 -BIT PARALLEL- 
OUT SERIAL SHIFT REGIS- 
TERS 

OUTPUTS 
n 

'¡!C aG F Of 

E1N oG 

e Bw 

I 
n 

GF ,GE CLEAR! I 

C:OCK 

°e °c 403 
1 

r ' 
-11121 3-r4,á 5 6 7 

8. °A 'y CND. 

SERIAL INPUTS OUTPUTS 

SN74165 PARALLEL -LOAD 

8 -BIT SHIFT REGISTERS 
flJlAllEt WW1 

vM CLOCAT Dr 
-7-",,-^ 

IIMN Y 

SN74174 
#Ul?-FLOP 

.Aa..LLL ARTS 

HEX D -TYPE 

SN74176 & SN74177 PRESET 
DECADE & BINARY COUNTER 

SN74184, 
SN74185A COMVERTERS 

u. RI,llltl r 
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LOGIC DATA 
MPU Glossary 

ACCUMULATOR_ The. register where arithmetic or 
logic. results are field Most MPU instfuctions 
manipulate or test the accumulator contents 

ACCESS TIME Tinte take for specific byte of storage 
to become available to processor 

ACIA Asynchronoús Communication Inter -face 
Adapter Inter -face between asynchronous peri- 
pheral and an MPU. 

ALU Arithmetic and Logic Unit The part of the MPU 
º.here arithmetic and logic functions are 
performed. 

ASCII American Standard Code for Information 
Interchange. Binary code to represent alphanu- 
meric special and control characters 

ASSEMBLER Software which converts assembly 
Language statements into machine code and 
checks for 'non valid statements or incomplete 
definitions 

ASSEMBLY LANG Means of representing pro- 
gramme statements in mnemonics and conven- 
iently handling memory addressing by use of 
symbolic terms, 

ASYNCHRONOUS. Operations that initiate a new 
operation immediately upon completion of current 
one - nottimeo by system clock. 

BASIC Beginner's All Purpose Symolic Instruction 
Code An easy to )emir, widely used high level 
language 

BAUD Measure of speed of transmission line 
Number of -times a line changes state per second 
Equal to bits per second if each line state 
represents logic 0 or 1 

'BAUDOT CODE 5'bit code used to encode 
alphanumeric data 

BCD. Binary Cooed Decimal Means of representing 
decimal numbers where each figure is replaced by 
a binary equivalent 

BENCHMARK A common task for the 
implementation of which programmes can be 
written for different MPUs in order to determine 
the efficiency of the different MPUs in the 
particular application 

BiNARY The two base number system. The digits are 
0 or 1 They are used inside a computer to 
represent the Iwo states of an electric circuit 

BIT A single binary digit 
BREAKPOINT Program address at which execution 

will be halted to allow debugging or data entry 
BUFFER Crreutt to provide isolation between 

sensitive,parts of á system and the rest of that 
system 

BUG A program error that, causes the program to 
malfunction 

BUS The interconnections in a system that carry 
parallel binary data. Several bus users are 
connected to the bus, but generally only one 
-sender" arid one "'receiver" are active at any one 
instant 

BYTE A group of bits -- the most common byte size 
is eight bits 

CLOCK The basic timing for a MPU chip 
COMPILER Software which converts high level 

language statements into either assembly 
language statements, or into machine code. 

'CPU Central processor unit. The part of a system 
which performs calculation and data manipulation 
functions. 

CROM Control Read Only Memory 
CRT Cathode Ray Tube. Often taken to mean 

complete output device 
CUTS Computer Users Tape System Definition of 

system -for storing data on cassette tape as series of 
tones to represent binary l's and 0's. 

D_ EBUG The process of checking and correcting any 
program errors either in writing or in actual 
function 

DIRECT ADDRESSING An addressing mode where 
the address of the operand is contained in the 
instruction 

DMA Direct Memory Access. 
DUPLEX Transfer of data in two directions 

simultaneously 
ENVIRONMENT The conditions of all registers. 

flans: etc . at any instant in program 
EPROM Electrically Programmable Read Only 

Memory Memory that may be erased (usually by 
ultra violet light) and reprogrammed electrically 

EXECUTE To perform a sequence of program steps 

Ell CIRCUITS No. 2 

EXECUTION TIME The time taken to perform an 
instruction in terms of clock cycles. 

FIRMWARE Instructions or data permanently stored 
in ROM. 

FLAG A flip flop that may be set or reset under 
software control 

FLIP-FLOP Two state device that changes state when 
clocked 

FLOPPY (DISK) Mass storage which makes use of 
flexible disks made of a material similar to 
magnetic tape 

FLOW CHART A diagram representing the logic of a 
computer program 

GLITCH Noise pulse 
HALF DUPLEX Data transfer in two directions but 

only one way at a time 
HAND SHAKE System of data transfer between CPU 

and peripheral whereby CPU "asks-- peripheral if it 
will accept Gata and only transfers data if 

answer is yes 
HARD COPY System output that is printed on paper 
HARDWARE All the electronic and mechanical 

components making up a system 
HARD WIRE Circuits that are comprised of logic 

gates wired together, the wiring pattern 
determining the overall logic operation 

HASH Noisy signal 
HEXADECIMAL The base 16 number system 

Character set is decimal 0 to 9 and letters A to F 
HIGH LEVEL LANGUAGE Computer language that is 

easy to use but which requires compiling into 
machine code before it can be used by an MPU 

HIGHWAY As BUS 
IMMEDIATE ADDRESSING. Addressing mode which 

uses part of the instruction itself as the operand 
data. 

INDEXED ADDRESSING A form of indirect 
addressing which uses an Index Register to hold 
the address of the operand 

INDIRECT ADDRESSING. Addressing mode where 
the address of the location where the address of 
the operand may be found is contained in the 
instruction 

INITIALISE Set up all registers flag. etc to defined 
conditions. 

INSTRUCTION. Bit pattern which must be supplied 
to an MPU to cause it to perform a particular 
function 

INSTRUCTION REGISTER MPU register which is 
used to hold instructions fetched from memory 

INSTRUCTION SET The repertoire of instructions 
that a given MPU can perform 

INTERFACE Circuit which connects different parts of 
system together and performs any processing of 
signals in order to make transfer possible ie 
serial - parallel conversion) 

INTERPRETER An interpreter is a software routine 
which accepts and executes a high level language 
program. but unlike a compiler does not produce 
intermediate machine code listing but converts 
each instruction as received 

INTERRUPT A signal to the MPU which will cause it 
to change from its present task to another 

I. O Input/Output 
K Abbreviation for 21° = 1028 
KANSAS CITY (Format) Definition of a CUTS based 

cassette interface system. 
LANGUAGE. A systemmatic means of communicat 

trig with an MPU 
LATCH Retains previous input state until overwrit- 

ten 
LIFO. Last In First Out Used to describe data stack 
LOOPING Program technique where one section of 

program the loop) is performed many times over. 
MACHINE LANG. The lowest level of program The 

only language an MPU can understand without 
interpreter. 

