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Build the 
DUAL POWER SUPPLY 0. 

Tips on 
DESIGNING SUPPLIES 

Complete plans for 

AUDIO BOOSTER AMP 
ELKTRONIC CROSSOVER 

DIGITAL AUTO TA CH 

PIUS 

ALCULATOR- Analog computer measures blood alcohol level 
TONE RINGER- Replace your phone's bells with a warbling tone 
UPGRADE RAM /DISK -Speed up disk data retrieving and storing 

11 

p,S° 
I' Resistor Bank for rapid ohmic substitution 

o Breakout Box brings RS -232 back to standard 
V Solar Cell Converter steps up the voltage 

71896 48784 



/P,,,Ne. 
9474009 14 

9174014 14 

5M74024 14 25 

54740314 14 

$*7414 14 25 

5471051 14 25 

5574040 14 45 

$4471074 14 19 

9474MM 14 25 

$4740411 14 25 

51741011 14 25 

$574114 14 25 

$9747211 14 49 

5474134 14 39 

597414M 14 49 

5474164 14 15 

5174171 14 25 

9474211 11 19 

$47421N II 49 

$147422M 14 49 

517423N IS 59 

974294 14 29 

5171264 14 29 

$9742714 14 25 

5474254 14 59 

5174304 14 25 

5174724 14 29 
97437N 14 25 

517139N 11 79 

5474394 14 59 

947440M 14 19 

5474414 19 99 

5474424 II 45 

5474434 IS 1 25 

5474411 IS 1 25 
5N14454 14 M 
5147446M 111 69 

ñ 

25 

5M7117M IS 69 

5104414 14 N 
5411504 14 19 

5474514 11 19 

5171591 14 II 
591154M 11 19 

5N745944 14 25 
5474604 II 39 
5x74704 14 29 

7400 

M7/77M 14 

5474739 14 35 

5974714 14 35 
547175N IS 45 

51174769 IS 35 
5471794 11 4 % 
5874404 14 19 
5474429 14 149 
5474834 1S 59 

5474554 16 59 

51474464 14 35 

5971594 16 7 25 

9474904 14 39 

5471914 14 79 

5474974 74 39 

57471934 14 39 

597114 14 59 
5474959 II 49 

5471964 16 49 

5474974 16 3 25 

90110014 74 1 95 
904714 11 7 19 

54711254 11 119 
111741501 14 .29 

147410911 16 .M 
54711164 74 ', 49 

$11741214 14 39 

51742244 14 59 

5174127M 16 49 

9741294 14 45 

9474126M 14 45 

54741324 14 49 

547413644 11 69 

547 44444 IS 99 

59741424 16 3 95 
$5741439 71 3 % 
5174144M 24 3 % 
54717454 16 59 

90140 It 119 
54711114 IS 119 
947415011 24 1 11 

5571751M 19 59 

517415211 td 69 
94741534 IS 59 
$117411M 74 125 
115711111 16 59 

29 

541.wWNM44r1.C. 
444 MM 4M14 6e1_oe 

Pet 115 PM MM 

901756M 11 59 

51741171 II .M 
SM7411011 16 69 

$447116114 IS 69 

59741629 16 69 

$47416341 IS 69 
5474714 14 69 

547175514 16 69 

51741664 16 99 

5971167M 11 i 95 

947417041 16 79 

51741729 74 4 95 

9047734 16 69 

54741744 16 69 

547/1750 11 69 

54711764 14 69 

547/1770 14 69 

574711794 16 1 19 

547178014 11 69 

5474160 24 1 % 
58741824 11 1 79 

51474714 16 2 49 

5874155M IS 1 19 

547479044 IS 69 

SN741904 16 61 

54741924 IS 69 
5M7419314 11 69 

5471114 IS 99 
547/7954 16 69 

901914 14 89 

947097M 14 89 

547479111 24 119 
90119M 71 119 
58742118 IS I 79 

$4742515 IS 79 

547/2764 a 1 19 

97427914 IS 79 

597426344 16 I 49 

5474214 14 2% 
59742691 11 2 % 
547/36544 16 55 

547/3664 16 55 

$4743674 IS 55 

9013615 IS 55 

59743904 IS 119 
51743991 11 1 49 

MICROPROCESSOR COMPONENTS 

741.500 11 25 
741501 14 25 
)41502 lt a 
746553 14 25 
741204 14 35 
741505 14 29 
741509 14 a 
741509 14 21 

i4151 11 335 

741512 14 35 
741513 14 39 
741314 14 59 
741575 14 35 
741520 11 29 
711.521 14 29 

71L887 14 .M 
741524 14 29 
741527 11 29 
741525 14 35 
741530 14 29 
741537 14 39 
741533 14 55 
741537 14 35 

74L5311 14 35 
741540 14 29 
74112 14 55 
741547 16 75 
711546 16 75 
741549 11 75 

741351 11 25 
741554 14 25 
741555 14 29 
741573 11 39 
741574 14 49 
741575 11 39 
741579 11 39 
741671 14 39 
74L593 16 65 
711555 16 89 
741555 14 39 
741390 14 55 

74500 14 35 

74502 14 35 

74503 11 35 

74204 14 45 
74605 14 45 

74506 Id 39 

74509 14 39 

74510 11 35 

74511 14 35 
74215 14 35 

74520 14 35 

74522 14 35 

74530 14 35 

74532 14 45 

74538 14 M 
71510 11 39 

74551 14 35 

74561 14 39 

74565 14 39 

74574 11 55 

74515 1S 2 49 

74504 14 55 

745712 14 SS 

745113 14 55 

74L692 
741393 
741595 
711555 
7115107 
711$109 
7455112 1S 39 
7415113 14 79 

7415111 lt 39 
741.5122 11 19 
703123 16 89 
7115125 It 59 
7412129 14 49 

7412132 14 59 
7415133 IS 59 

7415136 14 39 
7415135 15 59 
7415139 19 79 

7415151 15 59 
7415153 16 59 
71L511 24 1 29 
74/5155 1{ 69 
7115156 IS 69 
7115157 15 69 
7115151 IS 59 
7415110 IS 69 
711$161 IS 69 
7115162 IS 89 
7413163 IS 69 
71.5164 14 69 
7413165 IS 1 19 

7453164 IS 1 19 

7415169 15 1 19 

7415170 IS 1 49 
7415173 15 69 
7113174 1S 69 
7415175 IS 69 
7415151 74 2 % 
7415155 14 99 
7415111 14 99 

14 
14 
14 79 

16 99 

14 39 
16 39 

55 

55 

74S /PROMS 
745114 14 

'45733 II 15 

45134 16 50 

745135 16 59 

745136 14 1 39 

715138 16 89 

745139 11 89 

745140 14 55 

742157 IS 99 

745153 11 99 
745157 16 99 
745159 14 99 

71515 14 2 49 

745174 16 1 19 

715175 II 1 19 

745188 IS 149 
74511 16 1 49 

115795 15 149 
715196 It 1 49 

145240 75 2 25 
745241 a 2 25 

745242 It 2 49 

$5 

7415192 IS 79 

1415113 15 79 
7445194 IS 69 
7415195 19 69 
741.5197 14 79 
7415227 16 M 
7412240 a 04 
7415241 a 99 
71.5242 14 09 
7412243 14 09 
7415244 a 49 
7415245 a 19 
7415247 14 04 
7415244 /1 04 
7415249 IS M 
7412257 IS 59 

7105253 16 59 
71.5257 16 59 
7115258 IS 59 

7115760 14 59 

1115216 14 69 
7415273 7 1 49 

741521 18 49 
7415213 11 69 
71L5290 14 69 
7415261 14 79 
7415296 IS 89 
7415352 18 1 29 
7415353 IS I 29 
7415365 16 49 

741537 1S 19 

7415367 11 49 
7415361 16 
7415373 29 7 49 
7415374 II 149 
7415375 14 69 
7415316 14 45 

7415393 14 1 19 

7415399 16 7 49 
7105670 16 1 49 
44115115 a 149 

4411597 a 49 

745243 14 

745244 a 
745251 IS 
745753 IS 
745257 16 

745158 16 

745260 14 

745180 11 

745287 16 
145288 1$ 
745373 28 
745374 79 
745361 11 

74540. 7 
745472 71 

745173 a 
745874 74 
745475 74 
745570 16 
715571 IS 
745571 18 

745573 14 
745940 a 
745911 29 

49 
49 
19 

19 

19 

79 

19 

;5 

49 

49 

% 

ñ 
95 

95 

95 

95 

95 

% 
49 

49 

MIM 
IfOCESSOR CHIPS--111M 

No 
041192 19 09 5295 
2650 N M9U12MNt1 995 
MC56502 N MRIw/CAü 595 
40565028 N 4PIIw'CAldo-3M6 9% 
6809 N CRU-8 a !worm CMCkl14X7 14 95 

6E09[ 4 CRI -5 a 7E.Mw 0k51 IM4 1495 

745603546 N 6475-695114641 5 % 
19596314 N CPU 5596 0651695112804 69711 5% 
1I15961016 N CPU 1756 Has 0.6511 9 95 

211 95 14580704 MI CPU 
745907341 N CPIIwBwc Moo 104wUr 2995 
180651 N CRI 4 95 

1086 N CPU 16a 5492 24 95 

8068 N 01IB.16-a 21% 
8155 N 1405 RAM 1r0 Pon -1r4 6% 
8746 N 0105E0434 MR 24% 

04 
Z8012pAiTpN7Yc ERIES O% 

296CT0 a Cam 7a4 C.cul 3 95 
296p1AT N D95 AaNMMaoe 515 7145 10 % 
21001A N Dad 4eInY Noss Cecu4 9 % 
210P10 N P44951/O11140 C40ri 3% 
290510/0 N 5195 i/0(1508 and IhCB Bordeas 12 % 
280510/1 N 5.11/0030,1 07111 ,2% 
280510/2 N 5e11/01140e911034 1195 
266510/9 a 5M 1/0 12 95 

281 N CA/ (511131193144478X 419 
28116 VC M Carlo Coo Caul 495 
2896 041T N Dug Aftwaasel,l4crims 9% 
28aÁ W N dad Moray Amo Caul 12 % 
a1-710 4Nyló redo dr5asr 3% 
204A3100 N Sw4l/017.06 anti NàBordeal 12% 
2441510/1 N SyMI/O (Lacks DEMI 12% 
29645102 N 54951/0044444 59N081 12% 
2964310/9 N 5495 7/0 12 95 

055 N CRI146M8014616MNa 9 % 
ZIO6CTC M Ca4Mw Tm4 Prow 72 % 
2d06DMn N Ou4Apno Ammar/Tramway 19% 
2806410 N P4151/0454óaCn9M4 12 95 

21007 CPUS... 14 95 

21002 N CRIgaoS9r5rr46 3495 
21010 N SIM Corm Comas, 4E% 
28D36 

5N 

% 

MC65024 
65 0g8iU/cKK600R(,71t197 

s1T 4 695 
406520 N 4510phslallnter Ad./ 4 % 
1/06600 AS 4PU 1 % 
61064020P 41 MPU wan cbc. ana RAM 7% 
40680% IS MO AI411E4wm11 loco hg) 1495 
4C6421 N P158440.11157 40421 M[611101 1% 
MC682e 24 Monty imalruo 

I 

Comlaw7 15 % 
4[643058 24 102158-01 ROM 19068430 81 9 95 
MC6450 24 Asynchronous Comm Apaplar 3 % 
MC6452 24 SyncnronW)54447 Data A0a21er 575 
506560 24 06pppp5 0 .ó M006M 7 95 

C6646 48 
54 MPU 16- 

Y4nÌ AOapi51 
49 

9 95 Gmarai 
1061652P2 N MuRi P4o1ao, Cams Con2pw4 14 95 

403564148 a Exuma." Mop Lawn .n1 9 95 
5C56471 24 14 M 1450n1 71 95 
516512 N P60 1 641951 7% 

8060A SERIE 
1055501 N 5w064w46 514151944 151SO4 14 95 

r1M4S1751 r 12 1 H95 RAM 16561/0 17 

9156 a RAM mini 70M and 714 695 
IId22CC6 a Od4 D 09 Fop 11755417443741 2 14 
969271 24 1901101/134404 1741121 2 25 
979271 14 45479114441 05-4,6 2 95 
MI6 15 abc495 Sus Dom 1% 
965224 IS Pecs G4a4w/0495 2 25 
DM226 15 Bu Dos 

Caw 
2 25 

ó1 C.112311 a Sy111.1 C0e4417543771 149 
M58143 24 I/O Expando a 18 547c 3 95 
158245 IS 161 W M64e Erca84174C9721 4 K 
N54246 a 205q 661648 Eno417409231 4 95 

N58248 N 00aw0417103124 895 
N552504 N Aqn Co. E954I 1095 

1,1125, 16 Wog Corm 00 
152 24 Ro 7aaTm4 

6 
00255 a wag PWp471l/01.1 449 

keg 
K1 

COY Caroni 5 

OP12ra4 a Pr stnup Ca49 6 95 

C08275 a 7709 CRT Cm.* ó% 
0P6279 

s 9 7 ] % 0471303 6ID1 5414 T pam95rao 
966354 a óaa-blow& Nam 195 
O01707 N 9-a6bc9awRom 2% 
OM11M a 6a 4-014ceN95 N4ew. 2% 
15310 a Odo loam 9664. Dow 4 % 
5741 a 6 54069 P464s1r141M 2995 
8755 N 1MI EPSOM son 14% 

DISK CCONTROLLERS CONTROLLERS-- N 1% 
Mt 79t N S.qDO W Om I 29 % 
M1753 N 5D6u41m e/wOweryl741 29% 

29 95 
D1M7 a Dut/Sabctrul A% 

SPECIAL FUNCTION- 
55002501 1 Cui MOS Do" Dow 1$421 2 49 

111Y N1 YWW9MO50Mp ISMZI 
89%5 

MC34796 15 E4pq D4. M9M 416 5ysan 1% 
11581674N 74 Mu4caoM4Y Tom Cbo 695 
545/17/41 15 Mao fer94e4 7.M Clock 7% 
CaP40211 a 4amreiw/14w1M 5% 

a6d bd LEO OM 
Cd50248 N WpppwY4w/149aRAM 5% 

6d44d1E0 Dow w/MaYM 
COP1791 a 32-Mg VAC 74M D5126pn90a I 375 
141151694401 1 7744 0o4mr0rMw 160V. I 79 
M45369857 S Prop Oa av/DsEw 11001.1 1 

ha N.. 7M DYNAMIC RAMS_ Pr. Pr. 
!t53 --__ 14 1024.1 300751 99 .a 14 

16 364.1115040 IlpJ/1iB48] 
411641 3 IS 16 31111200711 1 69 .6/12 95 
4115/-4 IS 16 3151 1250451 149.1/10% 
4119.150 15 65.536511150441 6 %.5/49 95 
4114-200 16 65 536.1 1200591 5 %-5/41 95 
445261 18 102451 1300111 49 .8/1 95 
19615252 17 204841 176MM) 10 

1545270 II 409651 (2507,) 564096 4 95 
1545260 73 409651 1200112107 3 95 
4552902 IS 16.3141 1150m1 1 19 8/14 95 
445290.3 16 16 364.1 12007,1 7 69 3/12 95 
544529014 15 16.3141 1250711 1 49 .6770 95 
455295.3 15 619241 1244451 169 STATI,M- 
110, IS 2 I 

1 19 

2101 22 256.1 4505416101 7 19 
2112 11 02441 750441 49 
21707 18 706.51 450791 L P 1 99 
2171 18 1504 4507916171 1% 
2112 IS 76441 450781405 1% 
2774 11 1024. 4507a1 

3 

59' 5/3 % 
21111 18 1024. 4510511 P 1%,440t7 95 
21747 II 10245 200111 I 75 VII 95 
21141-2 14 10264 7005811 P 2 75,8014 95 
1141 II 10964 70591 4 95 

714e 15 10741 70781 8 95 
7454045 15 16244 150711 3 95 
75510147145 a 10444 450751 2 95 
5101 a 25964 450711 CMOS 2% 
555251 IS 40996 /50754/14 4 95 
14461164.3 74 ó4. 150591C405 5 95 
16161764-4 24 2010 20091 CM05 5 95 
0146114.7.5 74 110 7007411 P CMOS 599 
6145260. 15 78 21924 1507110405 39 % 
271500 IS 1640 518911 9% 
7409 ts 1961 500417101 2 95 
740920 22 256.4 250711 3 95 
740921 15 1501 2501191 CMOS 3 95 
74097 15 1024.7 1507S1040516511 7 95 
745170 11 1024.1 2509)13405165tH 7 95 
745189 14 1541 75741971% 1 95 
745200 IS 2501 6074193410 3 95 
745706 16 1960 6039197171 3 95 
113269 16 1961 357f1710t 2 25 

12510 IS 10240 51510 C 1975151 3 95 

e2525 14 1961 slno c 17452991 : a 
RMS/EPROM.S-- 

17024 71 14s1 4 % 
2764 24 1021. 150711 3 95 
2104 5 24 1074. 5509154400246 1 95 
7152536 24 1164 4500412116 5 95 
7152532 24 50996 450751 114C2572 6 95 
745251 75 57924 450761 14 95 
7952776 11 210 450743.1495 995 
2716 24 2000 150781 4 95 
77761 74 2040 35001 5 95 
211605 24 1010 550591 4 49 

2772 24 40555 45001 6 95 
2732A3 24 10965 300591 7 95 
77324-4 24 109644 1507.1219 6 95 
773ó.4 24 1096. 550741 5 95 
11596-A 24 10244 450041 2% 
271-4 76 61924 4507)1 9 95 
271.3 75 51924 300.111 14 95 
51/57040 74 51241141 1 95 
1048871 14 8197.8 450041 24 95 
27128 a 16 3116 4501 1261 EPROM 59 95 
745188 16 324 PROM OC 16336-1 119 
745287 15 256.4 PROM 7 5 (630.7 7 95 
745288 16 3246 PROM 7 5 163311 195 
745387 IS 2560 PROM 0 C 163001 I 95 
74971 a 256.8 PROM 1 S 163011 5% 
745472 28 57248 PROM 7 S (6349-1 4 % 
745173 a 51201 PROM 0 C 1631441 4% 
745474 24 517.8 PROM t S 40481529141 4% 
745175 24 5124 PROM 0 C 163401 1 95 
745476 18 10240 PROM 7 2 6 95 
1454144 24 102448 PROM 7 5 8.% 
745570 16 572.4 PROM 0 C 167051 2 95 
71S57t 14 St241 R1 0M1$167061 2% 
745572 11 1024.4 PROM 0 C 163521 1% 
745573 1S 10210 PROM 7 S 182513 I 1% 

82523 16 320 PROM 0 C 127516 2 95 
525115 24 512.8 PROM 7 S (27515 9 % 
525123 15 306 PROM 1 5.127519 2 95 
525126 IS 256.4 PROM 0 C (27520 2 % 
525129 14 75644 PROM T 2 (27221 2 95 
60139 IS 512.4 2404 0 C 177512 3% 
625115 IS 2044.1 PROM 7 S IT11P2411 9% 
425190 24 20480 1207161 11 95 
625191 24 2048.8 180791 14 95 
046751804 24 1024.8 PROM 0 C 18251901 9 % 
045751814 24 1024.8 PROM 7 5 144251511 9 95 
948)51614 14 2061 PROM 0.0 18251241 9% 
D048/51551 18 20144.4 PROM 7 5 14251651 9% 
94875190N 24 20184 PROM 0 C 18251101 14 % 
049751914 24 2018.6 7 5 1501911 14 % 

DC10 Mmii.DCpáC0Cá15wñ10 VMS 9V 295 
MC7470P IS SRpp4 Os. 4140 AMP SysMm 4 95 
MC140811 IS7.p70'A C2n.enerl04014071C41 149 
MCII2161.8 II 8-p10'A 1n.e71111CO2091C41 2 25 

ADCO203104 a 6 ot A D COMO. 141'21581 4% 
4000204 2118 01 910594411251 111581 3 49 
100206 1444-51014141.11610 78% Lin I I 95 

A000604 288- tin A/DCpMn118-0.1 Mu6I 449 
4000417 48567 8/0Cn.616116-Cn 441711 9% 
103000 7410410/ACorn Mare Camp 1005%1 7% 
101002 710-a D/A Cony Mo11 Comp 10 20%1 6% 
01C 1 20 14 10 0r10/4 Um 10 05% 05 1 7% 
1C 1022 16 10Dn D/A Cony 10 ó% lm 1 5 95 
1C1 22 1I17 tut 0A00rw 020%Lin 1 695 
143342 Cmslanl Current Source 119 
1433 1 16narl,ure 11ons0ucer 1 40 
1.43991 Temp Camp c 116 159977 C1 500 
46-6 11711 N 788 Rawl WO 0116071 3 55 

Digitalken 
DT1O5O - Applications: Teaching aids, 
appliances. clocks, automotive, taiacommunlea 
fions, language translations, etc. 
ne 07'050 is alandard OIGIT A LK ER kit enc Mod with 137 9449/1414 

and uselul rads. 2 tond. and 5 different slim. dum11On1. The 

words and tones hay* Doan assign d discrete 44406149999, ',sating .7 

94,51610 10 Output sing* words or words [011$ 444444 90 Into phrases 
or men ententes The 'v0.c' output of 1175 071050 is highly in 

1/1,9151e male voice Female and 6741076W somas can be 9yn1M9.2 
ad The .ocSDUl4ry is chosen so that .1 Is appllca614 t0 many pro- 
ducts and martels 
The 071050 consista of Sp..ch Pro0.1101 C4111. 5454104 (40p.n1 
and Iwo (27 Speech ROM MM5216455111 and M14521645$62124.17) 
410119 with Mostar Word Itel and rKOmm4ndd 906Nn511e 
4197.17 011 IM applicallon Shset. 

DT1050 DigltalkerTN $34.95 ea. 

MM54104 Processor Chip $14.95 ea. 

DT1057 -Expands the OT1050 vocabulary from 137 to over 260 

words. Includes 2 ROMs and specs. 

Pan No. 071057 S24.95 ea. 

E71Nw1Pn 
MIf1 

M MI. '1M1 : P1a 

704520 a CMOS Prao6rn T.4 - 
70510195 a 516t4471C911 .471 
7706171 N 3,4 0954/11I1.COáMI 

1E02030 37100,1100 09544*710667116 
7506E9/64 a IC. CaOMSOwd. WWy 
71070K a 3%0998/DIIEODMI 
7107E9 /161. a 1C.CacW 19514 OapUY 
7114011. a 3%0.9A/021006 040 
1201115 loo Battery VN tn.. 
7ó517G 21 CMOS LID 56044[9/7ara 
7205E9/66 74 544M69Chp 50 
720541PE 16 1wwG4a46 
7255CEV/611 11 Te Genres. CM. 411 

725741/0 14 Olce46 tomlaw 
72074E10611 14 F6se 06651 CM 40. 
72151PG 14 4Func CMOS$IIpMIt11CPT 
7175E1/10 71 4 Cum 51AMC11 CI* 6t/ 
7216401 a 807,104Cw64CA 
7216[01 244 e Del FrM C9411644 C A 

721600 a 802e7119 C442i1C 
721701 a 4 091 1E0 Up/ 04n Counter C A 

721140 a 4DplE0Up/bwnCalnlwCC 
]nIIPI a LC01%D91U0CoMIMO10 
71264J1. N 5 Dp U4 Laa4 
72264EV'64 45 56Ua1m004116056 471 

130009 1983 INTERSIL Data Book 3582 

9 95 
19 % 
.18 % % 
29 % 
16 % 
225 
'2 % 
1% 
4% 
7% 
5% 
7% 

13 % 
14 % 
29 % 
24 95 

1995 
10 % 
11 95 

10% 
29 % 
74 95 

$9.951 

7RÓÓ ßt1 74HC High Speed CMOS 
740000 
740001 
74 CO3 
741[1 
74110104 
740008 
714010 
711[11 
714014 
741[20 
741[27 
740[32 
7411042 
749[51 
7414[54 
7411073 
7414074 
749075 
744076 
749015 
744096 
749C107 
7490709 
7480112 
7400113 
7410132 
74140137 
7440139 

14 
14 
11 

11 
14 

14 

14 

14 
14 
14 

11 

11 

IS 
11 

14 
14 
14 
15 
15 
14 
11 
14 
IS 
16 
14 
14 
16 

IS 

59 
59 
75 

59 
65 
59 
59 

é5 
59 
59 

75 
99 
75 
75 
79 
79 
99 

59 
69 
]9 
79 
79 

79 

99 
1% 
IM 

7400147 0 119 7480253 IS 99 
74140151 IS 59 7400757 lS 99 
7100153 15 99 7190259 16 1 49 
7100151 24 2 49 714C266 14 1 19 

7400157 11 69 74110213 a 2 99 
7490159 IS 59 7480210 14 3% 
749010 16 29 74140373 71 2 39 
71710161 IS 29 74710374 29 2 39 
7480162 111 29 74110390 15 7 49 
74710163 IS 29 74110393 14 1 49 
749011 14 7 7410533 79 1 39 
740C165 15 79 7110534 II 2 39 
7110173 IS 69 7480595 111 3 95 
71140174 111 99 7490686 a 7 79 

74110175 15 99 14604002 14 59 
741C192 IS I 39 7191017 16 2 19 

7490193 0 1 39 74904020 14 1 39 
7811110191 16 109 7481024 14 1 59 
7460195 IS 1 09 7400410 16 1 39 
)18C271 1{ 2 % 
7480240 14 1 95 7440075 It 59 
14710747 75 I% 7140078 11 69 
7480242 14 1% 747104511 IS 2 69 
7490243 14 1% 7460514 71 3 79 
1440244 a 1% 7/1104536 111 2 39 
7490215 35 2 49 74904543 IS 3 45 

746009 9 un0846 As 64s are tufted 

,Programmable Array Logic (PALS) 
M 15a. 

4. 

81.1049 111 

PA112M6 a 
08114X1 a 
IA110 4 79 

71 

28 

25 

21 

71 

7 

PÁ11256 

PALI611 
7411618 

656 
1616 

MA 1664 

1 31012 1982 NATIONAL PAL Data Book 117681 .. $5.951 

Octal 10.11pu1 AM00R Gala Array 1896 000411 
M. I input 940.06 Gad Array 0119I 00694111 

0014 1 2Q01 ANO OR Gala Array 049,1 0utpull 
Octal 0.17001 490 OR 11.17 Gale Arlay(Loa Oulputl 

11641440. 06.11.49 Gale 4411114 001650 

$444 4114044508 1m.61 Cate Allay (Low WW1 
Octal 16, input 874001.17446 Gala Array 

Octal 16.1191 4 49 9151 AN 00R 0.1141711 
in2ul 119191.1 I0 OR Gala Array 

018 6 129714911141 AND OR Gate Array 

53% 
3% 
3% 
3% 
3% 
3% 
9% 
7% 
7% 
7 95 

CA10106 1 35 
[Á3039M 1 35 

CANON 11 135 
CA30591 11 2 % 
CA309014 16 2 % 
CA3065E 11 1 19 

CA3010E 8 N 

004000 14 a 
C04001 11 26 
01002 14 

29 000206 14 1 79 

C04967 14 29 

351009 1S .M 
004010 lt 59 

C101I 14 19 

01012 14 29 

C1013 14 39 

00 00 16 I ,9 
351015 IS .a 
C0016 14 49 

C0417 14 1 19 

CD1014 11 99 

CO4079 16 59 

00020 II 1 19 

CD4021 11 119 
004021 11 119 
t1023 14 29 

C04024 14 69 

C54025 14 23 

C04026 14 2 49 

C04027 16 45 

C01011 IS 69 

001079 IS 7 29 

C0036 14 39 

001034 24 2 19 

LD1035 1S 19 

law 4 6455,1 

.'/61ttyy 041755 4 99 
CA7551M / 99 LA3110E 6 79 

003967 19 119 0157160/1 195 
0430591 IS I 49 0431610 14 295 
0.1164644 11 69 041526 1/ 695 
110694 14 169 047199E 14 153 

U]096M 19 I N LANOIN 14 69 

CD-CMOS 
001010 IS I ,9 
CD411 14 7 19 

C1011 19 M 
C0413 11 79 

C014 +1 79 

C1046 IS 1 19 

001017 11 I ó 
C04045 16 59 

351049 16 .35 
00050 14 39 

CD1051 11 99 

C0052 IS 99 

C64053 15 99 
CD1056 16 1 95 

054059 24 7 % 
00.090 16 1 19 

004066 14 59 

C1041 14 39 

CD4069 14 29 

C04070 14 39 

C0071 14 ó 
CD4072 14 29 

01073 14 29 

00075 14 29 

00076 IS I 19 

004075 14 49 

351441 14 .a 
C1082 11 29 

C01093 14 49 

051094 111 I % 
C1506 IS 1 19 

004507 14 119 
C0596 24 3 % 
01510 19 7 99 

C1571 15 1 19 

094512 16 I 19 

C1514 24 2 49 

C1515 24 2 49 

01516 141 1 19 

01576 14 1 19 

01519 IS 59 

C1520 IS 1 19 

C1526 IS I 49 

01529 IS 1 19 

000529 16 1 69 

054513 16 1 % 
01562 14 6 95 

01588 16 , 39 

C1553 1S 2 49 

C0451 14 69 

C1723 19 1 19 

C1724 15 1 19 

MC14409 16 13 % 
61C11410 16 13 % 
MC14411 24 II 95 
MCI4112 lS 13 % 
5074419 15 7 % 
11071433 74 7395 
5C14538 // ; ;9 
MC14511 14 9 

LOW PROFILE 
(TIN) SOCKETS 

181 10N 100-up 

5 W 47 .16 14 13 

11 54 14 17 14 .14 
15 914 LP 19 17 IS 
11416 LP .7 .24 .17 

7 11 14 .M .17 .11 

7711 LP .71 .a .04 
74WLP 33 a .a 
a 11 LP .N .47 .a 
31110 .N Au .a 
44 11LP 49 .N 43 

OPP 
$9 

SOL DERTAIL 
STANDARD (TIN) 

14 1599 10017 

IIW5T 
I91117 
IS1111 
7 pa 17 
7111 57 
7pMST 
NpM1T 

a 77 re 
.a .a a 
.39 .a 88 

88 .88 .41 . .N 43 

.w .57 53 

.M N 

SOLDERTAIL (GOLD) 
STANDARD 
14 10911 700up 

9 W SB ä 77 25 

11 pot 19 13 39 77 

16 751 56 47 43 41 

11 W 66 53 19 47 

24W511 II 55 41 

7 W 59 H 11 72 

N pa ifi 1 a 1 03 97 

4 4 49 1 8 1 2 7 7 1 4 7 61 

WIRE WRAP SOCKETS 
(GOLD) LEVEL 13 

19 10.99 100up 11, S pYSIW 
IS woo 
14aM1919 

ST 6WWI 
11WWM 

al 7po M 
22 pio WW 

24 w 
:e pin WW 

WW 36pnWW 
40 pin WW 

41 

1 
65 
69 

59 

69 

25 

79 

59 

45 

99 

45 .N 
62 .88 
52 .w 
65 SI 
55 .7 
05 .88 
19 1.15 

73 1.15 
50 1.16 
/5 l.w 

I.7 

71000 14 35 
74002 14 35 

71C0 14 29 
78004 14 35 
74C10 14 35 
71014 14 69 
74020 14 35 
74030 14 35 
74032 II 39 
7412 16 139 
74041 15 7 % 
71073 14 79 

74074 14 69 
74025 16 I 95 
74086 lI 39 
74039 IS 595 
74C% 14 119 
74C93 N 119 

74C -C /MOS 
74C% 14 
740707 It 
740151 15 
78[154 24 
710157 15 
71[760 15 
74161 16 
740162 16 
740163 15 
74[11 14 
740173 15 
740174 16 
740175 16 
710192 15 
74C193 16 
740795 16 

/40721 II 19s 
11L740 11 1 95 

39 14C244 a 7 95 

99 740373 7 149 
19 740374 21 2 49 

49 740101 14 59 
25 74C903 14 59 
19 740936 14 59 

19 740911 II 6 % 
19 74C912 a 8 % 
19 74915 1S 1 19 

49 710917 a 895 
19 740922 1S 4 49 
19 740923 29 1 % 
79 

740926 IS 5 % 
80095 IS 69 
10097 15 69 

69 
39 

$10.00 Minimum Order - U.S. Funds Only 
California Residents Add 61/2% Sa es Tab 
Shipping - Add 5% plus 51.50 Insurance 
Send S.A.S.E. for Monthly Salsa Flyer, 

Spec Sheets - 30c each 
Send $1.00 Postage for your 
FREE 1984 JAMECO CATALOG 
Prias Subject to Change 

Ya1r Ordo EMCIromc9 W... ameco 
ELECTRONICS 

VISA' 

1355 SHOREWAY ROAD, BELMONT, CA 94002 
4/84 PHONE ORDERS WELCOME - (415) 592.6097 Telex: 176043 

LINEAR .171341 Il 
lA Y73. táó 

0107401 1 1% 143107-5 79 047391 14 1% 
1104107 59 113107-12 79 1.474191 5 35 

TLOS2CP 119 LP/NOT-15 79 117474 14 69 
7101C4 1 I% 113479 14 I 49 L474671 5 59 

113070M 35 143114 Id 99 14131011 14 119 

1.430211 I 95 113506 4 95 1Y1451C11 5 59 

143019 1 95 03594 8 1 10 1414164 14 99 

1M30574 99 1E35661 9 110 141459N 14 99 

151367CN 6 45 1537041 14 149 1411964 14 I% 
1430104 I 69 113791 14 3% 1411004 IS 2 19 

143094 1 25 1.53174 14 1% 1411714 /8 2% 
1131091 I I 75 1531074 14 99 1.94187214 IS 3 25 

1431159 5 69 0438174 14 1 79 11157719-9 11 2 49 

143124 249 043514 14 139 14151914 IS 225 
143117 I 19 103114 11 I 79 1515914 11 2% 
113176 3% 0438614.3 5 69 1429617 1% 
1.431104 5 1% 719194 15 3% 1431594 IS 1 59 

143114 11 I 95 7149607 5 1 19 14390011 14 59 

153785 1 35 465310 1 2 95 15390509 5 1 19 

113201.12 135 406114 II 2% 1139059 5 99 

11320415 1 35 44E5504 14 1 95 1.539141 16 2% 
.532015 89 9E5550 8 35 1139151 15 2 95 

14320112 M 145564 14 69 1421104 II 2% 
11320175 69 7E510 /4 2% SN17w 14 1.55 

143235 5% 115659 14 I 19 4041514/ 5 I 95 

1.1324N 14 59 1456601 I I 49 4041106 4 N 
143317 1% 145679 5 99 4E5532 I 2 49 

113344 6% 11E57044 16 3% NE5534 6 1 88 

143394 14 69 1970301 I I 19 1C1103N 14 3% 
113M15 5 135 14708 11 49 1111300344 5 I 19 

193404 17 135 140014 11 69 191360194 IS I 79 

0Y3405 75 I 35 147114 14 79 105E 89MW14 

30003 1982 NM. Linaar Data Book 7%2291 S11.9 
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FEATURES 

Decibels- Clearing up an often -misunderstood and important subject 
Designing Power Supplies- Understanding engineering design basics helps 

you pinpoint power supply requirements 

CONSTRUCTION PROJECTS 

Dual Power Supply -This bench -top project goes down to zero volts without 
loss of DC regulation 

Solar Cell Power Converter -Save wear -and -tear on the battery 
Tone Ringer -This pleasant tone device replaces the telephone bell 
Quick CPO -Learn code or improve your speed with this handy CPO 
Upgrade RAM Disc -Improve your Radio Shack Model 4 
Resistor Bank -Save time finding precisely the right resistance value 
Breakout Box -Straighten out the RS -232 confusion, instantly 
Alculator -How much can you safely imbibe without becoming intoxicated? 
Hex /BCD Switches -Mechancial slide switches that give 4 -bit binary outputs in 

DIP packages for PC board mounting 
2PB /ECL -A foolproof, electronic combination lock you can build 
Audio Booster Amp -Where's the beef? This booster does the work for you 
Electronic Crossover Circuit -BIFET and hybrid IC's make biamping 

economically feasible 
Digital AutoTach -The handiest mechanic's tool after the screwdriver 
Auto -Temp -Indoor temperature, outdoor temperature and time. Automatically 

and without throwing a switch. 
Happy Birthday, Hugo Gernsback -it has been 100 years 

SPECIAL COLUMNS 

Jensen on DX'ing- Reference books to make the hobby easier 
Friedman on Computers -That confusing RS -232 connector 
Saxon on Scanners -Looking at the cordless phones 
Calling all Hams -Tips on dipoles 
Testbench Tips -Share them with us and earn $20! 

DEPARTMENTS 

Editorial- Introducing a new name for an old friend 
New Products Showcase -We'd like to call your attention to... 
Bookshelf -New books worth reading 
Letters -The sound and the fury 
Free Reader Service Card 
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TOLL FREE ORDERS 1 -800- 826 -5432 
(IN CALIFORNIA: 1 -800- 258 -6666) 
INFORMATION (213) 380 -8000 

L.E.D.'S 
STANDARD JUMBO 

DIFFUSED 
RED 10 FOR $1.50 

GREEN 10 FOR $2.00 
YELLOW 10 FOR $2.00 

FLASHER LED 
J,. 5 VOLT OPERATION 
l' RED JUMBO SIZE 

$1.00 EACH 
BI POLAR LED 

2 FOR SI 70 

SUB MINI LED 

079" 098" 

RED 10 FOR $1.00 
200 FOR 51800 

GREEN 10 FOR $1.50 

EDGE 
CONNECTORS 

-mm;m nrnumF.RR,rr - 

22/44 22/44 GOLD PLATED 
CONTA 

156 CONTACT SPCTS ACING 

$2.00 EACH ID FOR $18 00 

28/56 
28/56 GOLD PLATED CONTACTS 
156 CONTACT SPACING 

$2.50 EACH 10 FOR 522.00 

50/100 MICRO PLASTIC 
Kr-An-0125-50-051 

STANDARD S 100 CONNECTOR 
125" SPACING. GOLD PLATED 

PC MOUNT 

$3.75 EACH 10108 535 00 

IM.Ii.E' II 

13 VDC RELAY 
CONTACT S P N C 
10 AMP @ 120 VAC 
ENERGIZE COIL TO 
OPEN CONTACT . 

COIL 13 VOC 650 OHMS 
SPECIAL PRICE $1.00 EACH 

KEY ASSEMBLY 
5 KEY 

$1.00 
EACH 

CONTAINS 5 SINGLE -POLE 
NORMALLY OPEN SWITCHES 

MEASURES 3 3u" LONG 

6 KEY 
$1.25 
EACH 

CONTAINS 6 SINGLE -POLE 
NORMALLY OPEN SWITCHES 

MEASURES: 4 LONG 

a. rFrl 

SUB -MINIATURE 
D TYPE 

CONNECTOR 

.. aá 

i lu' 
SOLDER TYPE SUB MINIATURE 

CONNECTORS USED FOR 

COMPUTER HOOK UPS 

DB 15 PLUG $2.75 
DB 15 SOCKET $4.00 
DB- 15 HOOD $1.50 
DB-25 PLUG $2.75 
DB-25 SOCKET $3.50 
DB -25 HOOD $1.25 

MULTI -SWITCHES 
5 STATION INTERLOCKING 
3 - 2PDT AND 2 - 6PDT SWITCHES ON FULLY 

INTERLOCKING ASSEMBLY 3'a BETWEEN 
MOUNTING CENTERS $2.50 EACH 

5 STATION NON -INTERLOCKING 
SAME AS ABOVE. EXCEPT EACH SWITCH 
:'ERATES INDEPENDENTLY $2.50 EACH 

LJu. 

<,(4" SEND FOR 
NE 

LARGER! 

COMPUTER 
GRADE 

CAPACITORS 
2,000 mid. 200 VDC 
13/4 DIA 5 I. .. 

3,600 mld. 
40VDC $1.00 

1 38" DIA 3 HIGH 
6,400 mld. 
60 VOC $2.50 

1 3 8' DIA 4 1 

22,000 mfd. 15 VDC 
2" DIA 2 1 2" HIGH $2.00 
22,000 mfd. 40 VDC 
2 DIA 6 HIGH $3.00 
24,000 mld. 30 VDC 
1 3 4 DIA 4 HIGH $3.50 
31.000 mld. 15 VDC 
1 34 DIX 4 HIGH $2.50 
72,000 mld. 15 VDC 
2 DIA 4 HIGH $3.50 
180,000 mld. at 6V 
2 I 2 DIA 4 1 2 HIGH $1.50 

52.00 
r. 

CLAMPS TO FIT CAPACITORS 505 ... 

48 PAGE CATALOG 

SOLDERING 
IRON STAND 

SPRING STEEL 
IRON HOLDER 

ON WEIGHTED BASE 

$5.00 EACH 

WALL 
TRANSFORMER 

ALL ARE 115 VAC 
PLUG IN 

4 VOC at 70 MA 
9 VDC at 225 MA 
16.5 VAC 4110 VA 
17 VAC at 500 MA 

$2.50 

$3.00 
$3.50 
$4.00 

MINIATURE TOGGLE SWITCHES 
ALL ARE RATED 5 AMPS @ 125 VAC 

S.P.D.T. 
(on -on) 

PC STYLE 
NON -T HREADE 
BUSHING 
764 EACH 
10 FOR S7 00 

S.P.D.T. 
(on- off -on) 

NON -THREADED 
BUSHING 
P C STYLE 
754 EACH 
10 FOR 5700 

S.P.D.T. 
(on -on) 
SOLDER LUG 
TERMINALS 
51.00 EACH 
10 FOR $900 
100 FOR $80 

S.P.D.T. 
(on -on) 

P C LUGS 
THREADED 
BUSHING 
$1.00 EACH 
IO FOR $900 
100 FOR $8000 

II 

S.P.D.T. 
(on- off -on) 
SOLDER LUG 
TERMINALS 
51.00 EACH 
10 FOR 5900 
00 FOR 18000 

D.P.D.T. 
(on -on) 
SOLDER LUG 
TERMINALS 
52.00 EACH . 
10 FOR $1900 6T+ 
100 FOR $10000 

0051. VERMONT P.O. WA 20406 LOS ANOElES, cA 90006 

OUNTINES 11811(0 FORE1GN ORDERS 
MINIMUM ORDER $1000 INCLUDE SUFFICIENT 
USA $2 S0 SHIPPING SHIPPING rlr 

NOCOD. CALIF RES ADD S12. 

CIRCLE 708 ON FREE INFORMATION CARD 
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SUMMER 1984 

The Magazine for people who build electronic projects 

HANDS -ON ELECTRONICS....that's the new 
name for Special Projects magazine. 

The editorial staff decided to change the name of America's only 
electronics project magazine for a very good reason! The old title just 
didn't say electronics. Plus, we wanted the title to be more explicit -we 
wanted the new reader, who'd see the cover for the first time on the 
newsstand, to know that this is the magazine he should reach for! There 
are countless electronics experimenters and project builders working at 

their test benches in attics, basements, and nooks about the house who 
are seeking a magazine just like Hands -on Electronics -but who did 
not realize that the magazine's old title was aimed at them. We are 

confident that the new title will do the job! 
Additionally, our many readers during the past two years have told us of 

a void in their electronics hobby activities. Many have asked for columns 
and extended coverage in subject areas like shortwave listening, Ama- 
teur Radio, computers for beginners, and many other topics. We have 

responded to those requests, as we will to others in the future, where we 

believe that an added service is being provided, and that the basic 
premise of the magazine -project building -is supplemented by such 
specialized coverage. 

Increasing the number of readers will give the editors of Hands -on 
Electronics the opportunity to receive many more project plans for 
review and eventual publication. The better our published projects are, 

the better we can serve you. And, as our supply of articles increases, we 

would be in a better position to publish Hands -on Electronics six times 
a year -a 50% bonus to our readers.! 

Julian S. Martin, KA2GUN 
Editor 

Hands -on Electronics, (ISSN 0743 -2968) published quarterly by Gernsback Publications. Inc.. 200 Park Avenue South. New 

York. NY 10003 Phone 212- 777 -6400. Four -Issue subscription rate Is $10 00 -U S funds only. Canada subscribers add 

$3.00 for postage All others add $7 00. Mall all subscription orders. address changes. correspondence and Postmaster 

Notices of undelivered copies (Form 3579) Hands -on Electronics, Subscription Dept.. PO. Box 338. Mount Morris, IL 61054. 

U.S. single -copy price $2 50 C 1984 by Gernsback Publications. Inc. All rights reserved. Printed In U.S.A 

A stamped self- addressed envelope must accompany all submitted manuscripts and or artwork or photographs If their return 

is desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and or artwork or 

photographs while in Our possession or otherwise 

As a service to readers. Special Projects publishes available plans or information relating to newsworthy products, techniques 

and scientific and technological developments Because of possible variances in the quality and condition of materials and 

workmanship used by readers. Special Projects disclaims any responsibility for the safe and proper functioning of reader -built 

projects based upon or from plans or Information published in this magazine. 
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For more details use the 
free information card 

found on page 37 
Snap -on Microphone Transmitter 

A miniature snap -on microphone trans- 
mitter, no larger than a disposable 
cigarette lighter, has been introduced by 
Audio -Technica. 

The Model AT8550 transmitter plugs 
into any microphone, dynamic or elec- 
tret, having a professional -type 3 -pin con- 

CIRCLE 722 ON 
FREE INFORMATION CARD 

HpL 

nector. It transmits through any FM 
receiver within a radius of up to 300 feet 
outdoors or up to 30 feet indoors. Al- 
though the transmitter is pre-tuned to a 
frequency of 100 MHz, it is screwdriver - 
adjustable to transmit at any frequency 
between 88 and 108 MHz. 

The unit has application in situations 
where a person must talk while walking 
about or gesturing, unencumbered by 
trailing cables. Some applications include 
schools, churches, outdoor field trips, or- 
ganization meeting halls, or auctions. 

The AT8550 measures .79 inches in 
diameter by 2.9- inches long and weighs 
1.4 ounces. The transmitter is powered by 
a small mercury cell similar to those used 
in hearing aids. It features an on -off 
switch and a quick -disconnect lock re- 
lease. A flexible 321 -inch antenna trails 
from the bottom end of the device. The 
nationally advertised price of the Model 
AT8550 is $34.95. For more information, 
write Audio -Technica U. S. Inc., 1221 
Commerce Drive, Stow, OH 44224. 

NORTH AMERICAN SOAR corporation 

PEN -STYLE DIGITAL MULTIMETER 
MODEL 3100 

GREAT PRICE $49.00 

Hand Held LCD Display - Fast One Hand Operation 
SPECIFICATIONS: 
Display: LCD 31/2 digits maximum reading of 1999.continuity beeper h,,n -)n 
Range: Auto ranging 
Polanty: Automatic no indication for positive polarity minus sign for negative pnlarit. 
Overrange Indication: MRS t or t indication 
Data Hotd: Data hold in all ranges with hold switch on 
Low Battery Indication: B mark displayed when battery drops below operating v(rllnyi- 
Sampling .' Times second 
Power Supply: SR-44 battery t t 55VI X? 
Power Consumption: 5 5mW 
Sae ) . LWH (less probe tips) includes 'h" and 2 probes 

Add $2.50 For Shipping 
STOCKING DISTRIBUTOR 

KCSELECTRONICS 
CORPORATION 

SEMICONDUCTOR PARTS AND PRODUCTS 
P.O. BOX 34772 

PHOENIX, AZ 85067 (602) 967 -6972 
Call or Write for FREE 

Semiconductor Parts & Products Catalog 

CIRCLE 718 ON FREE INFORMATION CARD 

Component Tracer 
The Heathkit troubleshooting test in- 

strument, the IT-2232 Component Tracer, 
allows a user to test individual compo- 
nents or entire circuits without the need of 
circuit power. On a 3 -inch CRT, the Tracer 
displays the electrical characteristics of a 

CIRCLE 730 ON 
FREE INFORMATION CARD 

component or a circuit under test. Dual 
displays allow comparisons between good 
and suspect devices for quick, easy and 
reliable checks. Two voltage ranges are 
provided for varying test situations and are 
current limited to protect the circuit or 
component under test. 