MASK Bit pattern used in conjunction with a logic 
operation to select a particular bit or bits from 
machine word 

MEMORY The part of a system which stores data 
working data or instruction object Code) 

MEMORY MAP Chart showing the memory 
allocation of a system 

MEMORY MAPPED I/O A technique of implement- 
ing 10 facilities by addressing i s O ports as if they 
were memory locations. 

MICRO CYCLE Single program step In an MPUs 
Micro program The smallest level of machine 
program step 

MICRO PROCESSOR: A CPU implemented by use of 
large scale integrated circuits Frequently 
implemented on a single chip 

MICRO PROGRAM Program inside MPU which 
controls the MPU chip during its basic 
fetch/execute sequence 

MNEMONIC' A word or phrase which stands-- for. 
another .longer) phrase and is easier to remember 

MODEM Modulator/demodulator used to send and 
receive serial data over an audio link. 

NON VOLATIVE Memory which will retain data 
content after power supply is removed. e.g ROM. 

OBJECT CODE To bit patterns that are presented to 
the MPU as instructions and data 

O/C Open Collector Means of tieing together O/P's 
from different devices on the same bus 

OCTAL Base 8 number system Character set is 
decimal 0-8 

OP CODE Operation Code A bit pattern which 
specifies a machine operation in the CPU 

OPERAND Data used by machine operations. 
PARALLEL. Transfer of two or more bits at the same 

time 
PARITY Check bit added to data. can be odd or even 

parity In odd panty sum of data 1's + parity bit is 
odd 

PERIPHERAL Equipment for inputing to or 
outputting from the system e.g , teletype VDU. 
etc ) 

PIA Peripheral Interface Adapter 
POP- Operation of removing data word from LIFO 

stack. 
PORT A terminal which the MPU uses to 

communicate with the outside world 
PROGRAMS: Set of MPU instructions which instruct 

the MPU to carry out a particular task 
PROGRAM COUNTER Register which holds the 

address of next instruction (or data word) of the 
program being executed 

PROM Programmable read only memory. Proms are 
special form of ROM. which can be individually 
programmed by user. 

PUSH Operation of putting data 10 LIFO stack 
RAM Random Access Memory. Read write memory 

Data may be written to or read from any location in 
this type of memory 

REGISTER. General purpose MPU storage location 
that will hold one MPU word. 

RELATIVE ADDRESSING Mode of addressing 
whereby address of operand is formed by 
combining current program count with a 
displacement value which is part of the instruction. 

ROM: Read Only Memory. Memory device which has 
its data content established as part of manufacture 
and cannot be changed. 

SCRATCH PAD. Memory that has short access time 
and is used by system for short term data storage 

SERIAL Transfer of data one bit at a time 
SIMPLEX Data transmission in one direction only 
SOFTWARE Programs stored on any media. 
SOURCE CODE The list of statements that make up a 

program 
STACK A last in first out store made up of registers 

or memory locations used for stack. 
STATUS REGISTER. Register that is used to store the 

condition of the accumulator after an instruction 
has been performed e.g . Acc = 01. 

SUB ROUTINE A sequence of instructions which 
perform an often required function, which can be 
called from any point in the main program 

SYNTAX The grammar of a programming language 
TRAP Vector) Pre -defined location in memory which 

the processor will read as a result of particular 
condition or operation 

TRI STATE Description of logic devices whose 
outputs may be disabled by placing them in a high 
impedance state. 

TTY Teletype 
TWO S -COMPLEMENT ARITHMETIC System of performing signed arithmetic with binary numbers- 
UART Universal Asynchronous Receiver Transmit- 

ter 
VDU. Video Display Unit. 
VECTOR Memory address provided to the processor 

to direct it to a new area in memory 
VOLATILE Memory devices that will lose data 

content if power supply removed i e . RAM) 
WORD Parallel collection of binary digits much as byte 
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MISCELLANEOUS DATA 

BIPOLAR TRAÑSISTORS 
TYPE CASE 

POL IC 
MAT Vice Vcb mA 

Vas B IC 
mA 

Hie IC 

mA MHz 
IC' 

mA 
Plot 
mW Usa Comprable Types 

AC 107 GT3 NG 15 15 10 30.160 ,3 2 .3 80 Low Nose Audio AC125-2N406 AC125 10.1 PG' 
12 32 100 100 2 1.3 10 216 Audio Driver 2N406 

AC126 TO -1 PG 12 32 100 740 2 1.7 10 216 Audio Driver 28406 
AC127 TO -1 NG 12 32 500 105 50 1.5 -10 340 Audio 0/P AC187 
AC 128 70.1 PG 16 32 1000 6 IA 60-175 300 1 10 260 Audio 0/P AC188 
AC132 TO -1 PG 12 32 200 35 200 115 50 1.3 10 216 Audio O/P AC188 
AC187 TO -1 NG 15 25 2000 .8 1A 100.500 300 1 10 800 Audio 0/P AC127 
AC188. TO -1 PG 15 25 2000 .6 lA 100-500 300 1 10 220 Audio O/P AC128 
AD149 TO -3 PG 30 50 3500 .7 3A 30-100 lA .3 500 32W G.P. O/P 0C26,AU 106 
AD161 PT1 NG 20 32 3000 .6 1A 80-320 500 .02 300 4W Audio Amp. A0 165.2N 1218,281292 
A0162 PT 1 PG 20 32 3000 .4 lA 80-320 500 .015 300 6W Audio Amp. AD 143,AD 152,AD427 
AF114 TO -7 PG 15 32 10 150 1 75 1 75 H.F. Amp. AF 144,AF194,2N3127 
AF 115 TO -7 PG 15 32 10 150 1 75 1 75 H.F. Amp. AF146,AF185.2N2273 
AF116 TO -7 PG 15 32 10 150 1 75 1 75 H.F.Amp. AF135.AF136,2N3127 
AF117 TO -7 PG 15 32 10 150 1 75 1 75 H.F. Amp. AF 136,AF 197,2N5354 
AF 118 TO -7 PG 20 70 30 5 30 35 10 175 10 375 V.H.F. Amp. BFW20 
ASZ15 TO -3 PG 60 100 10A .4 10A 2055 1A .2 1A 30W H.C. Sw. 0C28 
ASZ16 TO -3 PG 32 60 10A 4 10A 45-130 lA IA 30W H.C. Sw. 0C29,AD138,A0723 
ASZ 17 TO -3 PG 32 60 10A 4 10A 25-75 16 