(Continued on page 6) 

MICROWAVE TV ANTENNA SYSTEMS 
Freq. 2.1 to 2.6 GHz 34 db Gain + 

TWO YEAR WARRANTY 
PARTS & LABOR 

COMPLETE SYSTEMS 
(as Pictured) 
Commercial 40" 

Rod Style S 89.95 
Parabolic 20" 

Dish Style S 79.95 
COMPONENTS 

Down Converters 
(both types) S 34.95 

Power Supplies 
(12V to 16V; S 24.95 

Data Info (Plans)S 9.95 

CALL OR WRITE FOR 

KITS. PARTS. INDIVIDUAL 
COMPONENTS 

We Repair All Types Down 
Converters 8 Power Supplies 

Phillips -Tech 
Electronics 
1043 N. STADEM DR. 
TEMPE AZ. 85281 
(602) 967 -6972 
Special Quantity Pricing 
Dealers Wanted 

COD'S 

CIRCLE 719 ON FREE INFORMATION CARD 
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DIDI-KEY 
C O R P O R A T I O N 

VISA 

NATIONAL íF.' NDI'fi ANASONIC DUALITY - Name brand products from notionally recognized manufacturers. M ceri ICAL. 
DIAMOND TOO .GAP .1GC CN 'ARIES II( ATLANTIC DIODES. N 

ARIES 
MACHINE 

y MOLES 
CHEMICALS 

E F J SERVICE - Computerized order processing and inventory control. AS IN UMENTS A P PRODUCTS 
ARIES 

OK MACHINE C PANASO A AD TOOL UNGAR GC CHEMICALS ARIES 
NATIONAL SEMICONDUCTOR PANASONIC SAV/NGS - Volume Discounts OEM Ouantity Po pricing Tall Free 800 Number CHEMICALS ARIES PL OM MOLE% E 
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NEW PRODUCTS 
(Continued from page 3) 

The IT -2232 Component Tracer fea- 
tures two separate inputs that can be view- 
ed as individual traces or together in a 

superimposed display. One channel is 
seen as a solid line, while the second is 

converted into a unique dotted -line dis- 
play. In the A/B mode of operation. the 
superimposed solid- and dotted -line 
traces allow the user to compare good and 

suspect units. Any differences in elec- 
trical characteristics are clearly identified 
providing a visual check of the condition 
of a circuit. 

The IT -2232 is a self -contained unit that 
offers means to service many types of 
components and circuits, especially digi- 
tal and microprocessor -based products. It 
produces triangular signals that are ampli- 
fied and passed through attenuators. The 
attenuators provide selectable test volt- 
ages of 50 volts peak -to -peak or 5 volts 
peak -to -peak at the two test jacks. When 

VIEW 8 TRACES ON YOUR SINGLE 
OR DUAL TRACE SCOPE WITH THIS 

LOW COST DEVICE!! 

W_ 
E NEitl01111MXLK 

POWER 

r INPUT 

MIN MA X 

AMPLITUDE 
MIN MAX 

SPACING 

1.0 

SA lE NATE 

I -4 5 b '_H 

CHANNEL 
SEISECT 
OUT UT 

HI 

Now you no longer have to spend 
thousands on an expensive multi - 
trace oscilloscope - our single trace 
Hitachi scope combined with this 
module will allow you to view up to 8 
simultaneously occuring analog or 
digital (or both) signals in their real 
time and amplitude relationship. The 
MPX 101 may be used on any oscil- 
loscope, whether single, dual or mul- 
tiple traces. Its low cost makes it a 
particular favorite for designers. test- 
ers, hobbyists and repairmen who 
want to compare and analyze dis- 
played signals in a timing diagram 
format. The controls on the front 
panel of the metal case allow you to 
vary amplitude and spacing of the 
displayed signals. 

MODEL MPX101 
\FULLY ASSEMBLED & TESTED! 

NOT 
A 

KIT 
SPECIFICATIONS 

Inputs: 8 signals plus ground via 9 
input leads terminated with alliga- 
tor clips 

Bandwidth: ± 1dB to 5 MHz 
Impedance: 10.9 K 
Input Voltage: ± 5V peak (diode 

clamped to ± 5 Volt supplies) 
Output: Staircase waveform summed 

with input signals, 0 -800 mV 
full scale 

Step Amplitude: Variable 0 to 150 
mV/ step 

Signal Voltage: Variable 0 to 

5 88 
FULL 1 

YEAR 
REPLACE- 

MENT 
WARRANTY 

- Made In The United States - 
150 mV /step @) 5V Input 

Multiplex Rate: Switch selectable, 40 
KHz or 4 KHz 

Impedance: 50 Ohms 
Power: 10 5-13 5 VAC l 1 V a 
Dimensions: 6.25" x 3.25" x 

4.75" (WxHxD) 
Operating Temperature: 0-40 C 
Weight: 1 Ib. 10.5 oz. 
Warranty: one year full replacement 

warranty from date of purchase 
Lighted on /off power switch 
Wood grain finished metal case 

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED 

IN MI 
III= MN 

E. W ENGINEERING, INC. 

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED! 
6 Herman Drive, E. Granby, CT 06026 203/651 -0285 
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NEW PRODUCTS 

the Tracer is connected to a circuit or 
component, the triangular voltage wave- 
form is changed by a resulting loading 
effect. The result is a visual display of the 
dynamic condition of the component or 
circuit under test. 

The IT-2232 Component Tracer oper- 
ates on 120/240 VAC at 50/60 Hz at 22 
watts. Two sets of color -coded test leads 
are supplied. The unit measures 4- high 
x 10- wide x 12112 -inch deep and weighs 
8.4 pounds. 

More information about the IT-2232 
Component Tracer, and other quality test 
instruments, can be found in Heathkit's 
free catalog. Write to Heath Company, 
Dept. 150 -305, Benton Harbor, MI 
49022. In Canada, write to Heath Compa- 
ny, 1020 Islington Ave., Dept. 3100, 
Toronto, Ontario, M8Z 5Z3, Free cata- 
logs are also available at 65 Heathkit Elec- 
tronic Centers in the U.S. and Canada. 

FM Noise Reduction In Car Stereo 
Concord's new HPL-520 tuner /ampli- 

fier /tape deck with 4 -gang FM digital 
synthesized quartz tuner, features FNR, a 
new, noise -reduction system that reduces 
multi -path interference and other FM 

CIRCLE 720 ON 
FREE INFORMATION CARD 

noise problems inherent in high -sen- 
sitivity automotive radios. Audiophiles 
know that a highly sensitive, wide -band 
receiver will pick up more FM multi -path 
interference when the vehicle moves from 
one type of reception area to another. 

Now, without sacrificing maximum FM 
sensitivity and wide -band reception of 
strong signals, the operator can greatly 
reduce FM interference of weak signals 
by engaging the FNR switch on the Con- 
cord HRL-520 receiver. 

The Concord HPL-520 also features 
LCD, liquid -crystal display readouts, 
Dolby B and C, low- level, front -back 
fader, 6 AM- and 6 FM -preset stations, 
autoscan tuning, 2 pairs of line output 
connectors, matched -phase tape head, 
metal -tape equalization, DC servo tape 
drive motor, illuminated switches, and 
cassette door. 

The HPL-520 power output: 25 -watts 
per channel maximum, 12- watts -per- 
channel high- fidelity rating from 
20- 20,000 Hz into 4 ohms with less than 
0.8% THD. Only 4 3/4-inch deep (fits 

nearly all cars). Suggested retail price 
range is $399.00 to $449.00. For addi- 
tional information, contact Concord Sys- 
tems Inc., 6025 Yolanda Ave., Tarzana, 
CA 91356. 

Functional Amps 
The Mini -Master Series V Models 

AM251A and AM252A are mixer /power 
amplifiers at 10 -watts and 20 -watts out- 
put, each in an economical, compact 311 
x 81/2-inch package. Each amplifier has 
two inputs, one fixed high level (music), 

one microphone, capable of high -Z un- 
balanced, low -Z unbalanced, or low -Z 
balanced by adding the TF40I trans- 
former and tone control to adjust the high 
frequency signals up to 15 dB. Mini -mas- 
ter amplifiers are truly professional and 
functional in appearance, being desk or 
rack mountable. They are versatile and 
easy to operate, with all controls conve- 
niently located on the front panel and all 
connections made to the rear panel. Due 
to the compact half -rack width design two 

(Continued on page 11) 

A QUALITY TRIPLE- REGULATED 
POWER SUPPLY AT A LOW, 
LOW PRICE!! NOT A 

KIT! 

This DC triple regulated variable power supply 
has all the features you could ask for plus a full 1 

year guarantee. Fully adjustable from 11/2 VDC to 
35 VDC! Three completely independent supplies 
that offer many advantages! They can be either a 

pos. supply or a neg. supply...they can also be 
stacked in series so that a 5V and two 15V sup- 
plies can total a 35 VDC supply or any combina- 
tion of the three...(after one of the terminals is 
grounded to give it a reference). .. f or the first time 
you can now purchase this American made fully 
adjustable power supply at a price that is one - 
half of what you'd expect to payl 

SPECIFICATIONS 
3 outputs. 

Fixed 5 VDC 3 0.2V 
2 variable $1 v, V to Z15 VDC 
Polarity - floating; can be used as pos. or neg. 

Ripple less than 10mV at full load, 
Regulation $1% no load to full load, 
Line Regulation <0.2% 108 VAC to 135 VAC. 

Current 
Fixed supply 1.0 amp max. 
Variable supplies 0.5 amp max. 

MODEL PS101 
FULLY ASSEMBLED & TESTED! 

S 

1 
88 
FULL 1 

YEAR 
REPLACE- 

MENT 
WARRANTY 

- Made In The United States - 

Protection built in, current limiting, with 
thermal shutdown. 

Power. 108 -136 VAC. 
Dimensions: 8Ye x 3w x 7Y:' (WxHxD) 
Wood grain finished metal case. 
Weight: 4 Ibs., 9 ozs. 
Lighted on /of power switch, easy -to -read 

Voltmeter and large binding posts. 
Warranty: one year full replacement 

warranty from date of purchase. 

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED i IN I 
E. W, ENGINEERING, INC. 

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED! 

6 Herman Drive, E. Granby, CT 06026 203/651 -0285 
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Radio- 
Electronics 
SPECIAL REPRINT 
BUILD A BACKYARD SATELLITE TV RECEIVER 

Don't miss out again! 
Send away today for your 36 -page 
booklet containing a complete reprint 
of all seven articles in the series on 
Backyard Satellite TV Receivers by 
Robert B. Cooper Jr. 

This all- inclusive report gives you all 
the data you need to build your own 
Backyard Satellite TV Receiver. 

TELLS ALL ABOUT domestic satel- 
lite communications, with full details 
on how you can pull those elusive TV 
signals from space. 

LEGAL REQUIREMENTS, techni- 
cal specifications, and how you, the 

home constructor, can meet them. 
Find out what mechanical and elec- 
tronics skills you need. 

RECEIVER CHARACTERISTICS, 
technical details and specifications, 
along with examples of actual re- 
ceivers built at comparatively low 
cost. 

ANTENNA DESIGN... and ex- 
actly how you can build a spherical 
antenna, while keeping total earth - 
station cost for the complete system 
under $1,000. 

THE FRONT END is critical when 
you build your own system. We help 
you explore several different ap- 

proaches to making one that will 
work for you. 

RECEIVER -SYSTEM hardware, and 
how it goes together to bring you di- 
rect- from -satellite TV reception in 
your own home. 

To order your copy: 
Complete coupon and enclose it with 
your check or money order for $7.00, 
plus $1.00 for postage and handling. 
We will ship your reprint within 6 

weeks of receipt of your order. All 
others add $4.00 for postage. New 
York State residents must add 58c 
sales tax. 

Radio- 
Electronics 

Satellite TV Reprints 
45 East 17th Street 
New York, N.Y. 10003 

Please print 

(Name) 

I want reprints @ $7.00 each, plus $1. Han- (Street address) 
dling & Postage. 
I have enclosed $ N Y State residents must 
add sales tax. (city) (State) (Zip) 



L READING ADDS TO YOUR BASIC KNOWLEDGE 

The Giant Book of Easy - 
to -Build Electronic 
Projects 
by the Editors of 
Elementary Electronics 

Here's a text packed with 
unique and useful electronic 
devices that you can build 
in only a few hours time 
and from readily available, 
low -cost components! 

Detailed illustrations, clear 
schematics, printed- circuit 
board templates and easy - 
to- follow parts lists make 
construction a snap! The 
project lineup includes very 
simple circuits for first -time 
project builders, as well as 
exciting, state -of- the -art 
devices for more 
experienced hobbyists! 

Here's a peek at what 
you can build from the 
plans: A smart power 
supply that automatically 
keeps tabs on current and 
voltage levels; backyard 
weather observatory using a 

make -it- yourself electronic 
rain gauge to measure 
precipitation, and a touch - 
and -dim light controller in 
your home that you can 
build yourself with just two 
IC's and a handful of low - 
cost components! 

All of the projects 
contained in the text were 
acquired and prepared for 
publication to some degree 

by the Editor of Hands -on 
Electronics, who was 
formally the Editor -in -Chief 
of Elementary Electronics 
magazine. 

Tab Books Inc., Blue 
Ridge Summit, PA 17214. 
Paperback, 346 pages. 
513.50. 

Crash Course In 
Microcomputers 
by Louis E. Frenzel. Jr. 

The revised Second 
Edition of Crash Course in 
Microcomputers is one of 
the most popular books on 
microcomputers. Because 
of its unique, highly 
palatable format and its 
relevant content, Crash 
Course in Microcomputers 
can give you a fast, but 
thorough introduction, to 
the exciting world of µP's. 

CRASH COURSE IN 
MICROCOMPUTERS 

So many microcomputer 
books tell you more than 
you really want or need to 
know. The Crash Course 
tells you what you need to 
know in an efficient and 
interesting manner. 

In response to reader 
feedback on the First 
Edition, as well as recent 
development and important 
technological changes, the 
Second Edition of the text 
has been extensively revised 
and updated. All chapters 
have been edited to reflect 

the latest technical 
developments and new - 
product introductions. 
Further, several new 
chapters have been added, 
expanding the coverage of 
BASIC programming 16 -bit 
microprocessors, and 
applications. Unit -I4 is a 
new chapter that picks up 
where Unit 13 on BASIC 
programming leaves off. It 
introduces new statements 
and commands plus useful 
programming techniques for 
those who want to learn to 
write their own programs. 

Howard W. Sams & Co., 
Inc, 4300 West 62nd Street, 
Indianapolis, ID 46268. 
Soft cover with plastic -ring 
binding, 318 pages, $21.95. 

Learning TRS -80 Model 
4 4P BASIC 
by David A. Lien 

There are 50 big reasons 
why Learning TRS -80 
Model 4/4P BASIC is the 
book that you buy right 
after you acquire the 
TRS -80 Model 4- because 
there are 50 chapters that 
teach you how to use the 
many capabilities of your 
new computer. Each chapter 

is in a small bite of 
knowledge so that you 
won't choke during the 
learning process. Questions 

at the end of each chapter 
permit the reader to review 
the ground covered. A 
section is provided with 
some user BASIC 
programs, some of which 
are novel. 

CompuSoft Publishing, a 
Division of CompuSoft, 
Inc., 535 Broadway, El 
Cajon, CA 92021. 
Paperback, 483 pages, 
$11.95. 

Broadcast Listener's 
Bible 

It has been a good many 
moons since White's Radio 
Log has been published. 
And, now that it has, pick 
up your copy soon, for the 
supply is less than ample. 
That all inclusive up -to -date 
directory of North 
American AM, FM, and 
TV stations is the oldest 
publication of its kind. It 

started back in 1924 when 
Charles DeWitt White 
published his first radio log 
book. Mr. White had it easy 
in those days. There were 
only a few stations on the 
air -about 700 and all were 
AM types. In the early 
issues, White listed stations 
three times, by call -sign, 
frequency and location. The 
practice continues till today 
with bonuses of FM and 

9 
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BUILD YOUR OWN COMPUTER!! 

68000 BASED MULTI -BUS COMPATIBLE KIT 

4 BOARD SET INCLUDES: 
1 6 SLOT MOTHER BOARD 
1 CPU CARD 

I O with UPD 765 FLOPPY CONTROLLER 
1 128K RAM CARD 

SCHEMATICS PARTS LISTS ASSEMBLY DRAWINGS 

KT 1001 COMPUTER KIT I FLATBOARDS ONLY 1 S 189.99 
KT 1004 COMPUTER KIT ( UNTESTED BOARDS POPULATED) $899.99 
KT 1002 COMPUTER KIT ( DOCUMENTATION ONLY ) S 35.00 
KT 1003 PAL FOR RAM BOARD S 18.90 
KT 1005 CP/ M FOR KIT ( INCLUDES BIOS) S 350.00 

WE CARRY A COMPLETE LINE 
OF ELECTRONIC COMPONENTS 

SEND FOR A FREE CATALOG "' 

* 

)NICORN ELECTRONICS 
10013 CANOGA AVE. UNIT B 8 
CHATSWORTH CALIF 91311 

(818) 341 8833 

CIRCLE 716 ON FREE INFORMATION CARD 

Assembly From RCA V FT -250 VC R 

. . 

, 
.' 

, 

...Z..- ";411 1._ 
...- 

!t;'-- *o a4` , fol 
, 4 

$17.50 $18.50 BOTH FOR $29.95 
RF Modulator - CH 3/4 Out - Crystal Control 9 VB+ and 
UHF /VHF Varactor Tuner with Demodulation Board 

AMNEC UHF VARACTOR 
TUNER - EPU 202 

0 
$12.95 ea. 

A 890 PUSH -ON MATCHING 
TRANSFORMER 75-300 Ohm 

10/$7.00 

10 Lot Only ì4s¡/ Inq. for Qty. 

PRICES EXPIRE OCTOBER 31, 1984 

ALCCCSSOrY P.O. BOX 486 
HAWTHORNS, CA 90250 

pecialties PHONE: (213) 324.1973 

WE ACCEPT MONEY ORDER, VISA, MASTERCARD 
PERSONAL CHECK ORDERS HELD 20 DAYS. NO COD 

ADD $3.50 for Shipping and Handling. CA Residents ADD 64% TAX 
SHIPPED VIA UPS 

CIRCLE 710 ON FREE INFORMATION CARD 

BOOKSHELF 
TV stations making the list. 

Talking about a bonus, in 
recent times, worldwide 
shortwave broadcast- station 
listings were included. 
Although not complete - 
that's near impossible -the 
shortwave stations listed are 
those that can be heard in 
North America. Thus, in 
one issue, several hobby 
groups are provided with a 

reference work that cannot 
be purchased anywhere else 
in one volume at so low a 

price. You can obtain you 
copy of White's Radio Log 
by writing to Worldwide 
Publications, Inc., P.O. 

Box 5206, North Branch, 
NJ 08876. The price is 
$4.95 and include 50 cents 
for postage on orders of one 
to ten copies. New Jersey 
residents add sales tax. 

The Future of Videotext 
by Efrem Sigel 

Since 1970, such 
companies as AT &T, CBS, 
and Time, Inc. have 
invested hundreds of 
millions of dollars on 
research in video 
technology. Will 
videotext -a service in 
which words, numbers, and 
pictures appear on a TV 
screen at the touch of a 

button -revolutionize 
communication on a global 

scale? Will it become a 

commercial success? Or 
will it prove too expensive 
and difficult to use for all 
but the most specialized 
purposes? The Future of 
Videotext addresses those 
and other issues so that 
you -the business person 
or consumer -will know 
about the possible impact of 
videotext on daily life. That 
up -to- the -minute survey 
examines the enormous 

potential (and persistent 
problems) of video 
technology. It suggests 
clear and original solutions 
that could make videotext 
as popular as the telephone. 

Prentice -Hall, Inc., 
Englewood Cliffs, NJ 
07632. Paperback, 195 

pages, $9.95. 

The Acorn BBC Micro - 
an Expert Guide 
by Mike James 

The amazing Acorn /BBC 
microcomputer is exploding 
into American schools and 
homes -and no wonder! Its 
special 6502 chip produces 
a super -speedy memory, a 

huge ROM storage capacity, 
a vivid video display, a 

music synthesizer... and so 

much more. But you don't 
have to be an expert to 
make the most of that 
expert design. Now the text 
gives you an in- depth, yet 
easy -to- understand, 
introduction to the 
computer's advanced 
hardware and software 
features. So you can really 
go nuts with your Acorn! 

The Expert Guide gives 
you an inside view of how 
the machine works, 
including an explanation of 
its operating system and the 
types of interfacing you can 
use with it. By revealing 
the sophisticated quirks of 
its graphics- and sound - 
generating systems, it 
teaches you how to tap their 
maximum potential. It 
introduces you to the two 
levels of programming 
language you'll need to run 
the machine: BBC BASIC 
and BBC assembly 
language. 

Prentice -Hall, Inc., 
Englewood Cliffs, New 
Jersey 07632. Paperback, 
158 pages, $14.95. 
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Mini -master amplifiers may be mounted 
side -by -side in only one rack space. Level 
and tone controls are available with exteri- 
or knobs or screwdriver adjustable con- 
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vols. Microphone and mute connections 
are on screw terminals as is the output 
connector. Music (high level) input uses 
phono jack. Output impedance is 4 and 8 
ohms, 25 and 70 volts, with output over- 
load protection both electronic and ther- 
mal. The Model AM25IA is priced at 
$190.00 and the Model AM252A at 
$215.00. For additional information, 
write Tape- Athon, 502 S. Isis Ave., P. O. 
Box 6814, Inglewood, CA 90312 -6814. 

30- Channel Programmable Scanner 
Regency Electronics, Inc. now offers a 

selection from more than 15,000 frequen- 
cies in six bands in a 30- channel program- 
mable scanner. Its American technology 
incorporates a novel memory- backup sys- 
tem that needs no batteries, yet maintains 
its programming for up to a week during 
power outage or storage. The Regency 
D310 30- Channel Programmable Scanner 
is available for $249.95 (suggested US 
resale) at participating Regency Elec- 
tronics dealers. 
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The Regency D310 requires no added 
crystals, yet covers six bands: low and 
high VHF (30 -50 and 148 -174 MHz), 
UHF (450 -470 MHz), UHF "T "(470 -512 
MHz) and two FM Ham bands (144 -148 
and 440 -450 MHz). Programming its 30 

channels is simplified by plain -language 
prompts that appear on its display to iden- 
tify the action in process or required next. 

A search feature automatically 
searches through every frequency (stop- 
ping every 5 KHz on VHF, every 12.5 
KHz on UHF) until it finds one that's 
active. Scan delay holds the channels 
open for approximately two seconds at the 
end of a transmission, to wait for any 
reply; without scan delay, scanning re- 
sumes in about six -tenths of a second. 

The D310's design features a slanted 
keyboard, rotary on- off /volume and 
squelch controls and a highly -legible fluo- 
rescent digital display. Its audio amplifier 
delivers one watt, and a jack for an exter- 
nal speaker is provided. It includes a tele- 
scoping antenna that has been elec- 
tronically optimized for each band, and an 
antenna jack is provided for using an op- 
tional external antenna. 

Dual built -in power supplies permit 
plug -in AC operation at home or 12 -VDC 
operation in a vehicle (where not pro- 
hibited by law). The D3I0 is UL listed and 
FCC certified (Part 15, Subpart C). It mea- 
sures 101/2 W x 311 /.t H x 7 inches D. For 
additional information contact Regency 
Electronics, Inc. 7707 Records St., Indi- 
anapolis, IN 46226 -9989; (317)545 -4281. 

Professional Microphone 
Crown International's Model 12 SP mi- 

crophone offers studio quality in 
recording, sound reinforcement, broad- 
casting and electronic news gathering for 
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the experienced professional. The 12 SP is 
phantom powered by a supply providing 
18 to 48 volts. It features a transformer 
balanced, low -impedence output avail- 
able at an integral 3 -pin connector; wide, 
smooth frequency response with high -fre- 
quency emphasis for brilliance; low noise 
and high overload level (150 dB -SPL); a 
hemispherical pickup pattern; high sen- 
sitivity and excellent reach for clear pick- 
up of distant sounds. 

In operation, the ruggedly constructed 
12 SP can be placed on a surface such as a 
floor, table, or lectern; used as a hand- 
held microphone; or affixed to a surface 
near a sound source such as the underside 
of a raised grand piano lid. Suggested 
retail price is $245.00. Get all the facts 
direct from Crown International, 1718 
West Mishawaka Road, Elkhart, IN 46517 
USA; tel. 219/294 -5571. 

(Continued on page 12) 

FREE TOOL CATALOG 
OVER 5,000 TOOLS IN STOCK! 
The new 1984 catalog is packed with over 5,000 
hard -to -find technical supplies for assembling. 
testing, and repairing electronic equipment. Pro- 
ducts include precision hand tools, test instru- 
ments, tool kits, soldering supplies, plus a new, lull 
selection of static prat coon and contam.nation 
control products - plus much more Contains 
color photos, detailed descriptions and pricing. An 
excellent buying guide for engineers, technicians 
and researchers. 
All products are easy to order by phone and mail, 
ready for shipment within 24 hours of receipt of 
order. 100% satisfaction guarantee with all our 
products. Call or write today for your free catalog 

contact east 
7 Cypress Drive, Burlington, MA 011803 

(617) 272-5051 
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HIGH QUALITY :0 75áB GAIN 

MICROWAVE 
TV SYSTEM 
Varible from 1.9 tc 2.5 GHz 

The latest advance 
in microwave 

technology wfIh a 

SNOW -FREE 
PICTURE. 

Two Models to choose from 

Both Models Incllde: 
20 Parabolic Dish 
Pre -assembled Probe 
with Down Converter 

Power Supply and Coax Switch 
60 of RG -59 U Coax with Connector 
Transformer for 75 to 300 Ohms 
All Mounting Hardware for Fast and 
Easy Installation 

20" Fiberglass Dish 
Up to 55dB Gain 

Special $98 95 

20' Aluminum Dish 
Up to 55dB Gain 

Low Priced $9895 
Add 10% for Foreign orders or U.S. Parcel Post 

High Gain Yagi Antenna with Down Converter and $8995 
Power Supply Complete System. Ready to Use v 

Send S2 00 for Catalog Refundede with first purchase - Available torn Mad and Phone Orders O y 2o°e aepoTo for COD. CA Res add 6'ß,'w 
Only 

l 
Seri Cashiers Check o, Moray order to 

IP,..,ona. Checks allow 2,5 *silk. In clew, 

PROFESSIONAL VIDEO, Inc. 
4670 Hollywood Blvd., Hollywood, Calif 90027 

For C.O.D. Orders Call (213) 219-022 7 
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ELECTRONIC 
COMPONENTS 

MANUFACTURERS OF QUALITY 
ELECTRONIC COMPONENTS 

'BATTERY CLIPS A HOLDERS 

CARTE SETS CONNECTORS CAPACITORS 

DISPLAYS LED, FUSES JACKS 1 PLUGS 

KNOBS LAMPS POTENTIOMETERS 

If COILS RELAYS RESISTORS 

SWITCHES SEMICONDUCTORS SPEAKERS 

TEST EQUIPMENT TRANSFORMERS TOOLS 

WIRE A CABLE 

OVER IS.000 DIFFERENT ITEMS IN STOCKI 
sal. a..d O,d D.S Aw and I 
066 Ire a 00 .IPSTI O. do. Wd. 

TRIMS C O D U.,e CelIa. M.Id 
/do,CA,R Ono..d US 

Open ,io.. nl. .,!I,b S...d SL on 

MOUSER ELECTRONICS 
11433 W00DSIDE AVE SANTEE CA 92071 
PHONE (619) 449-2222 TWO 910 - 331- 1175 
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Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

Learn at home in spare time. 
No previous experience needed. 

No costly Scho aI \,I commuting to class. The Original 
Home -Study course that prepares you for the FCC 
Radiotelephone license exam in your spare time! An 
FCC Government license is your "ticket" to thousands 
of exciting jobs in Communications, Radio & TV. 
Mobile two -way. Microwave. Computers, Radar, Aero- 
space and more. You don't need a college degree to 
qualify, but you do need an FCC License. No nerd to 
quit your lob or go to school! You learn how to pass 

the FCC License exam at home at your own pace with 
this easy -to- understand. proven course. It's easy, fast 

and low cost! GUARANTEED PASS You get your 
FCC License or money refunded. Write for free details 
Soon you could be on your way to being one of the 

highest workers in the electronics field Send for FREE 

facts now. MAIL COUPON TODAY! 

r 

L 

COIYMYMAIID PRODUCTIOIIS 
FCC LICENSE TRAINING. Dept. 127 
P.O. Boo 2223. San Francisco. CA 94126 
Rush FREE facts on how I can get my FCC License 
In spare time. No obligation. No salesman will call. 

NAME 
ADDRESS__ 
CITY 

1 

STATE ZIP- j 

NEW PRODUCTS 
(Continued from page II) 

Cordless Phones 
Cordless telephones, Model FCT-246, 

Model FCT -266, and Model FCT -346 
(shown in photo) all feature circuitry that 
provides security against unauthorized 
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use, and eliminates interference and false 
ringing. The three models also feature se- 
lectable guardtone frequencies and a 
handset that operates at the maximum 
range allowed by the Federal Communi- 
cations Commission, up to 1500 feet. 

Model FCT-246 features a 3- position 
sentry switch, touch -button dialing, last - 
number redial, and paging from the base 
to the handset. It is priced at $129.95. 

Model FCT -266 adds selectable pulse 
or tone dialing to provide access to long - 
distance networks, such as MCI, SPRINT, 

etc. It is priced at $149.95. 
Model FCT -346 features continuous 

monitor digital -security coding to guard 
against unauthorized use and false ring- 
ing, and a range selector for choosing 
normal or extended range. Pulse or tone 
dialing allows for access to long- distance 
networks, and two -way intercom between 
the cordless handset, and a conventional 
handset plugged into the base is featured. 
Write direct to Fanon, 15300 San Fernan- 
do Mission Blvd, Mission Hills, CA 
91345. 

Contact Burnishers 
The P -4 and P -6 Contact Burnishers are 

pocket -pen type burnisher /cleaners for 
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the communications, telephone, and elec- 
tronics industries. They are designed for 
all -type contacts; silver, platinum, gold, 
palladium, tungsten, molybdenum, and 
all other precious -metal contacts. The 
burnishers are light, and the flexibility of 
the blades can be adjusted by varying their 
depth in the chuck. 

The burnishers are non -residual, leav- 
ing no grit or dust on the contact. Their 
insulated caps permit working on live con- 
tacts. They have interchangeable blades 
made of stainless steel, with an abrasive 
coating of aluminum oxide that insures 
minimum contact wear. 

The burnishers are 51/2 inches in length, 
3/s -inch in diameter, and are available in 
two types. The P -6 pen has 12 blades 3.16 - 
inches wide, 11/4 inches long, and .007 
inch thick for fine contacts and relays. The 
P -4 pen also has 12 blades, and is 1/4-inch- 
wide, 11/4- inches long, and .007 -inch 
thick for industrial contacts and relays. 
Both are priced at $5.70 each -- Jonard In- 
dustries Corp., Precision Tools Division, 
134 Marbledale Road, Tuckahoe, NY 
10707. 

Multimeter 
The B &K Precision Multimeter, Model 

2804, is a 3 -I2 -digit auto /manual, hand- 
held digital multimeter featuring 0.7 %- 
volt DC accuracy; diode test; audible -con- 
tinuity check, and 10 -amp current range. 
DC- voltage ranges are .200, 2.0, 20, 200, 
and 1000. VAC voltage ranges are 2, 20, 
200 and 750. Input impedance is 10 
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Megohms. Resistance ranges are 200 
Kilohms, 2000 Kilohms and 20 
Megohms. DC and AC current ranges are 
200 mA and 10A. 

The diode test measures the forward 
voltage drop of a semiconductor junction 
at 0.6 mA. continuity checks are done 
through audible tones. Model 2804 is 
priced at $60.00, includes two AA bat- 
teries. and an instruction manual. Contact 
B &K- Precision Dynascan Corporation, 
6460 West Cortland Street. Chicago, IL 
60635. 



ON OWING 

Reference Books That Make Hobbying Easier 

BASED ON OUR MAIL, YOU READERS 
have a case of wherejas! 

But it's nothing to worry about; it's per- 
fectly natural. In fact, it's one of the rea- 
sons I'm here every issue, to try to give 
you a hand with some of your questions 
about DX listening, most of which begin 
with the wherejas. 

Taking more pains with my pronuncia- 
tion, it should come out as "where do 
you," as in, "Where do you get this or 
that bit of information." 

There are lots of questions. And you 
find the answers in reference sources that 
you may want to add to your hobby li- 
brary. 

For the shortwave listener, one all - 
around, useful, information source is the 
World Radio TV Handbook. It is a volume 
so basic that SWL's refer to it as the lis- 
tener's bible. WRTH, as it is known to 
many SWL's, is published annually, and 
its 38th edition was published this year. 

It is a 600 -page comprehensive listing, 
country-by- country, of stations, frequen- 
cies. times, languages, leading person- 

alities and addresses. There also is data on 
international medium and long wave sta- 
tions, plus FM and TV information. 
WRTH also has special feature articles, 
perhaps the most useful of which deal 
with reviews of shortwave radio receivers. 

There are a number of sources for the 
current WRTH. One that we've found to 
be reliable is Gilfer Associates Iitc., P.O. 
Box 239, Park Ridge, NJ 07656. It sells 
for $17.50, plus $1.50 shipping and han- 
dling. 

QSLs -cards and letters of verifiction 
sent by many shortwave stations in re- 
sponse to listener's reports of reception - 
are fun to collect. They are tangible evi- 
dence of one's loggings. But, to send a 
report to a station, you have to know the 
address. Sure, often they're announced by 
stations seeking listener mail. But many 
times you miss the address, or the station 
doesn't announce it. What then? One 
source of station addresses for shortwave 
broadcasters is the WRTH. 

Another source is the QSL Address 
Book, which also gives some handy tips 

BOB ZANOTTI's voice is widely known to shortwave listeners 
around the world. You can hear Bob on the Swiss Shortwave 

Merry -Go -Round DX program on the second and fourth Saturdays 
of the month on Swiss Radio International. 

on how to get those verification replies. 
The book contains data on more than 950 
stations from 180 -plus countries. It also is 
available from Gilfer Associates for 
$6.95, plus $1.50 shipping and handling. 

The radio scene is rapidly changing. 
Schedules and frequencies change with 
the season and, in fact, often even more 
frequently. Thus, a good list of státions, 
frequencies, and schedules is a must for 
SWLs. So, here we go with a few nifties! 

Radio Database International, P.O. 
Box 300, Penn's Park, PA 18943, has an 
attractive graphic presentation that shows 
at a glance such useful bits of information 
about shortwave stations as frequency, 
languages used, schedule times, transmit- 
ter powers, target areas, etc. 

On the market now is a RDI Tropical 
Bands Edition, which covers the lower 
shortwave frequencies up to about 5,600 
kHz. It is available postpaid for $3.95. 

Scheduled for release during the sum- 
mer was a new Radio Database Interna- 
tional volume covering the remainder of 
the shortwave spectrum, above 5,700 
kHz. As a bonus, it was to contain the 
receiver reviews of Larry Magne, well - 
known to readers of the WRTH and to 
listeners to Radio Canada international's 
Shortwave Listeners Digest program. The 
new RDI volume, as of this writing, was 
scheduled to sell for $9.95, plus $1.85 
postage and handling. 

Interested only in English language SW 
programs? Dan Ferguson, P.O. Box 8452, 
South Charleston WV 25303, issues a 
computer -compiled Guide to English 
Shortwave Broadcasts six times a year, for 
$3 per issue, or $15 for a yearly subscrip- 
tion. 

For general background information, 
there are a number of data sources. One I 
can recommend as a quick, easily under- 
stood overview of the hobby and SW is the 
Electra Shortwave Booklet. It has the ad- 
vantage of being in summary form (just 
eight pages), and it is free! Write to Elec- 
tra Shortwave Booklet, 300 East County 
Line Road, Cumberland, IN 46229. 

A fuller explanation on many aspects of 
(Continued on page 97) 



CONVERTERS 
DESCRAMBLERS 

Largest Selection 
of Equipment Available 

$ Bui Warehouse Direct & Save $ Ai 36 channel 
converter 

$4595 

36 channel 
wired remote 

converter 
only 

$8895 

Send $2 for complete catalog 
of converters and unscramblers 

Quantity Discounts Visa Master Charge 

Add 5r shipping -Mich residents add 4'. sales tax 

C &D Electronics, Inc. 
P.O. Box 21, Denison, MI 49428 

(616) 669-2440 
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NEW PRODUCT 
COAX STRIPPER, No. 70374, has a holding - 
ring design that allows the user to strip coax 
cable with minimum effort. With one's finger in 

the holding ring, one simply inserts the wire 
and rotates the tool. It is designed to strip 
cleanly all of the five most popular sizes of 
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coax cable; RG -6, RG -8, RG -9, RG -174, and 
RG -182. The stripping blades can be ad- 
justed easily for different cutting depths to 
meet the user's specifications, and the tool 
can be set to perform both two- and three - 
level strips. A 2- bladed replacement blade 
cassette for the stripper is available. The No. 

70374 is priced at $45.90 - Vaco Products 
Company, 1510 Skokie Blvd., Northbrook, IL 

60062. 

EQUALIZER/ANALYZER, the model dbx 
10 20, enables automatic equalization to be 

achieved individually for left and right chan- 
nels. or in combination, with the accuracy that 
only a computer can provide. It can analyze 
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as many as 10 locations within a room and 
then automatically adjust equalization for flat 
response. The proper equalization setting 
within a room can be accomplished in sec- 
onds, automatically and accurately. 

Digitally controlled, the model dbx 1020, 
with its calibrated microphone and built -in 
pink -noise generator, can automatically 
"voice" a room and store as well as recall the 
equalization settings. Its real -time analyzer 
function, which also serves as a sound -level 
meter, provides information on the music en- 
ergy in each frequency band. A display of 275 
LED's shows the functioning of the real -time 
analyzer by providing an instantaneous read- 

out of musical content in each frequency 
band. It can also display any equalization 
curve stored in memory. 

The model dbx 10 20 has a suggested retail 
price of $1200.00. -dbx Incorporated, 71 

Chapel Street, Newton. MA 02195. 

TEMPERATURE INDICATORS offer precise, 
positive, visual proof that a specific tempera- 
ture has been exceeded, particularly in inac- 

cessible, hazardous areas. When applied to 
any piece of equipment, the one -shot, irrever- 
sible indicators record and document operat- 
ing temperatures: The sensitive white triangle 
turns irreversibly black when the surface tem- 
perature reaches the particular triangle's tern - 

perature level. 
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They are available in three configurations: 
CelsiStrip, 5 or 8 multiple- sequenced tem- 
perature increments, printed in C° and F°; 

CelsiDot labels, single temperature dots in 40 

different temperature levels, printed in C° and 
F °; and CelsiPoint labels, single temperature 
dots in 40 various temperature levels from 
40 °C to 260 °C (105 °F to 500 °F). 

The labels are self- adhesive and adhere to 
any dry surface. They measure 0.3 mm thick. 

The temperature indicators are available in 

booklets, each with identical rated labels, and 
can cost less than 10 cents each in large 
quantities. -Solder Absorbing Technol- 
ogy, a Spirig Company, South End Bridge 
Circle, Agawam. MA 01001. 

POWER SUPPLY, model PS -101, is triple - 
regulated and is designed for the hobbyist, 
student, and lab technician. It features three 
completely independent supplies. Those 
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power supplies can be either positive or 
negative; they can be stacked in series so that 

a 5 -volt and two 15 -volt supplies can total 35- 
volts DC, or any combination of the three, 
resulting in a fully adjustable 0- to 35 -volt DC 

power supply. 
The model PS -101 has a suggested retail 

price of $119.00. -E.W. Engineering, Inc., 
PO Box 624, Old Lyme, CT 06371. 
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J p 
(that's where the big dishes are) and 
plotted. Such a diagram is called a 
footprint. Ideally, that footprint would be 
a series of concentric circles had the 
transponder been beamed straight 
down on a perfectly spherical surface. 
However, the satellite's antenna is 

where the big dishes are) to serve the 
largest possible audience (that's where 
the most money is). 

Hearing Saved 
My kids are rock fans, and always 

have the music blasting. Threats, pleas, 

L JL 

After Footprint shaped so that most of the power radi- all were to no avail until I built the Sound 
I am learning much about satellite ated will fall on a selected land area Pressure Monitor described in your last communications, but every so often I run (that's where the big dishes are) on the issue. I explained it to them, showed up against a technical term I don't know North American continent. The center of them the "Danger" chart, and took the about, and no one can tell me for sure that footprint pattern is where the power unit into their room the next time they what it is. I know what footprint (please, received from the satellite is maximum, had the music up. It made an impres- no jokes) is, but what is boresight point? and that is called the boresight point. In sion, because now it was an objective, 

E. N., Salina, KA the ideal case described above, the mechanical object telling them to turn Who jokes about these things? The boresight point would be in the center of the sound down -Not just good of Dad! strength of a downlink signal can be those circles. The footprint is positioned It worked, too. Now I'd like to know how measured on the surface of the earth over a maximum population area (that's (Continued on page 20) 
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Photog's 
Printmeter 

Get the most from 
your enlarged prints! 

Digi -Slot -armless bandit for home play 

Desktop Antennas for Shortwave Listeners 

Digital Capacitance Meter -from 1 pF to 9999 µF 

1146 44714' 

Subscribe Today! 
IF YOU'RE THE KIND OF READER 

that doesn't want to wait, you can order 

your next copy of Special Projects now. 

Special Projects is crammed full of 

electronic projects that you won't be 

able to wait to build for yourself. You can 

expect top -notch digital projects, fun -to- 

play electronic games, valuable add -on 

computer projects, BCB and shortwave 
receivers, photographic /darkroom 
gadgets, devices to improve your car's 

performance, test equipment ideas, and 

more in every jam -packed issue of 

Special Projects. 

LOOK FOR OUR 
NEW NAME! 

HANDS -ON 
ELECTRONICS 

FORMERLY 
SPECIAL PROJECTS 

Get every issue! 

SUBSCRIBE 
TODAY! 

Use the order 
form below. 

TO HELP YOU TO BE SURE that 

you don't miss any future issues of 

Special Projects- SUBSCRIPTIONS 
ARE NOW AVAILABLE! 

YOU CAN HAVE THE NEXT FOUR 

ISSUES of Special Projects delivered 
directly to your home for only$10.00 We 

pay the postage. If you want the next 

eight issues, you can even save a dollar 
off the newsstand price. Get eight issues 
for $18.00. 

EVERY ISSUE OF SPECIAL PRO- 
JECTS will continue to contain a variety 
of construction articles to suit every 
taste. In addition, feature articles on 

electronics fundamentals, test equip- 
ment and tools will round out each issue. 

Of course, we will continue to provide 
new product and literature listings to 

keep you up to date on the latest de- 
velopments in electronic technology. 

GET IN ON THE ACTION! Order 
your next issue of Special Projects to- 

day. Use the convenient order coupon 
below. 

L 

Special 
Projects 
SUBSCRIPTION 

Detach and mail today to: 

SPECIAL PROJECTS 
SUBSCRIPTION DEPT. 
P.O. BOX 338 
MOUNT MORRIS, IL 61054 

I I want to be sure I don't miss any issues. Send me the next four issues of 

Hands-on Electronics for $10.00: starting with #2. Postage is free in U.S. For 

Canada add $3.00. Foreign add 

I_ I want to be sure I don't miss any issues and want to save sz.00 too. Send 

me the next eight issues of Hands -on Electronics for $18.00: starting with # 2. 

Postage is free in U.S. For Canada add $6.00. Foreign add $14.00. 

I__ Send me copies of Hands-on Electronics # 2 at $2.50 plus $1.00 

postage and handling for U.S.. Canada and Mexico. U.S. funds only. All 

other countries add 

CASH WITH ORDER ONLY 
Allow 6-8 weeks for the first issue to arrive 

Please print 

1 Name l ASPtO 

(Street Address) 

(City) (State) (Zip) 



New NRI takes you inside the new 
TRS-80 Model 4 microcomputer with 
disk drive to train you at home as the 

new breed of computer specialist! 
NR! teams up with Radio Shack 
advanced technology to teach 
you how to use, gra and 

service state -off- ít1 e-aart 
microcomputers... 

It's no longer enough to 
be just a programmer or a tech 
nician. With microcomputers 
moving into the fabric of our 
lives (over 1 million of the 
TRS -80TM alone have been 
sold), interdisciplinary 
skills are demanded. And 
NRI can prepare you with 
the first course of its kind, covering the 
complete world of the microcomputer. 

Learn At Home 
In Your Spare Time 
With NRI training, the pro- 

grammer gains practical knowledge 
of hardware, enabling him to design 
simpler, more effective programs. And, 
with advanced programming skills, the 
technician can test and debug systems 

Now training includes either the 110-80 Model 4 
Microcomputer with Disk Drhe or 12580 Color 
Computer with Computer Aaoeas Card; protes- 
siond Lm mukhoeter; the Nit Discovery tab; sod 
hundreds of demoottratioos sod experiments. 
(115,90 Is a trademark of die xada Shade division of Thirty Cap. ) 

quickly and easily. 

Only NRI gives you both kinds 
of training with the convenience of 
learning at home. No classroom pres- 
sures, no night school, no gasoline 
wasted. You learn at your convenience, 
at your own pace. Yet you're always 
backed by the NRI staff and your in- 
structor, answering questions and 
giving you guidance. 

TRS-80 Model 4 Plus Disk 
Drive lb Learn On and Keep 

NRI gives you hands -on training 
on the latest model in the most popular 
line of Radio Shack microcomputers: 
the TRS-80 Model 4. 

You not only learn to program 
your Model 4, you learn all about it... 
how circuits interact... interface with 
other systems... gain a real insight into 
its nature. Under NRI's expert guidance, 
you even install a disk drive, verifying 
its operation at each step. 

You also work with a professional 
4- function digital multimeter and the 
NRI Discovery Labr performing over 
60 separate experiments. 

The powerful, versatile TRS-80 
Model 4 microcomputer disk drive and 
other equipment you train with are 
yours to use and keep! 

Same Trainhts Available 
With Color Computer 

NRI offers you the opportunity to 
train with the TRS-80 Color Computer 
as an alternative to the Model 4. The 
same technique for getting inside is 

enhanced by using the new NRI - 

developed Computer Access Card Only 
MU offers you a choice to fit your 
specific training needs. 

The Catalog is Free. 
The Training is Priceless. 