.25 

.22 1A 30W H.C. Sw. OC35,A0424 
ASZ18 TO -3 PG 32 100 10A .4 10A 30-110 lA .22 lA 30W H.C. Sw. OC36 
BC07 TO -18 NS 45 50 100 2 100 110-450 2 300 10 300 S.S. Amp. BC207,8C147 BC182 
BC 08 TO -18 NS 20 30 100 .2 100 110800 2 300 10 300 S.S. Amp. BC208,8C148.8C183 
BC109 TO -18 NS 20 30 100 .2 100 200-800 2 300 10 300 Low Noise S.S. Amp. 8C209,BC 149.BC 184 
BC109C TO -18 NS 20 30 100 .2 100 420-800 2 300 10 300 Low Noise Hign Gain BC209C.BC 184C ,BC 149C 
BC 157 SOT -25 PS 45 50 100 .25 10) 75-260 2 150 10 300 S.S. Amp. BC177,5C307.8C212 
8C158 SOT -25 PS 25 30 100 .25 100 75 500 2 150 10 300 S.S. Amp. BC 178,BC 308.BC213 
BC159 SOT -25 PS 20 25 100 .25 100 125-500 2 150 10 300 S.S. Amp. BC179,8C309.8C214 
BC 177 TO -18 PS 45 50 100 .25 100 75-260 2 150 10 300 S.S. Amp. BC157.BC307.BC212 
BC178 TO -18 PS 25 30 100 .25 100 75-500 2 150 10 300 S.S. Amp. 8C158.8C308.BC213 
BC179 TO -18 PS 20 25 100 .25 100 125-500 2 150 10 300 S.S. Amp. 8C159.8C309,8C214 
BC 1821 Ll SOT -30 NS 50 10 200 .25 10 100480 2 150 10 300 S.S. Amp. BC 107.8C207,8C 147 

110.92/74 
BC1831L) SOT.30 NS 30 45 200 .25 10 100>0 2 150 10 300 S.S. Amp. BC 108.BC208,8C 148 

(T0.92f74 
8C184(L) SOT30 NS 30 45 200 25 10 250-850 2 150 10 300 Low Noise. High Gain BC109,BC209 BC142 

(10.97/74 
8C186 TO -18 PS 25 40 200 5 50 40-200 2 50 50 300 G.P. Amp. 8C213.8C177.BC158 
8C207 TO -106 NS 45 50 200 .25 10 110-220 2 150 10 300 S.S. Amp. BC 107,8C 182,BC 147 
BC208 TO -106 NS 70 25 200 .25 10 110-800 2 150 10 300 S.S. Amp. 8C108,BC183.8C148 
8C209 TO -106 NS 20 25 200 25 10 200-800 2 150 10 300 Low Noise, High Gain BC 109.8C 184.8C 149 8C212(L) SOT .30 PS 50 60 200 .25 10 60-300 2 200 10 300 S.S. Amp BC307,BC 157 8C 177 

ITO-92/74 
8C213(L1 SOT 30 PS 30 45 200 .25 10 80-400 2 200 10 300 S.S Amp. BC308.8C1585C178 

(TO.92/741 
BC214(L) SO' 30 PS 30 45 200 25 10 80-400 2 200 - 10 300 S.S. Amp 

(T0-92/74) 
BC327 TO -92 PS 45 1000 0 7 500 100-600 100 100 10 B00 0/P 2N3638 
8C337 TU -92 NS 45 1000 0 7 500 100-600 100 200 10 800 0/P 2N3642 
8C547 507.30 NS 45 .50 10O 6 100 110-800 2 300 10 500 S.S. Amp. BC107,BC207.BC147 
8C548 S07-30 NS 30 30 100 .6 100 110-800 2 300 10 500 S.S. Amp. BC 10B,BC208.BC 148 
8C549 507-30 NS 30 30 100 6 100 200-800 2 300 10 500 Low Noise S. Sig. . BC109.BC209.BC149 
BC549C S07-30 NS 30 30 100 6 100 420 800 2 300 10 500 Low Noise, High Gain 80109C.8C1490 
8C635 1092174 NS 45 45 IA 5 500 40-250 150 130 500 1W Audio O/P 3C639 
BC636 1492( 74 PS 45 45 IA .5 500 40.250 150 130 500 1W Audio 0/P BC640 
130639 10-92174) NS 80 100 lA .5 500 40-160 150- 130 1W Audio O/P MU9610.TT801 
8C640 TO 921741 PS BO 100 lA 5 500 40-160 150 130 1W Audio 0/P MU9660.T7800 
BCir70 TO: 16 PS 40 50 200 .5 50 50 10 250 50 350 G. P. 80212 
BCV71 TO 18 'P$ 45 15 200 5 So 100.600 10 200 50 350 G.P. 80212 
8CV72 TO -18 PS 25 25 200 5 50 50 10 200 50 350 G.P. 8C213 8013/ TO 12G NS 60 60 1A 5 500 40 160 150 250 500 8W G.P. 0/P B0139 
BD138 70.126 PS 60 60 IA 5 500 40.160 150 75 500 81v ' G.P. O/P 80140 
80139 T13-06 26 NS 60 100 14 .5 5110 40-160 150 250 500 8W G.P. 0/P 40409 
80140 10.126 PS 80 100 IA 5 500 40-160 150 75 500 8W G.P. 0/P 40410 

,80262' 10.126 PS 60 GO 4A 25 1.5A 750 156 7 tSA 36W High Gain Danl. O/P 80766 
57263 10,126 VS GO 80 4A 2.5 1.5A 750 1.5A 7 154 36W High Gain Darl. 0/P 80267 
8D266A TO -220 PS 80 80 BA 2 3A 750 3A 7 60W High Gain Dan. 0/P 
80267A 10.220 .NS 80 100 8A 2 3A 750 3A 7 60W High Gain Darl. O/P 
BDx54A TO 3 PS 90 80 12A 2.5 5A 1000 SA 7 SA 117W Dail. O/P 
BDxeSA TO -3 NS 80 80 12A 2.5 5A 1000 SA 7 56 117V. Dail 0/P 
BDr20 703 NS. 60 100 15A 1.1 4A 20-70 4A 1 4A 115 Power 0/P 2N3055 
BF 115 TO -72128 N5 30 50 30 45-165 1 230 1 145 V.H.F. Amp. 
BF T67 TO -72(28 NS 30 40 25 26 4 350 4 130 T.V. I.F. Amp. 
BF 173 TO -72(28 VS 25. 40 25 37 7 550 5 230 T.V. I.F. Amp. 
BF177 10-39 NS 60 100 5a 20 15 120 10 795 T.V. Video Amp. BF336 
8F178 T0-39 NS f15 185 50 20 30 120 10 1.7W T.V. Video Amp. BF 336 
BF179 

Bf 180 

TO -39 

TO -72125 

NS 

145 

115 

20 

250 

30 
50 
70 

20 
13 

20 

2 

120 

675 
10 

2 

1.7W 

150 

T V. Video Amp. 