Get all the details on this exciting 
course in NRI's free, 104 page catalog. 
It shows all equipment, lesson outlines, 
and facts on other electronics courses 
such as Electronic Design, Industrial 
Electronics, Video /Audio Servicing... 
12 different career opportunities in all. 
Keep up with the latest technology as 
you learn on the latest model of the 
world's most popular computer. If card 
has been used, write to: 

1R' 
NR` 
McGraw -Hill Continuing 

Education Center 
1 l i939 Wisconsin Avenue 

I-i-fi Washington, DC 20016 

We'll give you tomorrow. 
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LETTERS 
(Continued from page 15) 

to fudge the unit to give a "danger" warn- 
ing, even when the music is moderate, 
so I can get them to turn it down even 
more, even if it's really in a safe level. 
Can we do that? 
E. R., Pompano Beach, FL 

The best way to fudge the unit is with 
calibration potentiometer R6. Play with 
that for awhile, and tell us if it helps. Glad 
the Sound Pressure Monitor is bringing 
some peace and quiet to your home! 

Look Up to the Heavens 
How do I go about measuring the pol- 

ar angle as I install my satellite anenna? 
K.S., Mitchel, SD 

There are all sorts of gadgets you 
could make, but the best method is to 
sight along the polar axis of your anten- 
na to the North Star on a clear night. 
That should put you 99- 44/100% on tar- 
get. In essence, what you are doing is 
making the antenna polar axis parallel to 
the earth's rotational (polar) axis. From 
that point on, adjustment is a snap. 

Great Caesar's Ghost 
I've been having a lot of fun with the 

" Caeser's Clock" project that I built as 
described in your last issue. In fact, there 
have been so many laughs as a result, 
that I felt I ought to share them with you. 

People look at the unit, and ask what it 
is, and I explain, with as straight a face 
as I can muster, that it's an antique, 

ruj W2Iruj ©JI 0D1 

7D &BB `[rW© OIEE 

`JO ©UM fOGvl OO 

13 300 LanD210 
M% lI©Io 

EA 

EA EA 

Good idea! You told us you wanted to build 
larger projects. And, that you needed big- 
ger breadboards to build them. Well, our 

two new A P PRODUCTS All Circuit 
Evaluators are just what you had 

in mind. 
The ACE 245 has 25% more capacity 

than our previous largest bread- 
board. It has a circuit building 

matrix of 4520 solderless, plug - 
in tie -points. And, if bigger 
is better our new ACE 254 

has a circuit building 
matrix of 5424 

solderless tie -points. 
For the 

A P PRODUCTS 
dealer near you 
call TOLL FREE 
800.321 -9668. 

(In Ohio, call 
collect 

(216)354-2101.) 

CIRCLE 713 ON 

AP PRODUCTS INCORPORATED 
9450 Rneneede Dr. Box 540 

Mentor, Ohio 44060 
(216) 354-2101 

TWX: 810 -425 -2250 
In Europe, contact A P PRODUCTS Grrb1 

Baetmlesweq 21 0 -7031 Wed 1 West Germany 

CIRCLE 87 ON FREE INFORMATION CARD 

FREE INFORMATION CARD 

found in the ruins of Pompei, and that it 

gives the time in Roman numerals, just 
the way that Caeser read the time. The 
reaction of people is really funny. It 

doesn't occur to them, at first, that the 
ancient Romans didn't have electricity, 
or digital fluorescent readouts. They 
puzzle over the time for a moment or 
two, and it isn't usually until much later 
that the light dawns and they realize that 
they've been had! I originally built the 
project because like you, I thought it 
would be an interesting novelty. I never 
realized how much fun I'd be having with 
it. 
J. S., Pierre, SD 

Now that's funny! It just shows how 
gullible some people can be, and we're 
glad that you've found another source of 
interest and amusement with the proj- 
ect. We'll make sure that the author 
hears about it, too. 

Human Radio Receiver 
I've been hearing radio signals in my 

head, and a friend told me that it could 
(Continued on page 99) 

Get Aheaoof the Gang 
Our Consumer Information Catalog is free, 
and it lists more than 200 useful government 
booklets to help you be informed. Write: 

Consumer Information Center 
Dept. MR, Pueblo, Colorado 81009 

The NEW UHF to VHF SINE WAVE 
SYNC SUPPRESSED CONVERTER 

STOP renting! Guild your uwn convener box and 
enjoy commercial free TV movies. 

With our step- by,step and easy to follow instruction 
sheets. this lut becomes the most advanced digital electronic 
circuitry ever designed to be buih by anyone with only bask 
electronics background and in just a couple of hours. 

The outstanding VHF channel 3 output picture quality 
comes from our matching Sanyo tuner that picks up the 
scrambled signal from almost any kind of TV antenna. even 
inside antennas, depending on your location. The complete 
kit comes with a custom design aluminum cabinet that limits 
out static and interference The crystal clear audio sound 
comes from your Tv speaker. You can even watch and re- 
cord the programs with your VTR at the same time. 
Tub wads/: Soldering iron. Cutters. Piers. Maps screw drew, and 

a *It- Ohm -iller. 

S 15000 pu. .: 
me: to 

SANYO VIDEO PRODUCTS 

1124 Wut 37th Place, Los Angeles, California 90007 
(213) 735 -0485 

CIRCLE 707 ON FREE INFORMATION CARD 
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HANDS -ON- ELECTRONICS 
SUMMER 1984, No. 1 

By John T. Bailey 

Here is a design procedure for constructing a bench -top power supply 
which is adjustable down to zero volts without loss of regulation 
and that has a snap- action, current -overload protection circuit! 

LIMY VENERABLE HOMEBREW VARIABLE POWER SUPPLY WAS 

typical of those in common use during the past ten years. It 
used the popular LM723 voltage regulator with an external 
pass transistor for higher -output current. The circuit was 
conventional, as recommended by the manufacturers of the 
LM723. However, for my applications, it has two charac- 
teristics that I wanted to improve. First, the output -voltage 
lower limit was about 2 volts; and, second, the over -current 
shutdown circuit was soft. That is, as the over -current, trip -set 
point was approached, the regulation began to suffer. So, 
what is an experimenter to do? As I did -come up with a 
design that overcomes those two deficiencies. I called my 
project the Dual Power Supply. The title may not be original, 
but the circuit application sure is! 

I have chosen a 0- to 20 -volt, 400 -mA, maximum- design 
objective to illustrate the design procedure I used. Also, I 

have furnished the essential calculations to permit design of 
other output ratings to suit output specifications of different 
values. 

Zero Output 
Quite a few circuits for adjusting the output of a regulated 

power supply down to zero volts are to be found in current 
technical literature. Some circuits are simple, some quite 
complex. The simple ones that I tried did permit reduction 

down to zero-volts output but, surprisingly with some, reg- 
ulation fell off badly as zero was approached. Then, in 
Hewlett -Packard's DC Power Supply Handbook, 1970 I 

found the answer in principle, but without component values. 
Basically, H -P's circuit uses a floating reference voltage, 
referenced to the positive- output terminal rather than to 
ground. Figure l is a block diagram of the circuit. The output 
voltage is determined by: 

(Eq. I) E0 = Vref X (R2=R1). 

When R2 is 10,000 ohms, 

E0 = 6 x (10,000 _ 3000) 
E0 = 20 -volts DC. 

When R2 is 0 -ohms, 

E0 = 6 x (0+ 3000) = 0 volts. 

Potentiometer R2 has a linear taper; thus, the output will be 
a linear function of the rotation of R2. However, an audio 
taper for R2 provides a much better adjustment of output 
voltages near zero. Remember, that your eye is on the volt- 
meter scale when adjustments are made, and that no front- 
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PASS TRANSISTOR 

e 

UNREGULATED 
INPUT 
30 VDC (APPROX) 

ERROR 
AMP 
CA3140 

0 -20 VOC 
REGULATED 

G 

VREF 6V 

R1 

3K 

R2 
10K 

FIG. 1- SIMPLIFIED BLOCK DIAGRAM for one section of the 
Dual Power Supply. Not shown is the current -sensing 
resistor and circuitry that eliminates current -overload. 

TABLE 1-VOLTAGE CHECK POINTS 

Load Conditions 
(Trip se point = 400 mA) 

No Load 
About 
to Trip Tripped 

Volts DC to Common from: Fig. 3 

29.9 27.0 29.4 A 
18.53 18.27 18.53 B 
4.40 4.02 4.37 C 
4.06 4.00 4.06 D 

.0157 .0455 .0512 E 

mA through R10 

14.3 41.4 
I 

46.5 

In case you want a different maximum output voltage, 
merely use different values of reference voltage and/or Rl as 

necessary to satisfy Equation 1. If R2's maximum resistance 
is a little greater than 10,000 -ohms; it can be shunted to 
reduce it to 10,000 -ohms, or you may prefer to leave it 
unshunted and get a little more than a 20- volts, maximum 
output. If R2 is less than 10,000 -ohms, change Rl to an 
appropriate lower value to satisfy Equation 1. Of course, a 

substantial change in the output will require a change in the 
value of the unregulated input voltage. 

For the 20 -volt maximum output voltage, I used a no -load, 
30 -volt unregulated input. That gave me a satisfactory input - 
output differential to take care of line voltage changes and 
voltage drops in current- sensing resistors not shown in Ag. 1. 

A nominal- 20 -volt AC, secondary- winding in the power 
transformer (actually 21 volts under no load) produced an 

input of just under 30 -volts DC after bridge rectification. 

U4 

CONSTANT CURRENT 
SOURCE 

UNREGULATED 
INPUT 

panel scale for the regulated output control is required. 
Note that a zero-ohms, terminal resistance of R2 (Fig. I) is 

required, theoretically, in order to obtain zero-volt output. I 
found that different makes of potentiometers varied consider- 
ably in their minimum resistances; some were as large as 100 
ohms. I used a Mallory Ul8 Midgetrol 10,000 -ohm, #1 taper 
(audio) potentiometer, which had a 4 -ohm minimum resis- 
tance. Compensation for that small, minimum -resistance 
value is possible and shall be explained later. 

FIG. 2- VOLTAGE- REFERENCE Zener diodes are fired by a 

constant current source, practically eliminating voltage 
variance due to line- voltage and load outrages. 

UNREGULATED 
INPUT 1052 

ZENERS 
6.9V 

VREF 

METER 
BUCKING 
VOLTAGE 

LM344 

BRIDGE 
RESISTORS 

R6 

U2 
COMPARATOR 

R5 ? R7 CA3140 

RIO 

al 
TIP.31 
PASS TRANSISTOR 

c e 

U1 

ERROR AMP. 
CA3140 

C 

R18 

/ TRIAC 

TRIP 
OPTOCOUPLER 

COMMON 

R16 

LOAD CURRENT 
SENSOR 

FIG. 3-A BRIDGE NETWORK detects 
excessive- current across R10 and controls 
the voltage comparator U2. 

02 
SWITCHING 
TRANSISTOR 
2N3904 

It is interesting to note here that the CA3140 op amp used 
in this circuit (Fig. 1) takes its supply voltage from the 
unregulated input and that its maximum supply rating is 44- 
volts DC. That's plenty of latitude! Hence, if the input voltage 
is increased to more than, say, 40 -volts DC to get more than a 

20 -volt DC output, a resistance divider should be used to 
maintain the CA3140 op amp DC supply within its maximum 
rating. Also, if that is done, a pass transistor of a higher 
wattage rating will be required. The heat dissipation of the 
pass transistor is greatest at zero output voltage and is equal to 
the voltage at the collector multiplied by the maximum load 
current. 

Reference Voltage 
As with all other circuits using reference voltages, the 

quality of the reference is a major factor in determining 
overall performance of a regulated supply; regulation will be 
degraded if the reference is not steady. I used Zener diodes 
under constant -current bias for my reference voltage as shown 
in Fig. 2. The LM334 is the constant -current source, set to 
6.8 mA by the 10 -ohm resistor. The formula for constant 
current using the LM334 is: 

I = 67.7 = R 

1=67.7=10=6.8 

where I is given in milliAmperes. 



INSIDE THE DUAL POWER SUPPLY 

R25 U1 U5 02 R27 

THREE VIEWS of the author's Dual 
Power Supply are shown here A quick 
inspection will reveal the dual nature 
of the project by the duplication of 
identical parts almost as mirror images 
in many instances. Author compacted the 
parts within, and on, a small chassis 
to reduce bench -top space. The two small 
transformers were connected to provide 
transformer T2 shown in Fig. 4. That 
proves the power of the junkb3x! 
You may want to package the Dual Power 
Supply in a larger cabinet, or nstall 
it under your workbench as a built -1 

supply where there's plenty of space. 

Constant current operation improves the Zener diodes' 
stability and minimizes the adverse effect of varying input 
voltages applied due to change in line voltage. The function 
of the meter -bucking Zener diode will be explained later. 
Note that the reference voltage indicated in Fig. 2 is 6.9 volts, 
whereas it is shown as 6 volts in Fig. 1. That is due to my 
10,000 -ohm potentiometer having only a 9,000 -ohm max- 
imum resistance, which compensation was provided by in- 
creasing the reference voltage to 6.9 volts DC. 

Over -Current Shutdown 
The conventional shutdown circuit for protection against 

excessive -output current, or accidental load short circuits, 
uses a shutdown transistor, which removes the base current to 
the pass transistor when the voltage across a current- sensing 
resistor turns the shutdown transistor on. That scheme works, 
but it doesn't provide snap- action turn-on of the transistor. 
Hence, as the load current approaches the base turn -on volt- 
age of the shutdown transistor, regulation of the power supply 
begins to fall off. What I desired was a snap -action shutdown 
circuit that would maintain regulation right up to the over - 
current set point, and would hold the supply voltage off until 
the overload is removed. Also, I wanted both the output 
voltage and current to drop to zero on shutdown. 

By using a comparator driving a Triac optocoupler, my 
shutdown objectives are easily achieved. Figure 3 shows the 
basic shutdown circuit. 

A resistive -bridge arrangement, with an adjustable circuit 
in one arm, feeds a differential voltage to the comparator, 
which trips when the voltage drop across the current- sensing 

resistor reaches the trip value. The comparator output pulses 
the optocoupler's internal LED on momentarily, the op- 
tocoupler's Triac turns on, and, via a switching transistor, 
takes the error amplifier's shutdown pin to a low state. That 
action removes any base current to the pass transistor so that 
the supply's output voltage and current both fall to zero, and 
stay there until the overload is corrected and the reset button is 
activated. 

Table 1 shows the voltages measured in the snap -action 
over -current circuitry of Fig. 3 under three conditions: (1) No 
load, (2) full load just before tripping, and (3) after tripping. 
Just before tripping, the bridge arm voltage to the com- 
parator's inverting input (C in Fig. 3) is slightly larger than 
voltage D applied to the comparator's non -inverting input. 
When the trip -value current of 400 mA is exceeded, the 
comparator output goes high to about 25 volts. That voltage, 
via R15 (refer to Figs. 3 and 4), causes the internal LED of U3 
to illuminate the Triac in U3, which then turns on, permitting 
about 32 mA to flow from the unregulated input point through 
the shunted trip indicators, D13, R14, the saturated Triac, and 
R16. The drop across R16 turns Q2 on via RI7, thus ground- 
ing R18. Hence, pin 8 of UI is taken low via R18 and base 
drive to QI is removed. That action reduces the output voltage 
and current to zero. Of course, with the load current reduced 
to zero the voltage drop across R10 drops to a low value, and 
the comparator inputs return to their normal values. The 
current through the Triac, however, remains latched on until 
the fault is corrected and RST (reset) switch S2 is depressed. 
Listed at the bottom of Table 1 are the currents flowing 
through RIO as calculated from the drops measured across it. 
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With no external load, the current through RIO (Figs. 3 and 
4) is about 14.3 mA. That current represents the currents 
drawn by UI, U2, and the circuit's resistive dividers. With a 
400 -mA external load, the current through RIO increases to 
414 -mA. Under trip conditions, the no -load internal current 
is increased by the Triac (U3) latched current to a total of 46.5 
mA. The measured resistance of my RIO was 1.1 ohms. 

Full Schematic Diagram 
Figure 4 shows the actual schematic diagram used in my 

prototype providing an output of 0 to 20 volts at 400 mA 
maximum. Critical component values are shown as mea- 
sured; circuit voltages are indicated at points on the schematic 
diagram, and in the Tables, where they will be of help in 
duplicating this prototype, or in designing another power 
supply of a different rating. Measurements were made using a 
31/2-digit DMM. 

Load Regulation 
It is possible to get the output voltage to actually rise with 

an increase in load current, or to obtain perfect regulation at 
any selected output voltage. That characteristic can be 
achieved by inserting a small resistance in the path to the 
positive output terminal, as represented by R22 in Fig. 4. 
When the load current increases, the voltage drop across R22 
increases linearly. That voltage drop is of the proper polarity 
to add to the reference voltage, so the effective reference 
voltage increases with increases in load current. Reference to 
Eq. 1 reveals that there will be an increase in output voltage, 
which counteracts the normal decrease in output voltage 
under increased -load current conditions. The required resis- 
tance value of R22 is very small and must be determined by 
trial. Just a few inches of small -gauge magnet wire is all that 
is needed. The gauge of the wire must be able to carry the 
current that passes through it without heating up. 

Using magnet- wire-wound current shunts, a 1 -mA meter 
and a double -pole, five -throw (DPST) rotary switch S4, 
output voltages and three current ranges can be monitored. 
The current ranges chosen were 20, 200, and 400 mA. With a 
30 -volt unregulated input to Ql, a 400 -mA maximum output 
can be handled by a heat -sinked TIP-31 transistor with a 
reasonable safety factor. Also, 400 is a multiple of 20, the 
maximum output voltage, thus simplifying the meter dial 
markings. 

With no external load there will be an internal current 
apparent on the 20 -mA range. This error current will not be 
noticed on the 200- or 400 -mA ranges. It is due to regulatory 
action of the error amplifier, Ul, which must allow Ql to pass 
just enough current to make the voltage -drop across R24 
equal to the Zener voltage of DII. When that equality is 
achieved the output voltage is zero because the Zener voltage 
and the drop across resistor R24 are in series, are equal, and 
are of opposite polarity. The error current is, of course, the 
Zener voltage divided by the value of resistor R24 in ohms, or 
about 2.3 mA, and is a constant regardless of the setting of 
R2. It is bucked out by an equal opposite current produced by 
the lower Zener diode and series resistor shown in Fig. 2. 

A standby LOAD switch, S3, is connected across Q2. The 
function of S2 is to provide manual shutdown of the supply's 
voltage and current output. That action is more convenient in 
some applications than turning off the supply's power switch. 
Capacitor C13, across S3, was found necessary to prevent 
triggering of U3, the optocoupler, when S3 is opened after 

being closed to shut down the supply manually. 
The 10 -11F capacitor, C9, across the reference Zener diode, 

DI I, minimizes Zener noise. 
The protective diodes are included in the Dual Power 

Supply. Capacitor C10 across the output protects the power 
supply against reverse voltages, which might be applied by an 

active load. Diode D9 across pass transistor Q1 is included for 
the same reason. 

Performance 
Specific figures for load and line regulation will not be 

offered because my instruments for determining such figures 
do not have sufficient resolution to be meaningful. In other 
words, the power supply's regulation is so good that I can't 
measure it. Tables 2 and 3 present performance data as well as 

I could measure them with a 31/2-digit DMM. Whereas those 

TABLE 2 

REGULATION VS. LOAD 

Line = 115 Volts 

Load (mA) 

0 400 

Output Volts (DC) 

18.48 18.48 
11.13 11.13 
4.80 4.80 
1.181 1.181 

.1670 .1670 

.0945 .0945 

TABLE 3 
REGULATION VS. LINE 

Load = 400 mA 

Line Volts (AC) 

103.5 1 115.0 1 126.5 

Output Volts (DC) 

17.56 I 17.56 1 17.56 

tables show perfect regulation, it should be noted that the 
normal resolution of a 31/2-digit DMM creates that illusion. A 
4' DMM, or better, is required to measure more precisely. 
Nevertheless, excellent load and line regulation is obvious. 

Ripple on the output voltage at full load was so small that, 
on my scope's 10 -mV /cm range, it was barely perceptible and 
what could be seen may have been caused by hum pickup on 
the test leads. 

Construction 
Mechanical layout is not critical. Neither is the wiring 

critical, except that it is important that connections from Rl1 
and R26 go right to the output terminals as shown in Fig. 4. 
Those are the voltage- sensing leads and have to be connected 
as shown, to monitor the voltage as close as possible to the 
external load for good regulation. 

The meter I used, from my junkbox, had a plastic cover, 
which created a minor problem. It tended to acquire a static 
charge, so that the pointer wouldn't always return to zero 
when it should. Passing a finger across the cover, or tapping 
it, to overcome jewel friction would create a sizeable and 
unpredictable offset. That annoying condition was eliminated 
by brushing on a thin coat of Sta -Puf, a laundry liquid for 
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PARTS LIST FOR DUAL POWER SUPPLY 

SEMICONDUCTORS 
D1- D10- 1N4005 600 -Ply, 1 -A rectifier diode (Radio 

Shack 276 -1104 or equivalent) 
D11, 012- 1N754A 6.8 -volt, 400 -mW Zener diode 
LED1- Light- emitting diode, T-1, red miniature 
01- TIP -31 NPN transistor (Radio Shack 276 -2017 or 

equivalent) 
02- 2N3904 NPN transistor (Radio Shack 276 -1603 or 

equivalent) 
U1, U2- CA3140 bi -FET op amp, RCA (Jameco Elec- 

tronics) 
U3- MOC3010 Triac output, 250 -volts, 100 -mA op- 

tocoupler (Radio Shack 276 -134 or equivalent) 
U4, U5 -LM334 current -source integrated circuit (Ra- 

dio Shack 276 -1734 or equivalent) 

RESISTORS 
R1 -1000 -ohm, 1 -watt, 10% fixed 
R2 -10 -ohm, Ye -watt, 1 %, film 
R3, R24 -2,940 -ohm, 1 %, film 
R4- 20,000 -ohms, 1 %, film 
R5, R7- 15,000 -ohm, 1 %, film 
R6 -4750 -ohm, 1 %, film 
R8 -3,920 -ohm, 1 %, film 
R9 -33.2 -ohm, 1 %, film 
R10-1 -ohm, 1 -watt, 5 %, wire -wound 
R11, R12- 10,000, 1/8 -watt, 10% 
R13-68 -ohm, Ya -watt, 10% 
R14 -560 -ohm, 2 -watt, 10% 
R15- 2,400 -ohm, Ya -watt, 10% 
R16, R23 -100 -ohm, Ye -watt, 10% 
R17- 1000 -ohm, Ye -watt, 10% 
R18 -4700 -ohm, Ye -watt, 10% 
R19 -2.38 -ohm (made from #40 -gauge magnet -wire 

wound on 1000 -ohm, 1/4-watt resistor form 

R20, R21- 125 -ohm (made from #28 -gauge macnet- 
wire wound on 1000 -ohm, '.á -watt resistor form 

R22 -(See text) 
R25- 100,000 -ohm, 1 -watt, miniature trimmer potenti- 

ometer (Radio Shack 217 -338 or equivalent) 
R26- 10,000 -ohm,audio -taper miniature potentiometer 

(Mallory U18 Midgetrol, #1- taper) 
R27- 1000 -ohm, Ye -watt, miniature, trimmer potentiom- 

eter (Radio Shack 217 -333 or equivalent) 

CAPACITORS C1- 2200 -11F, 50 -WVDC, electrolytic 
C2- C7- .0015 -pF, 1000 -WVDC, ceramic -disc 
C8-470 µF, 35 -WVDC, electrolytic 
C9- 10 -11F, 16 -WVDC, tantalum 
C10- 22 -RF, 35 -WVDC, electrolytic 
C11- C14 -1 -µF, 50 -WVDC, Mylar 

SWITCHES S1 -SPST, 3A, 125 -VAC, miniature, toggle 
S2 -SPST, normally -open, momentary -pushbutton 
S3 -SPST switch, toggle 
S4-2- position, 6- throw, non-shorting, rotary (use only 

5 positions) 

ADDITIONAL PARTS AND MATERIALS 
F1 -1 -A, type -3AG fuse 
J1, J2 -Multi -way binding post, one red, one black 
M1 -DC panel meter, 1 -mA, 2Y4 -in. square 
NE1- Indicator part of type -3AG fuse holder 
T1 -Power transformer; 117 -VAC pri.; 20 -VAC, 1.2 -A 

sec. (Signal #PC40 -600 or equivalent) 
T2 -Power transformer; 117 -VAC pri.; 6 -VAC, .15 -A sec. 

(Signal #241 -3 -16 or equivalent) 
Heat sink, two 8 -pin IC sockets, one 6 -pin C socket, 

knobs, line cord, chassis. case, hardwae, rubber 
feet, decals, etc. 

A HOME -BUILT front panel, cover and bottom plate was made to 
fit a standard chassis that the author had available. Metal 

screen used to make cover provides ample ventilation for project. 

fabric softening and static cling control, on the inside of the 
cover. The coating is still working after six months. 

A suitable heat sink is required for Ql, the series -pass 
transistor. In my prototype I used a flat piece of /32 -inch thick 
aluminum that was 31/2-inch square, which was mechanically 
and thermally connected to the chassis. The TO -220 tab of Ql 
is internally connected to the transistor collector element, so 
a mounting screw through the tab hole must be electrically 
isolated from the heat sink. I used two extruded fiber washers 

01 

. 440 MACHINE SCREW 

LOCK WASHER 

WASHER 

EXTRUDED FIBER WASHER 

MICA WITH THERMAL 
GREASE ON BOTH SIDES 

WASHER 

LOCK WASHER 
NUT 

HEAT SINK 

EXTRUDED FIBER WASHER 

FIG. 5 -PASS TRANSISTOR Q1 requires a suitable heat sink, 
due to the amount of heat it dissipates. The author mounted 
01 on the metal chassis thereby requiring electrical isolation. 

COVER 

BOTTOM 
PLATE 

to accomplish that purpose. In addition, a piece of mica s /s- 
inch by 7/s -inch with thermal grease on each side was used 
between QI and its heat sink. Figure 5 shows the mounting 
arrangement. That electrical isolation isn't required if, in- 
stead, the heat sink is isolated from the chassis by means of 
insulating standoffs. 

Adjustments 
There are only two adjustments to be made before opera- 

tion. The first one is to null the error amplifier, Ul. With a 

digital voltmeter across the Dual Power Supply's output ter - 
(Continued on page 92) 



Is a career in electronics right for you? 

To hep you decide, CIE would like 
to give you a few simple facts. 

FACT 
Electronics offers more career 
opportunities than almost any other 
field today. 

Just look around you and you'll see that the new technology 
is the backbone of almost everything man does or will do. 
Industry, aerospace, business, medicine, science, govern- 
ment, communications - you name it. And the backbone of 
the new technology is electronics. Quite simply, few other 
fields, if any, offer more career opportunities, more job 
security, more room for advancement. 

FACT 
CIE is the largest independent home 
study school specializing exclusively 
in electronics. 

We're specialists in training electronics specialists, with 
a record that speaks for itself. According to a recent 
survey, 92% of CIE graduates are employed in 
electronics or a closely related field. And because 
our success record is our greatest strength, we'll 
do everything we can to help you succeed, too. 

FAcar We've been refining our 
teaching methods for 
50 years. 

We believe in independent study because it 
puts you in a classroom of one. So you can 
study where and when you want to. At 
your pace, not somebody else's. And over 
the years we've developed the proven 
approaches that give you the support 
such study demands. For example, our 
Auto -Programmed ' lessons are care- 
fully designed by specialists to pre- 
sent topics in a clear, logical, step -by- 
step sequence. Your lessons are grad- 
ed and mailed back promptly with 
appropriate instructional help for in- 
stant learning reinforcement. And our 
experts are always ready to respond 
in writing whenever you have a ques- 
tion or problem. 

FACTWe teach you theory 
backed with practical 
hands -on training. 

To bring textbook theory alive, many 
of our courses let you work with the 
actual tools of the trade. CIE's 
Personal Training Laboratory, part of 
several career courses, helps you put 

the theories of basic circuitry into practice. Other courses 
include equipment like a 5MHz triggered sweep, solid state 
oscilloscope and our Micro -processor Training Laboratory, 
with 512 bytes of random access memory, to let the advanced 
student apply digital technology in many of the same ways 
electronics professionals do. 

FACT 
You can chart 
your own 
course. 

CIE's broad range of entry, 
intermediate, and 
advanced level courses in a 
variety of career areas 
gives you many options, whether you know a little about 

electronics or a lot. You start with the Career Course 
that best suits your talents and interests and go 

as far as you want. More than half of CIE's 
courses include a series of optional lessons to 
prepare you to pass the Federal Communica- 
tions Commission exam for an FCC Radio- 
telephone License -a requirement for some 
electronics jobs, a credential for all. And all of 

our courses can also advance you towards 
an Associate in Applied Science Degree 

in Electronics Engineering 
Technology from CIE. 

Get the facts for 
yourself. 
If you're willing to work, we can 
help you towards a career in 
electronics as we have helped 
many others before you. But 
get the facts for yourself and 
compare what we offer against 
other schools. Send today for 
our CIE school catalog and 
complete package of career in- 
formation. The information is 
all FREE, and it will help you 
decide where to start and how 
far you want to go. Also, for 
your convenience, we'll try to 
have a school representative 
contact you to review the vari- 
ous educational programs and 
assist in course selection. Just 
mail the postage -paid card or 
write, mentioning the name and 
date of this magazine. But please, 
send for your FREE catalog 
today. We want to help you get 
ahead. And that's a fact! 

1 

RP-21 

1776 East 17th Street, Cleveland, Ohio 44114 
Accredited School National Home Study Council 
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By Ben Richards 

Solar- e 1 

Power Converter 
SOLAR CELLS PRODUCE VERY WW VOLTAGE OUTPUTS AT 

fairly high current when energized by the light of the sun or 
other similar light. A series of enough interconnecting small 
solar cells to operate a 9 -volt transistor radio can be expen- 
sive. It costs less to use a single, relatively large cell, and 
raise the voltage with a DC -to -DC converter capable of 
running at the low voltage that the single solar cell supplies. 
Such a Solar -Cell Power Converter could be very welcome in 

case of emergencies or natural disasters, where all you may 
have are dead dry batteries, or discharged Ni -Cd's with no 60- 
Hertz line power to recharge them. 

How It Works 
Figure I is the schematic diagram of the Solar -Cell Power 

Converter. Initially, one transistor begins to conduct a little 
more than the other when power from solar cell D1 is applied, 
and that results in a regenerative increase of current in one 
transistor, and a decrease in current in the other one. Very 
shortly, one transistor is at current saturation (full -on), and 
the other, at zero conduction (full -off). That condition per- 
sists until the transformer saturates and creates regenerative 
turn-on of the previously conducting (on) transistor. That 
rapid current- switching repeats cyclically at a high rate. The 

Let the power of 
the sun keep your 

battery costs down 

build up and collapse of current in the primary winding 
(browm and orange leads) of Tl induces a stepped -up AC 
voltage across the output winding (gray and white leads). 

A full -wave doubler rectifier, D2 and D3, is used to pro- 
duce the required DC voltage output. A Zener diode, D4, is 
used to set the upper limit on the output voltage when the load 
current is minimal, but D4 is not intended to keep the output 
voltage constant. The radio -frequency choke, RFCI and the 
.01 p.F capacitor, Cl, hold down RF noise generated by the 
switching circuit to an acceptable level. 

You may be wondering about the use of power -transistors, 
Ql and Q2, of a much higher power rating than would appear 
necessary. The reason is that the transistors have an extremely 
low voltage drop at the current levels encountered in changing 
the roughly 1/2 -volt output of the single solar cell to high - 
frequency AC. Much smaller transistors could handle the 
current easily, but at two to three times the voltage drop. Since 
we're starting with a very low DC input voltage, a large 
voltage drop would result in a circuit whose efficiency was 
too low to be practical. 

Construction 
The mechanical layout of the Solar -Cell Power Converter is 

Q1 
A SMALL AMOUNT OF sheet -metal work is required to develop a chassis to mount 
the power- switching transistors 01 and 02. transformer, T1 and the other parts that 
make up the Solar -Cell Power Supply. The solar -cell assembly mounts on the end brackets. 

Ti 
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ORANGE 

WHITE 

T1 

FIG. 2- CONSIDERING the high cost of 
solar cells and their fragile construction. 
it is wise to mount them in a suitable 
holder that is gentle to them and rugged 
enough to offer protection from rough 
handling. The diagram shows how the cell 
is mounted between two pieces of clear 
plastic and suspended by bits of foam 
material. Duplicate the author's efforts A 

for suitable solar cell protection. 
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OUTPUT 

FIG. 1 -THE POWER to drive this circuit 
is obtained from solar cell D1 that produces 
.45 -volt DC at 333 mA in bright sunlight. 
That's 150 milliwatts of power -is more 
than enough to drive a transistor radio if 
its output was 9 -volts DC. The five coil 
elements (other than RFC1) are wound on the 
same coil form to make up transformer T1. 
The circuit is designed to obtain minimum 
switching losses and maximum current 
reversals in the collector circuits of 01 
and 02. The remainder of the circuit is a 

fullwave. voltage -doubler rectifier with 
filtering and Zener diode regulation. 
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PARTS LIST FOR 
SOLAR -CELL POWER CONVERTER 

SEMICONDUCTORS 
D1 -2- x 4 -inch (5- x 10 -cm) solar cell (Radio Shack 

276 -126 or equivalent) 
D2, D3- 1N4817 rectifying diode 
D4- 1N5347B, 10 -volt Zener diode 
01, 02- 2N441, 2N442 or 2N443 germanium, PNP 

power transistors 

ADDITIONAL PARTS AND MATERIALS 
R1- 100 -ohm, '/4 -watt, 5% resistor 

100 -WVDC, tubular capacitor 
C2, C3-100 µF, 6 -WVDC, electrolytic capacitor 
C4 -0.01 µF, 50 -WVDC, ceramic -disc capacitor 
RFC1- 2.1 -mH, radio- frequency choke 
T1 -EC- 0201 -IP saturable transformer (available from 

Milwaukee Electromagnetics, P.O. Box 07476, Mil- 
waukee, WI 53207, for $6.95 postpaid) 

4 x 2' /e x 5/8-inch plastic box (Radio Shack 270 -231 or 
equivalent), plastic sheets, foam sheet, scrap alumi- 
num, wire, solder, hardware, cement, etc. 

A A SECTION 

NOTE THE 1/8" WIDE "SHELVES" FORMED 
IN THE FOAM GASKETS TO HOLD THE 
CELL ON ITS NARROW ENDS ONLY. 

- h--- 5/16 D 

not critical, but some specific dimensions are suggested for 
those who wish to duplicate the original project. 

Begin by preparing the plastic -sheet chassis according to 
Fig. 3. A chassis punch or hand -grinding tool with a fluted 
cutting bit can be used to form the large- diameter hole 
through which the inverter transformer, TI, is mounted with 
the aid of the aluminum mounting strip. Attach the tran- 
sistors, Ql and Q2, the end -mounting brackets, the trans- 
former, and the corner -mounted soldering lugs as shown in 
the photograph. Make sure that the power -transistor cases do 
not touch each other or the screws which fasten the four, 
corner, solder lugs to the plastic chassis. Be sure to provide 
heat -sink thermal connection to the base and emitter termi- 
nals of the transistor when applying the soldering -iron heat. 

Solder fine, insulated, stranded -wire leads to the solar cell, 
Dl, very carefully using a small, low- wattage, soldering iron. 
The full surface ohmic connection on the back of the solar 
cell is the positive terminal and the comb -like electrode on 
the opposite surface is the negative terminal. If in doubt, 
check the solar cell's output polarity with a voltmeter. 

The plastic and foam sheets which make up the solar -cell 
assembly should be formed as shown in Fig. 2. As shown in 
the drawing, the solar cell is mounted between a set of plastic 
and foam sheets so that it is supported only on the narrow 
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FIG. 3 -THE ALUMINUM CHASSIS is made 
from a 358 -in. by 25,a -in. sheet. 
However. it is wise to scratch the overall 
dimensions on a scrap sheet of 32 -in. 
thick aluminum, and do all the necessary 
drilling and hole punching before trimming 
the chassis down to size. Or, should'is -in.- 
thick stock, or better, be used to make 
the chassis, that is not necessary. The 
end brackets and the bracket for transformer 
T1 should be of',2 -in. aluminum stock 
because it will be easier to bend the cut 
pieces to the shapes required. 

RFC C4 

D3 C3 

ends by a %s -inch shelf cut into the foam gaskets. The plastic 
used was an acrylic such as used for glazing windows and can 
be cut using a scribe- and -break technique. The foam gaskets 
were made from a tray used to package food; they can be cut 
to shape with a razor blade. Be careful not to crack the solar 
cell during assembly. By the way, neither wiring dress nor 
parts layout are critical. The wired chassis and solar cell 
assembly are joined with the end brackets shown in Fig. 3. 
The combined chassis -solar cell assembly is fastened to the 
plastic case with four mounting screws. 

Testing and Use 
Probably the easiest thing to do is hook up the output leads 

to the load and walk out into the sunshine to enjoy solar - 
powered music. If you want to test the converter first, just 
connect a voltmeter across the output leads. Expect 9 to Il 
volts under light load and moderate illumination. 

HERE'S A VIEW of the completed Solar - 
Cell Power Converter prior to being 
inserted into its plastic box. Unit is 
extremely compact; however, that is not 
a design necessity. RF choke RFC1 reduces the 
high- frequency hash generated by switching circuit. 

A small amount of RF noise between stations (if you're 
powering a receiver) is normal and shrinks to virtually 
nothing when the radio's AVC takes over. 

If the converter doesn't work, check the polarity of the 
solar cell output. If it's OK, check the wiring for an incorrect, 
broken, or shorted connection. By the way, you can bench - 
test the converter alone by disconnecting one lead of the solar 
cell and applying 0.6 -volts DC from a variable power supply. 

Intended use of the Solar -Cell Power Converter is to power 
small AM transistor radios. Our tests indicate that you'll get 
satisfactory operation under sunlight conditions ranging from 
overcast to full noonday sun. The Solar -Cell Power Converter 
is not intended for FM receivers, because they are sensitive to 
small supply- voltage changes such as might occur when fast - 
moving clouds pass by. It is not advisable to leave the circuit 
wiring exposed indefinitely to the elements, so you should 
seal the circuit thoroughly. 

D4 



Understanding and Using .... 

i ecibels 
By Marvin D. Lamb 

We are sure that you have seen many equipment specifications -from 
dynamic range of amplifiers to the output level of signal generators - 
given in dB's. While you may know that a dB is a decibel, do you really 
understand how to use the unit properly? 

DIN ELECTRONICS, POWER, VOLTAGE, OR OTHER LEVELS ARE 
often specified in decibels (dB). But because those levels 
aren't always given in decibels, conversions to and from that 
unit are often necessary. While you may have a calculator 
handy for such occasions, there are some easily learned 
"rules of thumb" that will enable you to conduct the con- 
versions in your head. We'll talk not only about those con- 
version rules in this article -we'll also discuss some basic 
facts about the decibel. So after reading this, you should be 
more familiar with dB's, and should even be able to mentally 
compute dB levels. 

What Is a dB? 
The decibel is the standard unit for expressing relative 

power levels. For example, the gain of a system -the ratio of 
the system's output power (P2) to its input power (P1)-can 
be expressed in dB's: 

n dB = 10log,o(P1) 

Some of you are, perhaps, unfamiliar with the term 
" logro" that appeared in the preceding equation. It stands for 
the common logarithm, or the logarithm to the base 10. 
(When using common logarithms, the subscript "10' is often 
omitted, as we will do in the remainder of the article.) 

The logarithm is the inverse operation of raising a 10 to a 
power. For example, the expression "n = log x" means: n 
equals the power that 10 has to be raised to so that it equals x. 
In other words, 10" = x For example: log 10 = 1 since 101 = 
10. Ina like manner, log 15 = 1.176 since 101 x 10.176 = 15. 

Power ratios are not the only thing that decibels can be used 

to express -voltage and current ratios can also be expressed 
in decibels. In that case, n dB = 20 log V2/Vi or n dB = 20 
log 12 /II. In the strictest sense, the decibel can be used to 
express voltage and current ratios only when the voltages or 
currents are measured at places having matching impedance. 
We'll talk more about that later. 

You may wonder why the logarithm of ratios would be a 
useful way to measure different quantities. Its usefulness 
stems from the fact that power and audio levels are related on a 
logarithmic basis. That is, if the power increases by a factor of 
4, that doesn't mean that the audio level (voltage) will in- 
crease by a factor of 4. Instead it increases as the square root 
of the power increase. 

That can be shown as follows: Presume you have a 4 -ohm 
resistor dissipating 4 watts. Using the formula P = IE = E2/ 
R, ou can determine that the voltage across the resistor = 
VPR = = 4 volts. If the same resistor dissipates 16 
watts, then E = PR = = 8 volts. So while the power 
increases by a factor of 4 (from 4 watts to 16 watts) the voltage 
across the resistor increased by V = 2 -the square root of 
the power increase (from 4 volts to 8 volts). 

The unit originally used to express power ratios was the 
"bel," which was defined: n bels = log (P2 /Pl). (The term 
"bel" was derived from the last name of Alexander Graham 
Bell, an early investigator of sound levels.) Even before the 
days of amplifiers and low RF levels, it was felt that the bel 
was too large a unit for practical measurements, so the 
decibel ( %o bel) was adopted as the international standard unit 
where n dB = 10 log (P2 /PI). 

Because the decibel measures the ratio of two power levels, 
a reference power level (Pl) must be specified. For example, 
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while you could say that the gain of an amplifier is 6 dB, you 
could not say that the amplifier's maximum output is 22 dB. 

There are, however, several derived decibel units that can 
be used. When making power measurements, for example, 
the unit dBm is often used, where dBm is a power level 
referenced to 1 milliwatt. Several other decibel abbreviations 
are often used. Their abbreviations will consist of the letters 
dB plus additional letters to specify the reference level. Table 
I lists some of those units. 

The decibel is used effectively in measurements covering a 
wide range of levels. The frequency response of amplifiers 
and filters, for example, is usually expressed as a graph of 
voltage in decibels as a function of the frequency in Hertz. 
Most analog AC voltmeters with dB scales are calibrated in 

dBmV (decibels referred to 1 millivolt across some particular 
impedance). 

dBF 
dBj 
dBk 
dBm 
dBmV 
dBµV 
dBRAP 
dBv 
dBW 

TABLE 1- DERIVED DECIBEL UNITS 

Decibels above 1 femtowatt (10 -15), or 0.223 µV 
Relative RF signal levels. 0 dBj = 1000 p.V 

Decibels referred to 1 kilowatt 
Decibels referred to 1 milliwatt 
Decibels above 1 millivolt 
Decibels above 1 microvolt 
Decibels above reference acoustical power (10-16 watt) 
Decibels relative to 1 volt 
Decibels referred to 1 watt 

dB's and Voltage Measurements 
If we want to use decibels to relate to the voltage levels of 

the system, we have to look at another factor: The circuit 
impedance becomes important when determining dB refer- 
ence levels. (That's because P = E2 /R, or P = I2R and, 
therefore, for a given power, the voltage depends on the 
impedance.) 

For example, how would we determine what 0 dBm means 
for audio measurements? We know that the characteristic 
impedance for audio transmission lines is 600 ohms. We can 
also determine what voltage level corresponds to 600 ohms 

FIG. 1 -THIS CHART CAN BE USED as a 

memory aid or simply to obtain ball -park 
figures. Note that the ratios shown are for 
voltage measurements. If you need to 
determining dB levels corresponding to power 
measurements. square the ratios shown. (For 
example. a power ratio of 4 corresponds to a 

voltage ratio of 2 6 dB.) 

dissipating 1 milliwatt. Recalling that E = N/k, we have E 

= 1/(.001 W) (600 11) = V.6 = 0.7746 volts. 
The characteristic impedance of RF generators, at- 

tenuators, etc. in the U.S. is 50 ohms (75 ohms in Europe). 
Thus, 0 dBm for RF measurements is 1 milliwatt into 50 
ohms, and the reference voltage is 0.2236 volts. 

Decibels and Voltage Ratios 
In the following examples, we'll look at how to work with 

dB ratios, and how the dB ratios correspond to voltage ratios. 
Using voltage ratios yield answers twice as big as those we'd 
get using power ratios. Remember, n dB = 10 log (P2/Pl) for 
power levels, while n dB = 20 log (V2 /VI). 

Ratios are most often used when comparing input and 
output voltages. For example, if we wanted to determine the 
gain in decibels of an amplifier having an input of 10 milli- 
volts and an output of 1.0 volt, we would write: 

n dB = 2p IN 
V 

(1.O 10 mV) 
= 20 log (100) 
= 20x2 =40dBV 

When measuring attenuation ratios, we have a more inter- 
esting computation. For example, presume we want to deter- 
mine the attenuation in decibels of a device with 1.0 -volt 
input and 20- millivolt output. Using our method developed 
so far, we would proceed as follows: 

n dB = 20 log (02` 
= 20 log (.02) 
= 20 ( - 2.3010) = - 40.602 dB 
(Incorrect) 

Unfortunately, that is not the correct answer. The problem 
arises because of the negative characteristic of the log of a 
number less than 1. So in the case above, we must write the 
log with a negative characteristic as a positive number. That's 
done by adding 10 to the negative log and then subtracting 10. 

The net effect is zero change to the number but puts it into a 
form that we can handle. We'll do that for the previous 
problem as follows: 



TABLE 2- EASILY REMEMBERED FACTORS 

dB Voltage ratio Power ratio 
3 \2 2 
6 2 4 

10 10 
12 4 16 
14 5 25 
20 10 100 
40 100 10,000 
60 1000 1.000.000 

n dB = 20 (8.3010 -10) 
= 166.02 - 200 = -34 dB 

which is the correct answer. 
A less cumbersome method of achieving the same result is 

to arrange the division so that a number greater than 1 always 
results. Just don't forget to add a minus sign if the circuit is an 
attenuator. For the previous example: 

ndB =201 °g 1 20x100 
= 20 log (50) 
= 20x1.669 =34dß 

The Factor Method 
Now we'll discuss a method that will let you find the 

answer to the above problems in your head -although you 
first have to memorize what we'll call combination factors. 
The factors or ratios are listed in Table 2. With those ratios or 
factors memorized, you should be able to derive almost all 
the rest -without referring to any tables! If you don't want to 
memorize anything, you can always keep Table 2 handy. But 
we're sure that after you've used the table for a while, you'll 
find that you've memorized it! Note that the ratios given are 
for voltage measurements -use the square of the ratio for 
power measurements. 

Some of the ratios are exact, and a few are very close 
approximations. But all will put your quick answer well 
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within 0.1 dB -which should be sufficient for answers "off 
the top of your head." 

Let's look at a problem and use the factor method to solve 
it. What is the attenuation in decibels of a system with an 
attenuation factor of 50? 

We can find the answer by taking a few simple steps. We 
know that 50 = 10 x 5. We remember (or look at Table 2, to 
find) that a ratio of IO corresponds to 20 dB, and a ratio of 5 
corresponds to 14 dB. Adding the two figures gives us 34 
dB -the same answer we came up with previously. The rule 
here is that when voltage ratios (the factors) are multiplied, 
their corresponding decibel values are added together. 

Let's look at another problem and another rule for using the 
factor method: Using the factor method, determine the volt- 
age ratio for a gain of 7 dB. 

We have two approaches: First, we know that 7 dB = 10 dB - 3 dB (both of those factors are listed in the table). The rule 
to remember is that when we subtract units of decibels, we 
divide the factors, and vice -versa. Thus, our solution is: 

Factor for 10 dB = 
Factor for 3 dB f = 

Our second approach: We know that 7 dB is one -half of 14 
dB. Thus, the factor for 7 dB is the square-root of the factor 
corresponding to 14 dB. The rule here is that when a decibel 
value is multiplied by a number, the corresponding factor is 
raised to that number (in this case, 1/2). That's best shown by 
another example: as 3 dB increases to 12 dB, the correspond- 
ing factor should increase by a power of 4. Indeed, if you look 
at the table, you can see that the factors increase from Vi to 
4, which is (V)°. Another example: For a decrease from 60 
dB to 20 dB, the factor decreases from 1000 to (1000)13; 
which is equal to 10. 

Let's go through a couple more examples. What is the 
difference between an amplifier with a 7 dB gain and one with 
a 6 dB gain? With the factors of 6 dB and 7 dB known (from 
the table and the previous example), 1 dB can be computed as 
their difference. So we have: 7 dB - 6 dB = \/2. 

What factor corresponds to 4 dB? Well 4 dB can be 
thought of as 14 dB - 10 dB = 5/ _/2. It can also 
be thought of as 10 dB - 6 dB = î /2. 

In a similar fashion, all the dB ratios (or factors) from 1 dB 
to 20 dB can be figured by memorizing just a few. After 20 
dB, the ratios repeat, but are multiplied by a factor of 10. For 
example, the factor for 24 dB is ten times the factor for 4 dB, 
or 10 x /2. The factor for 40 dB is therefore ten times 
that for 20 dB, or 10 x 10 = 100. 

A good exercise is to list all the factors for decibel values 
from 1 to 20 using Table 2 and the rules we have discussed. 
Compare your results to the factors listed in Table 3. 

Whole- number Factors 
Certain dB ratios provide whole -number factors. The fac- 

tors are easy to remember (especially if you use them fre- 
quently) and can greatly help you to determine dB /voltage 
levels. The most common ones are given in Table 4. 

The Sixth Root of Two 
Another convenient memory device to determine the dB 

ratios uses the sixth root of 2. (That's for voltage measure- 
ments -use the third root of 2 for power measurements.) We 
merely establish 216 as being equal to 1 dB. That % power of 

(Continued on jump page 92) 
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ON COMPUTERS 

V 

If it ain't broke, fix it anyway! 

DONE OF THE MOST FRUSTRAIING AS- 

pects of personal computing for the begin- 
ner is the so- called RS -232 standard. 
Most of the world accepts the term stan- 
dard to represent something universally 
understood, whether it's a manufacturing 
standard, a performance standard, a size 
standard, a musical standard... whatever. 
The standard foot is twelve standard 
inches anywhere in this world, the musi- 
cal tone middle A is 440 -Hz unless spec- 
ified otherwise: a compact cassette tape is 
mechanically the same in Hong Kong as it 
is in Switzerland, and a DIN connector is 
a DIN connector everywhere on Earth. 

But an RS -232 I/O (input/output) is a 

standard that depends on who built the 
equipment. Back in the dim (not to be 
confused with DIN) days of the past, 
when every manufacturer had his own 
unique protocols- control signals -for 
serial transmission of data, communica- 
tions closely resembled the legendary Ian - 
guage gap in the Tower of Babble story. 
About the most one could expect is that a 

computer could communicate with other 
equipment from the same manufacturer. It 
was unlikely that two devices of different 
manufacture could communicate with 
each other, because both the signals and 
the connectors were different for each de- 
vice. 

Realizing that the world is neither flat 
nor prepared to forego modern communi- 
cations because there was no communica- 
tions standard, the EIA -the Electronic 
Industries Association -eventually came 
up with the RS -232 standard. 

Introducing RS -232 

The RS -232 standard is jam -packed 
with goodies, because it's supposed to be 

a universal standard capable of accom- 
modating all foreseeable communications 
needs. It would take a book- length feature 
to cover everything about RS -232. To 
keep it all within this column, we'll limit 
ourselves to RS -232 as it affects personal 
computers and ancillary hardware such as 

printers and modems. 
To start off, there is the connector. It is 

almost universally accepted that RS -232 

TABLE 1 -RS -232 CIRCUIT SUMMARY 

Pin Name EIA DTE DCE Function 
1 CG AA Chassis Ground 
2 TD BA Transmit Data 
3 RD BB I Receive Data 
4 RTS CA Request To Send 
5 CTS CB « Clear To Send 
6 DSR CC M Data Set Ready 
7 SG AB Signal Ground 
8 DCD CF « Data Carrier Detect 
9* M Positive Test Voltage 

10' Negative Test Voltage 
11 (usually not used) 
12+ SDCD SCF I Secondary Data Carrier 

Detect 
13+ SOTS SCB Secondary Clear To Send 
14+ STD SBA Secondary Transmit Data 
15# TC DB I Transmit Clock 
16+ SRD SBB $ Secondary Receive Data 
17# RC DD Receive Clock 
18 (usually not used) 
19+ SRTS SCA I Secondary Request To 

Send 
20 DTR CD Data Terminal Ready 
21' SQ CG M Signal Quality 
22 RI CE « Ring Indicator 
23' CH Data Rate Selector 

CI I Data Rate Selector 
24' XTC DA External Transmit Clock 
25' Busy 

The character following the pin number means: 
Rarely used. 

+ -Used only if secondary channel is implemented. 
# -Used only on synchronous interfaces. 

The direction of the arrow indicates which end (DTE or 
DCE) originates each signal, except for the ground lines 
( - ). For example, circuit 2 (TD) is originated by the DTE 
and received by DCE. 

I/O (input /output) will use the DB -25 
connector, meaning a D -type connector 
having 25 terminals. Unfortunately. uni- 
versally doesn't mean a /ways -at least 
not in the dictionary used by computer 
manufacturers. 

For example, the IBM PCjr uses what 
is called a Berg connector for the RS -232 
I /O: the user must purchase a special 

Berg -to -DB adapter cable if he or she is 

going to connect to a standard RS -232 
connector. As a matter of fact, the only 
place where the IBM PCjr uses a DB -25 
connector is for the printer parallel -out- 
put, which should be a Centronics -type 
connector. So what do you think you have 

to purchase in order to use a parallel 
(Continued on page 95) 

36 



By Gary Kloesz* 

TONE- 
RINGER 

Eliminate that spine -chilling, ear - grating Ma Bell ringer 
by replacing it with our pleasing two -tone warble caller! 

EVER WISH YOU HAD A TELEPHONE RINGER IN YOUR BACK 
yard, or one that sounded different than your neighbors? Here 
is an electronic ringer project that is centered around a 
Motorola MC34012 telephone, tone -ringer, integrated cir- 
cuit. The MC34012 chip, along with a piezo -electric sound 
transducer, produces a pleasing two -tone warble (some say 
it's a turkey call) whose frequency may be adjusted to suit 
anyone's listening taste. 

Circuit Description 
The MC34012 tone- ringer chip (Fig. I) derives it's power 

by rectifying the AC ringing signal. That signal is normally at 
20 Hz and measures between 70 and 130 -volts rms. It uses 
that stolen power for the tone generator and to drive the piezo- 
electric transducer. 

The sound that is produced is a warble that varies between 
two frequencies, fo/4 (fo - 4) and fo/5. The clock, or 
fundamental, frequency, fo, is generated by a relaxation 

'Consumer Strategic Marketing, Motorola. Inc.. Semiconductor Productions Sector, Phoenix, 
Arizona 

FIG. 1- COMBINED SCHEMATIC AND BLOCK diagram of the 
tone ringer may look complex, but all the elements inside the 

dotted box rule are contained by the integrated- circuit chip 
U1. Only eight circuit elements make the chip operational. 
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oscillator. That oscillator has R2 and C2 as its frequency 
setting components providing a selectable range of 1 kHz to 
10 kHz. Selecting different values for R2 and/or C2 changes 
the clock frequency, which in turn varies the warble frequen- 
cies. 

The MC34012 chip comes in three different warble rates at 
which the warble frequencies (fo/4, fo/5) are varied. These 
warble rates are fo/320, f0/640, or fo/160 and the different 
chips are designated as MC34012 -1, -2, and -3, respectively. 
For example: with a 4.0 -kHz oscillator frequency, the 
MC34012 -1 produces 800 -Hz and 1000 -Hz tones with a 12.5 - 
Hz warble rate. The MC34012 -2 generates 1600 -Hz and 
2000 -Hz tones with a similar I2.5 -Hz warble frequency from 
a 8.0 kHz oscillator frequency. MC340I2 -3 will produce 
400 -Hz and 500 -Hz tones with a 12.5 -warble rate from a 2.0- 
kHz oscillator frequency. 

The Tone -Ringer output circuit can source or sink 20 mA 
with a voltage swing of 20 -volt peak -to -peak. A volume 
control may be installed by adding a potentiometer in series 
with the piezoelectric sound transducer, PZ1. 

C3 The input -signal, detection 
1 circuit activates the Tone - 

Ringer output when the AC- 
line voltage exceeds the pro- 
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HING R2 PZ1 C2 TIP \ 
R1 U1 C4 R3 C3 

FIG. 2- PRINTED -CIRCUIT 
board layout is shown 
here same size. Should 
you plan to make one, 
then make ten or more for 
almost the same price and 
time. Your friends 
are sure to want a few. 

grammed threshold level. The threshold is set to keep the 
ringer from sounding during dial pulse transients. 

The MC34012 chip also contains transient protection to 
protect it from high- voltage spikes that can occur on tele- 
phone lines, and incorporates a bridge rectifier (polarity 
guard) on the input which allows the chip's tip and ring 
connections be reversed. 

Ringer equivalence is a measurement that compares the 
electronic ringer's AC load impedance to a standard 500 - 
series Bell telephone. The standard is 7000 -ohms at 20 to 30 
Hz. The Tone -Ringer's AC impedance. using input values of 

PARTS LIST FOR TONE -RINGER 

SEMICONDUCTOR 
PZ1 -Toko PB -2720 sound transducer (Radio Shack 
273 -064. or equivalent) 
U1- MC34012 tone -ringer, integrated circuit 

RESISTORS 
(All resistors are 1/2 -watt. Refer to text for value ranges) 
R1- 4700 -ohm 
R2- 68,000 -ohm 
R3- 2000 -ohm 

CAPACITORS 
(Refer to text for value ranges) 

200 -WVDC. non -polarized 
C2- 0.001 -µF 
C3- 1.0 -11F 10 -WVDC, electrolytic 

25 -WVDC. electrolytic 

ADDITIONAL PARTS AND MATERIALS 
Printed -circuit material. telephone cable. required plugs 
and jacks to tie into your phone line, plastic housing to 

contain project, wire, solder, hardware, etc. 

THE COMPLETED Tone -Ringer is smaller 
than the mouthpiece of a telephone 
handset. Connect the telephone line to 
the ring and tip terminals, and the 
project is ready for its first call. 
Install the Tone -Ringer inside your 
telephone. provided that you own it and 
there is ample space to house it. 

4,700 ohms and 1 RF, is greater than 10,000 
ohms. That results in a ringer equivalence of 
approximately 0.7A, and should be reported to 
the telephone company. 

Parts Value Ranges 
Listed below are circuit- function descriptions of the exter- 

nal components connected to the MC34012 chip and the 
normal ranges they may fall into: 

RI -Line input resistor -controls the Tone -Ringer input 
impedance. It also influences the ringing threshold voltage 
and limits excessive currents due to line transients. Range: 
2000 - 10,000 ohms; 

Cl -Line input capacitor -couples the line's AC- ringing 
signal to the Tone -Ringer's MC340I2 chip and determines 
the ringer -input impedance at low frequencies (5 Hz)- 
range: 0.4 -2.0 RF (use 200 -WVDC, non -polarized type); 

R2- Oscillator resistor- range: 50,000- 300,000 ohms; 
C2- Oscillator capacitor -range: 400 -2000 pF; 
R3- Input -current, sense resistor -controls the ringing 

threshold voltage. Increasing R3 decreases the ring -start volt- 
age. Range: 800 -2000 ohms; 

C3- Ringing threshold capacitor- filters the rectified 
supply voltage across R3 at the input of the ringing threshold 
comparator. It also provides dialer transient rejection. Range: 
0.5 -5.0 RF; and, 

C4- Ringer supply capacitor -filters the rectified supply 
voltage for the tone generating circuits. It also provides an AC 
path for the 10 -volt rms ringer signature impedance. Range: 
1.0 to I µF. 

Construction 
The Tone -Ringer may be constructed on a perfboard or 

(Continued on page 97) 
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ON SCANNERS 

Welcome to the wide -world of Scanners 
IT WAS INEVITABLE, THE INTERFACING 
of a scanner and a personal computer. 

But Electra did it. Well, it was Electra 
(in 1968) who invented the scanner in the 
first place, so it was probably their destiny 
to come up with that absolutely fascinat- 
ing marriage of those two devices. The 
Electra Company (300 East County Line 
Rd., Cumberland, IN 46229) calls that 
tantalizing innovation the Bearcat Com- 
puScan 2100; they supply the scanner and 
the software-you provide the personal 
computer of your choice. 

What does the CompuScan do? For 
starters, it's a 200- channel scanner that 
covers ten bands, including the 70 -cm., 
2 -, 6- and 10 -meter Amateur Radio 
bands, the VHF zero band, and the low/ 
high /UHF and UHF -T public -safety 
bands. The channels you program into the 
CompuScan can be individually- custom 
tailored to your specific monitoring de- 
sires, such as assigning them levels of 
priority to permit you to bring the calls 
you want in the order of importance. You 
can also select special instructions for 
each programmed channel and the Com- 
puScan will switch to a certain antenna, 
or turn on a tape recorder, per your com- 
mands for individual channels. 

the monitor screen brings up a full 
tally on each channel you've programmed 
into the scanner, including its lockout or 
priority status. what that frequency is 
used for (and who is using it), and the 
number of transmissions monitored on 
that channel. You may even wish to pro- 
gram in the operating codes used by vari- 
ous agencies on certain channels! 

A search feature permits you to have the 
CompuScan sort through large band seg- 
ments to seek out new stations and active 
frequencies -and when it discovers a fre- 
quency you like, it programs that frequen- 
cy into the computer's memory for more 
intensive study while in the scan mode. 

Electra has prepared software to be 
used by virtually all of the popular per- 
sonal computers, and (of course) you can 
use any antenna of your preference with 
the CompuScan. We saw it operating with 
a Commodore 64, and the software was on 
a single floppy disk. It was simple to hook 
up. easy to program and operate, and it 
performed like a champion. If you have a 
personal computer, here's a new dimen- 
sion to add to it's usefulness. Those units 
are now on the market at dealers who 
carry the Bearcat scanner line. The name 
of the Bearcat dealer nearest you can be 

THE BEARCAT CompuScan 2100 comes with custom software on a floppy. 
custom interface cable, AC adaptor, plus a special telescoping whip antenna 

with 20 -foot coaxial cable and mating BNC connectors. 
CIRCLE 720 ON FREE INFORMATION CARD 

TELEPHONES in vehicles operate in 
the 152 and 454 MHz bands. The recent 
commercial growth of on- the -road 
phones increases your scanning pleasure. 

obtained by calling I- 800 -SCAN N I Iz 

(It's a free phone call). 

Eavesdropper Special 
Do I have to tell you that wiretapping is 

illegal? They had to make it so because so 
many folks are fascinated by what other 
folks are saying in private. By a rather odd 
twist of fate, it seems that cordless tele- 
phones aren't covered by the privacy 
laws. What with cordless telephones so 
popular, you're probably within listening 
range of anywhere from I to a dozen such 
units; they're usually advertised as having 
a 700 -foot range, but most can be heard 
for considerably farther than that; all it 
takes is a scanner and a good outside 
antenna! It's unbelievable what people say 
over those things. In fact, a Kansas police 
department was monitoring someone's 
cordless telephone frequency and they 
overheard the guy making a drug deal. 
They busted him, based upon his cordless 
phone chatter! 

Older cordless telephones had the 
handsets operating in the 49 -MHz region 
of the spectrum (within the frequency ca- 
pabilities of all scanners) and the base (or 
pedestal) units operating between about 
1600 and 1800 kHz. Just recently, the 
FCC announced new frequencies which 
go into effect in October (1984), and that 
means that your scanner will be able to 
monitor both sides of cordless -telephone 
conversations! 

The new frequencies are shown in Table 
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SAXON ON SCANNERS 

I. Note that the 49 -MHz channels for the 
older -type cordless telephone handsets 
have been incorporated into those new 
allocations so there are presently stations 
operating on channels 2. 3, 5, 6, and 7 

(handset frequencies only). 

TABLE 1 

New Cordless Telephone Channels 
Channel 

No. 
Base 
(Mhz) 

Handset 
(Mhz) 

1 46.61 49.67 
2 46.63 49.845 
3 46.67 49.86 
4 46.71 49.77 
5 46.73 49.875 
6 46.77 49.83 
7 46.83 49.89 
8 46.87 49.93 
9 46.93 49.99 

10 46.97 49.97 

Because the majority of users of cord- 
less telephones don't seem to realize that 
they can be easily overheard, they are usu- 
ally pretty free with their thoughts and 
words. By the way, the little hands -free 
FM communicators also operate on those 
same 49 -MHz channels. 

High Tone Monitoring 
Speaking ut monitoring phone calls, 

when those calls come from car tele- 
phones they are probably within the bands 
152.51 to 152.81 MHz or 454.375 to 
454.65 MHz. As pointed out by reader 
Randy McGuire of Dallas, TX, it's inter- 
esting to check those frequencies out to 
see which of the 23 channels is active in a 

given area. 

A WHOLE NEW listening area for 
scanner owners is available. Cordless 
telephones are easily heard on your 
scanner. Don't believe the sales data 
about up to 200. 500. 700 or more 
feet of listening range. With a 

clear channel in your area. distances 
up to half -a -mile have been recorded. 

Once you find such a frequency, you're 
sort of stuck with it. That is to say, your 
scanner is more or less stuck on it, and he 

means literally, not in the romantic sense. 
Most of the base stations associated with 
such operations transmit a signal even 
when they are not actually handling a 

phone call; and more often than not there 
is a shrill and high -pitched tone superim- 
posed on that carrier. It's like a dial tone, 
in a sense. In any event, as the man said, 
once your scanner locks on to such a sig- 
nal, it just can't find the heart to leave it. 
That's because scanners are designed to 
hop to their next programmed frequency 
on!). when the signal to which they are 
tuned stops transmitting. Those signals 
are on continuously, like the NOAA 
weather stations on 162.55 MHz and 
other 162- MHz -band frequencies. 

If you want to monitor those mobile 
phone frequencies, start out by entering 
the band limit in your scanner's search 
mode and finding out which are active in 
your area. (Just about every area has at 
least one or two, with larger metro areas 
having a dozen or more, and in both 
bands.) When you find the active frequen- 
cies, you'll probably have to endure the 
annoying high pitched tone between calls 
placed and simply sit on that one frequen- 
cy, or else depress the scanner's monitor 
button manually to get it past that frequen- 
cy so it can continue scanning. If you 
don't mind doing that, then you will prob- 
ably find monitoring those stations pretty 
interesting. 

Federal Stuff 
Reader Jack Harrington of Los An- 

geles, CA says that he once read that FCC 
mobile units communicate on 41.06 
MHz, but he's spent a lot of time monitor- 
ing that frequency and hasn't heard any- 
thing. My own experience is that your 
best bet would be tò try 167.05 MHz on 
your scanner, because I think it has possi- 
bly replaced the 41.06 MHz frequency. At 
any rate, 167.05 MHz does appear to be 
active in many areas of the nation and 
repeaters are located in most (or all) FCC 
District Offices. 

Jack advises that he especially enjoys 
monitoring the scanner frequencies used 
by various federal agencies. He has heard 
plenty of Coast Guard activity on 157.10 
MHz, and also Dept. of Agriculture For- 
estry Service aircraft on 118.95 MHz. He 
does complain that he's had some diffi- 
culty in gathering frequency data on 
federal agencies, especially some of the 
more interesting ones, because such infor- 
mation doesn't show up in the various 
police /fire frequency lists available to 
scanner users. That's true; however, the 
many scanner owners avidly devoted to 
monitoring all federal agency frequencies 
have come to rely upon a really useful 
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SCANNING the federal frequency 
bands offers lots of excitement. but 
only if you know where to listen. 
This frequency directory tells all! 
Refer to the text for details. 
CIRCLE 727 ON FREE INFORMATION CARD 

book which lists about 60,000 frequen- 
cies, call signs, locations, and other data 
on those systems. It covers FBI, FCC, 
Secret Service, Border Patrol, Alcohol 
Tobacco and Firearms, Customs Service, 
federal prisons, Federal Marshals, 
NASA, FAA, EPA, bugs and surveillance 
frequencies, National Park Service, all 
military services, and more. That is a 

large 168 page volume called The Top 
Secret Registry of U.S. Government Ra- 
dio Frequencies, by Tom Kneitel, 
K2AES. The recently updated 5th Edition 
is available at $14.95 (plus $2 postage) 
from CRB Research, P.O. Box 56 -GK, 
Commack NY 1 1725. CRB also has a free 
catalog of all sorts of other fascinating and 
unique scanner directories, covering 
things such as railroads, aeronautical, sur- 
vival, and similar communications. 

For scanner buffs who want to expand 
their horizons into some really exciting 
areas, the federal stations are surely the 
way to go. Most people don't realize that 
more than half of the communications - 
frequency spectrum between 30 and 512 
MHz is reserved for the exclusive use of 
federal- agency communications! Without 
sufficient information on what's going on 
there, your 8- cylinder scanner is only run- 
ning on 3 cylinders, so to speak. 

Helping Hands 
Many police and fire agencies have 

come to find that their operations are en- 
hanced by cooperative arrangements with 
similar agencies in other cities or coun- 
ties. The way that they communicate with 
one another is by means of Mutual Aid 
frequencies, and it's usually worth pro- 
gramming such frequencies into a scanner 
to see what they have to offer in the way of 
traffic. 

While some agencies don't make use of 
such communications, and some that do . 

have them established on uncommon 
channels, there are certain Mutual Aid 
frequencies which appear to be rather 

(Continued on 94) 
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Quick 

Code 

Practice 

Oscillator By Evert Fruitman 

Morse Code proficiency comes quicker when you pound and hear the key! 

LITHE HMS TITANIC WAS ONE OF THE FIRST OCEAN-GOING, 
vessels to use the then newly standardized wireless distress 
call. *SOS. Of course the shipboard radio operator sent it by 
Morse code, because that was many years before two -way 
voice communication became a practical reality. To this day, 
ships at sea and the Coast Guard still monitor certain chan- 
nels on a regular basis for distress traffic. International law 
still requires a working knowledge of International Morse 
Code for those radio operators who sail (or motor) across the 
ocean. 

Almost -painless ways to learn the International Morse 
Code abound. You can make it even more enjoyable by 
building some of the equipment yourself. That way you can 
learn some theory as you learn the code. I went down that 
road myself with a vacuum -tube code practice oscillator 
(CPO). In addition to the code, I started learning vacuum - 
tube theory, transformer theory, and troubleshooting tech- 
niques! 

Thanks to modern technology, we have a simplified code - 
practice oscillator that is a fun project and won't overdose us 
with theory. 

The common clock oscillator found in computer circuits 
forms the basis for the Quick Code Practice Oscillator. That 
basic circuit (Fig. 1) can operate from the low- megahertz 
frequencies to the subaudible region. (Down there it runs so 
slowly that you could use a light bulb to tell when the gates 
turn on and off.) We will pick our circuit values so that it 
operates in the audible region. 

A transistorized oscillator by comparison, would need 
more parts before it could drive low -impedance earphones or 
speakers. The inexpensive 7404 hex -inverter integrated cir- 
cuit (Fig. 2) chosen for this project has enough amplification 
to handle a wide range of transducers. Some of that ampli- 

'Actually, the Titanic sent both SOS and COD (Come Quick -Disaster) Morse 
code calls. The SOS call was approved for international use at a Berlin con- 
ference in 1900. and it took a few years for all nations to accept the new standard 
distress call -SOS. 

fication connected in a closed (positive) feedback loop pro- 
duces an oscillation (a tone) in the audible range. Connect 
that to an earphone and chop the tone up with a telegraph key 
(via jack JI) for instant code practice. The resistors in the 
circuit are 2200 -2700 -ohm values. 

Closing the key completes the battery circuit and applies 
four to five volts to the 7404 chip. See Fig. 1. The battery, B1, 
is a 4.5 -5.0 -volt DC unit. Bias for the first two inverter amps 
(Ul -a and UI -b) comes from the two resistors, RI and R2, 

2 -3K 2-3K 

OUTPUT U1 
7404 

FIG. 1 -BASIC SCHEMATIC DIAGRAM of an audio oscillator 
with buffer that can be used as the tone element of a code 
practice oscillator. Key may be inserted in Vcc line. 

connected between their inputs and outputs. The capacitor 
and rheostat control (R3 /C1) close the feedback loop from the 
input to the properly -phased output. The signal leaving Ul -b 
drives the remaining four inverter amplifiers, UI -c through 
Ul -f; they, in turn, drive the phones or speakers. 

The volume control potentiometers, R4 -R7, (Fig. 2) may 
have any value from 1500 ohms to 10,000 ohms. The smaller 
values work best when speakers, or low impedance phones, 
are used. 

Although the IC manufacturer recommends 5.00 -volts 
±0.5 -volt power sources, and loads no smaller than about 
250 ohms, I have had no trouble using three penlight cells for 
power, and 8 -ohm speakers for the loads. 
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TELEGRAPH KEY 

í 

J2 

J1 

J3 THE QUICK CODE 
Practice Oscillator 

J4 may take any size and shape 
depending on what you want it 

J5 to look like. or the parts available. 

PLUG 

ON KEY 

Construction 
Must of the parts mount on the chassis box. The IC socket, 

bias resistors Rl and R2, and feedback capacitor CI reside on 
a small piece of perforated board. Insulate the key jack, Jl, 
from the (metal) chassis. Miniature plugs and jacks make 
convenient and economical connectors. If I didn't have a 

chassis box left over from another project, the project most 
likely would have found itself in a plastic 3- x 5 -in. card file 

box, with 6 -32 machine screws serving as binding posts. 
Use any form of construction that you find convenient. Use 

only one volume control if you don't plan on group study. If 
one or more of the hex inverter amplifiers is not used, leave 
the input and output pins disconnected. Do wire the second 
inverter amplifier output (pin 4) to the third inverter amplifier 
(pin 5); the latter serving as a buffer stage. That gives the 
oscillator section good isolation from the load. Mount the 
controls and the jacks on the panel, then wire the circuit 
board to them. A small piece of perforated board holds the 
few parts that don't mount on the chassis. The resistor and 

(Continued on page 101) 
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Cl 
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TONE 

TABLE 1- INTERNATIONAL MORSE CODE 

A N - 
B . . . - - - 
C- - P-- 
D - Q - - - 
E R - 
F..-. g ... 
G - - T - 

.. U .. - I V - J--- W - - 
K - - X - - 
L - Y - - - 
M -- Z - - 

(period) 
, (comma) 
? (question mark) (IMI) 
i (fraction bar) 
: (colon) 
; (semicolon) 
( (parenthesis) 
) (parenthesis) 
' (apostrophe) (WG) 
- (hyphen or dash) (DU) 
$ (dollar sign) (VU) 
" (quotation mark open) 
" (quotation mark close) 
Error sign (8 dots) 
Separation indicator (BT) 
End of transmission (AR) 
Invitation to transmit 
Wait (AS) 
End of work (SK) 
Starting signal 

PARTS LIST FOR 
QUICK CODE PRACTICE OSCILLATOR 

{1- 4.5- 5.0 -VDC (See text) 
1- .27 -p.F. disk capacitor 

1 -J5- Two -circuit lacks, phone or miniature type 
31. R2- 2200 -2700 -ohm, 12 -watt, 10% resistor 
13 -R7- 1500 -10.000 -ohm potentiometer, any taper 
11 -7404 TTL hex inverter integrated circuit 
elegraph key, aluminum chassis box, wire, solder, 

hardware. etc. 

FIG. 2- YOU'LL SPEND MORE TIME drilling holes in the chassis box 
when assembling the project than soldering the circuit components together. 
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15K 

J2 

J3 

J5 

PTO PHONES 
OR SPEAKERS 
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Why wait for your disk drive to clinkity -clink while retrieving and 
storing data from a floppy, when it all can be placed in RAM that 

is configured to function as a disk and do the job in nanoseconds! 
DONE OF THE MAJOR f.EATURES OF THE LATEST, HIGH -PER- 
formance, personal computers is something called disk emu- 
lation, or RAMdisk, meaning RAM memory that functions as 
a disk drive. Disk emulation provides essentially instan- 
taneous data and program access, because there's no mechan- 
ical movement involved with searching out the desired data. 

As a general rule, the computer itself doesn't come with 
the feature. Either it has the capability for RAMdisk, mean- 
ing that them are unpopulated (meaning empty) sockets for 
the required IC's. or there's an optional plug -in accessory 
board containing the necessary circuits and sockets. Either 
way. the cost of components and installation is often well 
beyond what the budget can stand. If your computer has the 
inherent capability for RAMdisk (as Radio Shack's Model 4 
has) anywhere from 25% to almost 50% of the usual upgrad- 
ing cost can be saved if you do the upgrade yourself. That 
usually consists of no more than plugging the right chips into 
a matching empty socket. 

A do- it- yourself upgrade of Radio Shack's Model 4 com- 
puter shows just how easy it is. and the kind of savings that 
can be made. The Model 4 can address 128K of RAM 
memory in two banks of 64K. It is normally supplied with 

DON'T DO ANY do- it- yourself retrofits of a computer 
until the warranty expires. Then you can break the seal 
to get across at one of the screws that secures the cabinet. 
Fool around before and you may have to pay the piper! 

64K: the additional 64K is optional. Normally, any part of 
RAM can be software- configured to function as a disk; but if 
we start dividing 64K into bits and pieces there isn't room to. 
do much of anything. With I26K of RAM, however, if 64K is 
used for normal functions. that leaves 64K either for use as 
RAMdisk, or for use as straight additional RAM...and you 
can run a lot of in -memory data files in I28K of RAM. 

But factory- authorized RAM upgrades don't come cheap! 
For example, RADIO Shack charges $149 for the 64K RAM 
upgrade chips. plus an installation charge of $15; total: $164. 
As you might imagine, $15 represents about 20 minutes 
work. Since you're not all that skilled when it comes to 
Model 4 servicing. it would take you about one -half hour. 
And what would you save? About $75, because you can 
purchase the complete upgrade package, consisting of only 
nine IC's. from aftermarket vendors for $89 or less. Of the 
nine IC's, eight provide the additional 64K of RAM; the ninth 
is called a PAL, a device that handles the bank switching. 

Going About It 

The photographs show how to handle the upgrade of a 
Model 4 computer. Other computers are physically different, 

IN RADIO SHACK'S MODEL 4 computer the main chassis 
containing the RAM ICS is in the metal box at the rear. 
Other computers have this portion of the circuitry on the 
mother board, and that board may be completely removable. 
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VERY CAREFULLY. so you don't disturb any internal plugs 
and connectors. remove the shield cover from the main 

chassis. Keep a log of the disassembly procedure so 

that you can restore your computer to a whole state. 

but the general idea is the same. Keep in mind that upgrade 

kits are supplied with specific instructions for the kind of 
computer you may own. 

The first step is to remove the cover, that is usually not a 

problem, though you must be certain that there aren't compo- 
nents attached to the cover. On the Model 4, one of the 

attaching screws is directly on top of the cover; another is 

concealed behind the warning -label seal that states you void 

the warranty if you break the seal. Since your computer is 

probably out of warranty by now, go ahead and lift, or 

puncture, through the seal. 
Lift the cover off gently. Aha! The CRT assembly and its 

circuit board are attached to the cover, and there is a wire 

bundle from the main circuit board to a connector on the 

cover. Mark the connector with a grease pencil, so you know 

which side goes where, and carefully slip the connector free. 

Do not free the connector until you have made your mark! 

While the connector is normally polarized by a small internal 

strip of plastic. on your computer the plastic might be miss- 

BEFORE TOUCHING any IC, either in the computer or in the 

upgrade kit, attach a ground clip to your watchband's metal 
part. If you don't usually wear a watch, wear one for this job. 
The text covers the construction details of this assembly. 
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ing, or not even provided. Finally, set the cover aside. 

Locate the main computer area. To prevent RF radiation, 
it's generally located within a metal shield. On the Model 4 

it's the rectangular metal box at the rear of the main unit. 
Remove the shield's screws and carefully lift the cover clear. 

Take note that if any wiring gets disturbed when you remove 

the cover, because there might be a connector at the end of the 

wire, and internal computer connectors are notoriously 
loose, easily disturbed. 

Look at the rear of the main board and you will find eight 

unpopulated (empty) sockets for memory expansion. Re- 

gardless of the type of computer you have, the unpopulated 

sockets will most likely be immediately adjacent to the main 

RAM. The RAM IC's in your upgrade kit will go in those 

sockets. (If your computer takes more than 64K of RAM you 

will probably have eight sockets for each 64K of RAM.) 
Somewhere there will be a jumper plug or plugs that 

control the RAM addressing. Your upgrade kit will usually 

be provided with instructions on what jumpers are to be 

changed, or -as in the case of the Model 4 computer -you 
will replace a DIP jumper plug with an IC. In the Model 4, a 

four -position DIP jumper is installed in the lower half of 
socket U72, which is located near the bottom center of the 

main board. 

Installing the Chips 
The CMOS RAM IC's are extremely sensitive to static 

electricity, and just one touch is all it takes to zap an IC; so 

you must be grounded before you touch either the IC's in the 

upgrade kit or anything on the main computer board. A safe 

ground is made by attaching a small alligator or crocodile clip 
to a thin insulated wire which is in series with a 1- megohm V4- 

or 1/2-watt resistor. The free end of the assembly is connected 

to an electrical ground such as the cover of an electrical 

outlet which you know for certain is grounded. As a general 

rule -but check the outlet, anyway -if the receptacle has 

only two slots for a parallel -blade plug, the receptacle box is 

probably not grounded. If the outlet is the U -ground type, the 

box is probably -but not necessarily- grounded (there are 

sloppy electricians). The ground strap assembly construction 
details are shown in Fig. 1. 

If you have U -ground outlets, that 1- Megohm resistor can 

THE ROW OF EMPTY SOCKETS accommodates the additional 
new RAM IC's. Those sockets are located immediately adjacent 
to the sockets filled with the factory -installed RAM IC's. 

Check the instruction sheet for different computers. 
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FIG. 1 -A GROUNDING STRAP is required to handle 
CMOS IC's. A banana plug can be inserted into the U- ground 
terminal of an AC outlet. Should no 3- terminal outlet be 
available, use a water pipe or other good. metallic ground. 

be installed inside a banana plug. If you expand the sleeve of 
the plug with the blade of a knife, it will plug into the ground 
connection of a U -ground outlet. (No, it can't plug into a hot 
connection, because the banana plug won't fit into a blade 
opening.) 

Making certain you have the IC's positioned correctly - 
usually the notch at one end of the IC's all face the same 
direction -carefully insert the RAM chips in their sockets. 
Usually, the IC terminals are flared and are wider than the 
spacing of the socket's terminals. Don't try to force the IC 
terminals straight as you insert the chip, because that's a sure 
way to end up with one or more terminals folded under the 
chip. Straighten the IC terminals with long -nose pliers, or an 
IC- terminal tool, before you try to insert the chips. Also, if 
possible, use an inserting tool when installing the chips; it 
keeps the terminals in alignment. (But there's no need to buy 
one if you don't already own one.) 

Finally, locate the DIP jumper, which uses only part of the 
PAL socket, and carefully note for future reference where it is 

INSTALL the upgrading RAMs very carefully, so that a pin 
terminal does not fold under the chip. If possible, use an IC 
inserting tool to be certain that the IC pin terminals are 
kept in perfect alignment with the socket during insertion. 

FINGER POINTS to the DIP -jumper plug that occupies part 
of an IC socket. Mark the DIP's position within the socket 
(it takes up part of the socket) sDmewhere on the chassis tor 
future reference, and then substitute the supplied PAL chip. 

located in its socket. Mark its location directly on the chassis. 
because you might need the information if you ever need to 
remove the upgrade. 

Position the notch on the PAL chip as shown in the sup- 
plied instructions and plug it in. That's it; the RAM upgrade 
is completed. 

Checkout 
Some means to check the additional RAM is usually 

provided with the computer's operating system. Often, it's 
done by taking a check of available memory, or an actual 
separate test of the additional RAM is run. In the case of the 
Model 4, which is used with Montezuma Micro CP /M, a 
separate utility program supplied with CP /M automatically 
tests the 64K RAM and then partitions the full 128K of 
memory into 64K user RAM and 64K RAMdisk. Radio 
Shack's own operating system allows user utilization of the 
complete 128K of RAM, and permits any amount of RAM to 
be partitioned as a RAMdisk. 

REASSEMBLE the computer, and then run your test program. 
The display on the screen from the Montezuma Micro CP M 

DOS shows that the user -installed 64K has passed its test 
and has been configured to function as RAMdisk drive M:;. 
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RESISTOR 

BANK ; 

Pick the right resistance to 
complete the transistor bias network 

Find the replacement for a burned 
out, or otherwise illegible, resistor 

Select the frequency determining 
resistor for an R -C oscillator 

Determine a pot's paralleling re- 
sistance to trim to a selected value 

Check your ohmmeter's readings 

By C. B. Oh man 

DONE OF THE MORE USEFUL TEST -BENCH INSTRUMENTS FOR 

the electronics experimenter is a resistance substitution box. 
The one described in this article -we call it the Resistor 
Bank -is unique in its convenience and ease of operation. 
What makes the device so useful? The Resistor Bank is useful 
in selecting the right resistance to complete a specialized - 
biasing network. It is useful for finding the right replacement 
for a burned -out, or otherwise illegible, resistor. It's ideal for 
selecting the frequency -determining resistor for an R C os- 
cillator. The Resistor Bank lets you check an ohmmeter for 
correct ohmic indication throughout the meter's many 
ranges. See how handy it is to determine the required paral- 
leling resistance to trim another resistor to a desired value. 
Other opportunities for unusual applications for the device 
will suggest themselves once you make the unit and have it at 
the ready on your test bench 

Had the Resistor Bank been a commercial unit, the engi- 
neering specification sheet would probably read something 

10 15 

1 o 
22 
o 
33 (321 
o 

47 (49) 

6 

468 (71) 

J1 

RI 
XI 1 2052 

2 1 

X10 

X1001 

X1K 1 A 

X10K1 
1 

X100K1 

X1MEG1 

R5 
20012 

3 
R9 

2K 

o--WvR13 
4 20K 

R17 
200K 

R21 
6 2MEG 

o--4,AA. R25 

ó 20 MEG 

I R2 
4 I 1 2212 

R6 
o 

o B 
o 

3 

o-,0vv22012 
R10 

o-V`2.2K 
R14 

4 Bo-4A422K 
R18 
220K 

o-5 H22 
o-Wv2.2MEG 

R26 

o-1V1.22 
MEG 

10 

o C 

o 

I R3 
5 

1 

1 2052 

I R7 
2 

I ,20012 
R11 

I 3 2K 

1 ciW41 R15 

SPLICE POINTS I C o--ROy 
(SEE FIGURE 311 K 

I R23 o- 2MEG 

1 R27 
1 o-Am,20MEG 

1 

1 

1 

7 

1 

I R4 

8 1 1 3912 

S2 

- 
R8 

MULTIPLIER MULTIPLIER 39012 

FIG. 1 -THE SCHEMATIC diagram 
reveals the truth -the Resist- 
or Bank is nothing more than a 
box of resistors with suitable switch- 
ing. But, there's more: the intercon- 
nection of resistors and switches is 
done in a manner that limits the number 
of resistors required to do the job. 
After all, you could wire up a box that 
selected discrete resistors from 10 

ohms to 68 Megohms, and the size and 
price would be considerably larger. 
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like this: 
Specifications: Ranges: 7 decades (10 -68 ohms, 
100 -680 ohms, 1K-6.8K, 10K -68K, 100K -68K, 1 

Megohm -6.8 Megohm, 10 Megohms -68 Megohms). 
Readings and Accuracy: 6 selections per decade. ± 5% 
resistors simulate a logarithmic progression (I0, 15, 
22. 32, 49. 71). Panel markings are to the nearest 
standard resistor values. Internal Connections: Series 
and /or paralleling to produce 42 outputs from 29 re- 
sistors. Voltage Rating: 500 -volts AC or DC. Basically 
limited to 1 -watt resistor heat dissipation, up to a max- 
imum set by component ratings. Permissible voltage 
varies from 4.5- volts, as tabulated on instrument in- 
struction plate. Size: Optional. Prototype is 6 -in wide 
x 3 -in. high x 4 -in. deep. Shipping Weight: 1.5 
pounds, approx. 
There are seven groups of resistors, one for each resistance 

"multiplication" setting group. Refer to Figs. I and 2. Each 
group is made up of four resistors, two of different values and 
two of the same value. One group has five resistors, where 
two resistors simulate a single, unavailable resistance value. 
MULTIPLIER Switch S2 selects the group to be used, then 
(OHMS) switch SI connects in series or parallel those re- 
sistors in the selected group. The resulting outputs conform to 
close approximation of the standard logarithmic progression. 
The 29 resistors provide a total of 42 outputs, from 10 ohms to 
68 Megohms. Fig. 2 offers several simplified diagrams that 
indicate how resistors are selected and connected and the 
mathematics related to their summation. 
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PRINTED 
CIRCUIT 
BOARD 

HERE IS THE INSIDE VIEW of the 
author's Resistor Bank. The printed - 
circuit board is mounted off the rear 
surface of the chassis box on spacers. 
Switches were pre -wired before mount- 
ing and then soldered to the foil 
surface of the printed- circuit board 
which faces front. In truth, how you 
do it is your business, which in turn 
depends on the materials you have 
available and the intended use. You 
may want to build two units with one 
wired into your testbench top or panel 
for availability on all test and repair 
jobs. The other you can put in your 
portable test case. 

FIG. 2 -SIX SIMPLIFIED diagrams 
illustrate with attending mathematics 
the techniques used to obtain six 
discrete resistance values. To obtain 
10 ohms. two 20 -ohm resistors are 
placed in parallel: 15 ohms. 20 ohms 
is paralleled with 22- and 39 -ohms in 
series: 22. only one resistor is used: 
33 ohms. approximated with the 10 -ohm 
circuit in series with 22 ohms: 47 
ohms. approximated with the 10 -ohm 
circuit in series with 39 ohms: and. 
68 ohms. approximated with the 10 -ohm 
circuit in series with 39 and 22 ohms. 
Hand selecting a 39 -ohm resistor that 
actually measures 37 ohms would bring 
the 47- and 68 -ohm ranges right on the 
money and introduce a small unnotice- 
able .4 percent error in the 15 -ohm 
range compared to a previous .4 
percent error. In either case -peanuts! 
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Construction 
Parts used can be obtained from the junkbox if yours is well 

stocked. You will probably have to bqy all or most of the 
±5 %h. I -watt resistors. You'll find them at an electronics 
parts supply house or in a mail -order catalog. Refer to the 
Parts List for a kit supplier. 

A mail -order catalog is a good source for the rotary wafer - 
type switches. SI and S2. Either shorting or non -shorting 
contacts (or a mixture) will do: but, if you are buying the 
switches, specify shorting -contacts for both switches to avoid 
presenting an open. or pulsed circuit to the external circuit. 

Figure 3 diagrams the actual wiring. The Resistor Bank 

S1 .) 0 0 
OHMS 

6 

printed -circuit board can be composed of fiberglass, or the 
less expensive phenolic material. Resist circles, resist pen 
and etchant are the only other materials required for the 
printed- circuit fabrication. Wire used may be small gauge, 
say 24 AWG. since current -carrying capacity is not a factor; 
solid conductor is the easiest to handle. 

You could generate a printed- circuit board for the Resistor 
Bank directly from Fig. 3. If you prefer, use perfboard and 
flea clips to simulate the same layout. Some builders may try 
to assemble the resistors directly to the switches, which is a 

big mistake. The heat of the soldering iron may damage the 
switch -that would be costly. 
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FIG. 3 -THE PROJECTS's wiring diagram is shown 
here with the foil shown right -side up and full size. Switch 
terminals are shown as viewed from inside the box since that 
is where you will do the wiring. It would be a good idea to use colored ribbon cable. Wire the switch wafer closest 
to the printed- circuit board first, and then repeat procedure for each switch section duplicating that effort. 
Trace the printed- circuit foil pattern from the page to make your board and mount resistors on the non -foil side. 



aUc 
3100 a1C1 

al0 a1Wa 
a1 - _a1 a.a& 

. 

+. 
. 

.-. ........ 
-la.. , ,., .., .,. wt.r.. , 

.aML.lY .cur. 
.n u.0 aaa..ra a Wl 

NI 

err,. 
WW! .Y re 

Orb 

ore 1.uYi 
. *ar 
..t 

7>m tl.u, / ANDO 

TWO VIEWS of the author's Resistor Bank. The front panel was suitably marked by typing switch settings 
on paper and cementing the paper to the panel. A typewriter eliminated the need for decals. but you may want 

to be a bit fancier. The rear panel presents some operating information gleaned from the text. 

The packaging of the project is up to you! You may prefer a 
home made box, a professional -styled cabinet, or no box at 
all. The author used an LMB -463 aluminum box. Panel 

PARTS LIST FOR RESISTIVE BANK 

RESISTORS 
(All resistors are 5% tolerance, 1-watt, composition fixed 

types) 
R1, R2-20-ohm 
R2-22-ohm 
R4-39-ohm 
R5, R7-200-ohm 
R6-220-ohm 
R8-390-ohm 
R9, R11-2000-ohm 
R10-2200-ohm 
R12-3900-ohm 
R13, R15-20,000-ohm 
R14-22,000-ohm 
R16-39,000-ohm 
R17, R19-200,000-ohm 
R18-220,000-ohm 
R20-390,000-ohm 
R21,R23-2-Megohm 
R22-2.2-Megohm 
R24-3.9-Megohm 
R25, R27-20-Megohm 
R26, R28-22-Megohm 
R29-16-Megohm 

ADDITIONAL PARTS AND MATERIALS 
J1, J2 -Multi -way, black binding posts (Radio Shack 

274 -662, or equivalent) 
S1, S2 -4 -pole, 11- position, 4- sections, shorting -con- 

tacts, rotary wafer switches (Centralab PA1014, or 
equivalent) 

Printed -circuit materials to manufacture circuit board, 
two knobs. hardware, aluminum chassis box (see 
text), rubber feet, wire, solder, etc. 

WHERE TO BUY 
A kit of working parts (consisting of all resistors, switch- 
es, solder -plated, pre -drilled, fiberglass, printed- circuit 
board, and wire) is available from C. B. Ohman, 3695 
Alcott Street, San Diego, CA 92106. Cost: $33.00 plus 
#3.00 for shipping and handling.Califcrnia residents 
add $1.98 sales tax. Allow for 6 to 8 weeks for delivery. 

treatment is optional. The faceplate on the prototype Re- 
sistive Bank shown in the photos was made by typing on 
paper. The layout was first drawn by hand. then the legends 
and wording were done on the typewriter. The finished prod- 
uct was cemented to the box's front panel. The faceplate was 
given several coats of spray from a can of clear lacquer. 
Rubber feet were added to the unit so that the front panel tilted 
up to the face of the technician using the instrument. 