U.H F Amp. 
8F338 
8F200 

-BF 184 TO 72(28 NS 20 30 :i0 75-750 i 300 1 145 N.F. Amp. 
BF 185 TO -72128 NS 20 30 30 34-140 1 220 1 145 H.F. Amp 8F195 
BF 114 SOT -25:1 NS 20 30 30 G5-220 1 260 1 250 H.F. Amp. 
BF 195 SOT 25r11 NS 2U 30 30 35-125 1 200 1 250 H.F. Amp BF 185 
yF200 TO 7?725 NS 20 3U 20 15 3 650 3 150 V.H.F. Amp. BF 180 
BF 336 TO -39 NS 180 185 100 20-60 30 130 3W Video Amp. 
BF337 TO -39 NS 200 300 100 20-60 30 130 315 Video Amp. 
BF 338 
BFY50 

TO -39 
TO -39 

NS 
NS 

225 
35 

750 
80 

100 
lA 150 

2060 
30 

30 
150 

130 
60 50 

3W 
2.86W 

Video Amp 
G. P 

BF Y5 T0.39 8S 30 60 IA 35 150 40 150 50 50 2.86W G. P 

BF V52 TO -39 NS 20 40 lA .35 150 60 150 50 2.86W G. P. 

bV2501 TO 3 PS 80 80 10A 2 SA 1000 5A 150W Dail. 0/P 
1.1J295b T03 PS 00 /0 156 1.1 46 20 /0 4A 4 500 liSP High Power 0/P 2h4938.7144909.7 .18 / 1 

M/3001 tO-:i NS 610 80 10A " SA 1000 SA 151R 0.i O/P 
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MISCELLANEOUS +DATA 
TYPE CASE 

POL IC Vces @ IC Hte 1C 
MAT Vice Vcb mA mA mA 

Ft @ IC Not 
MHz mA mw Use Comparable Types 

MJE2955 
MJE3055 
MU9610 

+.1U9611 
bt09660 
MU9661 
NSD106 
NSD?06 

0C26 
0C28 
OC445 
0015 
OC70 

90'05 
9605 
157 

152 01 
152 
157431 
T0.202135 
TO202135 
TO -3 
TO -3 
TO -1 
GT 3 
GT 3 

Pr. 

ti5 
NS 

NS 
PS 
PS 

NS 
PS 

PG 

PG 

PG 
PG 
PG 

60 
60 
30 

30 
30 
30 
100 
100 

30 
60 
5 
5 
10 

70 
70 
40 

40 
40 
40 
140 
100 

50 
100 
15 
15 
30 

104 
10A 
?A 
2A 
2A 
2A 

3.5A 
10A.1 

10 
10 
50 

1.1 
1.1 

04 
0.4 
0.4 
0.4 
.2- 9 
.2-1 
.7 
A 

dA 
4A 
1 5A 
1.54 
1 SA 
1.5A 
100 
100 

3A 
l0A 

70-70 
2Q-70 
80-400 

80-400 
80-400 
80-400 
50-150 
50-150 
30.100 
20-55 
45-225 
25-125 
30 

4A 
4A 
350 

350 
350 
350 
100 
100 

lA 
lA 
1 

1 

5 

2 
2 
70 

70 
70 
70 
80 
150 

.3 

.2 

75 
3 
5 

500 
500 
250 

250 
250 
250 
50 
50 

500 
lA 
1 

3 

90W 
90W 
1W 

1W 
1W 
1W 

32W 
30W 
85 
85 
125 

High Power 0/P 
H,gh Pewee 0/P 
0/P 
0/P 
0/P 
0/P 
Driver - 0/P 
Dover - 0/P 
G.P.O/P 
H. C. Switch 
R F Amp 
R,F. Amp 
G. P. Amp. 

T1P2955 
TIP3055 
TT801 

TT801 
11800 
TT800 

AD149 
ASZ15 
AF125AF135,AF172 
AF 132,AF 185,AF 196 
AC121 AC126,2N1190 0071 GT3 PG 10 30 50 30-75 3 .6 125 G. P, Amp AC126,2N2429 OC72 GT6 PG 16 32 250 . 45-120 10 35 165 Audio0/P AC122,AC125,AC162 '0C7dN TOt PG 10 20 300 .6 300 60 150 50 1 550 Audio 0/P AC125,AC180.AC192 OC75 GT 3 PG 10 30 50 60130 3 .1 125 G P Amp AC173.AC192 TIP318 TOP66 NS '80 80 3A 1.2 3A 20 500 3 500 40W Power Amp - Sw. i IP328 TOP 66 PS 80 80 3A ' 1.2 3A 20 500 3 500 40W Power Amp - Sw. TIP2955 TOP .3 P5 70 100 154 1 1 4A 20 4A .8 90W Power Amp - Sw. MJE2955 

11P3CF35 TOP -3 NS 70 100 15A 1.1 4A 20 4A 8 90W Power Amp.- Sw. MJE3055, 1T797 TO -39 PS 60 60 lA 40 120 100 100 800 Audio Driver - Sw. TT800,NSD206 TT796 TO -30 NS 60 80 lA 40-120 150 60 800 Audio Driver - Sw TT801,NSp106 TT800 TO 39 PS 60 60 lA 40-120 100 100 800 Audio Driver - Sw TT797,NSD206 TT1301 TO39 NS 60 80 lA 40-120 150 60 800 AudiODriver - Sw TT798,NSD106 
2'4301 103 PG 32 40 3A 50 lA 2 lA 11W Audio 0/P AT 1138,0C26 2570434 TO 8 NS 15 25 200 20 10 200 300 High Speed Sw 2Tr2976 10 921741 NS 25 25 100 150 2 100 200 G P BC 108 is. 2'43053 TO -1 NS 40 60 700 1 4 150 50-250 150 100 50 2 861Y G P. Switch 80137 2143054 1'1.t.64 NS 55 90 4A 1 200 25 500 8 200 25W Audio 0/P 1IP31B 
174955 TO :1 NS 60 90 154 1 1 4A 20 4A 8 1A. 115W 0/P - Sw B0r20 2:195b3 T" 11044 NS 12 30 50 20-200 8 '600 8 200 R F - I.F. Amp. 55173 ?53564 TO IOL 55 15 30 100 .3 20 20-500 15 400 15 206 R.F - I.F'Amp yF167 2 i35ti5 TO 1CA, NS 25 30 S0 .35 1 150-600 1 40 1 200 Low Level Amp ' PI 1013.8C208 7N35% 10 105 NS 30 40 200 , 1 100 150-600 10 40 30 300 G. P. Amp. & Sw. BC111._ ?N35r 7 TO 105 NS 40 80 500 .25 150 40-120 1 60 50 300 G.P. Amp. & Sw 8C337 5N '6b 1U 10, NS 60 80 500 .25 150 40-120 1 60 50 300 G.P Amp. & Sw. 7535tr1 TO 105 NS 40 80 500 25 150 100-300 1 60 50 300 G.P. Amp. -& Sw. " 253638 TO-It)S PS 25 25 500 .25 50 30 50 100 50 300 G.P. Amp. & Sw. BC327 21`.13838A TO 105 PS 25 25 500 .25 50 T00 50 150 50 300 G.P Amp & Sw. BC558 753640 T0.100 PS 12 12 80 .2 10 30-120 10 300 10 200 Saturated Switch 2536X111 10.105 NS 30 60 500 .22 150 40-120 250 50 350 G.P. Amp. & Sw 8C337 ?1:3643 10 105 55 A5 60 500 .22 150 40120 150 250 50 350 G.P. Amp. & Sw. BC337 2536 a 10.105 NS 30 60 500 .22 150 100-300 150 250 50 350 G P. Amp. & Sw. 8C337 25314.1 10 105 PS 45 45 500 1 300 115.300 50 200 20 300 G.P. Amp. & Sw. 8C327 253545 10-105 PS 60 60 500 1 300 115-300 500 200 20 300 G P Amp. & Sw. 2N3732 10 921741 PS 25 40 200 .25 50 60-300 50 100 50 360 G.P. Amp. & Sw 8C213 2f.3904 T092 NS 40 60 200 100-300 1mA 310 Low Level Amp. BC167A,8F194 2N4J5,} 10-106 PS 40 40 100 .25 10 250-400 1 50 200 Low Level Amp. 8C559 254.758 10.106 PS 12 12 50 .5 50 30-120 10 700 10 200 Saturated Sw 254292 10 94 NS 15 30 50 .6 10 20 3 600 4 200 Saturated Sw 254403 T0-92 PS 40 40 600 100-300 10 310 G.P. BC307A2N2904 21u55719 MT tIC NS 18 36 600 5 100 175» 3W 15W H.F. Mobile R F 7N5590 MT -12C NS 18 36 2A 5 250. 175- 10W 30W H.F Mobile R.F :ht5,9' MT /11C N5 18 36 4A 5. 500 175-. 25W 70W H.F Mobde 13.5 .':58' 1 TO .0 PS 60 60 7A 1 4A 20-100 2.5A 4 250 100W Power Transistor 2N5872,2R'4908.MJ2955 4uT5. TOGIa NS 50 50 4A 1.5 1.5A 25 100 1 29W Power Transistor 2tJr J4 . . 41140,^ TO5 NS 80 700 1.4 150 40.200 200 100 1W Power Transistor - BC639 4)14,4 1'0-3rlIH, NS 80 700 1.4 150 50250 150 100 3W Power Transistor 130139 4^41, TO39tH1 P5 80 700 '9 4 150 5C?'.' 150 100 3W Power Transistor .80140 

FETSBVGss 

CASE V @Iow. 
VGSIOFFI 
Min Max & Vos u+ Ic. (jsS1,...1 

in Max @ Vos Vos 
Yhtu.Nwal 
Min I Max @ Vol 

Not 
Myy UsaComrrxnts 41PF 102 TO 9!1-2 ._ I 's K 1! 2 7 20 15 0 206p 7500 15 310 N/CH Ju t on - VHF MPS '..1.1 Ti.) -9/ '1 .1 I. 15 1 1 5 

. 
15 0 1000 5000 15 :310. N/C-H Junction- Audio Sw: ' '..111,1 1114 Tt;r?, - 1 

yJ 1 7 1S - 1- 2 9 15 0" 1500 5500- 15 310 N/CH Júnction - Audio Svw, `'= 'APF 105 TO 111171 I R 15 10 4 16 15 .0 2000 6060 15 310 1k/CH Junction - Audio Sw. - 
'.1PF'r31i T092(721 ?b 1 5 4 15 10 4 10 15 0 2500 7000 15 1 310 F47C4 I,+ttci inn -RF. ' .. l554+57 10.417 1,1 » ' 5 6 15 10 1 5 15 0 1000 5000 15 310 N/CH Jurci.bn - Audio.Sw: " 255454 TO 921711 1?I. I 1 7 15 TO 2 6 15 0 1500 5500 15 310 NiGH JunCtron - AudioSw: ' ;'T. -AS 1 TO 9) 711 . a 1 2 8 15 10 4 9 15 0 2000 6000 . 15 310 N/CH Junction - Audio Sw. "154é`4 TC9`921 711 ;' 1 .3 3 15 10 1 5 15 0 3000 6000 15 310 N/CH Junction - VHF 71415.I61 T0i+12l 12,. ,1S I .5 4 15 10 4 10 15 0 3500 7000 15 .310' N/CH Junction VNF 8Ft'71n TO I? , 8 20 15 0 6500 300 N/CH JupctiOn'AudiO to H.F. BPI?. TO. 24.3- .1 4 10 15 -0 6500 300 N/CH !Unction Audio To H.F BF1W11 TO 72t:151 r5 2 20 15 0 6500 300 N/CH Junction Audio To 115 71TPF 1.1 7(111 77i 4 15 5 30 15 0 10000 20000 15 500 N/CH Dual Gore MOS, VHF Ant 1.4 cL_ 1'1 N i ?t'i 5 10 12 30 10 0 6000 10 180 P/CH Junction - Audio. Sw. DIODES 

TYPE MAT VR II (A) V, @ IF tA) IR OA) @ VR USE I 

A 14 1' 1(1'1' 2 5 1.25 2.5 0.5 1000 Transient Protected (Controlled Av.slarirf><1 4 15 A to 5 1.1 I 5 5 100 G.P Rectrlier 111-Yx71L. 1R S 7! 1.2 25 1 1 75 Automobile H. Duty E`.'S01Y S t) 
1 1.1 1 5 50 G.P Rectifier £1'.1111 S tQ . t 1.1. 1 5 100 

Ev 4U4 S 4JJ I 1 1 1 5 400 
E0... 40 S 1Q 1 . 1`1 1 5 1000 1,.L 1 S 'i I 1.1 1 5 50 " IN 40- 5 100 .1 I 1 1 5 100" 1', 41114 S .301 1 ' 1.1 1 5 400 IN.l'yf' 5 1111)) 1 I I 

1 5 1000 I- ,..1 m S 11100 'I i 
. 3 5 1000 - 
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MISCELLANEOUS DATA 

TYPE MAT V. IP IAI V, @ I. (A) IR (17A) @ V. USE 

IN 5059(414BI S 200 2.5 1.25 2.5 02 200 Translent Protect3a tComro+ted Avalaranel IN 5060(A 14D) S 400 7 5 2 5 0.2 400 IN 50(;T tA 14 M 1 S 600 2.5 ',, 2.5 0.2 SIX) " " IN B002141-11,0 S 800 2.5 °2.5_ 0.5 800 "' " MP 110 S too 10 GP. SttJd'Moynt MP 410 'S 400 10 "' 
DIODES CASE VR IF ImAI C. I. F) VF @ I, (mA) I. WA! @ V. T (nS) USE COMPARABLE TYPE: 
Germanlvm 
.... 119 00-7 30 100 1.2 2.2 10 150 30 AM/FMDelilction *'' 

Point Contact OA 90 D0-7 20 45 1.5 '10 450 20 C7.P. =PoNn-'COMaeI, 0:.70, 0480 0A 91 00-7 90 150 1.9 10 180 75 " o1.71 0479 0481 0495 D0-.7 90 150 15 10. 110 75 ^ 
.. 

Ih cOn 

11' 
BA 100 D(1 -760 90 25 96 10 10 60 0 P. l'YA11(oyed BA 101 00-7 .2ó 20-45 Ca ratio 1.4 Ca 4/l0 V/VV Varia' ble Cipacltarsic. BA 114 U0-7 20 7 I Bias StapHiler 0420LI 50-7 50 160 25 96 10 .1 50 ' SmaU'Sgr.14,4iferied . t 04202 D0-7 150 160 25 .96 10 1 150 
tN.T414A, 00-35 75 75 4 1 10 5 75 4 Small Signal-Sulgty¢yrk 1N 4148 TN 4148 SD 5 75 75 4 1 10 025 20 4 .- ' V- . IN t114A 57Q83-2800 00-7 70 15 2 41 1 0.2 50 0.1 SchutlLv (Mlit 11tIIIr1 

UHF Dove:ale 5(1.0. 5.. n 

_ -. 3 
2 ; 

TO 92 (70. 72. T41 

.A- : ' .z)- 11s 

70.92 VAR. 

eQC 
TO 97 770 

k C 

'007.30 

E 

6:\1; 

\ 
1- '-1 

C 

80'2671 

e n 
SOT 26 

C 

3 

TJ 

1 ¿ r 

(5 101 

t PET 

3 

TO -S-104) 

TO 10S 

70.106 

PIN 
7, 

Ptt 

Z 
3. 