The use of the Resistor Bank requires only connection into 
the circuit via binding posts JI and J2, then setting switches 
SI and S2 to the desired resistance. The user selects the 
significant digits (oHMs), then sets the desired range (Mut.-rl- 
PUER) from X1 to XI MEG. 

Protection against exceeding allowable resistor wattage 
(and the consequential danger of permanent resistor change) 
is assured by staying within the permissible voltages pre- 
sented in Table I. Those voltage limits should be included on 
an instruction plate attached to the rear or top of the Resistor 
Bank, so as to he a reminder. The same caution applies as for 
any resistance -substitution box: Do not to exceed the power 
rating of the internal resistors. 

TABLE 1 

MAXIMUM VOLTAGE PER RANGE 

Resistance 
Range 
(Ohms) 

Permissible 
Voltage 

(VAC VDC)* 
10 -68 4.5 ( 3.2) 

100 -600 14.0 ( 10.0) 
1000 -6.8K 45.0 ( 32.0) 
B 10K -68K 140.0 (100.0) 
100K -680K 450.0 (320.0) 

1 Meg -6.8 Meg 500.0 (500.0) 
10 Meg -68 Meg 500.0 (500.0) 

Evaluation 
The accuracy of the resistance value selected is indepen- 

dent of the number of resistors involved. or their interconnec- 
tion. The overall accuracy of the instrument is therefore 
±5 %. the same as that of the individual resistors used. That 
accuracy is for the actual 10- 15- 22- 32 -49 -71 progression, not 
for the 10- 15- 22- 33 -47 -68 panel markings. 

The listings in Table 2 shows actual selected resistance for 
the Resistor Bank as measured with a digital multimeter 
whose accuracy is -* 0.2% of reading on the resistance set - 

(Continued on page 90) 



Want to know what your RS -232 
connectors are doing? T 
buld this test circuit, today! 
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!III- WI :RE INTO ANY I HING MORE THAN JUST PLUGGING 

together matching computer and communications equip- 
ment, one of the handiest gadgets to have around your shop, 
school or electronics club is an RS -232 Breakout Box. The 
device quickly lets you interchange the wiring, or determine 
the status, of just a few or all of the 25 connections used to 
interface devices with RS -232 I/O (input/output). When you 
can't seem to connect the gadgets to the gizmos, it's more 
than likely that the Breakout Box will help you pinpoint 
what's causing the problem in minutes, rather than hours. 

Why do we need to interchange connections when RS -232 
is a standard? Because it's a standard in name only! Consid- 
ering how often we waste hours before we discover a man- 
ufacturer has decided that one, maybe two, connections will 
be off =the- standard, imagine how bad things would be if 
there were no standard at all. 

Before we go any farther, maybe we should clarify the 
difference between RS -232 and RS -232C, RS -232C being 
the designation usually associated with peripherals intended 
for use with personal computers. RS -232 is an EIA standard 
for interfacing data equipment. Within the RS -232 standard 
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there is RS -23213 and RS -232C. In the simplest of terms, 
RS -232B has a negative ground with the signal lines nor- 
mally held positive. RS -232C has a positive ground with the 
signal lines normally held negative. For personal computers 
only the RS -232C positive ground interface is used. Often, 
advertisers, authors. and technicians shorten RS -232C to 
RS -232. While technically incorrect. we all know what we 
are talking about, so that the terms RS -232 and RS -232C are 
used interchangeably in personal computer chit -chat. 

A breakout box that will open all 25 RS -232 connections 
doesn't come cheap. In actual fact, more often than not only 
10 or fewer connections are used, and two of them are ground 
while another is not generally used. So tops, all we need 
worry about are seven active circuits, which can be easily 
handled by an RS -232 Breakout Box built mostly from junk - 
box parts. such as shown in the photographs and Fig. I. 

In the RS -232 Breakout Box shown in Fig. I, switch SI 
reverses the connection of the RS -232 signal lines, which are 
2 and 3. That is needed because RS -232 -2 is used when 
providing a signal to a printer, while RS -232 -3 is the signal 
feed to a modem. If your computer's RS -232 output doesn't 
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FIG. 1- COMPLETE schematic diagram 
of the Breakout Box makes its 
principle of operation easy to 
understand. You'll need a little 
RS -232 background provided by the 
text. The light emitting diodes are 
numbered to correspond to the signal 
lines in the cable. Whether they are 
on, or off, or flickering, will 
indicate to you the status of the 
RS -232 signals in the cable. 



BREAKOUT 
BOX 

By Herb Friedman 

drive the printer and flipping switch S2 to the reverse (r) 
position causes the printer to work, you know you need a 
reversing cable between the computer and the printer. Switch 
S2 is an 8- section DIP switch that opens and closes the 
commonly used RS -232 connections. Jumper wires con- 
nected from matching sockets SOI and SO2 can be used to 
bridge or interchange the connections when individual S2 
sections are open. 

More Examples 
For example, the usual serial printer handshake connection 

is terminal 20. Some computer serial inputs, however, hand- 
shake on terminal 4. If your computer isn't correct, you can 
open switch S2's sections 4 and 20 and then connect a wire 
jumper from pin 20. SOI socket, to pin 4, SO2 socket. (Or 
vice versa, depending on which side of the device you consid- 
er to be the input.) Pin I on SOI and SO2 are ground, and 
aren't generally used unless you need a grounding wire for 
tests or experiments. 

For proper printer operation from the particular printer 
you're using, the computer must have RS -232 terminals 6 and 
8 shorted together independent of a short across printer termi- 
nals 6 and 8. No problem: simply open DIP sections 6 and 8, 

e 

and connect a jumper across SOI sockets pins 6 and 8 and 
SO2 sockets pins 6 and 8. If everything works correctly, you 
just make up a permanent connecting cable that corresponds 
to the connections of the RS -232 Breakout Box. 

Light Tips 
Each of the commonly used RS -232 connections has a 

light- emitting diode (LED) status indicator. LEDI through 
LED7 are red. LED8 is yellow or green, or anything else 
easily distinguished from red. Any light- emitting diode that 
is on indicates a normal high on the circuit. If the LED is not 
(n. the circuit is low. If the LED flickers, it's an indication 
that there is data being transmitted on the circuit. For exam- 
ple, when feeding a modem. the status 3 light- emitting diode 
(LED3) will flicker when keys are pressed. (Note: in Fig. I 

the practice of numbering LED's consecutively has been 
discontinued in favor of having the LED's symbol designa- 
tion coincide with the RS -232 signal line. Thus. line 20 is 
common to LED20 with a LED panel marking of "20" on the 
box.) Similarly. LED2 will flicker when the modem passes 
data to the computer. Actually, when using a full -duplex 
modem. LED3 will flicker followed almost immediately by a 
flicker from the LED2 as the modem receives the echo of the 
keyboard entry from the host computer. 

The exception to the on -off rule is for status 20 on the 
RS -232 line. Here two light- emitting diodes are used - 
LED20-a (red) and LED20 -b (yellow or green). While the 
most common use of the line 20 handshake is high for send, 
/ow for stop, some computers use a reverse handshake. (Early 
Heath /Zenith HB computers used the reversed handshake.) If 
you don't know that the handshake is reversed from what's 
considered normal you can spend hours searching for trouble 
that doesn't exist. If the handshake is reversed. the yellow 
light (LED20 -b) will normally be on and the red LED will be 
off: Keep in mind that the RS -232 status 20 LED's monitor 
the handshake on the signal line. not the polarity required by 
the particular device. It for example, your printer is sending 
a positive .standby handshake (indicated by the red light 
(LED20 -a) and the computer requires a negative handshake, 
nothing is going to work. The RS -232 Breakout Box will 
only tell you the status of the connections -not if they are 
correct for the particular equipment you are using. 

As shown in Fig. I, three connections pass through the 

, , ' 

4'4 
IF YOU CANT locate IC- socket strip material. SO1 and SO2 can be cut from a standard IC socket --the open -type 

(left) with formed individual socket terminals. The socket strips look like this (right) when you cut your own. 
Each is 9 -pins long, though you can change the number of pin -terminals should you modify the RS -232 Breakout Box. 
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PARTS LIST FOR BREAKOUT BOX 

RESISTORS 
(All resistors are 1 4 -watt, composition types) 
R1, R2- 1500 -ohm 
R3 -R7 -270- to 560 -ohm (see text) 
LIGHT-EMITTING DIODES 
LED2 -LED6. LEDE, LED20 -a -Red light- emitting 

diode (see text) 
LED20- b- Yellow or green light- emitting diode 

(see text) 
ADDITIONAL PARTS AND MATERIALS 
Sl -DPDT, center -off, miniature, printed- circuit 

switch (see text) 
S2 -8- section, on -off. DIP switch 
SO1, S02 -9- terminal, IC- socket strip (see text) 
2 DB -25 connectors (see text), printed- circuit ma- 

terials, solder, ribbon -cable (see text), decals, 
etc. 

RS -232 Breakout Box. They are: RS- 232 -I. the equipment 
ground: RS- 232 -7, the electrical ground, or common; and 
RS- 232 -2I. which is the ring detector for an auto -answer 
modem. If you're into nwdennry (a term just created) you 
might want to add an LED status indicator for connection 
RS-232-2I. Use the same LED and resistor values you use for 
RS -232 lines 2 and 3. 

Construction 
The RS -232 Breakout Box shown in the photos is built on a 

printed- circuit hoard that serves as the cover for a Radio 
Shack plastic cabinet approximately 5- x 2544- x I %- inches. 
A full -size template Ibr the printed- circuit board is shown in 

Fig. 2. Depending on the particular cabinet you get, you 
might have to round off the board's corners to fit the cabinet. 
Since some of the printed- circuit foils pass very close to the 
holes fir the mounting screws, you might prevent some later 
problems if you drill the tour mounting holes before you 
apply the resist patterns. 

All component holes except those for S1's terminals are 
made with a No.60 drill bit: a No. 53 bit is suggested for Sl's 
terminals. Switch SI is DPDT with a center -off position that 

THE SOCKET strips are installed on the printed- circuit 
board flanking the 8- section DIP switch. Notice the ori- 
ginal DIP switch engraved numbering which should be masked 
in order to avoid confusion with RS -232 signal lines. 

234568 201 r"' , Ji 
' 

' 
RENUMBER THE DIP SWITCH of each section to correspond 
to the signal line it controls. The spacing between the 
switches corresponds to a 10 -pitch typewriter, so you can 
type the signal line numbers on a strip of adhesive label. 
The switch section between circuits 8 and 20 isn't used. 

allows both the RS -232 -2 and -3 signal lines to be opened 
simultaneously (and easily) for testing. If you have no need 
for the function. or want to cut costs to rock -bottom. use 
whatever DPDT switch you have. 

The socket strips needed for SOI and SO2 are available 
from some mail -order houses. but you probably won't be 
able to make up the minimum -cost order. You can do the next 
best thing by cutting them from a 20 or 48 terminal IC socket. 
That's the way we made the socket strips for the unit shown. 
You can cut through the socket strips using a hand "moto- 
tool" with a saw blade. or abrasive disc. or with a jeweler's 
saw, or a fine coping saw blade. 

Virtually any LED can be used, though the diffused -lens 
LED's are usually the easiest to distinguish from a distance. 
All the red LED's in the RS -232 Breakout Box came from a 

20- for -$1 LED kit. All red LED's have their cathodes con- 
nected to the RS -232 -7 line. The yellow one (LED20 -b) is 

connected with reversed polarity; that is, its anode connects 
to the RS -232 -7 foil line. 

To limit the current stolen from the circuits by the status 
LED's resistors RI and R2 should be 1500 ohms -don't 
substitute anything smaller. The remaining resistors can be 

TO INTERCHANGE CIRCUITS, simply open the corresponding 
DIP switch section(s) and use a No. 22 solid -wire jumper from 
SO1 to S02. Here, sections 4 and 20 of the DIP switch are 
open and a jumper is placed from cable -side 20 to box -side 4. 



270 to 560 ohms because their circuit voltage is normally 
5 -volts DC. in contrast to the common voltage of ± 12- 

volts DC on the RS -232 -2 and -3. 

Finishing Up 
The schematic diagram (Fig. I) for the RS -232 Breakout 

Box doesn't show the DB -25 connectors used for input and 
output connection, because you must select the type that fits 
your needs. In actual fact, either the A or B connections can 
be the input or output. The most common arrangement. 
however, would be a female connector for the A terminals and 
male connector for the B terminals. 

The solder pads on the printed- circuit board will accom- 
modate both solder -type and ribbon DB -25 connectors. 
Should you use solder connectors, use a round, multi -wire 
cable and connect to the printed- circuit solder pads for 
RS -232 terminals 1 -8. 20 and 21. 

Should you use ribbon cable, extra solder pads are 
provided on the printed- circuit board just to tie down the 
ribbon neatly. If you have no need for RS- 232 -21. use a I5- 
wire ribbon cable. When you squish the connector(s) on the 

THE BREAKOUT BOX is a special test unit for RS -232 I O 
lines that allows the user to open any of the common signal 
circuits, and interchange the connections through wire 
patches. LEDs indicate the signal condition on these lines. 

R4 R3 R2 SI 

FIG. 2 -FOIL PATTERN of the 
printed- circuit board is shown 
here same size so the builder 
could either trace it or photo- 
graphically copy it onto a light - 
sensitive foil surface for etching. 
You may want to use a perfboard 
with 0.1 -inch holes spacing and 
save yourself a lot of time. 

ribbon cable. you will automatically make terminals 1 -8 and 
14 -20. At the free end. carefully separate the wires for a depth 
of about 2 inches. remove 1/4-inch insulation from each wire 
and insert the wires in the correct holes in the printed circuit 
hoard. Take care to remember that ribbon wire alternates; that 
is. the first wire is No. I. the second wire is No. 14. the third 
wire is No. 2. the fòurth wire is No. 15. etc. In short. the odd 
wires are Nos. I. 2, 3.4. 5.6. 7. and 8. while the even wires 
are Nos. 14, 15, 16. 17. 18. 19. and 20. 

If you need the RS- 232 -2I connection. use a 16 -wire 
ribbon cable: the extra wire is automatically RS- 232 -21. The 
printed- circuit board has the necessary foils for the 
RS- 232 -21 connection. (The I5 -wire ribbon cable is sug- 
gested because it is a standard width -l6 -wire ribbon cable 
must usually be peeled from 24, 30 or 26 wire ribbon cable.) 

When the unit is finished, apply RS -232 circuit numbers to 
DIP switch S2 selectors. For standard DIP switches, the 
section spacing exactly matches pica typewriter spacing. IO 
characters to the inch: so if you just type the RS -232 line 
numbers on a small gummed label they will line up precisely 
with the DIP selectors. 

ila,erT.trnall'.d 

-.., j 4 1 
r ï 
f0 3 2 

S2 R7 LED20-b 

LED20-a 

LEDE LE D5 LE03 

LEDE LED4 LED2 

R1 
THE COMPLETED PROJECT is shown here. Switch S1 at the 
upper right reverses the RS -232 -2 and RS -232 -3 signal con- 
nections. N means normal straight- through connection 
while R means that these RS -232 signal lines are reversed. 
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Tips On Dipoles 

LITHE DIPOLE REMAINS AN EFFECTIVE 

low -cost antenna for all radio bands 6 
through 160 meters. Its broad figure-eight 
pattern means that it is essentially om- 
nidirectional, especially on bands 40, 80, 
and 160 meters. On the higher -frequency 
bands there can be a serious drop -off 
(nulls) at narrow angles near the two bear- 
ings in line with the antenna wire. In set- 

ting up the dipole you can usually position 
the lay of the antenna wire to have those 
nulls in a least- important direction. Also 
give thought to the fact that the inverted 
dipole is more nearly omnidirectional 
than the straight dipole. 

Dipoles are found in three common 
forms, as in Fig. 1. The classic dipole (A) 
is a straight horizontal half -wave length 
antenna separated into two quarter -wave 
segments and fed at the center. Another 
version (B) is called a s /oper, because of 
its slant from a high mounting position 
toward the ground. If a metal mast is used, 
that style has some directivity in the direc- 
tion of the slope as shown. The third form 
(C) is the popular inverted dipole (often 
called an inverted -V). 

The inverted dipole requires but a sin- 
gle high mast and a couple of short poles, 

A 

DIPOLE 

8 

SLOPING 
DIPOLE 

INSULATORS 

METAL 
POLE 

c 
INVERTED X/4 

DIPOLE 

X/4 

X/4 

X/4 

900 -120° 

FIG. 1 -TYPES OF DIPOLES 

or metal fence posts, at ground level. In- 
verted dipole ends are near ground level 
and are easily accessible for trimming to 
obtain a minimum standing -wave ratio 
(SWR) on a specific frequency. 

Making It 
All three of those dipole styles can be 

built using the quarter -wavelength dimen- 
sions given in Tablet. Nearness of ground 
and other obstacles may require a bit of 
trimming to set the SWR to a very mini- 
mum on a specific frequency. Remember; 
the lengths given are for just one quarter - 
wave segment of the two sections that 
comprise a half -wavelength dipole. Di- 
mensions are given for various frequency 
spectra of each band, such as code (CW) 
and phone (P) segments. Values are also 
given for the four novice bands (N). 

Dipoles can be built economically, es- 

pecially if you do a little wire shopping at 

flea markers and hamfests. Recently, I 

bought 2500 feet of I6 -gauge stranded 
plastic -covered hook -up wire for $12.95 
at a military surplus outlet. The fact that 
the wire is insulated has little or nothing to 
do with antenna performance. In fact, it 
provides additional strength, and safety, 
and can be routed through trees without 
loss. Certainly there is no problem in han- 
dling 200 watts or more. Dipole leg di- 
mensions are given in feet /inches; cut 
frequency in megaHertz. 

Another step toward cost saving, con- 
venience, and versatility is to use tele- 
scoping sections of PVC piping as your 
mast, as I have advocated in the past. Two 
10 -foot telescoping sections, as in Fig. 2, 
can give you a height of approximately 20 
feet for your inverted dipole. PVC ID di- 
ameters are 2 inch and 1.5 inch. Three 
telescoping sections and appropriate guy- 
ing can provide additional height. Twenty- 
foot sections of PVC piping are also avail- 
able. 

In the arrangement of Fig. 2, the top 
section is telescoped 1.5 feet into the bot- 
tom section. The mast is supported by a 

metal fence post that is driven into the 
ground to the top of its wedge as shown. 
At the base of the bottom section of the 
mast a thru -bolt is inserted about two feet 

from the bottom. The serves as a resting 
bolt and rests against the top of the metal 
fence post. That arrangement supplies ad- 
ditional maximum height to compensate 

TABLE 1 

1 Leg Dimensions 
for Dipole Antennas 
MHz Ft -In 

160 Meters 

1.825 
1.850 
1.875 
1.900 
1.925 
1.975 

128 -0 
126 -6 
124 -9 
123 -0 
121 -6 
118 -6 

80- meters 

3.60 CW 
3.72 N 

3.90 P60-0 

65 -0 
62 -10 

40 Meters 

7.05 CW 
7.12 N 
7.20 P 

33 -2 
32 -10 
32 -6 

30 Meters 

10.10 CWx 3-2 

20 Meters 

14.10 CW 
14.25 P 

16 -7 
16 -5 

15 Meters 

21.05 CW 
21.15 N 

21.35 P 

11 -2 
11 -1 

10 -11 

10 Meters 

28.15 N 

28.25 CW 
28.60 P 
29.30 P 

8 -4 
8 -3 
8 -2 
8 -0 

6 Meters 

50.05 CW 
51.00 P 
53.00 PR 

4 -8 
4 -7 
4 -5 

for the 1.5 foot of the top section that is 
telescoped into the bottom section of the 
mast. Additional details on using PVC 
piping in antenna construction was given 
in the previous column. Put that informa- 

(Continued on page 93) 



Designing 
Practical 

DC Power Supplies 
Engineering concepts used in the design of DC power supplies for hobby and 

amateur projects are easy to understand and apply to practical situations 
once you understand the theory related to rectifiers, filters and regulators! 

By Joseph J. Carr 

OTHE COMMON DC POWER SUPPLY IS MOST OFTEN RELE- 
gated to a position of no importance by project builders who 
design electronics devices. Even in industry, where the de- 
signer should know better, the job of power -supply design is 
often given to newcomers who do not yet appreciate the 
problems associated with power -supply design. 

But the power supply is far more important; consider some 
examples: A microcomputer power supply with too little 
current capacity drops out of regulation and allows the +5 
volts DC to sink to +4.1 volts DC. The result is erratic 
operation causing programming errors. In another case, in- 
sufficient heat sinking causes a series -pass voltage regulator 
transistor to short out placing + 8 -volts DC on the + 5 volt 
DC bus causing a $127 digital panel meter to turn to carbon. 

In addition to output voltage, we must consider current 
capacity, internal resistance, voltage regulation, heat transfer, 
component reliability, and sensitivity to abuse. We might also 
have to consider whether we want certain features such as 
transient -noise suppression, over -voltage protection, and out- 
put- current limiting. Also, we might want to remotely sense 

the output voltage of a high -current power supply located 
only a few inches from the equipment it serves. 

Power Supply Components 
The principal components of a low- voltage DC power 

supply are as follows: transformer, rectifier, filter, and (some- 
times) voltage regulator. If our requirements dictate addi- 
tional features, then we might add transient suppressors, 
current limiting, overvoltage protection, and/or status indica- 
tors. 

Transformers are used as voltage and current converters. 
The main job of the transformer is to convert the AC power - 
line potential (nominally 117 -volts AC at 60 Hertz in the US) 
to the voltage required for the electronic device being 
powered. A secondary use for the transformer is to provide 
isolation between some electronic device and the AC line. 

The transformer consists of two or more coils of wire 
wound over a common core of (usually) an iron alloy. Figure 
1 -A shows the basic transformer configuration. There are two 
windings shown in Fig. 1A-the primary and secondary 
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FIG. 1- TYPICAL POWER- SUPPLY transformer configurations 
are: A- common two -winding type used in the discussions 
related to equations (1) through (3): B- transformer with 

LOAD 
multiple secondary windings are used extensively in vacuum - 
tube electronic device, and power supplies delivering isolated 
ground circuits: C- multiple primary -winding transformers 
when connected in paralled accommodate 117 -volt AC power 
lines: D -and when connected in series, accommodates 220 - 
volt AC power lines: and E- transformers with tapped primary 
windings accommodate AC power lines the world over. A 
switch (or jumper wire) is set to the position that most nearly 
meets the lines voltage. 

PRI. 
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windings, each electrically isolated from each other. 
There is a mathematical relationship between primary and 

secondary voltage /current values: 

(1) Vplp = Vsls 

where Vp is the voltage applied to the primary winding, Vs is 

the voltage appearing across the secondary winding, Ip is the 
current flowing in the primary winding, and Is is the current 
drawn from the secondary winging. 

We can rewrite equation (1) in a more useful form, as 

follows: 

(2) Vp/Vs = Is /Vs 

In order to maintain the important equality of equation (I), 
we find in equation (2) that the voltage and current ratios are 
reciprocals of each other. 

The voltage ratio is totally dependent upon the turns ratio 
of the transformer, and obeys the following equation: 

(3) Vp/Vs = Vp/Vs 

where Np and Ns are the numbers of turns in primary and 
secondary windings, respectively, and Vp and Vs are as 

previously defined. 
Unless otherwise specified, the voltage rating of a trans- 

former is the root- mean -square (rms) value. Thus, a 6.3 -volt 

AC transformer produces a peak voltage will be 1.414 times 
the rms voltage; or 6.3 -volt AC produces a peak voltage of 
8.9. 

Volt- Ampere Rating 
A principal rating of a power transformer is the volt - 

ampere (VA) rating. The VA rating basically tells us how 
much power the transformer will provide. Transformers tend 
to be highly- efficient devices (96 to 99 percent), so that the 
primary VA rating is usually considered equal to the second- 
ary VA rating (see equation 1). For most cases, however, it is 

the primary VA rating that is of importance. That is done 
because the primary winding is innermost, and is closest to 
the core. Hence, the primary winding receives less cooling 
from the environment. It is not safe to exceed the primary VA 

rating. 
Transformers come in configurations other than the basic 

type shown in Fig I -A. Other transformer variations are 
shown in Figs. 1 -B through 1 -F. 

Rectifiers 
Electronic circuits don't usually operate on alterating cur- 

rent -direct current (DC) is a strict requirement. The main 
feature of DC is that it is unidirectional -that is, DC flows in 

only one direction. A rectifier is a device that permits current 
to flow in only one direction; therefore, a rectifier is a one - 
way valve (gate or switch) for electric current. Both vacuum - 
tubes and solid -state diodes are used as rectifiers. 

A word of explanation: Early in the study of electricity, it 

was decided to mark one terminal of the battery positive ( + ) 
and the other negative ( - ). Not knowing about atomic phys- 
ics and the electron, either selection would have had a 50 -50 
chance to be correct. We lost, because the incorrect choice 
was made. Thus, current flows from positive to negative, and 
electrons flow from negative to positive. The diode symbol 
has its arrow pointing in the direction of current flow. Re- 

member that, and you'll have no problem following the text 
below. 

Figure 2 -A shows a simple circuit using a solid -state diode 
rectifier. When the polarity of the AC is such that the anode of 
the rectifier is positive (Fig. 2 -A), then the diode is forward 
biased so current (i) flows. On the negative half -cycle of the 
AC, the rectifier anode is negative (Fig. 2 -B), making the 
diode reverse biased. Under that condition, no current flows 
because the diode is cut -off -it is essentially an open circuit. 

The result of rectfication action by the diode is shown in 

Fig. 2 -C. Since only one -half of the AC waveform causes 
current to flow. the circuits of Figs. 2 -A and 2 -B are called a 

halfwave rectifier. Since the rectifier output waveform con- 
sists of undirectional pulses of current, it is refered to a 

pulsating DC. That pulsating DC is not useful in most cir- 

cuits. It must be filtered to produce pure (or nearly pure) DC 
voltage that appears to be steady when measured by a volt- 

meter. 
Filtering is not the only problem with halfwave rectifiers - 

they are also inefficient. The transformer used in halfwave 

rectified circuits typically must have a primary VA rating at 

least 40 percent higher than that of a transformer feeding a 

fullwave recitfier circuit providing the same voltage and cur- 

rent capaciy. The average output potential for halfwave cir- 

cuits is 45 percent of the applied RMS potential. The ripple, 
degree of pulsation or departure from pure DC, is 120 per- 

cent. 

Fullwave Rectification 
A tullvvavc rectifier is shown in Fig. 3 -A. The transformer 

is a special type that has a center - tapped secondary winding. 
On any give cycle, one end of the secondary winding will be 
positive and the other end is negative. The potential at the 
center tap is half the overall potential. With the center -tap as 
the common, the potentials at the points A and B will be 
equal in amplitude but have opposite polarity. 

On one -half the AC input cycle point A will be positive 
with respect to the center -tap, while point B is negative. 
Under that condition, diode Dl is forward -biased and D2 is 

reverse- biased. Current flows out of the transformer at point 
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FIG. 2 -THE ACTION of a solid -state diode on 
one cycle of AC voltage applied to the terminals of a 

halfwave rectifier: A- current i flows. B- current 
cutoff, and C -graph of current i for three cycles. 



A, through through diode Dl, load resistor RL, and then back 
to the transformer at the center tap. Note the direction of 
current flow in RL when diode DI conducts on the positve 
half cycle. 

On the second half -cycle, the transformer secondary wind- 
ing polarities reverse. Under that condition, diode DI is 
reverse -biased and D2 is forward -biased. Current flows out of 
point B, through diode D1, resistor RL, and returns to the 
secondary winding at the center tap. 

The important thing to note is that current flows in the load 
resistor RL in the same direction on both halves of the AC 
cycle. That action produces the waveform of Fig 3 -B. The 
double- humped current waveform is easier to filter and is 
more efficient than that of the halfwave rectifier. The ripple is 
48 percent, while the ripple frequency is twice the AC line 
frequency (120 Hz in the US). The average potential of the 
unfiltered output is approximately 90 percent of the applied 
rms potential. 

The Bridge Rectifier 
Another form of fullwave rectifier is shown in Fig 4. That 

circuit is called a bridge rectifier, and consists of four diodes. 
No transformer secondary- winding centertap is needed in the 
bridge circuit. 

As on any other transformer, the polarities of the trans- 
former secondary ends are opposite each other. Thus, on each 
half -cycle, two diodes are forward -biased and two are re- 
verse- biased. It could be said that, in effect, the diodes were 
center -tapped! 

On the first half -cycle, the voltage at point A is positive 
with respect to point B, so diodes DI and D2 are forward - 
biased while diodes D3 and D4 are reverse- biased. Current 
flows out of the transformer at point A, through DI, load 
resistor RL, diode D2, and then back to the transformer 
secondary winding at point B. 

On the second half -cycle, the AC polarities reverse, mak- 
ing point A negative and point B positive. Under that con- 
dition, diodes D3 and D4 are forward -biased and diodes DI 
and D2 are reverse- biased. Current leaves the transformer at 
point B, travels through D3, RL, D4 and then returns to the 

transformer via point B. Again, as in any fullwave rectifier, 
the direction of the current in the load resistor is the same on 
both halves of the AC cycle (see Fig. 3). 

The pulsating DC produced by a bridge rectifier is not 
usuable in most electronic circuits. To produce nearly pure 
DC from the rectifier output a filter must be used. The 
simplest form of filter is a single capacitor in parallel across 
the load resistor. See Fig. 5. The operation of filters will be 
discussed shortly, but included here, because the filter capaci- 
tor affects rectifier ratings which is our real topic. For now, 
let's be content with the fact that the filter capacitor (C1) is 
charged to the peak of the AC waveform. That means that the 
bridge rectifier's output voltage under no load is 1.414 x 
voltsrms. It comes to 165.4 -volts DC from a line isolation 
transformer TI delivering 117 -volts AC. 

Rectifier Ratings 
There are four main specifications used with rectifiers: 

surge current, leakage current, forward current and peak - 
inverse voltage (PIV). Of those, the latter two aré of greatest 
importance most of the time. 

Surge current is the maximum short -term current usually 
defined as on AC cycle (%, second, or about 17 milliseconds). 
That current can be extremely high and is not the operating 
current! 

Leakage current is the current that flows when the rectifier 
diode is reverse -biased. This value is typically very low, and 
the lower, the better. 

The forward current is the maximum sustained current that 
the diode will handle without damage to itsélf.. When a spec 
sheet says that a diode is a 1-ampere type, it is the forward 
current that is being quoted. 

There seems to be a little creative specification writing 
with respect to forward current. Some blister -pack venders 
rate a diode at 1.5 to 2 times the actual current rating. They get 
away with that practice as long as the diode is specified as 
operating under Intermittant Commercial and Amateur Ser- 
vice Code (ICAS), instead of Continuous Commerical Ser- 
vice (CCS) code. 

In general, it is best to select a rectifier with a forward 
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FIG. 3 -A FULLWAVE RECTIFIER (A) takes current from 
both halves of the AC voltage cycle so that two positive 

current pulses per cycle (B) flow through the load resistor. 
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FIG. 4 -THE BRIDGE FULLWAVE RECTIFIER provides 
the same rectification action as in Fig. 3 but it does 

not require a center -tapped power transformer. 
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current rating that is twice the expected average current. For . 

rectifiers of uncertain parentage, one -fourth to one -third 
(rather than one half) would be an appropriate de- rating 
factor. 

Peak- inverse voltage (PIV), also called peak- reverse volt- 
age (PRV), is the maximum reverse bias potential that the 
diode will sustain without damage to itself. The PVI rating is 
the one that causes the most trouble with power -supply de- 
signers! Whenever a power supply routinely blows diodes, it 
is almost a sure bet that the PIV rating is insufficient. 

Some designers fail to recognize the true reverse -bias 
voltage in a filtered power supply. On one half -cycle, the 
diode will be forward -biased and current flows. On that half - 
cycle, the filter capacitor (C1 in Fig. 5) charges to peak 
positive voltage (i.e. 1.414 x rms). That voltage charge 
remains on Cl. On the next half -cycle, the AC voltage re- 
verse -biases the rectifier to the peak negative voltage (again, 
1.414 x rms). That potential is added to the capacitor voltage 
to make the actual P1V twice normal peak voltage (i.e. 2 x 
1.414 rms = 2.83 rms; or approximately 320.8 PIV). It 
would be wise to use diodes in the bridge circuit rated at a 

standard value of 400 P1V. 

I personally prefer to use 1000 -volt PIV diodes for all low - 
voltage (under 165- volts) applications in the low- to medium - 
current I to 3 amperes range. The popular 1N4007 is rated at 

1000 -volts PIV at I- ampere. They are cheap and easily avail- 
able. 

When laying out a DC power supply, be sure to give the 
rectifier plenty of breathing room. Rectifiers generate heat, 
so they need room for ventilation. Stud - mounted rectifiers 
often require ample heat -sinking. Axial -lead rectifiers should 
be mounted with Vs- inch -space between the printed- circuit 
board and the rectifiers, and with .4 -inch of lead showing on 
either end. Also, do not mount rectifiers close to heat sen- 
sitive devices and such as op -amps, oscillators and tran- 
sistors. 

Geting into Filters 
The purpose of the filter in a power supply is to smooth out 

the pulsating DC produced by the rectifier, and make it as 

near to pure DC as possible. Very few electronics circuits will 
operate properly on unfiltered DC. 

The simplest form of filter is a single capacitor connected 
in parallel with the rectifier output and the load. Such a filter 
is called a brute force filter. An example is shown in Fig. 5. 

During the time when the rectifier output voltage is in- 
creasing, capacitor Cl will be charging. See Fig. 6. After the 
peak voltage (Va) passes, however, the rectified voltage de- 
creases and will soon reach a point where its potential is lower 
than the potential across the filter capacitor, Cl. At that time, 
the charge stored in the capacitor begins to dump into the 
circuit load, RL. That action has the effect of filling in the 
space between peaks (shaded area in Fig. 1B), therefore 
raising the average output voltage to a value closer to the peak 
voltage (Vp). The discharge slope noted in Fig. 6 indicates 
that current is being taken from the filter capacitor during the 
interval when the rectifier's output voltage is below the capac- 

itor's voltage. 
The degree to which the filter smoothes the output voltage 

(reduces the discharge slope to a horizontal line in Fig. 6) 
depends on both RL and CI, and is expressed by a nondimen- 
sional ripple factor (R.F.): 

(4) R.F. = VR - Va 

where R.F. is the dimensionless ripple factor; VR is the ripple 
amplitude with Cl disconnected, and Va is the average ouput 
voltage with C1 in the circuit. 

Equation (4) can be replaced with the more useful general 
form shown below: 

(5) R.F. = 1 
_ 3.46fRLC1 

where f is the ripple frequency in Hertz, RL is the load 
resistance in ohms, and Cl is the capacitance in Farads. 
(Note: RL is the output voltage divided by the output cur - 
rent-Vo _ Vo.) 

In the U.S., the AC line frequency is almost universally 60 
Hz, so the power -supply ripple frequency will be 60 Hz when 
halfwave rectification is used, and 120 Hz when fullwave 
rectification is used. Therefore, we rewrite the general form 
equation to simpler specific forms: 
Hal fwave rectifiers: 

(6) R.F. = 1 
- 208R CI 

Fullwave rectifiers: 

(7) R.F. = 1 
_ 416RLC1. 

Example 
t-ind the ripple factor (% RF) of a 12 -volt DC (Vo), 2- 

ampere (lo) power supply that uses a fullwave rectifier and a 

1000 -uF filter capacitor (assume line frequency of 60 Hz). 
Equation (7) is used in this instance. However, it should be 

noted the load resistance, RL is determined by: 
RL = Va - Io = 12 = div 2 = 6 ohms. 

Then, 
R.F. = 1 

- (416)(6)(10) 
R.F. = 0.4. 

Normally, we will have a ripple- factor percentage in mind 
as a design goal, and the load resistance is set by other 
requirements. We will want to rearrange Eqs. (6) and (7) to 
find the minimum value of capacitance (C1 in Fig. 5) required 
to do the job. Also, we will want our result in microfarads 
(µF), not Farads. To accomplish those goals we can rewrite 
Eqs. (6) and (7) into a final form: 
Halfwave Circuits: 
(8) Cl (RF) = 10 _ 208RL(% R.F.) 
Fullwave Circuits: 
(9) CI (RF) = 106 - 416RL(% R.F.) 

Equations (8) and (9) are valid for power supplies using 
brute force filtering as diagrammed in Fig. 5 and operating 
from 60 Hz AC power lines. On 50 -Hz power systems, 
increase the value of Cl by approximately 20 percent. 

There's a rule of thumb calling for a minimum value for CI 
of 1000 microFarads per ampere of load current. That advice 
is based upon a ripple -factor of 0.5, and is especially valid if a 

voltage regulator follows the filter section. Incidentally, many 
designers prefer to double the rule -of -thumb value to 2000 
µF /ampere. 

The filtering action has the effect of raising the average 
output voltage. The voltage produced by Fig. 5 will be as 

follows: 
Halfwave Circuits: 
(10) Vo = V,, -(I _ 120C1) 
Full -wave Circuits: 
(I1) V0 = V. -(I - 240CI) 
Where Vo is the DC output potential, Va is the peak rectifier 
voltage (1.414 x VRMS), Io is the output load current in 
amperes, and Cl is the capacitance in Farads. 
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RC Pi- Section Filter 
A pi- section filter of Fig. 7 offers improved filtering, be- 

cause of improved ripple reduction at the expense of poorer 
voltage regulation and current limiting caused by RI. Both of 
those defects result from the fact that R1 has the effect of 
increasing the series output impedance of the power supply. 

The defects of the pi- section filter can be overlooked if 
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FIG. 5- CAPACITOR Cl provides ripple voltage 
filtering so that RL always has a DC voltage across 
it. Refer to text for discussion on PIV rating of Cl. 

DISCHARGE 
SLOPE 

FIG. 6 -THE DISCHARGE SLOPE of the voltage curve 
will droop even more than it does should the current 

drain from the power supply be increased. 
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FIG. 7 -THE PI- SECTION RC FILTER offers improved 
filtering at the expense of voltage regulation. 

This circuit best suits near constant -current loads. 

ripple reduction is of prime concern, and the load current is 
relatively constant. A good example of such an application is 
a class -A, audio -preamplifier stage. Such a circuit offers low 
power, but nearly constant -current requirements. At the same 
time, the audio preamplifier needs to be free of ripple -pro- 
duced, power -supply hum. 

The ripple factor at the output of Fig. 7 (across RL) is given 
by the equation: 
(12) R.F. = K _ CIC2RIRL 
where C1 and C2 are in Farads, RI and RL are in ohms, K is a 
constant (10-5 for halfwave circuits and 2 x 10-6 for fullwave 
circuits). Here is a simple example: Find the ripple factor of a 

12 -volt DC, 500 mA power supply in which Cl is 1000 p.F, C2 
is 500 RF and RI is 68 ohms. Assume fullwave rectification. 
The solution is as follows: 

R.F. = 2 x 10-6 _ (10-3)(5 x 10-4)(68)(12 _ 0.5) 
R.F. = 2 x 10-6 =8.2X 10-4 

R.F. = 0.002 
In many cases, practical DC power supplies similar to Fig. 

7 will have two output connections. The low -ripple output is 
across C2, and an optional high -current output across Cl. 
Each DC output will have its own ripple factor. 

Selection of Filter Capacitors 
Power supply filter capacitance values are generally con- 

sidered high, or large compared to the values of other capaci- 
tors found in the circuits fed by the power supply. A high - 
voltage DC supply will have filter capacitors in the 5 -1F to 
100 -µF range (especially where RC or LC pi- sections are 
used), while low- voltage supplies have filter capacitors in the 
over -500 -µF range. You can expect to find filter capacitor 
values of 150,000 -µF in some computer power supplies. 

Complicating the issue is the fact that power supplies in 
many multi -stage equipments provide decoupling between 
stages in order to prevent oscillations due to unwanted feed- 
back paths. 

The equations presented thus far provide the ripple -factor 
percentage reduction required, but may not be sufficient for 
by- passing low frequency AC signals. For audio, the calcu- 
lated value % R.F. is generally sufficient, but as the low - 
frequency response of the amplifier approaches DC (as it 
might in instrumentation or control system applications) we 
might need a larger value capacitance to accommodate de- 
coupling. The usual rule is to select a capacitor value that: (a) 
gives the desired low -frequency response, or (b) gives the 
desired ripple reduction. When those values are not equal, 
use the higher value capacitance. 

The general rule of thumb is to select a capacitive value for 
decoupling that offers a reactance equal to one -tenth the 
apparent circuit resistance at the lowest frequency of opera- 
tion. The equation is: 
(13) C = 1 

_ 2F(0.1Rs) 
where C is the capacitance in Farads, F is the -3 dB low - 
frequency response point, and Rs is the circuit source resis- 
tance. 

The proper design procedure is to calculate the minimum 
capacitance from both ripple factor and frequency response 
and then use the higher of the two values. 

High values of capacitance are available only in the form of 
electrolytic capacitors, of which there are two kinds: alumi- 
num and tantalum. For most filter applications it is the 
aluminum that is most commonly used. 

The two ratings for electrolytic capacitors which must be 
observed are the capacitance and the DC working voltage 
(WVDC). Typically, the capacitance value of aluminum elec- 
trolytics has a tolerance of - 20%/ + 100 %. If either ripple 
factor or frequency response is critical, then increase the 
value of the calculated filter capacitance by 20 to 30 percent. 
Normally, there is no penalty for using too much capacitance! 

The WVDC rating is normally subject to a tolerance +20 
percent. As a result, it is not good design practice to operate a 

filter capacitor at potentials greater than 80% of the WVDC 
rating. Also, keep in mind that circuit potentials may vary by 
± 20 percent, so it may pay to select a WVDC- rating at least 
40- percent higher than the anticipated nominal voltage. 

Earlier we referred to a design error in a piece of equipment 
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that caused massive failures of filter capacitors. The power 
supply was + 200 -volt DC regulated supply in which the pre- 
regulator potential across the filter section was nominally 
+280 volts. The designer used 350 -WVDC electrolytic ca- 
pacitors for the filter section. Good practice, right. Wrong!. 
let's consider the worst case in which the capacitor voltage 
(Ve) is - 20% lower than its rated working voltage and the 
power -supply voltage (Vps) is + 20% higher than the nomi- 
nal 280 volts. 

VPs = 280 + (0.2 x 280) = 336 -volts DC 
VC = 350 - (0.2 x 350) = 280 -volts DC 

In the worst case situation, we have a 280 -volt DC capaci- 
tor in a 336 -volt DC circuit!. True, the worst case may never 
occur, but those capacitors were over stressed to cause mas- 
sive failures in critical equipment. The cure was to replace all 
of those 350 -WVDC electrolytic capacitors with 450 - 
WVDC replacements of the same capacitive value. 

It is sometimes necessary to combine capacitors in order to 
obtain higher capacitive values. When two or more filter 
capacitors are connected in parallel (Fig. 8), the total capaci- 
tive value CT is determined by the equation: 

CT= CI +C2 +.... +C 
The WVDC rating of a parallel combination of capacitors, 

however, is the lowest of the individual WVDC rating in the 
parallel group. For example, if a 50 -WVDC capacitor is 
connected in parallel with 25 -WVDC unit, then the usable 
rating of the pair is only 25 -WVDC. 

Figure 9 shows capacitors connected in series in order to 
increase the WVDC rating. Unfortunately, that method re- 

FIG. 8- FILTER CAPACITORS are ganged in parallel 
-their total capacitance is the sum of each capacitor. 

o 
DC 

FIG. 9- FILTER CAPACITORS connected in series 
effectively increase the overall DC working voltage. 
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FIG. 10- ELECTROLYTIC capacitors cannot readily 
pass high frequencies -a small ceramic does the job. 

duces the effective capacitance by the usual rule for series 
capacitors. In most cases. all series capacitors in the stack 
have the same capacitive value, so the total capacitance is 
merely C _ n, where C is the capacitance of each unit, and n 

is the number of units. 
If all capacitors have equal capacitance and WVDC rat- 

ings, then the total WVDC rating is the sum of individual 
WVDC ratings. Thus, four 200 -RF, 450 -WVDC capacitors 
in series are equal to a single 50 µF,1800 -WVDC capacitor. It 
is quite common to find such capacitor stacks in high -power, 
vacuum -tube, linear -RF amplifiers used by Amateur Radio 
operators. 

There are some caveats in the scheme, however. One is that 
voltage -balance resistors, Rl, R2, etc. (Fig. 9) must be 

connected in parallel with each capacitor. Those resistors 
should have a resistance (Ro of approximately 100 -ohms per 
volt, and a power rating greater than Vet- R. In a case where 
450 -WVDC capacitors are used, then R = (450 x 100) _ 
45,000 ohms (47,000 -ohms standard fixed value) with a 

power rating greater than (4502+ 45,000) or, 4.5 watts. In 
that case, a 5 -watt resistor will do, but a 7 -watt or 10 -watt unit 
is preferred. Some designers use lower wattage resistors in 
hope that power supply voltages will never approach the 
WVDC rating. For example, if we are certain that not more 
than 250 volts will appear across a capacitor, then we might 
get away with using 2 -watt resistors 

Another possible caveat involves the voltage drops across 
unequal capacitances. Normally, we can sum the WVDC 
ratings. If the capacitances are not equal, then the actual 
voltage drops will be unequal. We will have to calculate the 
reactances of each capacitor at the ripple frequency, and then 
calculate the voltage drops across each reactance (they will 
divide according to the voltage- divider equation). It may be 
that one or more capacitors will receive more than a fair share 
of the voltage drop. 

Finally, in Fig. IO we see a scheme used sometimes in 
power supplies that power RF amplifiers. The electrolytic 
capacitors are not readily capable of bypassing RF, or even 
high, ultrasonic frequencies. For those applications we need 
a high -value electrolytic for ripple reduction, and a disc 
ceramic, or mica, capacitor for high- frequency decoupling, 
or by- passing. In Fig. 10 we have a 2200 -µF capacitor for 
power supply ripple reduction, and 0.1 µF for high -frequency 
decoupling. 

Voltage Regulators. 
The purpose of a voltage regulator is to maintain a constant 

output voltage despite changes in either output load current, 
input voltage, or both. There are two primary sources of 
voltage -regulation problems that cause considerable dif- 
ficulty with consumer appliances. One is variation of the 
supply voltage from the AC power line that can fluctuate 20 
percent (the usual range is 105 to 125 volts RMS). Many areas 
of the U.S. suffer brown -outs when the area power lines drop 
to 100 -volts AC, or even as low as 90- volts. Some motor - 
vehicle battery voltages vary 40 percent, with 20 -25 percent 
being typical. Those extreme battery- supply variations play 
havoc with consumer audio equipment, Amateur Radio gear, 
and CB rigs installed in cars. 

The second cause of output -voltage variation is changes in 
output current. The root of the problem is that no practical 
power supply is ideal. All power supplies have internal resis- 
tance (sometimes called source resistance, Rs). That inter- 
nal- resistance problem is modeled in Fig. I I by Rs in series 
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with a perfect voltage source, VI. 
When no output current is drawn, the output voltage Vo is 

equal to VI. But, when an output current is being drawn there 
will be a voltage drop (lo x Rs) across the power supply 
internal, series resistance. Under that condition the actual 
output potential is Vo = VI - (10 x Rs). We can minimize 
output -voltage change by: (I) making 10 constant (not always 
possible), (2) minimizing Rs (often expensive and always 
impossible), or (3) providing a voltage regulator. The last 
option is the most reasonable. 