G 

E 

C 

C 

2 

1 

4 

10.72 (23 26. 2[1 

E 

OR 74 

PIT 

2 O 

O 

3 

TO 1 

206' 

PIN I' MI OJT /111251 

2 
3 
4 

C 
ONO 

9 

o 
CAR[ 

C 

ToP41 

CHAMFER 

C 

G2 o 

G1 
WIPE 131 S 

PIN 1OÁ PET 11231 

3 

4 
C 

GOO 
O 

CAR. 

É C t.I 

9006 

CE-. 

30.220. 

C 

TOP -3 

IPO LAOS 
E EMOTE& 
e 945E 
C COLLECTOR 

O PPH GERMANIUM 
G NP 0EPM*NIUM 

N9 NPN SILICON 
'PS- POP SILICON 

li4y &VC 

a-4 

PETS 

S I SOURCE 
6 GATE 
0,= COON 

01/C11 :N CHANNEL 
P7CH CHANNEL 

WOES 
A+414002 
K:CAR100. 

C 

C 

10.3 

PT.1 

14T 

24 4 --I 
70 66 

]IMENS1oN5 IN MILLNM[1PiS 

C P GEOE9>L PW1P051 
S S SMaLL R16N1 
STY SwITCP 

Ore, 
OLRPYT 

F 114010 rAOSEwCT 
MP NIGIrP11[ouENCT 

V.li O VERT N16H /9305ENCP 

PROBLEMS? 
SUFFIXES'Ic,',;.'rn','M' ettafter 
component value indicate a numerical 
multiplier or divider ---"thus 

Multipliers 

k = X 1000 
M = X 1000 000 
G = X 1000 000 ®0 
'Dividers 

u _ 1.000 000 
n = = 1O00 000 000 
p' - = 1000 Q00 00.0 000' 

Where the numerical value includes a 
decimal point ,:he traditional way of 
showing it was. ',it- example. 4,7k. 
Experience showed that printing errors 
occurred due to as.eidental marks being 

mistaken for decima points. The 
Standard now calls for the ex -suffix to 
be used in place of the decimal point. 
Thus a 4.7 k resistor is now shown as: 
4k7. A 2:2 uF capacitor is now shown 
as 2u2 etc. 

Some confusion still exists with 
capacitor markings. Capacitors used 
to be marked with multiples or'sub- 
multiples of microfarads - thus 
0.001 uF, 470 uF etc. Markings are -now 
generally insub-multiples of a Farad. 
Thus 
1 n1¡cigfaiad (1u) = 1 * 10-6'F 
1 nano.farad (1n),- 1:x -10-9F 
1 picofarad (1p? =.1x107.12F 
'0V on our circuits in ibis series 

means the same as `= ve (an abbcevia-. 
lion for 'negative'. 

Unless otherwise snecltied all com- 
.00neOFtS in ou' drawings are shown as 
seen, from above note however that 

component manufacturers often show 
them as seen looking into the pins. 

Pin numbering of ICs - with the IC 
held so that the pint are facing away 
from you and with the small tut -Out 
downwards pins are numbered anti- 
clockwise starting'with pin number'1 
at. bottom right. 

The thin line on a battery schematic 
drawing is positive (+veor just -r). 

If a circuit won't work the most 
probable causes of trouble in the -most 
probable order of occurrence are: - 
(a) Components inserted the Wrong 

way found or in the wrong places. 
(b) Faulty soldering. 
(c) Bridges of solder between tracks. 

(particularly with Veroboard) - 
breaks in Veroboard omitted - 
and/or whiskers of material 
bridging across Veroboard breaks: 

(d) Faulty components. 
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MISCELLANEOUS DATA 
RESISTOR AND CAPACITOR RESISTOR AND CAPACITOR COLOUR COOING LETTER AND DIGIT CODE (BS 1852) 

Resistor values are indicated&asfollows; 

.0.470ma'rked R47 1'00 0 marked 100R 10 1R0 1 kO 1KO 
4.7 0 4R7 10 k0 10K 
47 0 47R 10MO 10M 

A Ietterfollºwing the value shows the tolerance. 
F = i 1%; G = ±2%: J = ±5%; K = =10%; M=x20%: 

R33M = 0.330 ±20%; 
6K8F =6.8k0±1%. 

Capacitor values are indicated as: 

0.68 pF-marked p68 6.8 of marked 6n8 
6.8 pf 6p8 1000 nF 1u0 

1000 pF 1n0 6.8 uF 6u8 

Tolerance Is Indicated by letters as for resistors. Values 
up to 999 pF are marked in pF, from 1000 pf to 999 
000 pF (= 999 nF) as nF (1000 pF = 1 nF) and from 
1000 nF (= 1 uF) upwards as uF. 

Some capacitors are marked with a code denoting the 
value in pF (first two figures) followed by a multiplier as a 
power of ten (3 = 103). Letters denote tolerance as for 
resistors but C = _0.25 pf. E.g. 123 J = 12 pF x 103 
±596 - 12 000 pF (or 12nF). 

Tantalum Capacitors 

1 2 3 4 
Black - 0 X 1 10 V 
Brown 1 1 X10 
Red 2 2 x 100 1 
Orange 3 '3 - 
Yellow 4 4 - 6.3 V 2 Green 
Blue 

5 
6. 

5 
6 

- 16 V - 20 V 4 
Violet 7 7 
Grey 8 8 x0:01 25 V 
White 9 9 X0.1 3 V 

(Pink 35 V) 

Colour Band A Band B Band C (Muhiplesi 
Reststnrs Capacitors 

B and 0 (Tolerance) 

Resistors 
Capacitors 
Up to 
10pF 

Over 
10pF 

Band e 
Resistors Polyester 

Capacitors 

Black - 0 1 1 - 2 p0 ±20% - 
Brown 1 1 10 10 ±1% 0 p ±1% - - 
Red 2 2 100 100 ±2% - ±2% - 250 v.w. 
Orange 3- 3 1 000 1000 - - ±2.5% - 
Yellow 4 4 10 000 10 000 - - - - - Green 5 5 100 000 - = 0 p5 ±5% - - 
Blue 6 6 1 000 000 - - - - - - 
Violet 7 7 10 000 000 - - - - - - 
Grey 8 8 108 10 n - p25 - - - White 9- 9 109 100 n - 1p0 =10% - 
Silver - - 0.01 - =10% - - - - 
Gold - - 0.1 - ±5% - - - - 
Pink - - - - - - - Hi -Stab. - 

RESISTORS 

Note that adjacent bands may be of the same colour unseparated. 

RESISTORS 
(OLD TYPE) 

A 
B 
C 
D 

TIP 

TUBULAR 
CAPACITORS 'CANDY STRIPE' 

CAPACITORS 

A 
B 
C 
D 

Preferred -Values 

E12 Series E24 Series 
1.0 1.2 1.5 1.8 2.2 2.7 1.0 1,11 1.2 1.3 1.5 1.6 1.8 2.0 2.2 
3.3 3.9 4.7 
and their decades 

5.6 6.8 8.2 2.4 
5.6 

2.7 
'6.2 

3 0 
6.8 

3.3 
7.5 

3.6 
8.2 

3.9 
9 1 

4.3 4.7 5.1 
and their decades 

Reference Notes 

TIiCIRCUITS No' 2 
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ETI SPECIALS 
No. 1 

PROJECTS 

No. © electronics 
A mass ve i 80 page book e°"'"'" all 

the 
f' today'internOtional promos originally described in our first two 

Top Protects Books - originally Dubin -tied in 
October 1974 and June 1975 - which are 
now out of print 

Protects include Master Miter 100W 
Guitar Amp Low Power Laser, PnMrmer 
Transstor Tester Mier Preamp: Love 
Probe 5rmplº Amp Nr-Cad Battery Charger 
Loudhailer Scope Calibrator Electronic 
Ignruen Ainoftatrc Car Theft Alarm, Tuln I' 
Irideator Canceler Brake Light Warning, 
LM3BO Circuits Temperature Atoms Aerial 
Marche; UHF Tv Preamp Metal .Locator 
Fow Input Mixer, Super Stereo, IC-Power 
Supply Rumble Filter IC Tester Ignition 
-wrung Ught SOW Stereo Amp PLUS MAN* 
MORE 

£2.50 + 25p P&P 

TOP 

PRTETM 
1+ 

p'tr: 
EIEEII 

n1ai 

wean,CS ELECTRONICS - IT'S EASY 

Voeayr 2 -it's easy 
-:212 I:lMrdett Ipol`,tttrtiLCyj+ 

1"-e- '.11 

:120 

Poweraxe;ie 
tarxeaarrre 

I 

~ors 
or/tsr Lc* 

11eM 
ti:. 

= 

Our successful beginners senee:Came to art 
end some time ago now, and the whole 
series is available from us en replied form. 
The three books between them contain all 
th information presented In the sexes. 
(sometimes in mote detaill) and together 
1ó:m an excellent starling point for -anyone 
interested in learning the art of electronics. 
Each volume costs 

£1.20 + 25p P&P 

TOP PROJECTS No. 4 AA VWAt 

Puobahºd October 1976 This includes r i`e ., 
SvreéoSisteen Stereo. Amp Waa-Was 
Audio Level Meter EepanderCornpressar 
Car Anti -Theft Alarm, Headlight Rem á 
Oual. ranking Power Supply. Audio 
Mdllvotimeter, Thermocouple Meter - 
Intruder Alarm, Touch Switch, PushBution 
Dimmer, Exposure Meter. Photo Timer 
Elecuonic Dice High Power Beacon_ 
"'emperature Comroitet; Electronic Ora 
Armed Bandit. plus many more 

£1.00 + 25p P&P 

. G 

r o 

..Ai ,12G ` C 
a. AR? A U. MT. 

rTESY Min E 

- ts -}it Iá 
ehfrClL ' 1. 

sS>C,PLY =dt ftro, 
SiJec . 

t - I 
NTROJ.= S. tt!F!. B+ 

r;I- .I 1r4 
1 _ . t 1 ] 

co 

w ~T7s N OsrI:11~AJM 
ma_ ...xi. a rm. .C. PaaL 

TRANSDUCERS IN 

MEASUREMENT AND 

CONTROL 
This book is rather an unusual reprint from 
the pages of ETI The series- appeareda 
couple al liners ego in the mega-inel and 
was ski highly thought of by the University Ol 
NI., England that they have republished 
the series splendidly for use as a standard 
testbook.WrnenbY Peter Sydenham M.E_ 
Ph O M.Inst,M:C., F I I C:A , Ihrs publica- 
tion corers practically evMy type of inns: 
duce: and deals with cowmen: add techni- 
ques not covered in env other book. En. 
quires from educational authorities. unr. 
versities and Colleges Ior bulk supply of Iffy 
publtcarañ are -welcomed- These should be 
addressed to if. W. Moorshead Edda, - 

£3.00 + 25p P&P 

TOP PROJECTS No. 5 
Twenty-two compete teotees including, 
5W Stereo`Amp Stage Mixer_ O,sco Muer, 
Touch Organ Audio Umber. Infra -Reo 
Intruder Alarm. Model Train Controller. 
Reaction rester Headphone Radio STO 
Timer, Double Dice. G P Power Supply 
Logro Tester Power Meter Orortel 
Voltmeter, Universal Timer, Breakdown 
Beacon 1.2 Hour Timer Hean Rate 
Monitor_ IB'Metal Locator and Temperature 
Meter 

£1.00 + 25p P&P 

1.8. METAL LOCATER INFRARED 

INTRUDER ALARM STAGE MIXER 
REACTION TESTER DUAL DICE 

HEART RATE MONITOR 
TIMER LOGIC 

'TOP El:io f;7, 

5-- 
a 

es7.k supeiy 
SAL TIMER POWER METER 

.AUDIO LIMITER FLASH TRIGGER 

'FIVE WATT STEREO HEADPHONE 

RADIO BREAKDOWN BEACON 

DIGITAL VOLT METER DISCO 

MIXER TEMPERATURE MITER 

:TRAIN CONTROLLER TOUCH 
I...aILax. 

electronics ELECTRONICS 

tomorr ̀ ` 75i rrtI 

TOMORROW 

r.rwa meco. n,wrh 

.ue.4ac ...r-.-.r.u. iwlr:.crr.. 
Pe 

..:. 

This is our latest special- and on@ which even 
we consider very special? Compnsed,entirely 
of new mirterral. the edition covers -such 
diverse subtects as Star Wars and luhl The 
maganne contains protects for everyone - 
ngne of which have appeared in ETI - and a 
took .air the future of MPUa Audio_ Calcula- 
tors and Video Mow can you not read d? 

75p + 25p P&P 

a al- ... r 

I ss oo-etaó _ O' 

ETI CIRCUITS No. i 
Contains, nearly 150 Greuits largely taken 

.:rpm the best of our, texh.Trps Greer :are 
has been Iaxers to index each circuit for 
rapid sulert,un Art additional te.Lbon at the 
back grerts plenty of reference data 
including transistor specs and eftwrealents 

Sales of this- pubtrcanon have. been 
excellent - hardly sufprn,ng when tre 
circuits cost less than I P welt 

£1.50 + 25p P&P 

HOW 
TO 

ORDER 

ETI 4600 SYNTHESISER ELECTRONICS TODAY 

Acomolete feptlni OI out superb eynmesiser 
dngn pubbshed with Maptrn Electronics 
(who also supply Ma pans), This reprint will 
also be of lnreres, to these not specif,csliy 
vamrng to build the unit as the circuitry q 

Ispmy aigrnalland ip in fact Patented by 

£1.50 + 25p P&P 

Postage and packing also refers to over- 
seas. Send remittance in sterling only. 
ETI Specials 
ETI,Magazine 
25-27 Oxford Street 
London W 1 R 1 R F 

Please mark the back of your cheque or 
PO with your name and address. 