The percentage of regulation (%REG) is the measure of 
voltage regulation, and is given by the equation: 

%REG = (l00)(Vo - VLmax) _ Vo 

where Vo is the open -terminal, no -load, output voltage, and 

VLmax is the output voltage when the power supply's max- 
imum, rated -output current is drawn. 

Series -vs.- Parallel Regulators 
Voltage regulators tall into two basic categories- series 

and parallel. A parallel (shunt) regulator is one in which the 
actual regulating element is in parallel with the load. An 
example is a circuit that uses a Zener diode as the regulating 
element. The series regulator uses an active element in series 
with the load; examples include all circuits using a series - 
pass transistor to control output -voltage level. 

Zener Diode Voltage Regulator 
The Zener diode is the simplest form of regulator available. 

Figure 12 shows the schematic symbol for a Zener diode and 
the 1 -vs. -V characteristic curve. 

The Zener diode is an ordinary PN junction diode with a 

predetermined and well controlled avalanche voltage (Vz) 
called the Zener potential. 

The Zener diode behaves exactly like any other PN junc- 
tion diode when operated in the forward -bias region illus- 
trated in Fig. 12. Between 0 volts and about 0.7 volts (Vg) the 
current increases from elementary leakage current (1¿) to 
some specific forward current, but in nonlinear manner. 
Above Vg, the current rises linearly with increasing voltage; 
that is called Ohm's law region of operation. 

The Zener diode acts like any PN junction diode in that 
portion of the reverse -bias region between 0 volts and Vz. 
Only a minute reverse -bias leakage current (IL) flows. 

The difference between the Zener diode, and other PN 
diodes, is seen where the reverse -bias potential reaches the 
Zener point, Vz. At that potential, the diode junction breaks 
over (avalanches), and the current increases rapidly. Further- 
more, the voltage drop across the Zener diode remains con- 
stant despite changes in applied voltage. It is that 
phenomenon that permits voltage regulation by the Zener 
diode. 

Figure 13 shows a Zener -regulated DC power supply. Re- 
sistor RL represents the load applied to the power supply (i.e. 
Vz - 13). Capacitor Cl is the regular filter capacitor used in 
any DC power supply. A good rule of thumb is to make Cl not 
less than 1000 -11F per ampere of load current, or 500 µF 
(whichever is larger). 

Capacitor C2 in Fig. 13 is used to suppress avalanche hash 
noise produced by the Zener diode. In many circuits that 
noise is negligible, so C2 may be deleted. 

Designing a Zener -diode regulator circuit as seen in Fig. 13 

is a four -step process: (I) Determine the operating condition 
(explained below); (2) select the Zener potential; (3) select 
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FIG. 11 -LOW INTERNAL RESISTANCE. Rs. assures the 
designer of good voltage regulation under conditions 

where the value of RL varies considerably. 
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FIG. 12 -ZENER DIODE voltage regulation is 
experienced in the reverse -bias region. Under forward - 

bias conditions its just another high- current diode. 
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FIG. 13- ZENER- REGULATED DC power supply provides 
constant voltage to RL. Capacitor Cl provides 

basic filtering keeping Vs always higher than V. 

the resistance and power rating of Rs; and, (4) calculate the 
power dissipation of Zener diode. 

There are three circuit conditions under which the Zener 
diode might have to operate. Step (I) of the design process 
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TABLE 1 

FORMULAS FOR ZENER DIODE REGULATOR 
Calculation of Value of RS in Ohms 
Condition 1: 

Rs _ MIN 

Condition 2: 

RIN - VZ 
Rs 

1.113(maximum) 

Condition 3: 

VMIN - VZ Rs 
1.113(maximum) 

Power Dissipation of D5 in Watts 

POS (VMIN VZ)2 (I3V2) 

Power Dissipation of Rs in Watts 

(V -V - VZ)2 
PRs R s 

or PRs = P05 + (13)(VZ) 

requires that we determine which of those conditions most 
nearly represents the conditions in our circuit. The three 
conditions are: 

I- Variable supply voltage Vs, constant load current Is 
2- Constant Vs, variable 13 

3- Variable Vs, variable 13 

The equations used to design for those three cases are 
shown in Table I that is found immediately above. Below are 
the design steps, and an example for Condition I. The three 
conditions are so similar that providing examples for all three 
would be repetitive. 

Design for Condition 1 

Follow the listing of steps below to determine circuit 
parameters: 

I- Select VZ from the application 
2- Select load current I3 

3- Calculate Rs (see Table 1) 

4- Calculate Zener diode power dissipation 
5- Select Zener diode power rating 
6-Calculate resistor (Rs) power dissipation 
7- Select resistor (Rs) power rating 

Example: 
Design a Zener diode voltage regulator such as Fig. 13 to 

provide a 6.8 VDC to a circuit that draws 75 milliamperes. 
The power source is an automobile battery, which normally 
varies 12 to 15 VDC as the engine speed changes from an idle 
to high RPM. 

Step I. Select VZ = 6.8 VDC (given) 
Step 2. Load current = 0.075 Amperes (given) 
Step 3. Rs = (V - VZ) _ (1.113) 

(Note: 1.11 is used to allow added 10% current 
flow in Rs) 

Rs= (12- 6.8) =(1.1 x 0.075) 
Rs = (5.2V) - (0.083A) = 63 ohms 

Step 4. Calculate PD5 
PD5 = l(Vmax - Vz)2 - R11 - (I;VZ) 
PD5 = ((15 -6.8)2 - 63] - (0.075)(6.8) 
PD5 = 1(8.2)2 - 631 - (0.5) 
PD5 = 1(67.2) _ (63)] - (0.5) 
PD5 = 1.07 - 0.5 = 0.57 watts 

Step 5. Select D5 power rating. Since PD5 is 0.57 watts, 
we can reasonably use a I -watt Zener diode. In general, it is 
good practice to use a diode with a rating that is 20% (or 
more) higher than the computed value for PD5. 

Step 6. Calculate PR, 
PR. - PD5 +(1; X Vz) 
PR, = 0.57 + (0.075)(6.8) 
PR,= 0.57 +0.5 
PR, = 1.08 Watts 

Step 7. Determine Rs power rating. Since PR, is 1.07 
watts, we must use a 2 -watt resistor for Rs-the next higher 
standard rating. We follow the same "120% or more" rule 
here as for the diode power rating. 

Design for Conditions 2 and 3 

The technique for designing to conditions 2 and 3 are 
exactly the same as for condition I, except as follows: 

Condition 2 -use I3,,,ax, instead of 13 (condition 2 repre- 
sents variable current) 

Condition 3 -use V,,,;,,, as in condition 1 and 13,,,äx as in 
condition 2. 

Limitations 
Some people erroneously believe that the Zener diode is a 

universal voltage regulator -it is not! For most situations, it 

is limited to power supplies of low- to medium -current capac- 
ity. Higher current levels can be accommodated by using a 
circuit in which a Zener diode is used to provide a reference 
voltage, but requires some other active device to handle the 
current. 

Zener diodes suffer from voltage error due to temperature 
change, and also from the fact that Zener voltage tends to be 
nominal rather than rigidly fixed. There are strategies avail- 
able to overcome those limitations. For the present, however, 
be aware that precision, relatively -stable, reference voltages 
are available both from special- reference diodes, and inte- 
grated- circuit devices. that contain an internal Zener diode. 

Series -pass Transistor Regulator 
We can boost the current capacity of a Zener diode by 

using a power transistor to carry the current load, and the 
Zener diode to control the transistor b -e junction. 

Figure 14 shows the circuit of a voltage regulator that uses a 

series -pass transistor (QI). Figure 4 is an example of a series 
regulator, because the c -e path of QIs in series with the load 
(RL). 

Capacitor Cl in Fig. 4 is the regular filter capacitor at the 
output of the rectifier. That capacitor should have a value of at 
least 1000 µF per ampere of rated maximum output current, 

1Omax 
The output voltage is determined the Zener potential VZ, 

and is approximately: 

Vo = VZ + V . 

where VI,e will be approximately 0.7 volts on silicon tran- 
sistors. 



The load current for the Zener diode in Fig. 14 is the base 
current of QI (1b). Since that current tends to vary, as does 
VIN, we use the design equations for Condition 3 stated above 
for the Zener diode regulator. 

We must select a transistor for Ql that will: (I) Carry the 
nmximutn value of output current Io, (2) sustain collector 

FIG. 14- CURRENT CAPACITY of a Zener diode can 
be boosted by the addition of a series -pass transistor. 

Vb0 is added to VZ to obtain regulator's output, Vo. 
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FIG. 15- VOLTAGE FEEDBACK from the output is 
compared to the reference voltage in an amplifier that 

controls the series -pass transistor current flow. 
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FIG. 16 -BLOCK DIAGRAM of a typical three- and 
four -terminal voltage -regulator integrated circuit used 

in countless circuits. and available everywhere. 

voltages at least as high as the maximum value of VIN, (3) 
dissipate the power represented by (VIN - Vo) x (lo), and 
(4) have sufficient current gain (hie) to be driven by a reason- 
able It,. 

Current gain (beta, or hie) is the ratio of collector current 
(Id to base current (Ie): 

hie = lC -1B. 
The transistor selected for Q1 must meet that criteria. 

A variation on the series -pass regulator scheme is shown in 
Fig. 15. The series -pass transistor (Q1) is the same as in Fig. 
14, but there is a new circuit to control the transistor base. In 
Fig. 15, the base- control voltage is the output potential (VB) 
produced by amplifier Al. That amplifier has differential 
inputs. A reference voltage (VREF) is applied to the non - 
inverting input, while a sample of the actual output potential 
is applied to the inverting input of Al. The latter voltage may 
be either the actual Vo, or a percentage (V1) of Vo derived 
through a voltage divider (R1 and R2). 

The output of amplifier Al is proportional to: (a) the 
differential voltage gain of Al, and (b) the differential voltage 

(VREF - V1). 
The regulator of Fig. 15 is sometimes called a feedback 

voltage regulator, because it operates by comparing the actual 
output voltage with what it should be, as represented by 

VREP 
The sense line is used to acquire the output -voltage sam- 

ple. In many cases, the sense line is connected directly to the 
output terminal of the regulator. In other cases, however, the 
sense line is separate, so that it can be connected to the V + 
line at the load. That feature becomes important where a 

high -current supply is connected to its load through more 
than a few inches of conductor. The voltage drop in such a 

conductor can be substantial, and a separate sense line allows 
the regulator to see the voltage at the load rather than at the 
power -supply output. 

IC Voltage Regulators 
Very few people still design discrete voltage -regulator cir- 

cuits, because of the large number of highly reliable inte- 
grated circuits (IC's) and other hybrid regulators available. 
Some of those devices are simple- minded, while others are 
highly sophisticated. Devices are available in current ranges 
from 100 mA to 35 A, and voltages from 2 VDC to 24 VDC. 
Some devices have only three terminals (input, output, and 
common), and they operate at fixed standard voltages, while 
others have more terminals and are adjustable. Device pack- 
aging runs from simple three -terminal transistor cases (in- 
cluding TO -5, TO -3, and TO -220), to DIP, and metal -can, IC 
cases, to special packages used on no other device. 

Figure 16 shows the internal block diagram for a typical 
high -quality, three- or four -terminal voltage -regulator IC of 
the sort normally mounted in standard transistor packages. 
The over -current protection feature will be discussed later. 

In general, three -terminal IC voltage regulators will oper- 
ate with input voltages from (Vo + 3 volts) to 35 or 40 volts 
(depending upon model); some models require only (Vo + 2 
volts) input- output differential. For a + 5 volt regulator, then. 
an input voltage of 7 to 8 volts is required; that is the reason 
why the S -I00 microcomputer bus uses +8 volts (unregu- 
lated) on the main power bus. Note that a 6.3 volt AC rms 
filament transformer will supply the correct voltage if a 

fullwave bridge rectifier, and 1000 -µF /amp filter are used. 

(Continued on page 1011 



An analog computer calculates the 
probable blood alcohol level! 

By R. Craig Virnelson 

R1 

R3 

ALCUL 

D1 
R1 

R12 

['DRINKING DRIVERS HAVE BEEN RESPONSIBLE FOR HALF OF 

all traffic fatalities. But only recently with the formation of 
organizations like M.A.D.D. and other groups have the laws 
been stiffened to discourage drinking and driving. General 
Motors Corporation has advertised heavily to announce their 
efforts to reduce drinking and driving by designing an igni- 
tion system that an intoxicated person would have difficulty 
operating. Other companies have proposed ignitions with 
integral breath analyzers. Unfortunately, like seatbelt buzzers 
these devices could easily be defeated. 

A number of personal breath analyzers are now on the 
market, but they suffer from several drawbacks. The sensors 
are not specific for ethanol, and even when they work, the 
information is too late to be really helpful. The ALCULATOR 
information can be used to anticipate the blood alcohol level 
that will result from drinking a known amount of alcohol and 
can thereby help prevent a person from having one too many. 

Normally, law enforcement agencies use the Breathalyzer 
(tm) or similar instrument to determine blood alcohol levels 
of drivers who are suspected of driving while intoxicated 
(DWI). A blood alcohol level of 0.10 percent is usually 
sufficient to result in prosecution regardless of any coordina- 
tion tests and constitutes legal intoxication. Blood alcohol 

levels between 0.10 percent 
To and 0.05 percent are interpreted 
Bt as impairment and can, along 

with poor coordination tests, 
also result in prosecution 

for DWI. 
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R8 
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R10 
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R6 
D2 

03 

R3 THE COMPLETED printed - 
circuit board shows a high 

density of parts. Note that the 
LED's are mounted in a neat 

row looking almost like one unit. 

Figuring It Out 
Blood alcohol levels are the 

primary criteria for prosecu- 
tion in DWI cases. For individuals 

who have been drinking, 
to know their maximum possible 

blood alcohol level there are 
four primary variables to consider; 

body weight, number of 
drinks, alcohol content of drinks, 

and number of hours since 
consumption began. This 

relationship is well known and has 
been published by Dr. Leon A. 

Greenburg of Rutgers Center 
for Alcohol Studies (Table 1). 

Many charts have been pub- 
lished showing two of the four 

variables, body weight and 
number of drinks, but these 

charts do not indicate the impor- 



AT OR 
tance of drink strength or time, which are necessary to 
accurately predict the maximum possible blood alcohol level. 

Since these calculations can be done with a hand cal- 
culator, the first consideration was to build a dedicated digital 
device or a ROM look -up table with the necessary values 
stored for recall with a computed address. However, a simple 
graphic presentation of the information similar to a bargraph 
VU meter seemed more appropriate especially using the 
traffic light analogy of green for go, yellow for caution, and 
red for stop. This would correspond to blood alcohol levels of 
less than 0.05 percent, 0.05 percent to 0.10 percent. and 
greater than 0.10 percent, respectively. 

Most hobbyists are familiar with the LM3914 operation 
and this project appeared to be a good application for it. The 
next step was to convert the blood alcohol formula to an 
appropriate analog circuit. The choice of of ranges had to be 
made without too much compromise. The drink scale was 
chosen to have ten drinks (more than enough for anyone), the 
maximum drink strength is equivalent to one ounce of pure 
alcohol and the minimum four tenths of an ounce, the weight 
scale of 100 to 260 pounds should suffice for most people, 
and the ten -hour time scale was used mostly for convenience. 
The LM39I4 has a linear response 
between 0.0 volts and 1.2 
volts, therefore, the steps are 
0.12 volts each. Each 0.12 -volt 
step was given the equivalent of 
0.015 percent blood alcohol 
for a total range of 0.135 percent 
(only nine steps are used). 
The body eliminates alcohol at 
the rate of 0.015 percent per 
hour, or one step for each hour. 

Tieing in the Circuit 
Using the blood alcohol 

formula with the values for the 
maximum level (ten drinks, 
one ounce of alcohol, 100 
pounds, and 0 hours) and 
converting that value to voltage 
necessitates an input voltage of 
6.0 volts. The starting voltage 
is 6.0 volts, all other computed 
values will be less. In this way 
the simple series of dividers 
shown in Fig. 1 can be used with 
the first two op amp stages 
serving as followers and the 
initial voltage supplied by a 
6.0 -volt Zener diode. 
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FIG.1- SCHEMATIC DIAGRAM for 
ALCULATOR is straightforward 
and direct. Consider the action 
of each potentiometer separately. 
and its effect on the input to 
B2, pin 5. Refer to the text. 
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PARTS LIST FOR ALCULATOR 

SEMICONDUCTORS 
D1 -6 -volt. '-2 -watt Zener diode 
D2. D3-1N914 silicon diode 
LED1 -LED4 -Green light- emitting diode, 5 -mm square 

(AEG -Telefunken) 
LED5 -LED7- Yellow light- emitting diode, 5 -mm square 

(AEG -Telefunken) 
LED8 -LED10--Red light- emitting diode, 5 -mm square 

(AEG -Telefunken) 
U1 -LM324 quad op amp 
U2- LM3914 dot bar display driver integrated- circuit 

chip 

RESISTORS 

100 

(All resistors are '/o -watt, 5 %, carbon -film types unless 
otherwise specified) 

R1 -1000 -ohm 3. R7- 100.000 -ó1i slide potentiomet 
ME 

20%, PC mount 
R4, R6-68,000-ohm 
R8-R11-10.000-ohm 
R12, R13-680-ohm 

ADDITIONAL PARTS AND MATERIALS 
B1 -9 -volt transistor -radio battery 
S1 -SPST miniature slide switch 
Printed -circuit board, battery clip, wire, solder, plast 

case, labels, etc. 

The following are available from ALCULATOR, Inc., Bo 
22051, Beachwood, OH 44122. Complete kit, including 
printed- circuit board and all parts including custom - 
molded case and labels -$29.95. Printed -circuit boar 
custom -molded case and labels only -$9.95. All prices 
include postage inside USA. 

The first stage varies form 0.0 to 6.0 volts, the second stage 
is from 100 percent to 40 percent of the first stage (1 oz. to .4 
oz. of alcohol), and the third stage varies from 100 percent to 
38 percent of the second stage (260 pounds to 100 pounds). 
The tolerance on the slide potentiometers R3 and R5 are 20 
percent, but the divider must be accurate to 5 percent. If the 
actual value of R3 and R5 are more than 5 percent off then R4 

FIG. 2 -FOIL PATTERN for the ALCULATOR is provided 
here on a 1:1 scale so that experimenters who wish to make 
their own printed- circuit board may do so. 

and R6 must be changed to maintain the specified range of 40 
to 100 percent of the input voltage. A value of 80,000 ohms 
for R3 would mean that R4 would have to be changed to 
53,000 ohms; or if R5 was 120,000 ohms, then R6 would 
need to be 80,000 ohms. The values of R2 and R7 are not 
critical. 

The time function uses the 1.2 -volt internal reference of the 
LM3914 to represent 10 hours, or a proportional fraction of 
that voltage for less time. The time can then be subtracted 
from the product of the alcohol content and body weight by 
using the third op amp as an analog subtractor. The output is 

then connected to the input of the LM3914 and displayed on 
nine LED's. A tenth LED was used to indicate power on. This 

TABLE 1 

FORMULA FOR CALCULATING 
PERCENT ALCOHOL IN BLOOD 

AB% - 7.3(N)(D) .015H 
W 

-where AB% = percent Alcohol in Blood, W = body 
weight in pounds, N = number of drinks, D = Alcohol 
content of drink in ounce drink, and H - hours since 

'consumption began. 
.; 

necessitated connecting both the ninth and tenth outputs of 
the LM3914 to the last red LED because the tenth output is 
active for overvoltages. 

Build It 
Construction is facilitated by using the printed- circuit 

board layout in Fig. 2 and shown with parts mounted in Fig. 
3. The only components that require particular care in mount- 
ing are the 10 LED's which must be at the same level for the 
sake of appearance. Those particular LED's were chosen 
because they form a continuous display without a special 
lens. 

Although the case shown was specially molded for this 
application, early prototypes were constructed using com- 
mercially available cases. The slide potentiometer stems were 
shortened so they would rise just above the surface of the 
case. The scales along the slides are linear except for the 
weight which is an inverse relationship. The positions for the 
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weight scale values can easily be calculated 
in the following way: Divide 100 by the 
fraction of the input voltage at any point on 
the slide and that value in pounds will 
correspond to that position on the scale, i.e. 
if the divider is .40 of the input voltage that 
position corresponds to 250 pounds. 

One option to consider is to use the 
fourth op amp on the LM39I4 as a 
comparator to indicate low battery 
condition. The positive input would be 
connected to the 6.0 -volt reference and the 
negative input to 90 percent of the supply 
voltage through a resistor divider. The 
output would go high if the supply voltage 
fell below 6.4 volts and light an LED. 

To Operate 
Operation of the ALCULATOR should start 

by checking to see that the battery is good 

CHART indicates where to set average drink strengths on 
the ALCULATOR. As each LED lights, the blood alcohol 

level increased 0.015 Push all controls to top to 
light all red LEDs checking out the 9 -volt battery. 

J 

FIG. 3 -X -RAY VIEW 0= printed- circuit board 
with parts in place and foil side underneath. All 
parts are mounted on the board except for 
the battery and its clip connector. 

and the unit is properly calibrated. When 
the slides are set to 10 drinks, minimum 
strength, maximum weight, and 0 hours, the 
first red LED indicates proper operation and 
a good battery. For an individual to compute 
their maximum possible blood -alcohol level 
they need only enter the appropriate 
information on the four slides and the blood 
alcohol level will be displayed on one of the 
nine LED's. Here's ai example: If a 200 - 
pound person drinks 5 beers in 2 hours, the 
first red LED should light indicating 
intoxication. 

The completed ALCULATOR as pictured 
was the topic of a report by the ABC 
television network affiliate in Cleveland, 
Ohio, in which a group of people drinking 
at a bar were asked to keep track of their 
drink intake and submit to a Breathalyzer 
(tm) examination administered by a 
qualified police officer. These same people 
used the ALCULATOR to successfully predict 
their blood alcohol levels as measured by 
the Breathalyzer (tm). Hopefully, the 
ALCULATOR will function to educate and 
inform people when to stop drinking before 
they have one too many. 
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Mechanical slide switches provide 4 -bit 
binary outputs from 0000 to either 

1001 or 1111 in a mini -DIP case 
you can mount on printed- circuit 

and solderless- circuit boards 
and test in an active circuit! 

By Ed Noll 

HEX /BD Code Switches 
A CODE SWITCH IS A MECHANICAL DEVICE THAT CAN BE 

set for a specific 4 -bit binary output. Grayhill has two ver- 
sions of that switch. The first, a BCD type, has ten positions 
that provide 4 -bit binary outputs from 0000 to 1001; the 
second, a hex type, has 16 positions that provide 4 -bit binary 
outputs from 0000 to 1111. Both devices are slide switches. 

The switches are mounted in a mini -dip case convenient 
for mounting on printed- circuit or solderless- circuit boards. 
Such binary code DIP switches are convenient for setting up 
modes of operation in digital circuits, programmable control- 
lers, computer systems and in test equipment used to check 
out digital systems. 

Pinouts and truth tables of the two styles are given in Fig. 1. 

Four -bit binary logics appear at pins 8, 4, 2, and 1. Switch 
wiring is such that the output for pin 0 is also active for zero 
position setting of the switch. Note that the hex switch has 16 

positions, and, as shown in its truth table (Fig. I), sets up the 
first 16- possible hex combinations. The BCD version has 
only ten positions, setting up the binary equivalents of deci- 
mal 0 through 9. On one side of each type of switch there are a 
series of pins that are joined internally. Common ground can 
be established by making connection to any one or more of 
those pins. 

A schematic diagram for a hexadecimal generator and 
demonstrator is shown in Fig. 2. In the circuit arrangement 
+ 6 -volts DC is connected to the bus of the hex switch and the 
4 -bit binary outputs are connected to common ground 
through individual 10,000 -ohm resistors. An LED circuit is 
connected to the zero- output pin. Whenever the hex switch is 
positioned at zero setting, a logic I appears at that pin and 
turns on the associated light- emitting diode (LED). The 4 -bit 
binary output is available at outputs D, C, B, and A. 

The 4 -bit binary signal is also applied to the Motorola 
14495 hex -decoder integrated circuit (Fig. 2). The hex- 
adecimal equivalent of the binary switch setting is displayed 
on the common -cathode, 7- segment LED display (Radio 

Shack 276 -75 or equivalent). When using the 14495 decoder, 
it is not necessary to use series resistors between the decoder 
outputs and the segments of the common cathode display. An 
LED connected to pin 4 turns on whenever hexadecimal A, 
B, C, D, or F is displayed. 

Hook up the switch and decoder system on a solderless 
breadboard. Check out operation for each switch position. 
Note that in the transition between any two such switch 
positions, the logic changes back to 0000. That action is 
analogous to a rotary non -shorting switch. 

Interfacing 
Inverting and non -inverting buffers can be used to interface 

the 4 -bit binary output to digital circuits and/or control sys- 
tems. The 4049 and 4050 hex buffers are appropriate. When 
supplied to the non -inverting 4050 integrated circuit (Fig. 3), 
the output level from the chip is such that additional CMOS 
circuits or two TTL input circuits can be driven with the 4 -bit 
binary signal. Sensitive relays, as well as opto devices, can be 
driven from those outputs. 

If your application requires complementary outputs, the 
inverting 4049 hex buffer can be used. That manner of 
operation might be attractive when the binary logic 1 is to 
operate relays using a high sink current. 

The hex switch itself can be wired to provide a comple- 
mentary output. The basic circuit is given in Fig. 4. In that 
application the bus line is connected to common ground, 
while each of the individual 4 -bit binary outputs are con- 
nected to the plus voltage through 10,000 -ohm resistors. In 
that case, the output logic at DCBA will be 1111 when the 
switch is set to hex 0. Complementary logics decline with 
switch setting reaching a DCBA value of 0000 when the 
switch is set to hex F. 

Adding a Storage Latch 
In your application it might be advisable that the 4 -bit 
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FIG. 2 -WITH A LITTLE BIT of simple circuitry, the hex -code switch 
can control the display of an LED numerical indicator via a hex decoder. The 14495 
used requires current -limiting resistors at its outputs. 

SWITCHES are diagrammed here, presenting the pinouts 
for each. The 0 pinout is high at zero and all other 

You may want to tie an LED indicator to the zero output, 
home position of a circuit you are designing. 
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2 
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MEN A 
FIG. 4- CONNECTIONS for obtaining a complementary hex 
output from a binary code DIP switch. Here, the resistors 
connect the switch's output to a high until the switch 
grounds the outputs via the bus nput. 

FIG. 3- BUFFERS provide the circuit isolation required 
in many circuits. Shown here are the 4050 and 4049 Hex 
buffers with the latter providing inverting buffering. 

binary output be. placed on hold for a specific application. 
Two advantages are offered by that arrangement. First, the O- 

bit binary output logic will not change as the switch is moved 
to another position. Second, the switch can be pre-set to the 
next position to be used and held there. Operations will 
continue as per the previous setting, and at an appropriate 
time a fast changeover can be made simply by depressing a 

pushbutton switch. 
That mode of operation can be established using a 4175 

storage register chip as shown in Fig. 5. The 4 -bit output of 
the circuit of Fig. 2 is supplied to appropriate DCBA pins of 
the 4175. A pushbutton switch is connected to storage pin 9 
of the 4175. New DCBA outputs are applied to your 14495 
decoder. In addition complementary outputs as may be re- 

71 



 

72 

FROM 
HEX 
SWITCH 
(FIG 2) 

B 

A 

+6v 

DC BA 

1 16 
15 

12 10 

5 7 

4 2 

STORAGE 
REGISTER 
4175 

14 

11 

6 

9 
B 

3 

10K 

o 1 
STORAGE 

o 
+6V 

TO 14495 
DECODER 

FIG. 5- STORING THE OUTPUT from the hex switch is a 

useful idea. Actually, a similar circuit is used in dis- 
playing telemetered data presentations. For example. your 
weight on an electronic scale is constantly changing. due 
to your shifting weight. breathing, etc. So, a pulse 
generator closes the storage switch circuit every two 
seconds (typical) and the data is displayed without the 
rapid flashing that makes the last digit so hard to read. 
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Fig. 6 -A VARIATION of Fig. 2 is shown here. Essen- 

tially. the circuit performs in the same manner: however, 

an inexpensive decoder driver. CMOS 4511. is used. 
330 
12 

quired are made available at pins 14, I1, 6, and 3. 
Add the storage latch to your basic circuit. Set the code 

switch to hex 8. Momentarily depress the store pushbutton. 
The 4 -bit binary equivalent of hex 8 will appear at the DCBA 
outputs of the 4175. Now move the hex decode switch to 
different positions above and below hex 8. Observe that the 
output is latched on hex 8. Set the switch to hex C. Now 
depress the store pushbutton, noting that the output switches 
over to the 4 -bit binary equivalent of hex C and holds. 

The previous procedures demonstrate two advantages of 
using a storage latch circuit in generating a 4 -bit binary signal 
for test use or other applications. 
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The circuit of Fig. 6 shows how the BCD code switch can 
be used to generate the BCD 4 -bit binary signal. The switch 
circuit is identical to that of Fig. 2. However, the less expen- 
sive 4511 BCD decoder /driver is used. Any 4 -bit binary 
number above decade 9- namely, 1010 to 1111 -will not be 
displayed. In using the 4511, current- limiting resistors must 
be connected in the path between each decoder output and its 
7- segment input. Wire the circuit and check out operation. 

You may find the mechanical code switch useful in a 
variety of practical and educational applications. A most 
favorable attribute is the ability to mount it on printed- circuit 
and solderless- circuit boards. 

11111 1116111 t7Mi1 a1! 00501, I[# i .11t . sslrss11M1 *Y .. tl11s 11 . . 
I wiles 

1 A L 
101 w 

THE SOLDERLESS- CIRCUIT BOARD has been wired to duplicate the schamatic drawing 
illustrated in Fig. 2. The Grayhill switch is a HEX -code type set to HEX 6. The 

HEX decoder chip (center) drives the common -cathode LED display at the left. 



01F YOU ARE WOKING FOR AN ELECTRONIC COMBINATION 
lock (ECL) that is almost impossible to open by a random 
combination of input -keying pulses, look no farther! This 
ECL is for you! It uses only two push- buttons (2PB), with 
which you can program any one of 512 possible 9 -bit code 
combinations. The 2BP /ECL (guess how we got the name) is 
operated by the correct sequence of ones and zeros fed in via 
two pushbutton switches. 

inside the Lock 
By depressing two switches, SI and S2, to a preset 9 -bit 

pattern, you will be able to unlock the 2PB /ECL (see Fig. I). 
Any out -of- sequence bit disables the 2PB /ECL so as to lock 
OUI any further attempts to open the lock. Another coded 

PARTS LIST FOR 2PB /ECL 

Cl-See text. Watch polarity if you use an electrolytic 
type 

P1- 2200 -ohm to 3.300.000 -ohm, 1/4 -watt resistor (See 
text) 

F2- 10,000 -ohm, 1/4-watt resistor (See text) 
S1, S2 -SPST momentary pushbutton switch (Radio 

Shack #275 -1549 or equivalent) 
L1- LS7229 2 -push- button digital lock (LSI Computer 

Systems, 1235 Walt Whitman Road, Melville, NY 
11747. $2.70 per unit. Add $5.00 for shipping and 
handling.) 

el- 2.5- 15 -VDC battery supply (See text) 
Solderless circuit board, wire, battery clip, printed- circuit 

board, solder, etc. 

D 

An electronic combination lock 
you can assemble in one evening. 

input sequence can be entered only after a delay period set by 
an RC network consisting of RI and Cl. If the combination 
(9 -bit code) is entered in the correct sequence. a logic one is 
passed through the LS7229 9 -bit shift register, U I, to produce 
a logic one at its output terminal (pin II). 

The combination is entered at piis 1 through 9 of UI-the 
leading bit on pin I and the end bit on pin 9. Leave a code pin 
floating for a logic 1, or tie it to ground for a logic zero. 
Initially, the ONE and ZERO input ports (pins 13 and 14 of UI, 
respectively) are at logic -one levels. To open the lock enter 
the code by pressing the ZERO and the ONE switches, SI and 
S2, in the correct sequence. As each switch is pressed, the 
corresponding input port goes to a logic one and then returns 
to a logic -zero level as the switch .s released. 

In the circuit in Fig. 1, code pins 4, 5, and 6 are shown 
grounded; all others are open (floating). Thus the combina- 
tion is 111000111. (I selected that combination for my person- 
al application because it's easy to remember. With the ones 
representing dots and the zeros dashes in Morse code, the 
combination is the equivalent of the International Distress 
Signal, SOS. To operate the lock, press the ONE switch S2 
three times in rapid succession, then the ZERO switch SI three 
times, and finally the ONE switch three more times. The lock 
output at pin 11 goes high at the instant that the last entry bit 
returns to zero. The output remains high for a period about 
30% longer than the period of the external RC network. If you 
want to hold the output high for a longer period, enter a tenth 
bit and hold that switch closed for as long as is necessary. 

(Continued on page 101) 
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Build this 
20 -dB booster 

at almost no 
cost from parts 

in your junkbox! 

LAN AUDIO BOOSTER AMP IS A HANDY GADGET TO HAVE ON 

the work bench. It can be used to provide extra oomph for a 

microphone circuit when you're recording a conference; it 
will turn a high -level auxiliary (AUX) input into an extra 
microphone input; and it can even be used to convert a small 
utility amplifier into an audio -signal tracer. 

For general and experimenter uses, a booster amplifier 
doesn't have to be made of gold -plated components. Even if 
your junkbox isn't crammed to overflowing with parts sal- 
vaged from a hundred discarded radio and TV sets, you'll 
probably find it has most of the stuff needed for our Audio 
Booster Amp. 

The Audio Booster Amp has an input impedance of ap- 

proximately 50,000 ohms. so it can be used with both Lo -Z 
(50 -600 ohms) and Hi -Z (about 50,000 ohms) microphones. 
We have installed the booster amplifier assembly inside a 

small 51/4- x 3- x 21/4-in. aluminum cabinet so the project 
can be used as a microphone or general purpose preamplifer. 
You can just as easily install the printed -circuit assembly 
directly inside another piece of equipment. 

The Specs 
The amplifier's gain is nominally 20 dB. Its frequency 

response is determined primarily by the value of just a few 
components -primarily Cl and R1. The values in the sche- 
matic diagram and Parts List provide a response of ± 3.0 dB 

J1 

!R4 R5 
56052 COK 

ANODE 

LED 1 

FLAT 

CATHODE 
SHORTER 

LEAD 

E 

C 

B1 

+9VDC 

l 
V 

J2 

FIG. 1 -THE SCHEMATIC DIAGRAM for the Aidio Booster 
Amp could not be simpler unless some manufacturer provided 
a chip with input and output jacks mounted of tie device. 
Resistor R6 limits the current through LED7. Using the 
larger value for Cl lowers the frequency bandoass. 

PARTS LIST FOR AUDIO BOOSTER AMP 

SEMICONDUCTORS 
LED1- Light- emitting diode (see text) 
Q1- 2N3392 PNP transistor or equivalent (see ford 

RESISTORS 
(Use '/a -watt, 10% values unless otherwise specified.) 
R1- 47,000 -ohm 
R2- 470,000 -ohm (see text) 
R3- 10,000 -ohm 
R4 -56C -ohm 
R5- 100,000 -ohm, audio -taper potentiometer with on/ 

off switch S1 (Radio Shack 271 -216, or equivalent) 
R6-27G -ohm 

CAPACITORS 
(Rated 10-WVDC or higher) 
C1 -0.05- or 0.1 -1LF (see text) 
C2- 0.1 -µF 
C3-30- to 50 -µF, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
B1 -9 -volt transistor battery, type 2U6 or equivalent 
J1, J2 -M niature phone jacks (see text) 
S1 -SPST switch (part of R4) 
Battery connector, battery mounting clip, cabinet, 
printed -circuit materials, wire, solder, hardware, etc. 
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from about 120 Hz to better than 20,000 Hz. Actually, the 
frequency response is ruler flat from about 170 Hz to well 
over 20,000 Hz; it's the low end that deviates from a flat 
frequency response. Refer to Fig. 1 

The low end's roll -off is primarily a function of capacitor 
CI (since RI's resistive value is fixed). If Cl's value is 
changed to 0.1 µF, the low end's corner frequency -the 
frequency at which the low -end roll -off starts -is reduced to 
about 70 Hz. If you need an even deeper low -end roll -off, 
change C1 to a 1.0- .&F capacitor; if it's an electrolytic type, 
make certain that it's installed into the circuit with the correct 
polarity, with the positive terminal connected to QI's base 
terminal. 

SINCE AUDIO -TAPER potentiometers for printed- circuit 
assembly are hard to come by, you'll have to make your own 
by soldering shat, so id bare wires to the specified 
potentiometer's solder lugs. Bend the wires so that they 
are perpendicular to the body of the control. 

A small light emitting diode :LEDI) on the front panel 
illuminates as long as the power is on. The 3 -mA purled by 
LEDI is essentially the total current drain of the circuit, so 
battery BI will deliver almost its shelf life in typical, or non - 
continuous, use. 

Construction 
Except for the transistor's gain range, nothing is critical, 

so feel free to make any changes you would like in the 
printed- circuit foil layout, cabinet, jacks, etc. For example, 
the unit shown uses miniature inpst and output jacks, because 
they match the miniature plugs usually supplied with modern 
cassette- recorder microphones. If your equipment requires 
standard phone jacks, simply substitute them for the mini- 
ature jacks. Just be certain that the printed -circuit assembly's 
location leaves enough room for the larger phone jacks. 

Transister Q1 is a 2N3392 type, which has a beta (DC gain) 
of 250. You can substitute any similar transistor as long as the 
gain is essentially that of the 2N3392. If you're not quite 
certain that the substitute QI is correct, you can fine -tune the 
circuit by adjusting R2's value. Pleasure the battery voltage 
(across C3) and then the DC voltage from QI's collector to 
ground. If the voltage at Ql's collector ranges from about half 
to one -third the battery voltage, your parts' values are on the 
mark. If QI's collector voltage is not within that range, trim 
down resistor R2's value until the collector voltage approxi- 
mates half the battery voltage. Increasing R2's value will 
increase the collector voltage; decreasing R2's value will 
decrease the collector voltage. 

PASS THE WIRES from the potentiameter through the 
drilled holes in the printed -circuit board, then pull the 
potentiometer up tight to the board and solder the wires to 
the copper foils. It will all go together. as if the 
potentiometer were originally a priited- circuit type. 
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FIG. 2- HERE'S the author's pattern 
for the printed- circuit board's foil 

surface. It is presented same -size so that 
you can copy it and produce your own 
board quickly. Drill holes for #22 wire. 

CO:111 
3.1tOiCe 014 

If you substitute for the 2N3392, make certain that the 
printed -circuit foil pattern matches the transistor's terminal 
positions. The foil pattern shown in Fig. 2 is for the 2N3392, 
which has an ECB (emitter, collector, base) lead arrangement. 
A substitute transistor might have an EBC layout. If so, simply 
change the printed- circuit foil layout accordingly. 

The required audio -level control, R5, is not generally 
available with printed- circuit wire connections, so a standard 
miniature potentiometer must be adapted for the printed - 
circuit assembly. The potentiometer shown in the pho- 
tographs is a miniature volume control with switch (Radio 
Shack 271 -216 type) having an 100,000 -ohm audio taper. 
Solder a 1 -inch bare, solid, #20 or #22 wire to each of the 
three potentiometer lugs, and a like wire to the common 
switch lug. (The remaining switch lug will be connected 
later.) Bend the four wires so that they are at right angle 
(perpendicular) to control and slip the wires into their respec- 
tive holes in the printed -circuit board. Push the control as 

close as possible to the board, carefully position the control, 
and solder the four wires to the printed- circuit foils. Then, 
using an ohmmeter or other continuity- tester, determine 
which of the two remaining switch terminals closes a circuit 
when the control's shaft is advanced. Connect a wire from 
that terminal to the appropriate printed- circuit foil. (Looking 
at the back of the switch, directly at the switch contacts with 
the common terminal at the bottom, the left -hind terminal is 

the one that's on when the shaft is rotated from the off 
position. 

Install the remaining components-except LEDI -after 
level- control R5 is fully secured to the printed- circuit board. 
LED1 is installed after the printed- circuit assembly is 

mounted in the cabinet. If LED1 is installed earlier, it will 
probably be damaged when you try to push it through its 
panel hole. To keep the battery drain as low as possible, 
LED1 works at very low current and it isn't all that bright. To 
insure that LEDI can be seen in a brightly lit room, use an 
unit with a Fresnel lens that focuses the light so tat it appears 
to be very bright when viewed straight in. If you're pinching 
pennies on this project, substitute any light- emitting diode 
you have in stock. 

Here's how to handle LEDI. First, install the printed - 
(Continued on page 97) 

THIS IS HOW LED1 is mounted. Bend the two leads 
perpendicular to the body. Slip the leads into the board, 
push the LED into the hole in the panel -now solder them 

R4 z . 
1 P. 

R 11QlXVi 
h s 3 i 

R6 

THIS IS HOW the printed- circuit assembly appears when 
it's ready for installation in the cabinet. The only things 
missing are the jacks and the power indicator, LEDs. 
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THE PRINTED -CIRCUIT ASSEMBLY is held to the top 
panel by the potentiometer's mounting nut. The battery 
is secured by the clip on the left side of the cabinet. 



Electronic 
Crossover 

Circuit 
By Fernando Garcia Viesca 

EVER SINCE THE INITIAL SUCCESS BY THOMAS ALVA EDI- 
son at sound reproduction, and as that art was constantly 
upgraded into hi -fi, it was recognized that somehow the audio 
band of frequencies should be split into smaller frequency 
bands in order to faithfully reproduce the complete audio 
spectrum. In fact, that was Alexander Graham Bell's original 
approach to the telephone. Because of their elec- 
tromechanical origin, speakers were the first audio compo- 
nent to establish that practice. In early stages of electronics, 
vacuum -tube amplifiers had the same trouble dealing with 
such a wide band -l0 octaves. Most of the troubles existed in 
the power -amplifier sections, so it was logical then to divide 
the audio frequencies and feed a separate power amplifier for 
the low- and high- frequency bands, a technique known as 
biamping. Lower intermodulation distortion, better coupling 
to the speakers, and freedom of the high -frequency units from 
low -frequency overloads were quickly realized benefits. 
Biamping was used in professional sound systems, but it was 
too large, heavy, complicated, and expensive for the average 
electronics and hi -fi enthusiast. 

AUDIO 
INPUT R1 

330K 

R2 

330K 'R4 R5 

With the advent of the transistor, the problem was 
lessened, but still remained complicated. Not until the arrival 
of the linear integrated- circuit chip could such a project be 
built easily and inexpensively. Even then, the available IC's 
didn't deliver the performance for true hi -fi. With the intro- 
duction of BIFET and hybrid IC's at affordable prices, the 
construction of a biamp system is a reality for the hobbyist, 
and a home -made project can deliver excellent sound fidelity. 

This article is a description of an Electronic Crossover 
Circuit and an optional power -amp ifier setup for a complete 
biamp project. 

The Electronic Crossover Circuit 
An audio source, such as a mixer, preamplifier, equalizer, 

or recorder, is fed to the Electronic Crossover Circuit's input 
(Fig. l). That signal is either AC- or DC- coupled, depending 
on the setting of switch SI, to the non -inverting input of 
buffer -amplifier Ul -a, one section of a quad, BIFET, low - 
noise TL074 op -amp made by Texas Instruments. That stage 
has a gain of 2, and its output is distributed to both a lowpass 
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SEE TABLE 1 ANO TEXT. 

FIG. 1- CIRCUIT DIAGRAM for a monophonic crossover amplifier. It 
takes two to stereo. Network at right provides regulated DC to power 111. 
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crossover assembly to the power -amp- 
lifier modules. Biamp Power Ampli- 
fier Parts List at end of article 
lists modules and fuses required 
for various power levels. 

1 LP GND 
4 MODULE 2 

V (SEE PARTS 
5 LIST) 

HIGH FRED 
OUTPUT 

TO 

WOOFER 

MONO 
SIGNAL 
INPUT 

FUSE 

}TO 
TWEETER 

(SEE PARTS 
LIST) 

TABLE 1- COMPONENT VALUES 
Freq. 
(Hz) 

R4. R5 
(Ohms) 

C2 
µF 

C3 
µF 

R6 
(Ohms) 

R7 
(Ohms) 

750 15.0K 0.002 0.01 15.00K 30.00K 
1000 10.2K 0.002 0.01 11.25K 22.51K 
1250 8.2K 0.01 0.005 9.00K 1.80K 
1500 15.0K 0.022 0.01 7.50K 15.00K 
2000 5.1K 0.01 0.005 5.62K 11.25K 
2500 8.2K 0.01 0.005 4.50K 9.00K 
3000 15.0K 0.005 0.0025 3.75K 7.50K 

PARTS LIST FOR 
ELECTRONIC CROSSOVER CIRCUIT 

SEMICONDUCTORS 
D1,D2 -12 -volt, 1 -watt Zener diode (such as ECG142A) 
U1 -TL074 Quad, BIFET, low -noise op -amp; TL084 

(slightly noisier) may also be used 

RESISTORS 
(Fixed resistors are 1/4 -watt, 5% units) 
R1, R2- 330,000 -ohm 
R3- 150,000 -ohm 
R4- R7- select values given in Table 1 

R8, R10 -1000 -ohm 
R9, R11 -470 -ohm 
R12, R13 -see text 
R14 -1000 -ohm, linear -taper potentiometer 

CAPACITORS 
C1- 0.22 -µF, 100 -WVDC 
C2, C3- select values given in Table 1 

C4, C5-0.01 -µF. 
C6, C7 -1 -µF. 25 -WVDC electrolytic 

ADDITIONAL PARTS AND MATERIALS 
S1 -SPST switch, very low- current capacity 
Wire, cable, solder, mounting hardware, printed- circuit 

materials or perfboard, cabinet, etc. 

filter made by R4, R5. C2. C3, and op -amp UI -d, and a high - 
pass filter made by R6, R7, C4, C5, and op amp Ul -c. Those 
are 12 -dB /octave Butterworth -type filters. The *Butterworth 
filter response was chosen because it gives the best compro- 
mise between damping and phase shift. Refer to Table 1 for 
the values of those capacitors and resistors whose values vary 
with the selected crossover at which your unit will operate. 

The filter's outputs are fed to a balancing network made by 
R8. R9, R10, Rll and balance potentiometer R14. When the 
potentiometer is at its mid -position, there is unity gain for the 
passbands of both the high and low filters. 

DC power for the Electronic Crossover Circuit is regulated 
by RI2, R13. Dl, and D2, and decoupled by C6 and C7. 

'Active filter theory involves many equations beyond the scope of this short 
article; readers interested in greater details should read: Handbook of Opera- 
tional Amplifier Circuit Design, D.F. Stout and M. Kaufmann, Mcgraw -Hill 1976, 
chapters 10 and 11. 

d-g g.., 

Vin) 
A=17-° 

CROSSOVER 

FIG. 3 -SAME SIZE foil pattern used by author to 
fabricate his circuit -board for the crossover circuit. 