. ea.crt.e..o.a~{u 
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GOOD AND PROPER! 
. or at least your projects. If there is one thing which is impossible to do at home is lettering front panels to pro- fessional standards. At least until now. If you cast your eyes right a while you'll see our new panel transfers sheet, which has been carefully designed to allow you to do ex- actly that. 

The transfers are easily rubbed down, and the two sheet set contains a mass of lettering and -uniquely-control scales for both rotary and slider puts. 

Each sheet measures 180mm X 240mm and comes packed flat in a stiff cardboard envelope for protection. There should be enough for dozens of projects here - and the longer you wait the worse they'll look! 

w^ifs 
rt,1(11 

" 
PEND 

. g ANT 
_ 

apsl 
CIRCUITS No 2 

i 
RaPILiPe 

et'PANEL 
TRANSFERS 

Send f1.75'(includes VATS'; and postage) for the two - sheet set to: 
Panel Markings 
Ell Magazine, 
25-27 Oxford Street, 
London W1R IRE. 

ink 

Gaps? 
electronics today 

o li ..or 

L1a 
ff TAH©Y CATAIOGUf-- . ---- 

IIr:: 

"kJ 

MOD MAW 19/7no 1 

stn/cs 5 

' r8 Metal Locator ,trar awa.te ovnv, 

Ultrasonic 
Switch 

Shutter Tinier 
rFJeettw,k.sOrrTap! 

ry, 
On Lightning?k 

4 Op Amps. 

1 -, 
It can be a nuisance can't it, going from newsagent to newsagent? "Sorry squire, don't have it - next one should be out soon." 

Although ETI is monthly, it's very rare to find it available after the first week. If it is available, the newsagent's going to be sure to cut his order for the next issue - but we're glad to say it doesn't happen very often. Do yourself, your newsagent and us a favour. Place a regular order for ETI; your newsagent will almost certainly be delighted. If not, you can take out a postal subscription so there's nothing for you to remember - we'll do it for you. For a subscription, send us £7.00 (£8.00 overseas) and tell us which issue you want to start with. Please make your payment (in sterling please for overseas readers) to ETI Subscriptions and keep it separate from any other services you want at the same time. 

ETI Subscription Service, 
Electronics Today International, 25-27 Oxford Street, London W1 R 1 R F. 
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everything for the modern D.I.Y. electronics enthusiast and more. 

so win QJiiú} :;::-- ff IAA 
- 

100W RMS STEREO DISCO 
A genuine 100W RMS per channel (bolt channels driven' stereo disco 

with auto lade on microphone. VU meters. lull monitoring and cueing 

'unities and a very high I 

quality light show. Com- 

plete construction booklet 
MES41 price 25p. Cabinet 

comes complete with lid 

and carryieo handles. 

l 
¡ 

. 

----_ ¡ 

4 w 

r 

10 CHANNEL STEREO 
GRAPHIC EQUALISER 

A new design with no difficult coils to whirl. but a specification that 

puts it in the top-flight hi-fi class. All this for around £70 including 

hilly punched and printed metalwork aid woodwork Send for our 

component schedule now Full 'construction details price 25p. Oil 

prices include VAT, and pAp I - 

r 

VERY LOW -DISTORTION 
AUDIO OSCILLATOR 

The very tow dislorloe siee wave IL0.01 %) output is suitable 
for testing very high quality 

PEDAL UNIT 
A, campietelp self-coelained pedal unit. 13 -rote. 2 -Octave 

rage. 4 organ stops. It cat be added to aey orgaa A really 

unseal extra is the bass guitar step which uses four 

metope shapers to give a real bass guitar sound. A must Inc 

the sale guitarbd Fee construction details in ow catalogue - 
post tie come below. sew! 

ELECTRONIC IGNITION 
SYSTEM 

A high performance electronic loonier' system that saves fuel. 

cats points wear, gives strap spark and easy start eves with 

very low battery. improves engine power at high revs. Change 

back to caventienal system in seconds. Total cast around 

£14 Fell castruclion details in our catalogue. Seed the 

coupon below. now! All prices include VAT. and p.&p.). 

hi -1, audio equipment Also 
includes square wave output 
Range 20Hz to 26kHz Output 
OV to 1V in three continuously 
variable steps Total cost d 

arouri l £21 Full construction 
details -in our catalogue Send 
the coupon below now' (All - 

prices include V A T and 
P&p) 

INTEGRATED CIRJITS 
Over 35 pages in our atatogu 
useful I Cs. All with data. pin ten 
with applications circuits and mop, 
coupon nowt 

, .__ 
0 0 o a m 

TOUCH -SENSITIVE PIANO 
The revolutionary new IC AY -1.1320 first seen on 'Tomorrow s 

World' is nol available. Complete kit al IC's to build a 60 -note 

piano 118 x IC's! order as RQ531l price £36.86. Preliminary 

circuit details In our October newsletter Complete design. pcb's 

attractive veneered wooden cabinet available soon II s the most 

realistic -sounding electronic piano we've ever heard aid 
includes simulated damping. loud and soft pedals. Full details in 

our newsletters. IAll prices include VAT. and p&p.] 

SYNTHESISER 

The Inleroatioeal 4600 Synthesiser A very comprehensive unit 

Over 400 sole. We stock all the parts costing less than (500 
including hey punched and printed metalwork and a smart leak 

cabinet. Far less than half what you'd pay for a ready made 

synthesiser of equal quality. Specification on request Full 

nomination details in our construction book £1.50. All prices 

include VAT, and p.dp.l. 

IT'S A FANTASTIC BESTSELLER! 
°216 big (fir x 8") pages! Over a thousand 
illustrations! Over 30 pagesof cótñplete 
proiebts tó build! Thousands and thousands of 
useful components described and Illustrate -d! 

No wonder it's a bestseller! 
DON'T MISS OUT! SEND 60p NOW! 

MAPLIN ELECTRONIC SUPPLIES 
- P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 

Teibohone Southend (0702] 715155 
Shope 284 Landon Roil, Westcbff-orrSee Essex 

iClnoetl en Mcdey)Tsit.~ Seu'-hentt iO700sI5157 

et 
año maey 

Post the 

SWITCHES 

We stock a wide range of iwdenes including a realty 

low-priced high quality ntertockMg posh -batten switch 

system which is extremely versatile- We've got toggle 

switches. slide switches. push switches. ranry 
swanks - there are dozens to cheese Iron but ds 
only a tiny part of our laataslie range. 

Our hi -monthly newaletter keeps you up to date with liteat 
guaranteed prices - our latest special offers d' 

details of new projects and new lines. Send 3Op 
for the next six issues (Sp discount voucher with each copy). 
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POST THIS COUPON NOW FOR YOUR COPY QF.OIJR 
CATALOGUE PRICE GOP 

Please rush m copy of your 218 page catalog! 
I enclose 60 but understand thbt if I arti not, ilete 
satisfied I may eturn the catalogue to yoya 
14 days and hayt my 6Op refunded immedic 

NAME 

ADDRESS 

ETI C. 