Power Amplifier Circuit 
Although it's possible to build the electronic crossover 

circuit only (Fig. 1), and to use power amplifiers you have, 
you should be interested by the diagram of the amplifier 
circuit shown in Fig. 2. That simple circuit is centered around 
the new ILP power modules. Those modules are extremely 
easy to use, have built -in heatsinks, offer true hi -fi perfor- 
mance, and are reliable enough to be backed by a 5 -year 
warranty. The modules are available in power ratings from 15 

to 240 watts, including some ultra -low distortion MOSFET 
types. With only five connections per amplifier, only the 
power supply has to be built -plus the Electronic Crossover 
Circuit, of course. Contact the address in the Parts List for 
pricing and a brochure. 

F GND GND G 

THE CIRCUIT BOARD could be made smaller, but there's 
no need to crunch the circuitry into a small box. You may 
want to use shielded leads to limit hum and crosstalk pickup. 

Construction 
Wire -wrap or printed -circuit board construction may be 

used to build the Electronic Crossover Circuit's board, al- 
though the latter technique is recommended. The foil pattern 
and parts -location diagrams are shown in Figs. 3 and 4. The 
power -amplifier section is so easy to build that point -to-point 
wiring may be used. For the power amplifiers' high -current 
sections, use at least #18 wire for the V - , V + , ground, and 
output connections. The electronic crossover may use #24 
wire, but use of shielded cable fo- the input, output, and 
switch connections is advised to avoid hum and noise pickup. 
It is extremely important that all ground connections be made 
by individual wires back to the power supply's common 
terminal. If AC coupling is always cesired, delete switch Sl. 
If DC coupling is always desired, delete switch SI and replace 
capacitor Cl by a jumper. 

Note also that balancing potentiometer R14 is mounted 
outside the cicuit board. Mount tie Electronic Crossover 
Circuit's board away from the power transformer. The perfor- 
mance of the circuit is dictated by the quality of its compo- 
nents, so metal -film resistors, and polystyrene, mica or 
NPO- ceramic capacitors are strongly recommended. The 
resistor values are non -standard, so if you want to avoid 
expensive precision resistors, use a digital multimeter 
(DMM) to hand -pick usable resistors from a sample of stan- 

dard -value resistors that are within 5% of 
the target value. Remember, the circuit 
will work with standard parts, but it will 
work better if you follow this sampling 
suggestion. 

A bipolar supply of any voltage greater 
than 15 volts is needed to power the Elec- 
tronic Crossover Circuit. Resistors R12 
and R13 (Fig. 1) drop the excessive voltage 
to a correct level via the action of the Zener 
diodes, D1 and D2. Calculate the ohmic 
value of those resistors by subtracting 12 
volts from your supply's rated voltage, and 

(Continued on page 90) 

ONO A B 

GND 

GNU 

FIG. 4- ENLARGED VIEW of flopped 
foil pattern pinpoints parts location 
on the printed- circuit board. Consider 
ing that two are needed for stereo. its 
a good idea to make several boards - 
two for yourself, anc some for friends. 
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By W. N. Hubin 
Kent State University 

CURB -SIDE AUTO MECHANICS AND PEFORMANCE -ORI- 

ented drivers have been dreaming of an easy -to -read, sure -fire 
engine tachometer. With a bit of electronics background, 
they'd ask for a digital -readout tachometer that uses digital - 
counter and phase -locked -loop circuits to measure and pres- 

ent very accurate rpm information in a large- image, liquid - 
crystal display. They have it now in a project that we call 
Digital AutoTach. This easy -to -build unit uses CMOS and 

liquid -crystal technology to keep the battery- current require- 
ments from a 12 -volt battery to a very modest 8 milliamperes. 
Resolution of either ± 10 or ± 100 rpm is selected with a H/ 
too slide switch; the lower resolution goes along with a rapid 
0.1- second sampling time that is useful during rapid changes 

in engine rpm. 
Circuit construction is simplified by designing the Digital 

AutoTach around a specialized oscillator /controller chip and 

a counter /decoder /driver integrated- circuit chip. The cost of 
the project to the builder, not including the case, is about $50. 

Of course, a packed junkbox of parts will help to reduce the 

overall cost. 

Circuit Operation 
Resistors R1, R2, and R3, capacitors Cl and C2, and 

diodes Dl and D2 (Fig. 1) condition the pulsating signal from 
the engine ignition system and reduce its maximum ampli- 
tude to 3.9 volts. (See Reading Reference I.) Signal com- 
parator UI converts the conditioned pulsating signal into a 0 

to 5 -volt squarewave. Phase -locked -loop circuit chip U2 and 

flip -flop chip U3 form a phase -locked -loop that multiplies the 

signal frequency by three, so that in one second the counter 

TABLE 1 

WIRING LIST FOR 7224 TO C5335 

DIS1 
Segment 7224 (U4) 

Pin Number 
C5335 (DIS1) 

Al 37 16 
B1 38 15 
Cl 39 14 
D1 40 13 
El 2 12 

Fl 4 17 
Gl 3 18 

A2 6 20 
B2 7 19 

C2 8 10 
D2 9 9 

E2 10 8 
F2 12 21 

G2 11 22 

A3 13 24 
B3 14 23 
C3 15 6 
D3 16 5 

E3 17 4 
F3 19 25 
G3 18 26 

B4 21 2 

Backplane 5 1,3,27,28 

f 

DI GITAL 

AUTOTAC: 
This true- reading engine tachometer is 

suitable for permanent monitoring in you 
car -monitor your engine's performance! 

will count and display a number equal to one -tenth the 
number of revolutions in a minute for a four -cylinder, four - 
cycle engine. That follows from the fact that such an engine 
will fire two of its four cylinders on every revolution, produc- 
ing two voltage spikes that, in turn, will generate two counts 
in the tachometer. If that engine were rotating at 1000 rpm, 
for example, it will generate 2000 counts in a minute, but 
only 2000 - 60 counts in a second. Thus, if we sample for 
only one second (as is done in the HI resolution switch 
setting), we must multiply the count by three to read one - 

tenth of the actual rpm: 

(2000 - 60) x 3 = 100 

In the t-o resolution switch setting, the sample period is 

one -tenth of a second and the tachometer will repetitively 
count to 10 for that same rpm. From that, you can see that the 
multiplier circuit with chip U3 will have to be modified to use 

the tachometer with other types of engines. Those modifica- 
tions will be discussed later. 

Circuit chips U4 and U5 form a basic frequency -meter 
building block. Chip U5 provides the crystal -based 0.1- 
second or 1.0- second sampling period (as selected by switch 
SI), as well as the necessary timing signals that transfer 
counter contents to the display latches and reset the counters. 
Counter /Driver chip U4 also provides the symmetrical back - 
plane and segment signals required by the liquid -crystal 
display, DISI. The exclusive -oR gates of U6 turn on the 
decimal point that is appropriate to the chosen resolution. 

The power supply (Fig. 2) provides the regulated 5 -volt 
power required by the circuit. The resistor /diode /capacitor 
input network (RIS, D3, D4, and C9) is designed to shield 
the Digital AutoTach's circuit chips from the damaging volt- 
age spikes that commonly occur on the power lines in an 

automobile. (See Reading Reference l.) Diode D3 protects 
the circuit from voltage reversals that often occur as negative 
50 -volt spikes due to voltage /inductive kicks during the start- 
ing period. 
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THE AUTHOR did a clever deed when 
he attached self- adhesive, paper 

lables to the integrated- circuit chips 
housed in the Digital AutoTach. At a 

glance you can pin -point the IC you 
want to pin out. This idea made test- 

ing easier during the circuit- design 
stage, and it could make your 

troubleshooting procedure a snap 
should it become necessary. 

Construction and Checkout 
Either wire-wrap the circuit on a 

perfboard or resort to printed- circuit 
construction. The liquid- crystal dis- 
play, DISI, plugs directly into a stan- 
dard 28 -pin DIP socket. Refer to 
Table I for the wiring connections 
between U4 and the display, DISI. 

Before applying power to the Digital AutoTach, verify that 
all the pins on the circuit chips have a wire connection to them 
except for pins I, 2, and 14 of U1, pins I, 2, and 10 of U2, pin 
11 of U3, pins 20 and 22 -30 of U4, pins 1, 3, 7, 8, 9, and 12 of 
U5, and pin 4 of U6. Every pin of the liquid -crystal display, 
DISI, must be connected, too; unused display segments 
should be connected to the backplane signal from pin 5 of U4. 

When no signal is applied, the liquid -crystal display, DIS I . 

should read about .20 because 200 rpm represents the mini- 
mum frequency for the voltage -controlled oscillator in the 
phase -locked -loop (as determined by RIO and C6; see Read- 
ing Reference 2); the maximum rpm with the given circuit 
should be about 20,000. Another bench check can be made 
by applying an 8 -volt (or somewhat greater) 60 -Hz sinewave 
to the input; the display should then read 1.80 in the high - 
resolution position and .18 in the low- resolution position. If it 

doesn't, check for the proper 60 -Hz squarewave (rather than a 
steady low state) from the output of UI and then for a 180 -Hz 
squarewave at the output of U2. The store and reset lines (Fig. 
1) to counter U4 should be at a high -logic level except for a 
short pulse that appears every 0.1 second or 1.0 second, for 
low- and high -resolution respectively. The counter -disable 
line should have a symmetric squarewave on it with the same 
periods. 

With a conventional ignition system (with breaker points), 
connect the tachometer to the plus ( +) terminal of the coil 
and to a good engine ground. The three flexible leads coming 
from Digital AutoTach should be long enough to reach the 
battery terminals and coil without placing leads dangerously 
near the fan blades, belts, or other moving parts under the 
hood. For an electronic ignition system, it is advisable to 
check the service manual. VW, for example, recommends 

PARTS LIST FOR DIGITAL AUTOTACH 

SEMICONDUCTORS 
D1- 1N4148 silicon switching diode 
D2- 1N5228B 3.9 -volt, Y2 -Watt, silicon, Zener diode 
D3- 1N4004 400 -PRV, 1A, silicon rectifier diode 
D4-1N4742 12.0-volt, 1-Watt, silicon, Zener diode (Ra- 

dio Shack #276 -563, or equivalent) 
DISI -31/2 digit, 0.3 -inch, liquid -crystal display (Crys- 

taloid Electronics C5335 or equivalent) 
U1 -LM339 quad voltage- comparator, integrated circuit 
U2 -4046 phase -locked -loop, integrated circuit 
U3 -4027 dual JK flip -flop integrated circuit 
U4- Intersil ICM7224 4Y2- digit, counter /decoder /driver, 

integrated circuit (Jameco 72241PL) 
U5- Intersil 7207A frequency- counter timebase 

(5.2488 -MHz),integrated circuit (part of Jameco 
7207AEV /Kit -see XTAL1) 

U6 --4070 quad exclusive -oR gate, integrated circuit 
U7 -7805 (340T -5) + 5-volt, 750 -mA, voltage regulator 

integrated circuit 

RESISTORS 
(All resistors are 1/4-watt, 5% values) 
R1- 1500 -ohm 
R2- 15,000 -ohm 
R3-100,000-ohm 
R4, R5, R13, R14- 22,000 -ohm 

R6-3000-ohm 
R7-10-Megohm 
R8-470,000-ohm 
R9-47,000-ohm 
R10, R12-10,000-ohm 
R11-2-Megohm 
R15-150-ohm 

CAPACITORS 
C1- .22 -11F, 100 -volt, Mylar 
C2- .022 -µF, 100 -volt, Mylar 
C3- .01 -µF, 50 -volt, disc 
C4- 1.0 -1,F, 35 -volt, tantalum 
C5- .1 -1,..F, 100 -volt, Mylar 
C6- 0.047 -11F, 100 -volt, Mylar 
C7, C8 -22pF, 50 -volt, disc 
C9- 1000 -1.1F, 35 -volt, electrolytic 
C10- .1 -11.F, 50 -volt, disc 

ADDITIONAL PARTS AND MATERIALS 
S1 -SPST slide switch 
XTAL1- 5.24258 -MHz crystal (part of Jameco 
7207AEV %Kit -see U5) 
DIP sockets for IC's (3 -14 -, 2 -16 -, 1 -28 -pin, and 1-40 - 
pin), wire, 2 heavy -duty alligator clips, standard -size 
alligator clip, 2 5- terminal strips, wire, solder, plastic 
case, etc. 



using the circuit of Fig. 3 when connecting a tachometer to its 
Rabbit. 

Circuit Variations 
The Digital AutoTach can be adapted to other engines, or 

to other precision rpm requirements, by modifying the coun- 
ter network between pins 3 and 4 of U2. For example, if the 

F1 R15 03 
1/4A 15052 1N4004 
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AUTO C9 
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FIG. 2- 5 -VOLT regulated power supply 
is standard except for network that ties it 
to car's battery. D3 protects against reverse voltage peaks. 
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counter network is changed to a divide -by -thirty network, the 
signal frequency will be multiplied by thirty and the display 
will read directly in rpm in the high -resolution position; that 
would be appropriate for a very stable rpm for which very 
high precision in measuring is required. Increase the loop 
setting time (by increasing the product of R8 and C1) and 
increase the loop damping (by increasing the ratio of R2 to 
Rl). See Reading Reference I. 

Also, if U3 is exchanged for a divide -by -six counter, such 
as can be made from a 4018 (Fig. 4), the tachometer would 
display the proper rpm for a two- cylinder, four -cycle engine. 
A six -cylinder engine fires three of its plugs on every revolu- 
tion, so for 1000 rpm this would give 

3 x 1000(rpm) _ 60 = 50 counts 
in a second, and we see that the incoming frequency must be 
multiplied by a factor of two in order to get a display of one- 
tenth of the actual rpm. A single D flip -flop chip can do that 
as seen in Fig. 5. 

An 8- cylinder engine has four plugs firing on every revolu- 
tion, so that will give 

4 x 1000(rpm) = 60 = 200+ 3 counts 
in a second; from that we could multiply the incoming 
frequency by a factor of 15 to get the actual rpm in the Lo 
resolution switch setting. Alternately, we can use only the 
upper 31/2-digit drivers on U4 and obtain the same resolution 
as before. (Chip U4 contains a 41/2-digit driver for which Fig. 
l and Table I show the use of only the lower 311 digits.) 

The sampling periods can also be altered by exchanging 
the crystal for one of a different frequency, although Intersil 
recommends a reduction in supply voltage if the frequency i$ 
significantly reduced because the 7207A uses dynamic fre- 
quency counters. 

Finally, an LED display can be used with that circuit if an 
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FIG.3 -THE DIAGRAM provides details to modify the 
Digital AutoTach in Fig. 1 for use on 6- cylinder engines. 

TO PIf 30 
OF U4 

=IG. 5- EIGHT -CYLINDER 
cars can be handles by the 
Cigital AutoTach with t ase 

provide the 4013 IC .:hip 
is used for U3 and :on- 
nected as shown at left. 

Intersil 7225 is substituted for the 7224. The pinouts of the 
7225 chip are the same as the 7224 chip except that pm 5 
functions as a brightness control rather than as a backplane 
driver. Thus, pin 5 on the 7225 chip should be connected to 
the wiper of a 100,000 -ohm potentiometer that is connected 
across the power supply. 

'Reading References -The author suggests that the project builder refer to the 
following two texts: I I1 Voltage Regulator Handb o.:. National Semiconductor 
Corporation. 1982. and 12) CMOS Cookbnk M Pon Lancaster. Howard W. 
Sams and Company. Inc.. 1977 

EVEN IN THE DIM LIGHT in the engine compartment of 
this old Ford, the Digital AutoTach liquid- crystal display 
clearly idnicates the engine's rpm. The unit shown was 
constructed as an outboard tester for tune -ups. 



All the variations of the MA1026 
Clock/Temperature module can now 
be operated in a hands -off fashion 
with electronic switching of modes! 

By Rich Hampton 

LITHE POPULAR MAI026 CLOCK/TEMPERATURE MODULE OF- 

fers the electronics experimenter the opportunity to build a 

low -cost digital clock and thermometer. One disadvantage 
with many time /temperature systems using the MA1026 
module is that the systems require manual switches to select 
time or temperature, or a dedicated system that displays only 
time or temperature. If more than one temperature sensor is 

used, additional switches are required. There may be periods 
when hands -off time and temperature are desired. 

The Auto -Temp circuit will automatically display the time 
for six seconds. It then displays indoor temperature for three 

seconds followed by the outdoor temperature for three sec- 
onds. If temperature only is selected, the display will alter- 
nate indoor and outdoor temperatures every three seconds. 

Circuit description 
Power is supplied to the switching circuit via pin 6 (VDD) 

and pin 8 (Vss) from the MA1026 module. (Note: A printed - 
circuit board approximately the same size as the MA1026 
module connects to the module by wire jumpers such that 
both the module and the printed- circuit board physically 
parallel each other; and the electrical connections to both are 

FIG.1- SCHEMATIC DIAGRAM is straight- 
forward and easy to understand. All 
circuit functions are explained 
in the text. Refer to the schematic 
diagram while reading the text, and the 
operation becomes very clear. 
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identical in construction, so that the pin numbers on one 
correspond to the pin numbers on the other. Refer to the 
photos.) The voltage output of the power supply (on the 
printed -circuit board -see Fig. 1) is Zener -regulated by Dl, 
Zener current is limited by RI. Additional filtering is supplied 
by capacitor Cl. 

Clocking is produced by Ul (7555 timer) wired as an 
astable multivibrator. Circuit elements R2, R3, and C3 con- 
trol the frequency of the switching. The output of the timer is 
applied to the clock input (pin 3) of U2, the D flip -flop. 

The Q output (pin 2 of U2) is connected to the D input (pin 
5 of U2) of flip -flop A so that it will toggle (Fig. 1). The output 
is also used to switch the outdoor temperature sensor. The Q 
output (pin 1) of flip -flop A is used to display the indoor 
temperature. Outputs from Q and Q are also used to supply 
current to the LED -driver transistors Q2 and Q3. LEDI and 
LED2 indicate if temperature is indoor or outdoor. Transistor 
base currents are limited by R4 and R5; R6 and R7 limit the 
LED currents. 

The Q output (pin 1) of U2 -a is applied to the clock input 
(pin 11) of U2 -b. That half of U2 is used to alternate clock and 
temperature displays. The Q (pin 12) to D (pin 9) connection 
causes the flip -flop to toggle as the input is clocked. The Q 
output of the flip -flop is applied through SI to temperature 
display (pin 20) of the module. Switch Si is wired so that 
automatic time -temperature display may be used. Tem- 
perature-only can be selected by disconnecting the Q output 
and applying Vss to the temperature input. The Q output (pin 
12) of U2b is applied to the LED cathode -driver transistor Ql 
through current- limiting resistor R8. 

Transistor QI disables the indoor -outdoor indicators while 
the time is being displayed. 
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THIS VIEW of the clock module MA1026 and the assembled 
printed- circuit board shows the wire spacer connections to 
like terminals on both assemblies. These connections serve 
as sturdy spacers that fix the boards together as one piece. 

The MA1026 module is designed so that the alarm is 
turned off by closing pin 21 to Vss (Fig.1). It was desirable to 
have the alarm on at only one setting of Si, so Q4 is used to 
invert the output of S1. The alarm -off pin is held low by Q4 
until the base voltage is removed by setting S1 in the ALARM - 
ON position. Resistor R9 provides base -bias current to Q4 
from the LED supply of the module. 

The Modes of Operation 
Switch SI (Fig. 1) allows selection of several display 

modes: TIME SET, SECONDS DISPLAY, ALARM DISPLAY, TEM- 
PERATURE ONLY, TIME/TEMP WITH ALARM OFF, and TIME/ 
TEMP WITH ALARM ON. In the TEMP ONLY position the Q 
output of U2 -b (time /temp alternate) is bypassed and the 
temperature display (pin 20) is held low. That also holds the 
indoor -outdoor LED cathodes low, so that they will not cycle 
on and off as they do for the TIME/TEMP display. 

Construction 
The Auto -Temp circuit can be constructed using the 

printed -circuit board template in Fig. 2. Use of the printed - 
circuit board will simplify construction. Install jumpers on 
the printed circuit first (see.Fig. 3). The long jumpers should 
be insulated with scrap insulation from hookup wire. 

Four mode- selecting jumpers should be installed (or omit- 

FIG.2- SAME -SIZE. etched, circuit -board layout is provided for 
those who wish to roll- their -own. Make a couple 
of these boards as friends are sure to want one in hen they see Auto -Temp. 

v \LPVifä 

1,1f 
85 



86 

FIG.3- PRINTED -CIRCUIT 
board parts placement is 
shown here. An alternate 
construction technique 
would be to use pert -board 
and wire -wrap all inter- 
connecting circuit parts. 
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ted) at points (a) through (d) on the printed -circuit board (Fig. 
3). A jumper should be installed at location (a) only if 24- 
hour time is desired instead of 12 -hour. Jumper (b) is used 
only if the clock is to be used on 50 Hertz instead of 60 Hertz. 
If jumper (c) is installed, the display colon will remain on 
instead of blinking at a one -Hertz rate. Jumper (d) will cause 
the temperature to be displayed in °C instead of °F. Jumper (d) 
should be replaced by an SPST switch if you desire to change 
from °F to °C at the flip of a switch. 

Install all resistors, capacitors, transistors, and integrating 
circuits using the parts layout in Fig. 3. Pay special attention 
to orientation of transistors, electrolytic capacitors, and inte- 
grated circuits. Mount SI on the printed -circuit board and 
solder carefully. Refer to Fig. 4 for external connections to the 
board. Switches S2 and S3 should be attached to the circuit 
board with stranded hookup wire. Switch S2 should be 
connected to point F on the board. S3 is to be attached to 
point S. A wire from Vss is attached to each switch. Solder a 
four -inch piece of stranded hookup wire between the points 
on the board marked "L." The indoor -outdoor LED cathodes 
will be soldered to that wire. Also solder four -inch wires to 
the points marked "IN" and "OUT" on the printed- circuit 
board. After visually inspecting all solder joints, mount the 
Auto -Temp board behind the MAI026 module using 3/4 -inch 

REAR PANEL of Auto -Temp provides all necessary control a. 
Terminal strips give a convenient. easy access for connect- 
ing outboarded temperature sensing elements. Mode selecting 
switch Si and FAST and SLOW switches S2 and S3 are easy 
to reach and use Transformer and fuse are in the base. 

PARTS LIST FOR AUTO -TEMP 
SEMICONDUCTORS 
D1- 1N5344 8.2 -volt, 5 -watt, Zener diode 
LED1, LED2- Light- emitting diode, any color (Radio 

Shack #276 -070 or equivalent) 
01- 04- 2N2222 NPN silicon transistor 
U1 -7555 timer integrated circuit 
U2 -4013 D flip -flop integrated circuit 
U3, U4 -LM334 constant -current source integrated cir- 

cuit (used as temperature sensors) 
Z1- MA1026 clock /temperature module (available at 

Jameco) 

RESISTORS 
(All resistors are 1/4-watt, 5 %, composition type unless 

noted otherwise) 
R1- 1000 -ohm 
R2- 220,000 -ohm 
R3, R4, R5, R8- 100,000 -ohm 
R6,R7- 390 -ohm, 1/2-watt 
R9- 12,000 -ohm 

R10, R11- 500 -ohm, 15 -turn Weston 830P potentiome- 
ter 

CAPACITORS 
Mylar 

C2- .02µF, disc 
C3 -101.LF, 25 -WVDC electrolytic 
C4- .0011.1.F, disc 

ADDITIONAL PARTS AND MATERIALS 
F1-1A. 3AG fuse 
S1 -2 -pole, 6- position rotary switch (Radio Shack 

#275 -1386 or equivalent) 
S2,S3- SPST,normally -open pushbutton switch 
T1 -Line step -down transformer; 10.5 -volt AC, 25 -mA 

and 6 -volt AC center -tapped, 125 -mA secondary 
windings (Jameco 102 -P22 or equivalent) 

SPKR1 -8 -ohm, PM loudspeaker 
Printed -circuit board materials, stranded hookup wire, 

fuse holder, solder, hardware, knob, red plexiglass, 
customizing materials, and enclosure 
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FIG.4- EXTERNAL con- 
nections to and from the 
printed- circuit board. 
are illustrated here. 
Note that transformer Ti 
and switches S2 and S3 
are external to the board. 

stand -offs and No. 4 screws at the top of the board. Install (- 
inch pieces of wire between the two boards. The component 
side of the Auto -Temp board will be to the back. Carefully 
solder the pins between the two boards. Wires are not needed 
on pins 22 through 28. Take care to keep the wires straight, so 
that they do not touch adjacent wires. 

You will observe that the edge connectors on the etched 
circuit board are spaced exactly the same as the edge con- 
nectors on the MA1026. The distance between the two boards 
is determined by the length of the wires that interconnect the 
boards. For additional rigidity, you can add more wires to 
those terminals that are not used. Also, you may want to play 
it safe by slipping insulating tubing over those bare wires. 

Connect the wires from an 8 -ohm speaker to the speaker 
locations on the Auto -Temp board. Drill two small holes in 
the clock module on each side for placement of the indoor - 
outdoor LED's. Be sure to avoid all printed- circuit foil paths 
on the module. Remove insulation from two small areas on 
the wire from "L" on the switching board. Solder the wire to 
the cathodes of the two LED's. Solder the wire marked "IN" 
to the anode of one of the LED's and "OUT" to the other. 
Those will indicate indoor and outdoor temperatures cur- 

rently being displayed. Attach transformer TI secondary- 
winding wires to points R, R, R /W, and G. 

Connect the sensors (U3, U4) with shielded cable to the 
sensor inputs marked " + ," "R," and " - ." Select the 
proper length of cable for indoor and outdoor temperature 
sensors. The sensors are connected to the ends of the cable; 
after soldering them in place, slip a length of heat -shrinkable 
tubing over each sensor so that it goes from nearly the end of 
the sensor to well along the cable length (about an inch -and- 
one- half). Apply heat from a hot -air blow dryer to shrink the 
tubing and then apply epoxy cement to each open end of the 
tubing to completely seal and waterproof it. Connect the 
primary wires to a power cord through fuse FI. 

Operation 
Alter all assembly is completed, plug the module into a 

110 -volt source. The display will flash (indicating a power 
loss) until the time is set. Rotate SI counterclockwise to the 
last position -TIME. Press S2 (FAST) or S3 (st-ow) for fast or 
slow set to select the proper time. When SI is rotated to the 
next position (sec), the time should be displayed in minutes 

(Continued on page 99) 
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HAPPY 
BIRTHDAY, 

HUGO 
GERNSBACK 

Born in Luxembourg 100 years ago, 
Hugo Gernsback illuminated the publishing 

world as Edison lit up its dark cities! 

0100 YEARS AGO, AUGUST 16. 1884 TO BE 

precise, Hugo Gernsback was born in 
Luxembourg. At the age of 19, he emi- 
grated to the United States, and pro- 
ceeded, in his own quiet way, to make 
some vast changes in the way we live, the 
way we think, and the way that things 
happen. 

While he originally thought of himself 
as an inventor, he soon learned that there 
was a good deal more profit in importing 
electrical devices from Europe, for those 
in this country who were interested in 
experimenting with that relatively new 
field. To help forward that end, he wrote 
and prepared catalogs; and those catalogs 
became the forerunners of his first maga- 
zine, Modern Electrics, which first saw 
the light of day in April, 1908. 

His influence was felt in many areas. 

but one of the greatest areas of influence 
that he exerted, was in the field of science 
fiction. He coined the term Scientifiction 
and originated the science -fiction maga- 
zine. His own tales combined his wide 
knowledge of scientific principles with 
his vivid imagination, to produce short 
stories and novels that were fiction, but 
were founded on firm, scientific fact. How 
influential was he? To this day, when the 
science fiction fans have their annual con- 
ventions, and give out awards for notewor- 
thy achievement, those awards are called 
Hugo's. 

In 1925, he founded radio station 
WRNY. In 1928 -yes, as early as that - 
station WRNY began transmitting televi- 
sion signals. These were transmitted on a 
daily basis, and those who were properly 
equipped could receive them; those who 

were not, simply received jumbled 
noises. 

Hugo Gernsback was not by any means 
a somber intellectual. He had a sense of 
hrnor that still makes you stop and won- 
der. He invented a character called 
Mohammed Ulysses Socrates Fips, an of- 
fice boy who was an émigré from Mars. 
Some of his April -fool stories were so 
believable that in 1933 people actually 
tried (for example) to order a pocketable 
radio called the Westingmouse. 

And he held over 80 patents. 
On August 19, 1967, Hugo Gernsback 

passed away. To quote one admirer, "If 
Hugo Gernsback had stayed home, every- 
thing would have been different." Hugo 
Gernsback left his footprints in our sands 
of time, and we are grateful. 

Happy birthday. Mr. G! 

HUGO GERNSBACK was involved with a growing hobby. electronics experimenting. and is seen Cower-left) at his desk in the 
Experimenter Publishing Co. office in New York City about 1922. About 1909 he visited the DeFores-. wireless station (lower- right) atop the 
old Waldorf- Astoria Hotel. In 1948 Hugo Gernsback (upper- right) celebrated the 20th anliversa-y of REdio- Electronics. 
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YOU EARN $20 FOR EACH TIP 

Tip on a Tip 
Some printed -circuit boards are so deli- 

cate that anything more than a touch of 
heat will destroy the copper foils. If 
you're stuck with a monster soldering 
iron, and you can't wait to make repairs, 
wrap a length of #20 or #22 bare solid 
wire into a tight spiral around the tip of 
your soldering iron and extend one end 
about an inch beyond the iron's regular tip. 

Plug the iron in, and after a few minutes 
you'll have a needle -point soldering tip 
suitable for delicate repairs. To prevent 
the wire tip from moving backward when 
pressed against a connection, stretch the 
spiral so that the end is right up against the 
body of the soldering iron. The spiral 
serves as a spring, producing a slight give 
as the tip is pressed against the foil sur- 
face. -L.M., Price, UT 

Shocker Stopper 
Modern electronics hardware is so sen- 

sitive to static electricity that very often 
you have to connect yourself, the tools 
you're using, or the equipment being re- 
paired to an electrical ground. If you in- 

stall a banana plug on the cover of a 
grounded electrical box you get the 
ground connection almost instantly. The 
plug will hold an alligator clip; you can 
just wrap several turns of a ground wire 
around the plug; you can attach the wires 
from your grounding bracelet to a banana 
jack for quick connect/disconnect, or 
even use a VOM's test lead for a ground 
wire by placing a banana jack- o-jack 
adapter on the test lead's plug. H ) wever 
you do it, having a ground plug mounted 
on an outlet box's cover is a lot easier and 
safer than trying to wedge a clip lead un- 
der the metallic cover. 

-S.J., Silver City, NM 

Shock Absorber 
Polyester clothes, carpet on the floor, 

household pets: They all cause static elec- 
tricity -which can instantaneously zap a 
home computer's memory or a disk. I 

eliminated the problem by placing a piece 
of grounded conductive foam adjacent to 
the computer. (The pad is grounded by a 
short length of wire connected between 

the pad and the nearest electrical ground.) 
Prior to touching the computer or its ac- 
cessories, I brush my fingers against the 
pad, instantly discharging any static volt- 
age I might have accumulated. The con- 
ductive foam is the stuff used to store or 
ship integrated circuits. Many electronics 
shops sell small sections, or will give the 
scraps away at no charge. 

-A.B., Twin Falls, ID 

Film Containers 
Those little black or gray plastic con- 

tainers that protect 35- millimeter film car- 

The very next time you come up with a 
simple, but clever, idea that helps you 
build a better project, or do a better job 
of installing, or testing, a project, let us 
know about it. Put your idea on paper 
(typewrite it), spelling out the details 
on one shet. Take a black- and -white 
photo of the idea in action and send it 
to the Editor. (Color photos lose too 
much contrast.) If your tip is used in 
this column, you will receive a check 
for $20. Sorry, we will be unable to 
return your tip or photo, and all entries 
become the property of Hands -on 
Electronics. Send all mail to Hands - 
on Electronics Testbench Tips, 
Room 1101, 200 Park Avenue South, 
New York, New York 10003. 

tridges are handy storage containers for 
small parts in your junkbox. For example, 
the photo shows a container used to store 
delicate LED displays. Those DIP de- 

vices, like other DIP chips, are prone to 
pin damage when stored in a bigger con- 
tainer where the weight of other parts will 
bend the pins. Also, with the lid of the 
container marked to indicate the contents, 
the experimenter will have no trouble 
finding the desired part quickly! 

-K.O., Macon, GA 

Polarized Connector 
Polarized connectors are all around the 

workbench, and still the experimenter 
purchases them for each project. Use the 
matching connectors for a DC power 
plug -pack and a damaged calculator. Sal- 
vage the connector in the calculator and 
tape it to the plug -pack. That way, when 
the time comes, the power plug -pack can 
be connected to a project with its original 
mating connector. Should the plug -pack 
and the caluclator both be defective, then 
snip off the defective parts leaving as 
much cable length as possible attached to 
molded parts. Store in a safe place, and 
the day will come -not too far away - 
when you'll be using the polarized con- 
nectors. -D.F., Muskogee, OK 
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ELECTRONIC CROSSOVER CIRCUIT 
(Continued from page 79) 

divide by a 60 -mA current. Use the nearest standard -value 
resistor. The power rating for the two resistors is determined 
by the equation 12 x R, but allow a safety margin of at least 
50% of your calculations. 

To dissipate better the heat produced by resistors R12 and 
R13, mount them with their body axies about 3/16 -inch away 
from the circuit board. 

The schematic diagram (Fig. 1) for the Electronic 
Crossover Circuit is monophonic, so a second circuit board 
should be built for each audio channel used. 

PARTS LIST FOR BIAMP POWER AMPLIFIER 
(Specifications for matching parts in power amplifier) 
Power 
Rating 
(Watts) 

Module 
Type and 
Quantity 

Supplied 
Parts 

Fast -Blow 
Fuses -2 
Amperes) 

15/15 2 HY30 PSU36 1.0 
30/30 2 HY50 PSU50 1.5 
60/60 2 HY120 PSU70 2.0 
120/120 2 HY240 PSU180 2.5 
240/240 2 HY400 PSU 180' 3.0 
'2 sets of supplied parts required. 

The modules and supplies are available from Gladstone 
Electronics, 901 Fuhrmann Blvd., Buffalo, NY 14203. 
The Supplied Parts include all parts plus a toroidal - 
wound transformer designed for compactness and high 
efficiency. Send a stamped, self- addressed business - 
size envelope for a quote on prices. 

POWER MODULE con- 
nects to crossover 
circuit providing from 
15- to 240 -watts output 
depending on which 
module type is select- 
ed. Refer to Parts List. 

Putting It to Work 
Once everything is assembled, it's wise to check the audio 

system's frequency response with an audio oscillator and a 
scope before connecting it to a speaker. That test could save 
an expensive tweeter from being overheated by a high -fre- 
quency spike, due to oscillations. Slight frequency devia- 
tions are of no importance. When connections to the speakers 
are made, start with the balance control at its mid -position 
and adjust to suit the "liveness" of the room. Unless the 
audio source is of high quality with no DC leakages, and the 
subsonic frequencies of very low levels, it's best to AC- 
couple the amplifier. In a 3 -way system, the best of both 
worlds can be achieved: Use the Electronic Crossover Circuit 
between the low- and midrange -high frequencies, while a 
standard, passive network between the midrange and high 
frequencies will do the remainder of the job. 

One last word of caution: Since phase shift occurs in any 
filter, and additional phase shift may occur in the speaker - 
enclosure combination, reverse the leads (polarity) at the 
woofer terminals should you detect a "notch" in the 
crossover region. 

RESISTOR BANK 
(Continued from page 51) 

ting. The resistors used for the Resistor Bank are 5 -per- 
center's used just as they came from the store. None were 
Hand -selected by resistance measurement. 

TABLE 2 
ACTUAL PROTOTYPE RESISTANCE VALUES 

Resistance (ohms) 
±5% Limits 

(ohms) Read on Ohmmeter 
(ohms) Marking Actual Low High 

10 10 9.5 10.5 10.5 ( =11.1 - 0.6) 
15 15 14.2 15.8 15.5( =16.1 - 0.6) 
22 22 20.9 23.1 23.9 (= 24.5 - 0:6) 
33 32 30.4 33.6 34.0 ( =34.6 - 0.6) 
47 49 46.6 51.4 49.3 (= 49.9 - 0.6) 
68 71 67.4 74.6 72.8 (= 73.4 - 0.6) 

1K 1K 0.95K 1.05K 0.99K 
1.5K 1.5K 1.42K 1.58K 1.51K 
2.2K 2.2K 2.09K 2.31K 2.26K 
3.3K 3.2K 3.04K 3.36K 3.25K 
4.7K 4.9K 4.66K 5.14K 5.07K 
6.8K 7.1K 6.74K 7.46K 7.33K 

100K 100K 95K 105K 102K 
150K 150K 142K 158K 154K 
220K 220K 209K 231K 225K 
330K 320K 304K 336K 328K 
470K 490K 466K 514K 497K 
680K 710K 674K 746K 722K 

Customizing 
A final word. Now that you have read this article and 

understand the switching circuit, you may wish to tailor it to 
your special needs. Here are some tips for your considera- 
tion. 

You may have no need for the 10- Megohm to 68- Megohm 
range. Just eliminate the x 1 Megohm multiplier section 
entirely from your Resistor Bank. 

You could use 2 -watt resistors for heavier current applica- 
tions. However, you'll soon discover that these specialized 
ranges are limited so that not all the resistors need be 2 -watt 
units. Also, think of providing ventilation holes in the unit's 
chassis box. 

Smaller -tolerance resistors may be desirable for greater 
accuracy. That could be done on any particular range, or all of 
them. You could either resort to 1% tolerances, or hand -select 
specific values. 

Any of those modifications, as well as others you can 
dream up, can be done without affecting the basic switching 
connections detailed in the Resistor Bank construction. 

Note: The measured values in the 10- to 66 -ohm range 
have been improved by subtracting the lead and contact 
resistance. The good readings of the other ranges show 
the value of starting out with accurately- marked, within - 
tolerance resistors. That won't always happen unless 
you make it so by screening the resistors first. Re- 
member, you could go out of tolerance permanently by 
soldering the resistors in place that have been exposed 
to a series of high- humidity days. 



BATTERY-SAVER PILOT LIGHT 
HOW MANY TIMES HAUL 1 of KI.ACHED I olt A PII.0 E OF 

battery- operated equipment only to be disappointed upon 
finding the batteries drained. because someone had forgotten 
to turn it off' Some kind of pilot light might have saved the 
day. and the batteries! But a pilot light wasn't used because 
of the current it consumes. Even a light emitting diode ( LED) 
with a current- limiting resistor. Fig. I represents a moderate 
drain on the battery when compared to the circuit's normal 
battery load. 

Cheer up! The Extra - Low -Power Pilot Light does just 
what its name implies. It draws very little power from a 

battery and its periodic flicker serves as a reminder for the 
user to turn off the portable equipment. Its wide range of 
operating voltage. (5 -30 DC), and small size make it ver- 
satile enough to be added to almost any project that might 
require its use. Of course, it could be added to new equip- 
ment too! There is, or was, a LED chip on the market made to 
do almost the same thing. I ran into three little problems with 
it. It has a limited voltage range: it was expensive, and it 
wasn't always available. The first problem was solved with a 

Zener diode in series with the power -supply line. The last 
problem was solved with the circuit shown in Fig. 2. The 

FIG. 1 

o 
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LIMITING 
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middle problem remained the same unless you salvaged parts 
from the junkbox -then the price is right. 

The circuit, Fig. 2. consists of a simple cross -coupled 
free -running oscillator with an LED in between the battery 
and the collector of Q2. As the transistors. Q I and Q2, are 
alternately switched on and off, so is LEDI. The values of 
resistance and capacitance are chosen so that minimum cur- 

By Evert Fruirman 

rent is drawn in the off mode, and LED I is off longer than it Its 

on during each cycle. An added feature of that design is that 
electrolytic capacitors are not needed. The values for the 
resistors specified in the diagram could be varied over a wide 
range of ohms because the circuit is not too critical, and the 
experimenter may select those values he currently possesses 
(different from those in Fig. 2) so that project cost may be 
kept very low. Also, the chances are that you may be able to 

81 
180K 

R2 
18K 

R4 
4708 

LEDI I/ 
E 

Q2 
2N2222 

5-30 VDC 

FIG. 2 

assemble the project this very evening from parts presently in 
your junkbox. 

Typical current drain using a 10 -volt power supply runs 
from less than one -half mA (.5 mA) in the off mode to about 
14 mA during the on mode, or light burst. At 5 -volts DC the 
drain is a quarter of a mA (.25 mA) and 3 mA, respectively. 
The higher the voltage, the faster the Extra -Low -Power Pilot 
Light blinks. That friendly colorful wink from LEDI (you 
pick the color) could be enough of a reminder to save you the 
loss of perfectly good batteries. and the use of valuable 
equipment when you need them most. 

ELECTRICAL SAFETY FIRST 
WHEN DESIGNING AND BUILDING HOME ELECTRONICS PROJECTS, 

important safety factors should not be overlooked. If the 
project is powered by the 117 -volt AC line, it is a good idea to 
have the chassis grounded and the circuit properly fused. 

If you are using a metal project box, purchase a three - 
conductor line cord instead of the usual two conductor. After 
the line cord has been fastened to the box with a suitable 
strain -relief clamp, attach an eyelet to the end of the green 
ground wire. Next, place a lock washer on the ground screw 
of the box, push the eyelet onto the screw, and secure it 
tightly with a nut. If there is no ground screw in the chassis, 
one can easily be drilled and inserted. For those project boxes 
that have a separate cover and base, you may want to connect 
the ground circuit to the cover, also. That is done by inserting 
an insulated jumper wire between the ground screw of the 
base and the ground screw of the cover. Leave enough slack 
so that the case and cover can be pulled apart for servicing. 

Lastly, check for good continuity by placing the test leads 
of an ohmmeter between the center ground prong of the 
line -cord plug and the metal box. The reading should be zero. 
Proper grounding will protect the user of the project from 
electric shocks in the event that the unit shorts out. 

To avoid dangerous current flow during a short circuit, the 
unit should be fused. If the schematic diagram of the circuit 

By Donald K. Roeber 

you are using does not specify the type of fuse to use, the total 
current flow of the project can be measured by using an AC 
ammeter as shown in Fig. I. Note the meter reading and 
select a fuse which is slightly larger. For example, if your 
circuit draws .420 amperes, install a fuse rated at .500 
amperes in the black lead circuit. Likewise, if your circuit 
draws 3. I amperes, install a 4.0 ampere fuse. The "normal - 
blo" fuses are adequate for most digital circuits. If your 
circuit involves magnets, solenoids, motors, or lamps, the 
"slo -blo" type fuses are recommended because they are 
designed to withstand momentary high -current surges but 
still break down quickly if a short occurs. 

With proper soldering and insulation, most home projects 
are reliable and quite safe. The addition of those safety 
measures, though, will add an extra feeling of security when 
you or someone else uses your project. 

AMMETER 

BLACK 
FUSE 

POWER OR 

ISOLATION 
TRANSFORMER 

V 

TO 
CIRCUIT 
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DECIBELS 
(Continued from page 35) 

2 is multiplied by the dB level desired. 
For example, to determine the factor for 3 dB, you have 

23/6 = 21/2, which is the square root of two, or 1.414. In a 
similar manner, we can determine that 6 dB = 2616 = 2. The 
factor for 9 dB is 29/6 = 2V. 

It's not necessary to determine the sixth root of two. The 
usefulness of the method is that it often provides a more 
common factor of a whole number times the square-root of 2. 
Then the problem can often be done simply. To find the 
voltage ratio corresponding to 15 dB, we take 15 X %6 = 21/2. 

Two raised to 21 can be written as 22 x 21/2 or 4V. 
The error using this method is only 0.4% when taken up to 

100 dB! The sixth -root of 2 is 1.122461 while the true factor 
for I dB is 1.122018. The method doesn't work easily for 
those dB levels that would result in some power of 2 other 
than 3 x n/6, such as 21'3. (Then you won't get a multiple of 
the square root of two. 

By using the methods we have discussed in this article, you 
should be able to work with decibels as the need arises. If you 
remember our few simple rules about adding dB's, multiply- 
ing factors, etc., you can do voltage -ratio -to-dB conversions 
quite rapidly. Table 2 lists the only voltage ratios, or factors, 
you need to remember to construct the entire Table 3, which 
lists all of the dB (voltage) ratios from % to 21 dB. (Note that 
21 dB, as we discussed before, is 10 times the value of 1 dB.) 
All you'll probably need to remember from Table 2 are the 
ratios for 3, 6, and 10 dB. If you still have trouble determining 

TABLE 4- WHOLE- NUMBER FACTORS 

Ratio dB 
1.5 3Y 
2 6 

3 91/2 

4 12 

5 14 

6 151/2 

7 

8 

9 

10 

40 

17 

18 

19 

20 

32 

ratios that correspond to dB levels, then Fig. 1 can be cut out 
and used as a handy reference. 

If you want to use Fig. 1 to find the dB value corresponding 
to a ratio larger than 16, then divide the ratio by 10, 100, or 
1000 so that it is smaller than 16. Look up the resultant, and 
add 20, 40, or 60, respectively, to the result. For example, to 
find the dB level corresponding to a voltage ratio of 130: 
130/10 = 13. From Fig. 1, we see that a ratio of 13 corre- 
sponds to about 22.3 dB. Adding 20 yields 42.3 dB. 

You can also find the ratio corresponding to a dB level over 
24 by subtracting 20, 40, or 60 so that the dB level is less than 
24. Then look up that value, and multiply the resulting ratio 
by 10, 100, or 1000 respectively. As usual, an example should 
clear things up: How would you find the voltage ratio corre- 
sponding to 93 dB? We know that 93 = 80 + 13. (We chose 
80 because it is equal to 60 + 20, both of which we know 
how to work with -but we could also have used 40 + 40, 
etc.) That yields 1000 x 10 = 10,000. Using Fig. I we find 
that 13 dB is a ratio of about 4.5. Therefore, 93 dB corre- 
sponds to a voltage ratio of 4.5 x 10,000 = 45,000. 

DUAL POWER SUPPLY 
(Continued from page 26) 

mina's and the voltage output VOLTS potentiometer, R26, set 
to zero (it actually will have a few ohms at the zero resistance 
setting) adjust the NULL potentiometer, R25, for zero output 
as shown on the DMM. It will be found that the output can be 
varied from a small negative voltage to a small positive 
voltage, and that the adverse effect of a few ohms of terminal 
end resistance of R26 will be nullified. The other adjustment 
is the overload set point. Connect a suitable load resistor to 
the output terminals and adjust the output voltage until the 
desired trip current is indicated on the current meter. Then 
adjust the current TRIP ADJ potentiometer, R27, until the 
comparator trips. 

This article is, basically, a design article giving data on 
how to design and construct a power supply with two im- 
proved features to specifications of your choice. The pro- 
totype referred to herein was built using the circuit of Fig. 4, 
but with a variation. What I built was a Dual Power Supply 
consisting of two identical and separate power supplies in one 
case. Using a front panel switch, the two supplies can be 
connected in series to give a total of 40 volts. The power 
transformer, again from my junk box, had two 20 -volt sec- 
ondary windings, thus eliminating the need for two large 
components. The case measures 53/4 high x 3' wide x 71/2- 

deep, however you need not pack its contents in so small 
a case. 

By using the design data in this article it should be easy to 
duplicate the performance of my chosen specifications, or to 
design a power supply to your requirements. 

SERIES SWITCH 

DUAL MEANS DUAL CONTROLS -and that's what you see on 
the unit's front panel. SERIES SWITCH is not in Fig. 4. 
It is used to strap the power supplies in series. See text. 



CALLING ALL HAMS 
(Continued from page 56) 
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tion in your file, because there will be 
additional antennas described in this col- 
umn that will use PVC piping masts. 

Hookup 
The manner of connecting antenna wire 

to a transmission line is unique. A short 
length of coaxial cable is cut to extend 
from the top of the upper PVC section 
down to a hole drilled in the bottom sec- 
tion at chest level. Two holes are also 
drilled in the PVC piping at the very top. 
Bolt and nut combinations are used as two 
terminals. Solder two eye -rings to the in- 
ner and outer conductors of the coaxial 
line. A standard PL-259 plug is connected 
to the other end. Before erection, the 
coaxial line is fed through the hole in the 
bottom section and up through the center 
of the PVC piping to the upper section. 
Here the two eye -rings are looped over 
bolts inside the piping and the two bolts 
are fed through the two top holes. Fasten 
firmly with outer nut and lock- washers. 
You now have a completed mast, and an- 
tenna wires can be connected externally to 
the top screw terminals by using another 
pair of nuts. 

The photograph of Fig. 3 looks into the 
top of the mast, and shows the two leads 

from the coaxial line connected to the 
terminal bolts. Caps are available for the 
PVC piping. As shown in Fig. 4, such a 
cap has been pushed over the top to 
provide weather protection for the internal 
connections between the coaxial line and 
the bolt terminals. 

FIG. 3- COAXIAL LINE termination 
to two points inside PVC piping. 
Solder eye -rings to ends of leads. 

At the bottom section of the mast, tape 
the exiting coaxial line to the mast. Epoxy 
can be used over the hole to provide an 
additional weather seal. The exiting line 
can be seen in Fig. 5. Transmission line to 
the radio shack can be connected to the 
exiting line by using a PL-258 coupler 
(Radio Shack 278 -1369). Here you have 

FIG. 4- PLASTIC pipe cap at top 
of antenna mast protects coaxial 
cable inside pipe from the weather. 

the best lightning protection. When a 
storm is coming, or you are to be away 
from the house for a considerable time, 
disconnect the coaxial line that runs back 
to the shack from the coupler. If you wish 
to leave things connected, use a coaxial 
lightning protector at the coupler. Estab- 
lish a good ground by driving a copper - 
plated metal rod into the ground; obtain a 
commercial type. I prefer the complete 
disconnect. 

To complete the antenna, cut two 
quarter -wave antenna wires for the desired 

FIG. 5- EXITING coaxial cable and 
connector appear at bottom of the Hast. 

frequency. Solder an eye -ring to one end 
of each of the two antenna wires. Connect 
to terminals, Fig. 6. Appropriate in- 
sulators should be fastened to the other 
end of each antenna wire. There is no need 
to remove the insulation. Feed it through 
the insulator hole, loop tightly, and tape. 
Feed strong rope through the opposite 
hole of each insulator and make an appro- 
priate tie -down to each of the two stakes 
that will hold out your inverted dipole. 

A pair of wires can be prepared for each 
band, or as many bands as you wish. 
Those not used can be rolled up and 
stored. As a result, you can put up a dipole 
for any band you wish at a moment's 
notice. All you need, do is lift off the 
mast, lay it down, and make the appropri- 

(Continued on page 94) 

FIG. 6 -ANTEN VA quarter -wave w es 
attached to mast before installation. 
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SAXON ON SCANNERS 
(Continued from page 42) 

heavily used nationally. The more heavily 
used Police Intersystem frequencies are 
39.46, 45.86, and 155.37 MHz. Fire Mu- 
tual Aid operations are frequency to be 
found on 45.88, 154.265, 154.28, and 
154.295, MHz. 

The frequency 155.475 MHz has also 
been designated as a nationwide frequen- 
cy which, may be used by police vehicles 
from different agencies to communicate 
with one another (or their respective base 
stations) during coordinated activities, 
such as high -speed chases which cover 
different or changing jurisdictions. It 
doesn't seem that that frequency has yet 
been placed into full use, but from time to 
time it has provided some pretty hairy 
listening. Keep an ear on it. 

From The Mailbag 
We received an inquiry from Lawrence 

Montalvo of Boston, MA, asking if we 
knew the frequency used to provide 
weather information to aircraft in flight. I 

presume that you mean private aircraft, 
Larry; that frequency would be 122.0 
MHz, which the FAA calls its "Flight 
Watch channel II, Airliners receive their 
weather data on a wide assortment of fre- 
quencies in the VHF aeronautical band. 

Andy Wilson, Fayetteville. NC, ob- 
serves, that since he is a medical student. 
he'd be interested in monitoring commun- 
ications relating to medical emergencies 
and asks if we have any advice to pass 
along. Andy, our best advice is to take two 
aspirins and give us a call in the morn- 
ing -also try listening on 155.325, 
155.34, 155.355, 155.385 and 155.40 
MHz for communications between am- 
bulances and hospitals. Portable medical 
emergency units (the kind in suitcases 
which can transmit vital signs to hospi- 
tals) are found operating on 462.95, 
462.975, 463.025, 463.05, 463.975, 
463.10, 463.125, 463.15, and 463.175 
MHz. 

"There was some odd communications 
traffic on 150.98 MHz," says Charles 
Mendes of Atlanta, GA, "and I'd like to 
know what they were." Unfortunately, 
Charlie, you didn't give us very much 
information to go on, but the fact that it 
was on 150.98 MHz indicates that you 
overheard communications relating to an 
oil -spill cleanup. That is a frequency 
which has been reserved nationally for 
such purposes. Other similar oil -spill 
cleanup frequencies include 36.25, 
40.71, 156.255, 157.075, 159.48, 161.58, 
454.00, and 459.00 MHz. Chances are 
that any time you're hearing activity on 
one of those frequencies, others in the 

grouping will also be active. Those fre- 
quencies are worthy of scrutiny by scan- 
ner owners within listening range of any 
port or waterway used by oil tankers. Ac- 
cidents do happen, and when they do, 
those frequencies are where the action is. 

Say, why not keep in touch with us? 
Pass along your questions, frequency 
data, photos of your stations, and any 
information you'd like; we seek and solic- 
it lots of input from you -regularly and 
often! -Mark Saxon 

Radio-Electronics BOOKSTORE 
Build Your Own Satellite TV Receiver $7 00 

8 -Ball Satellite TV Antenna $5.00 
Build Your Own Robot $12 00 

TV Descrambler (January, February 1981) $3 00 

Radio -Electronics back issues (1984) $3.00 
Radio -Electronics back issues (1983) $3 50 

Write in issues desired 
Radio -Electronics back issues (1982) $4.00 
(January 1982 not available) 
Write in issues desired 

I Radio -Electronics back issues (1981) $4.00 
(Jan.. Feb., March, Dec. 1981 not available) 
Write in issues desired 
Etch your own PC boards $3.00 

To order any of the items indicated above, check oft the ones 

you want. Complete the order form below, include your pay- 

ment. check or money order (DO NOT SEND CASH), and mail 

to Radio -Electronics, Reprint Department, 200 Park Ave. 

South. New York. NY 10003. Please allow 4 -6 weeks for 

delivery 

I you need a copy of an article that is in an issue we indicale is 

unavailable you can order il directly from us. We charge 50t 
Per page. Indicate the issue (month & year), pages and article 
desired. Include payment in full, plus shipping and handling 

charge. 

Special Protects (Spring 1981) $4.50 
Special Projects #4 (Summer 1982) $4.50 
Special Projects #5 (Winter 1983) $4.00 
Special Projects #6 (Spring 1983) $4.00 
Special Projects #7 (Summer 83) NOT AVAILABLE 

_ì Special Projects #8 (Fall 83) $4.00 
Special Projects #10 (Spring 84) $3.00 
Radio -Electronics Annual 1983 $3.50 
Radio- Electronics Annual 1984 $2.50 
How to Make PC Boards $2.00 
All About Kits $2.00 
Modern Electronics (Vol. 1. #1 $2.25 
April 1908) 
Electro Importing Co. Catalog $4.95 
(1918) (176 pp) 
Low Frequency Receiving Techniques $6.00 
Building and using VLF Antennas 

ARTICLE 

MONTH 

PAGES 

TOTAL PAGES 

YEAR 

@ 50t each 
TOTAL PRICE 

MAIL TO Radio -Electronics 
Reprint Department, 200 Park Ave. South, New York, NY 10003 

Total price of order 

Sales Tax (New York State Residents only) 

Shipping & Handling (U S & Canada only) (Includes FIRST CLASS POSTAGE) $1.00 per item ... $ 

All other countries ($2.00 per item, sea mail) $ 
($4.00 per item, air mail) $ 

Total Enclosed $ 
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CALLING ALL HAMS 
(Continued from page 93) 
ate dipole wire change. Such is an excel- 
lent plan for making sure that an 
emergency antenna is available. It can 
also be used as a standard on almost any 
band on which you would like to check 
another antenna. Of course, you can put 
up any number of such dipoles. All you 
need to do is to drive in additional metal 
fence posts at the appropriate mounting 
side. 

Two Benders 
That construction style is especially 

useful when erecting cross -dipoles to per- 
mit two -band operation from a single 
transmission line. For example to operate 
20- and 40 -meter dipoles from the same 
line, simply connect one 20/40 -meter pair 
to one mast terminal and a second 20/40 - 
meter pair to the other mast terminal. Now 
stretch out your two inverted dipoles at 
right angles to each other. The arrange- 
ment of Fig. 7 did very well on the side - 
band segments of the 20 and 40 meter 
bands. -Ed No!! W3FQJ 

16-FT, 5-IN L 16FT, 5-IN o 

COAX 
z CABLE 

i- 
LL 

FIG. 7- CROSSED DIPOLE arrangement 
is diagrammed here for coverage of 
the amateur 20- and 40 -meter bands. 



FRIEDMAN ON COMPUTERS 
(Continued from page JO) 

printer? You guessed it! A DB- 25- to -Cen- 
tronics adapter cable! 

Anyway, let's concern ourselves with 
DB -25 and RS -232. The most important 
terminals are 2 and 3 (input and output) 
and 7 (ground, or common). See Table I. 
Those three wires will handle many, if not 
most of your non -automatic RS -232 sit- 
uations; non- automatic meaning that the 
computer, a modem, or whatever, will he 
switched, or turned on and off, manually. 

The Handshake 
As we get more sophisticated in how we 

apply the RS -232 I /O. terminals 4 and 20 
come into common use. They are gener- 
ally used for handshaking, which is how 
one device can temporarily stop a data 
feed. or turn equipment on or oft. Termi- 
nal 8 is a biggie if you get into automatic 
modems. It is the carrier detect, meaning 
that it is a signal created by your modem if 
it senses an input signal from a remote 
computer /modem. Special software will 
automatically disconnect your modem 
from the telephone line if the carrier sig- 
nal turns off. For example, if the remote 
computer hangs up on you, it turns off its 
carrier. Your modem senses the loss of 
carrier so the signal on terminal 8 is re- 
moved. When your computer senses the 
loss of terminal 8's signal it disconnects 
your modem from the telephone system. 
(Is that a handshake? Certainly!) For most 
personal computers used with modems. 
only the 8 signals shown in Table 2 are 
commonly used. For RS -232 ports de- 
signed to drive serial printers, only three 
reversed paired connections are often nec- 
essary: 2 -3, 4 -5, and 6 -20. Often, many 
devices require only terminals 2 -3 to be 
reversed. 

Multi- Purpose 
There would probably be no real prob- 

lems with RS -232 if it were used for one 
single purpose; unfortunately, it doesn't 
work out that way. There are really two 
sets of RS -232 terminal connections, one 
for what is called DTE, or Data Terminal 
Equipment; the other for DCE, or Data 
Communications Equipment. 

Why the confusion? Because the same 
system is used for two different jobs. 
Imagine for a moment that you have your 
computer (or terminal) connected to a 
modem through terminals 2, 3. and 7. The 
modem receives a signal from the tele- 
phone line and sends that signal to the 
computer on terminal 2; the terminal 
sends its data to the modem on terminal 3. 
But you also have a serial printer that can 
be connected directly to the modem. (It's 
done every day of the week.) The printer 
receives its data from the modem on ter- 
minal 2. 

TABLE 2 -MOST COMMONLY USED CIRCUITS 

Pin Name Function DTE DCE 
2 TD Transmitted Data 
3 RD Received Data 1 

4 RTS Request To Send 
5 CTS Clear To Send 
6 DSR Data Set Ready 1 
7 SG Signal Ground 
8 DCD Data Carrier Detect 

20 DTR Data Terminal Ready 

Assume that you want to disconnect the 
printer from the modem and use it with 
your computer. You plug printer's 
RS- 232 -connector into the computer's 
RS -232 I/O and nothing happens. be- 
cause the computer outputs on terminal 3; 
the printer never receives the signal, be- 
cause it is looking for a signal on terminal 
2. It is that reversal of roles for the printer 
that creates problems with RS -232 inter- 
facing. To get around the problem, some 
of the connections must be reversed; that's 
how we wound up with two different con- 
nections for RS -232: DTE and DCE. 

It has come to pass (no one really 
knows where or how it originated) that the 
devices used for communications are 
identified as DCE and use the DCE 
RS -232 connections, the computer equip- 
ment, or anything that generates informa- 
tion for the modem such as terminals, are 
identified as DTE. Wonderful; DCE and 
DTE eliminate all problems. 

Always One Problem 
But the powers that be didn't know 

what to do with the printer. Often. it is 
called a DCE (communications) device 
because it can be used for communica- 
tions through direct connection with the 
modem. But that is incorrect! If the 
modem's RS -232 is DCE and the printer's 
RS -232 is DCE they can't exchange 
data -no way. In order for the modem to 
teed data to the printer. the printer's 
RS -232 must be DIE. But if the printer is 
DTE, then it can't get data from a com- 
puter /terminal. because the terminal is 
DTE. That is called being stuck between a 
rock. a hard place, and what was orig- 
inally a dumb idea. The RS -232 standard 
should have had a third set of connections 
for the printer. 

But we don't have the third connection, 
so how is the computer or terminal's 
printer output handled? If it is DTE, to 
work with the modem. it won't work with 
the printer; if it's DCE, to work with the 
printer, it won't work with the modem. 

The answer is two separate outputs or a 
lot of tears. For example, Kaypro provides 
two serial outputs: one DTE for a modem, 
the other DCE fora printer. Radio Shack's 
Model I computer has a signal- reversing 
switch on the RS -232 I/O for terminal or 
communications emulation. On the other 

hand. Osborne tuts just one conventional 
RS -232 I /O, which is wired DCE for use 
with a printer. In order to use the comput- 
er with a standard modem it is necessary 
to use a special connecting cable that re- 
verses the connections to terminals 2 and 
3 on one end. 

Often, simply reversing terminals 2 and 
3 does the trick; but there are actually 
three pairs of wires that must be reversed 
for complete DTE /DCE operation. and 
some devices require all three intercon- 
nects. The terminal pairs that must be 
reversed are 2 and 3. 4 and 5, and 6 and 
20. Of course, some manufacturers don't 
even use those more or less conventional 
variations, their connections have no rela- 
tionship to anything else on this earth. 
IBM even goes so far as to require the 
PCjr's RS -232 port to be configured as a 
modem in order to use a serial printer. 
Without the special connecting cable 
(from IBM) or the engineering note (from 
IBM's technical manual) there is no way 
for anyone to determine how to connect a 

standard RS -232 printer to the PCjr. 
Though it is really quite easy to use the 

RS -232 as a standard, one major reason 
why it isn't a real standard is because 
forcing the user to purchase a relatively 
expensive interface cable insures the sale 
of a rather profitable accessory. The very 
sanie printer interface cable that's sold for 
$45 can be made from standard, list -price 
parts for $17. That's a lot of extra expense 
because a manufacturer decides to use ter- 
minal 6 instead of terminal 20. 

Perhaps the Tables will give you 
enough of an insight into RS -232 so that 
the next time you run into an unusual 
RS -232 connection you can work it out 
yourself -with the connectors and cables 
you have on hand. -Herb Friedman 
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's like no other magazine in the world! 
tween the covers of this special annual publication are carefully selected articles on 
entific developments, recent technical advances, consumer products trends, develop - 
nt of services, exotic communications advances, design information, hobbying tips, 

"what's new" material compiled for your reading pleasure and information. Each 
idle was specifically chosen and prepared for publication by the editorial staff of Radio - 
ctronics magazine, updated to the moment it went on press and printed. Here's what 
will read about in the 1984 edition: 

EO ENTERTAINMENT -It 
n't be said all in one article so we 

=fled a 16 -page special section 
ivering the changing and growing 

,old of entertainment in the home: 
Video components with screens 
rom the gigantic to the tiny postage - 
ramp size, accessories that didn't ex- 
:t last year, and tips on getting the 
'ost from what you own or plan to 

ruv. 

ELLITE TV -The countryside is 

t own with parabolic tracking dishes 
,)stalled by home owners to pull -in 
Ill countless television channels 
r. smitted back to earth by satellites 
,oised in space in geosynchronous 
u- its. You, too, can enjoy the pro- 
ti amming selection -and much of it 

commercial -free, too! 

BILE TELEPHONES -What 
_las once a status symbol for the idle 

'ch is quickly becoming a working 

tool for the common man. Cellular 
technology promises more channels 
with a little help from applied comput- 
er technology. 
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BITERTAINMBB 
16-oacked -pages 
on what's new 
for your home! 
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Inside Info ona- 
Cordless Telephones 
Video Disk Systems 
Pocket SW Receivers 
Stereo Audio for TV 

MOblie tele000neS 
Digital Audio Disks 
Pocket Pager Progress 

Nu§ Nets on- 
, cutting your fuel Oil coifs Ip 151 r Pepping.up wde° SOund to niR 1p MI 

Making low -cost computer cabled 1p ni 
Saving by buying Mail Order ip 1011 

DIGITAL AUDIO DISCS -Laser 
rays are bringing new noise -free, 
pulse- encoded audio programming 
to your stereo system embedded in a 

plastic disc immune to strawberry 
jam, sandpaper, and desert heat. 

MAIL ORDER BUYING - You've 
heard the bad points, including the 
myths. Now, here are the facts and 
economics of buying mail order that 
will be an asset to your business or 
hobby. 

PLUS -There's so much more, we 
have space only to mention an elec- 
tronic guitar tuning project, theory on 
digital filters, how to make inexpen- 
sive computer cables, build a pro - 
grammable home thermostat, tips on 
buying pocket -size shortwave re- 
ceivers, stereo audio for TV, all about 
VLF active antennas, news on pagers, 
how to restore antique radios, and.... 

adio -Electronics ANNUAL 198 
How to Order- 
We can't drop your copy of Radio -Electronics Annual 1984 into the mail sack 
until we receive an order from you! So. do it today! Fill out the coupon below, 
giving us all the information requested, write a check or money order (no 
stamps) for the correct amount, and mail at once to: 

RADIO- ELECTRONICS ANNUAL 
Circulation Department 
200 Park Avenue South 
New York, NY 10003. 

SEND CHECKS OR MONEY ORDERS ONLY 
Allow 6 -8 weeks for delivery. 

I know you have a limited supply of the 1983 Edition of the Radlo -Elec- 
tronics Annual. Please send me copies. I am enclosing $2 50 for each 
copy plus $1 00 for postage and handling for US, Canada, and Mexico. All other 
countries add $2 00. US funds only. 

Please Print 

Okay, drop my copy of Radio -Electronics Annual 1984 into the mail bag. I 
Name 

am enclosing $2.50 for the issue plus $1.00 for postage and handling for US, 
Canada and Mexico. All other countries add $2.00. US funds on.y. 

Street Address 

I can use copies of Radio- Electronics Annual 1984. I am enclosing 
$2.50 for each copy plus $1.00 for postage and handling for US, Canada, and 
Mexico. All other countries add $2.00. US funds only City State Zn 



JENSEN ON DX'ING 
(Continued from page 13) 

the. SWL hobby, although a bit dated in 
some respects, is The Complete SW Lis- 
tener's Handbook, 2nd Edition, pub- 
lished by Tab Books Inc., Blue Ridge 
Summit, PA 17214. It is priced at $8.95. 

For Groupies 
There are a number of hobby clubs, 

which publish bulletins on a monthly, or 
more frequent basis, for their members. 
Those who want to keep current on what is 
happening in their hobby and want to 
learn more, really should join one or more 
clubs. Membership costs, bulletin 
coverage, services offered, and other fac- 
tors differ from club to club. 

A leaflet with capsule information 
about its various affiliated clubs is avail- 
able from the Association of North Amer- 
ican Radio Clubs, the umbrella organiza- 
tion covering the individual clubs. For a 

copy of the leaflet, send a stamped, self - 
addressed envelope and 25 cents in coins 
(Canadians should include an unstamped 
envelope, addressed to themselves, with 
50 cents in mint Canadian stamps), to 
ANARC Club List, ANARC Publisher, 
1500 Bunbury Drive, North Whittier, CA 
90601. 

On the Broadcast Band 
While we usually focus on shortwave 

listening, letters received indicate that 
some of you also enjoy tuning distant sta- 
tions on the regular AM medium -wave 
radio band. A list of U.S. and Canadian 
AM, FM, and TW stations, their frequen- 
cies, locations, call letters and transmit- 
ting powers, is included in White's Radio 
Log. It is available by mail for $4.95 from 
Worldwide Publications Inc., P.O. Box 
5206, North Branch. NJ 08876. 

Action for Computer Buffs 
And finally, for those of you who may 

want to combine interests in SWL'ing and 
computers, there is a unique service for 
Radio Amateures and SWL's called 

UBIX, a computer -based bulletin -board 
service catering to your interests and 
needs. For free information about UBIX, 
write Universal Amateur Radio Inc., 1280 
Aida Drive, Reynoldsburg, OH 43068. 

Or if you're simply interested in using a 
computer in connection with your radio 
listening hobby, write to Bill Krause, AN- 
ARC Computer Info Committee, 6700 
153rd Lane, NW, Anoka, MN 55303. 
Please include a SASE with your letter for 
a reply. 

Around the World by Kilohertz 
Let's take a look at what's being heard 

on the shortwave frequencies. All times 
are in Universal Coordinated Time (ab- 
breviated as UTC, or sometimes GMT, for 
Greenwich Mean Time, equivalent to 
EST #5 hours, GST #5 hours, MST #7 
hours or PST #8 hours). 
-Falkland Islands: 2,380 kHz. The 
South Atlantic war between Great Britain 
and Argentina had one unexpected result 
for DX listeners. A formerly very- hard -to- 
hear station, Falkland Islands Broadcast- 
ing Service got new equipment, a new 
frequency, and new schedule, making it 
considerably easier to log in North Amer- 
ica. Look for that one either during the 
evening hours, to about 0330 UTC, or 
when it signs on at 0900 UTC. 
-Belize: 3,285 kHz. Belize, formerly 
British Honduras, is probably the least 
known country in Central America. It is 
English -speaking, too, which is a benefit 
to those who dodge Latin listening be- 
cause of the language barrier. Listen for 
Radio Belize, which sometimes uses pro- 
gramming from the BBC and Radio Can- 
ada International. Try during the evening 
hours, say from 0100 to 0300, or later. 
-Greenland: 3,999 kHz. Greenland Ra- 
dio was off the air for quite a while, but 
again is being reported during the morn- 
ing in North America, 1000 to 1200 UTC. 
Listen for its tuning signal, a slow series 
of chimes. 
-Djibouti: 4,780 kHz. Radio Djibouti, 
located on the northeastern Horn of Af- 
rica is a nice piece of DX. You may hear it 

signing on the air just prior to 0300 UTC, 
with an anthem, brief announcements and 
Islamic prayer chants. 
-Vatican: 6,015 kHz. Vatican Radio's 
English -language programming is not ex- 
tensive, but it is easily heard. Tune in at 
0050 UTC for English. A French program 
preceeds it at 0030 UTC. 
-Poland: 7,125 kHz. R. Polonia is one 
station that many readers ask about. Lis- 
ten at 2230 UTC for the European trans- 
mission in English from Warsaw. 
-Greece: 9,460. The Voice of Greece is 
reported as signing on at 1500 UTC with 
Greek programming, beginning with the 
national anthem and announcements, fol- 
lowed by Greek music. Very interesting 
programming. Other frequencies for this 
station include 11,645 and 17,565 kHz. 
-Albania: 7,300 kHz. The old fash- 
ioned Cold War of the '50s is still alive 
and well in Albania. Those folks don't 
like us very much and make no bones 
about it. Makes for some "strange" lis- 
tening. Radio Tirana can be heard around 
0300 UTC. 
-Belgium: 5,910 kHz. Belgian Radio - 
TV is widely reported in English from 
0030 -0100 UTC with its Brussels Calling. 
and other programs. 

That wraps it up until next time. I wel- 
come letters, questions, and logging 
items from you readers. And 1f you'd like 
to see your photo, with your DXing listen- 
ing post, in these columns, send along a 

picture. A good -contrast color or black - 
and -white photo will do, but -sorry-I 
can't return the photos, so make it that 
one you can spare. 

Black -and -white photos reproduce best 
in magazines and newspapers. Avoid 
using color prints; but, if you must, obtain 
smooth -surface, glossy prints. Pictures 
should have a high degree of contrast. 

'CREDITS: Charles Bolland, FL: John Mosman, IL; 
Ted Gurley, TX; Richard D'Angelo, PA; Sam Alcorn, 
PA: John Prath. FL; Rufus Jordan, PA; Kraig Krist, 
VA; North American SW Association, 45 Wildflower 
Road, Levittown PA 19057) 

AUDIO BOOSTER AMP 
(Continued from page 76) 

circuit assembly in the cabinet, but not the jacks. Next, 
determine which of the two LED leads is the anode (see Fig. 
1). That wire must fit into the LED hole closest to the side of 
the printed -circuit board. Decide which LED lead is which 
and then grasp the leads directly behind the body of the LED 
with the tips of long nose pliers. Fold the leads at right angle 
to the LED. Slip the LED into the printed -circuit board and 
push it down, so that the LED is about 1/2-inch above the 
board, and mark the LED's location on the cabinet. Remove 
the printed- circuit assembly, drill the appropriate size hole in 
the panel (usually 3/16-in.), then reinstall the printed- circuit 
assembly; position the LED so it protrudes through the hole 
in the front panel, and then solder the LED leads to their 

respective foils solder pads. Now check your wiring. 

Finishing Up 
The battery is held in place by a battery mounting -clip. 

Note that in the unit shown we have positioned the clip so that 
the battery normally rests on the printed -circuit board. If you 
plan to give the project some rough handling, simply place a 

strip of masking tape around the battery and sides of the clip. 
No checkout is needed. If you haven't made a wiring error. 

or used a defective component, the project will work straight - 
off. About the only difficulty you might have is with LEDI 
because it's not unusual to get the wires reversed. If LEDI 
doesn't light, remove the solder from each lead with solder 
wick and reverse the leads. If the LED still doesn't light, it's 
probably defective. The failure rate on 10- for -a -$1 LED's is 
very high. 
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BUILD YOUR OWN ROBOT! 
Send today for your 52 -page (81/2 x 
11 ") booklet containing complete re- 
prints of all eleven articles in the 
Build Your Own Robot series by Jim 
Gupton. 

This all- inclusive reprint gives you all 
the data you need to build your own 
Robot. 

TELLS EVERYTHING YOU NEED 
TO KNOW to build the Unicorn -1 

Robot without the need for an engi- 
neering degree or special equipment. 

The robot is fully mobile with minipu- 
lator arms to grasp, lift and carry. 

MANIPULATOR ARMS and end - 
effectors (hands) are what enable the 
robot to perform useful tasks. Details 
of construction techniques and con- 
siderations are fully explored. 

MOBILITY BASE is not a lunar 
space station. It is the drive system 
that permits the robot to move from 
here to there. Full construction de- 
tails along with a discussion of power 
sources is included. 

THE BODY -FRAME AND ROTA- 
TION MECHANISM. This is the part 
that makes Unicorn -1 look like a ro- 
bot. Wood and Formica are the ma- 
terials for the body. Motors and gears 
are what make it function. 

COMMUNICATIONS. How you can 
tell your robot what to do. Prepro- 
gramming techniques.... radio control 
....computer control are all detailed. 

SENSORS. How to add sensors so 
your robot doesn't bump into things. 

Radio- Robot Reprints 
200 Park Ave. South Electronics New York, N.Y. 10003 

I want to order reprints @$12.00 plus $1 00 
postage and handling for U.S., Canada and Mexico. 
Add 96c sales tax for New York State residents only 
U.S. Funds only. 

I want to order reprints @$12.00 plus $3.00 
Air Postage and handling for all other countries. 
U.S. Funds only. 

Allow 6 -8 weeks for delivery. 

Please print 

(Name) 

(Street address( 

(City) (State) 

We do not bill, check must be enclosed. 

RE1B4 
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AUTO -TEMP 
(Continued from page 87) 

and seconds. The next position of the switch (AL) displays the 

contents of the alarm counter. Press the FAST or stow set until 
the alarm is at the desired time. Moving Si to the next 

position (TEMP) will cause the temperature to be displayed 
alternating between indoor and outdoor. The temperature 
sensors must be calibrated before the temperature is displayed 
accurately. When SI is rotated to the next position (ALARM 

OFF), the display should alternate between time and tem- 
perature. To activate the alarm, SI must be rotated to the fully 
clockwise position (ALARM oN). Once the alarm sounds, it 

may be turned off by rotating the mode switch, SI, back one 

or more detent positions. 

Calibration 
The Auto -Temp circuit uses the LM334 constant -current 

source (U3, U4) as a temperature sensor. The slope of the 

MAI026 is set at 11.1,A / °C. Thus, with the temperature sensor, 

only the intercept needs to be set during calibration. The 
intercept may be set while using a fan to blow ambient air 
across both sensors and a mercury thermometer. The calibra- 
tion potentiometers RIO and RI1 are adjusted until both 
displays read the same as the mercury thermometer. 

If the sensors are waterproof, an ice -water bath may be used 

instead of a mercury thermometer. Fill a container with ice 

that is covered with water. Allow the bath to stabilize for 
fifteen minutes before beginning calibration. Place the sen- 

sors in the ice bath and adjust for a display of 32 °F. After the 

intercept calibration, the sensor should be accurate at all 
temperatures displayed within its range. In fact, more accu- 
rate than the typical household thermometer. 

Completion 
Finish Auto -Temp with a suitable and stylish enclosure. 

The author's prototype was mounted in a walnut and plex- 
iglass housing. The transformer and fuse were placed under 
the main enclosure. Be sure that all 117 -volt AC wires are 

properly insulated and strain relief connections are made 
where wires attach to the case. Position the two temperature 
sensors in the area where temperature is to be monitored. The 
outdoor sensor should be placed in an area out of direct 
sunlight to prevent errors. Auto -Temp should now offer a 

convenient display of time and indoor -outdoor temperature. 

TONE -RINGER 
(Continued from page 40) 

printed- circuit board. The foil diagram is given in Fig. 2 and 

the parts location on the reverse side of the foil pattern is 

given in Fig. 3. You may have to vary the mounting and 

connection details on the foil pattern to accommodate the PZl 
transducer you obtain for the project. Part values are not 

critical so long as capacitor minimum working -voltages are 

respected. Location of parts in a hand -wired or wire-wrap 
construction project is are not critical. Just remember that 
neatness counts! 

When selecting the piezo -sound transducer, PZ1, a rule of 
thumb is -the larger the better. As the physical size in- 
creases, the sound producing diaphragm gets bigger which 
produces more sound. Also, the transducers resonant fre- 
quency drops which better matches the output frequency of 
the Tone -Ringer. There are two types of piezo transducers, 
self -drive (like a Sonalert) and external drive. That applica- 
tion requires the external drive type. 

Connection to the phone line is very simple. There are 

usually two wires (denoted Tip and Ring) coming into the 

subscriber's location. The Tone -Ringer's input is connected 

to those wires. Depending on your location, the phone may 

connect to the lines via a four -prong connector or atnodular 
plug. Either of those connectors is available at your local 
electronics or telephone store. Inside there are four wires. 
Connect the Tone -Ringer to the red and green wires, and 

fasten the connector to the back of the ringer circuit board. 

Now sit back, and wait for your first call. 

FRONT VIEW of 
Auto -Temp reveals 
clean, modernistic 
appearance that is 
uncluttered by any 
controls. Housing 
selected offers a 

professional look. 

LETTERS 
(Continued from page 20) 

be that a filling in my tooth is acting like a 
semiconductor, sort of a diode receiver. 
He told me that a dentist could grind 
down the filling and thereby detune the 
frequency to a quiet spot on the "dial" so 
I wouldn't hear the station any more. 

Is all that possible? Is my tooth really 
acting like a detector? 
S. P., Greeley, CO 

Yuh. And your nose is a volume con- 
trol! 

Likes Broadcast Booster 
I just completed the Broadcast 

Booster described in your last issue, and 

tried it out. I guess that I've been living in 
"Death Valley" as far as signal strength is 
concerned; but short of erecting an an- 
tenna atop the nearest local mountain, 
and running a coaxial cable to my re- 
ceiver, that booster has been the great- 
est thing to come down the pike since 
sliced bread. The stations that I've been 
accustomed to hearing badly now come 
in as though they were located right next 
door. And I'm also pulling in stations I 

never knew existed. Thanks muchly, I'm 
really delighted with the Booster. 
G. L., Rome, GA 

Glad that you're enjoying the Broad- 
cast Booster, George. As we often say, 
building the projects we offer is only half 
the fun. We try to select those projects 
that will be fun to build and fun to use! 

ADVERTISING INDEX 
HANDS -ON ELECTRONICS magazine 
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when you 
subscribe to 
Radio -Electronics: 
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Radio -Electronics covers all 
aspects of the fast moving 
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HOW YOU AND THE COMPUTER 
CAN BE FRIENDS . 
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Subscribe today to Radio -Electronics. Don't miss a single 
issue and ... you save as much as $31.03 off the 

newsstand price. 
When you select one of the subscription offers listed on the handy 

coupon - you'll be assured of having your copy reserved, 
even if it sells out on the newsstand. Make sure 

you get all the excitement in every issue of 
Radio- Electronics, every month, by 

filling in and mailing the 
coupon, today. 

Mail to: Radio -Electronics 
P,O. Box 2520, Boulder, CO 80322 

Every Month! 
Get the Best -Mail Today! 

D 1 year -12 issues only $11.97 (You save S9.03 off newsstand price.) LJ Payment Enclosed 
D 3 years --(Save More) -36 issues - $31.97 (Save $31.03 off the newsstand price.) Bill Me 
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Address 

City State Zip Code 
Offer Valid In U.S. Funds Only Canada -Add $3.00 per year 

All other countries -Add S7.50 per year Allow 6-8 weeks for delivery of first issue 
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2PB /ECL 
(Continued from page 73) R2 

JUMPERS TO 
CODES 4, 5, & 6 U1 

The output is a cur - 
rent source, so a re- 
sistor, Rl, is connected R1 

between pin 11 and 
ground should you want to monitor the output pulse on a 

VTVM or oscilloscope. When 2PB /ECL is operated on a 9- 
volt supply, the maximum lock output -control source current 
ranges from 13 mA to 36 mA. That current can be used to 
trigger an SCR or activate a solid -state or mechanical relay. 

If you anticipate making frequent changes in the 9 -bit lock 
code, you might consider using an 8 -pole SPST DIP switch 
instead of encoding jumpers. The switch mounts readily in a 

DIP IC socket or can be wired directly to a printed- circuit 
board. More on that later. If you use the 8 -pole switch such as 

the readily available Radio Shack #275 -1300, assign the 
same code level to two adjacent code pins and tie them 
together on one switch pole. In that way you can encode 9 

pins with an 8 -pole switch. 
The duration of the output current pulse and the maximum 

allowable time lapse between valid input bits is proportional 
to the time constant established by RI -Cl. The time constant 
in seconds is equal to the product of the capacitance in 

microfarads and the resistance in megohms. For example, the 
time constant of a 21.LF capacitor and a 500,000 -ohm (0.5- 
Megohm) resistor is 2 x 0.5 = 1 second. Similarly, a .05 -1LF 

capacitor and 1- megohm resistor will develop a 5- second 
time constant. With a 9 -volt Vss supply, the minimum rec- 
ommended value for R1 is 2200 ohms and the maximum is 

3,300,000 ohms. 

Cl 

Si & S2 

CIRCUIT is assembled on solderless 
board. Builder can alter circuit coding 

and experiment before finalizing design. 

Quick Code Practice Oscillator 
(Continued from page 44) 
capacitor leads are long enough to make the on -board con- 
nections. 

Checkout 
Do make sure that pin 7 of Ul (Fig. 2) goes to the plus ( + ) 

battery terminal through the key jack, Jl; and, that pin 14 is 

connected to ground. Plug Ul into its socket, connect battery 
BI, and plug a telegraph key into JI and a pair of headphones 
into J2. Press the key, or lean a weight on it (some keys have 
shorting switches), and adjust the TONE control R3 and 
VOLUME control R4 for a comfortable listening frequency 
and level. Long after you have mastered he International 
Morse Code (See Table 1) and achieved that valued Amateur 
Radio operator license, the Quick Code Practice Oscillator 
will make a good adjustable signal source for checking out 
other home -brew projects that you will find published here in 

Hands -On Electronics. 

DESIGNING DC POWER SUPPLIES 
(Continued from page 65) 

On most three -terminal IC voltage regulators, the type 
number tells us something about the specifications. We can 
tell, for example, the voltage rating, approximate current 
rating, and whether the device is for positive or negative 
voltages. 

The main part number gives us the voltage polarity. Two 
main families exist for both positive and negative types, 
making four type numbers: 

Positive: 78XX and LM340NXX 
Negative: 79XX and LM320NXX 

In all four cases, the XX denotes the output- voltage rating. 
For example, 7805 and LM340N05 are 5 volt regulators, 
while 7812 and LM340N12 are 12 -volt regulators. 

The N term in the above designations gives us the package 
style, and, indirectly, the approximate current rating. The 
package destinations are: 

H TO -5 100mA 
K TO -3 1 A* 
T TO -220 750 mA 

'Suspended in free -air; may be increased with appropriate heat -sinking and/or 
an air blower. TO -3 devices are seen with ratings of 3.5 and 10 A, but most are 1 

Amp rated. 

Thus, a LM340L05 device is a 5 volt, positive regulator in 

a TO -3 package, and will safely handle 1 Amp of output 
current. 

Concluded Next Issue 
We have covered considerable ground this issue on design- 

ing power supplies.Justice to you, our reader, demands that 
we cut this special feature into two parts, so that we would 
have additional articles in this issue of Hands -on Elec- 
tronics. In the next issue, we will conclude this theory article 
when we cover three -terminal voltage regulators, problems 
common to power supplies, high - voltage power supplies, and 
inverters. To be assured of obtaining a copy of Hands -on 
Electronics, the Editor suggests you seriously consider be- 
coming a first -year charter subscriber to the magazine. One 
small payment sent by you to us will insure that the mailman 
delivers your future copies of Hands -on Electronics. See the 
subscription advertisement in this issue. 
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r Electronics Paperback Books 
Quality Paperbacks at Affordable Prices 

Modern OP Ain 
Pont. 

Mow w 

IC due/mote 

OOP 

30 SOLOERLESS MODERN OP -AMP 
BREADBOARD PRO- PROJECTS. $5.00. 
JECTS BOOK -1. Wide range of spe0tal. 
$5.75. Whenever posse- ueO op-amp circuits in 
die me same parts are eluding b-nase b- 
used In several pro- amnion ultra-nm Input 
eels Even a hrstume Impedance etc 
builder can Complete 
these circuits MULTI -CIRCUIT 

BOARD PROJECTS. 
HOW TO GET $5.00. 21 luny simple 

YOUR ELECTRONIC protects that can au be 
PROJECTS WORK - built on a single 
ING. S5.00. Helps you pinted-circull boad All 

WbleSroOt and repair are powered by a 9V 
built prots d banery 

evm 
ect 

every OehCnpiln 
IC PROJECTS 

MINI- MATRIX FOR BEGINNERS. 
BOARD PROJECTS. $5.00. Inexpensive digs 
$5.00. A variety or pro- tal and linear ICs are 
lads mat can all be used 10 assemble this 
burn upon a may matrix selection Of arcuIts In. 
board that has 10 slops tended for the be 
and 0 24 holes lorg ginner 

PRACTICAL ELEC- 
TRONICS CALCULA- 
TIONS AND FORMU- 
LAE. $7.50. A basic 
Ieterence work that 
bridges the gap be- 
tween complicated 
technical theory 8 cut 
and reo methods 

INTERNATIONAL 
DIODE EQUIVALENTS 
GUIDE. 55.75. Helps 
ou find substitues for 

Me many olnerent 
'VMS of semrconduClOr 
aludes In use today 

INTERNATIONAL 
TRANSISTOR EQUIV- 
ALENTS GUIDE. 
57.50. Products of 
more man 100 man - 

uladuers are listed 8 
cross-relerenCed with 
possible replacements 

MOW TO MAKE 
WALKIE TALKIES. 

Descnbes equip- 
ment for lowpower 
handheld operation 
112 pages 01 must 
reading for the Owl,- 
cared experimenter 

ELECTRONIC 
CALCULATOR US- 
ERS HANDBOOK. 
$395. Presents formu- 
lae data methods Of 

cakoatton Calveragn 
factors 8 mare from the 
view of the calculator 

LINEAR IC EQUIV- 
ALENTS AND PIN 
CONNECTIONS. 56.25. 
Shows equivalents 8 pn 
connections Of e Popular 
user-orented selecten of 
linear ICs 

II 

- ART OF PRO- - ART OF PRO- 
GRAMMING THE 16K GRAMMING THE IK 
ZX61. $6.25. Topics In- ZX61. $5.00. How to 
dude full screen enroll use the features of the 
Irg PEEK 8 POKE ZX81 In programs mat 
pus actual working ht the 1K machine and 
programs are still fun to use 

THE 6105 COM- - INTRODUCTION 
FANION. S5.00. Writ TO BASIC PRO- 
ten for the average CRAMMING TECH - 
assembly language NIQUES. $5.00. Based 
programmer A discus- On authors own expen- 
slon Of 6809 features 8 ence in learning BASIC 
reference work for the and helping Others to 
6809 programme' earn to pOgram 

PRACTICAL COM- A MICROPROCES- 
PUTER EX- SOR PRIMER. $4.50. 
PERIMENTS. $4.50. Painless approach to 
Fi;ls in background to COmpuung la the be- 
microprocessor by con- ginner Step -by -step 
strucbng typical comps:- explains computer op. 
ter Crrcais using Ors- erahons and assembly 
crete logic Components 

, PRACTICAL ELEC- 
TRONIC BUILDING 
BLOCKS -Book 1. 

$5.09 All electronics 
clrcues °costst Of 51m- 
pd building blocks 
When you know how 10 
make the blocks you 
can easily create your 
own protects 

PRACTICAL ELEC- 
TRONIC BUILDING 
BLOCKS -Book 2. 

S5.00 Circuits that pno 
casa signals Combnes 
whin Mose in Book t 

SPECIAL OFFER Book 1 A Book 2 
PRACTICAL ELECTRONIC BUILDING BLOCKS. 
$5.00. Snipping Included. Save St 75 

- RADIO CONTROL 
FOR BEGINNERS. 
54.50. 

ELECTRONIC 
GAMES $4.50. 

SINGLE IC PRO- 
JECTS. $4.25. 

ELECTRONIC 
HOUSEHOLD PRO- 
JECTS 54.50. 

ELECTRONIC 
MUSIC PROJECTS 
$4 50 

POPULAR ELEC- 
TRONIC PROJECTS. 
5375 

PROJECTS IN 

RADIO CIRCUITS OPTO- ELECTRONICS. 
USING IC'S. 14 50 55.00. 

1 

THE PRE - 
COMPUTER BOOK. 
$5.00. Aimed al the 
absolute beg.nner wnh 
e knowledge of Com- 
puters A ron-tednnlal 
discussion that helps 
you enter the computer 
woad painlessly 

yk. M ee.. 
er 

M Me6eBaw 
Y 1Me ` AN INTRODUC- 

TION TO VIDEO. 
S5.00. Perfect for le 
Person lust about to 
buy a OCR Discusses 
pros 8 cons Of the var - 

colS lonnats video 
discs vgeotetr lape 
copying and more 

BASIC A PASCAL. 
$4.00. Takes BASIC 8 
Pascal and Develops 
programs In both leo 
guages stmunaneously 

- FIRST BOOK OF 
TRANSISTOR EQUIV- 
ALENTS. A SUB- 
STITUTES. 3175. 

PRACTICAL COM- 
PUTER EX- 
PERIMENTS S4.50 

ELECTRONICS 
SIMPLIFIED CRYSTAL 
SET CONSTRUCTION. 
$4.50. 

ELECTRONIC 
HOUSEHOLD PRO- 
JECTS $4.50 

ANTENNA PRO- - CO PROJECTS. 
JECTS. 55.00. COVems 55.00. A number of 
vracfical antenna de- useful and Interesting 
signs including active designs to CB 
loop 8 farcite types that accessaes Speech 
are easy 8 rexpensrve processa interference 
10 fund finer 8 more 

RADIO STATIONS - CRYSTAL SET 
GUIDE. $4.75. Coin. CONSTRUCTION. 
prenenswe Itslig of 54.50. Packed full of 
transminers around te easy to duplicate de- 
world Presents lofa- signs for crystal radio 
Yon frequency power receivers 

LONG DISTANCE - AN INTRODUC- 
TV RECEPTION TION TO RADIO DX- 
(TOY) FOR THE EN- ING. 55.00. Listen In 
THUSIAST. S590. your eme to broad - 

Pracikai 8 ay casts originate g 
thO.a'ahve ntrnduc;.cn thousands 01 miles 

.aspect away Tens how you 
of eeceonws can do n 

ELECTRONIC TECHNOLOGY TODAY INC. 
P.O. Box 240, Massapequa Park, NY 11762 

BMMeaY 

Bsfr MaYM 

POWER SUPPLY ELECTRONIC 
PROJECTS. $4.50. PROJECTS USING 
Contains designs and SOLAR CELLS. $5.00 
construction details for Simple circuits that 
aingst any power sup- have numerous ap- 
ply the experimenter u pinatIOrrs around the 
likely 10 need Mme 

- REMOTE CON- ELECTRONIC TIM - 
TROL PROJECTS. ER PROJECTS. $5.00. 

$5.00. Radio- control TImrng orcults for 
infra -ret0 vrsIble light 8 almost any appllWipn 
ultrasonic systems are me experimenter mgnt 
all included along with need A most valuable 
methods of appwng reference 
hem 

- ELECTRONIC COUNTER DRIVER 
TEST EQUIPMENT I NUMERICAL - 

CONSTRUCTION. DISPLAY PROJECTS. 
54.50. ConsructiOn de- $4.50. Features en- 
tails of a wide range of oucatwns 8 prvfecrs 
test eguipmenl the ex. using various types or 
penmenter can bulld at marital -display dei 
home voes 

THE SIMPLE SEMICONDUCTOR 
ELECTRONIC CIR- TECHNOLOGY. $5.75. 
CUIT A COM- EveMMng you always 
PONENTS. $5.75. All needed to know about 
the fundamental theory 400 slate devtcas in 
needed to lead 10 a full one volume 
understanding of the 
simile ebctron. nrcun COMMUNICATIONS. 
and Its Components $7.50, Covers most 

modern cOmmunicatlon 
-- ALTERNATING systems lie micro - 
CURRENT THEORY. wave submarine. sat 
S5.75. Alternating cur- ellrle. digital multiplex 
rent theory wrthoul radio 8 teegraply 
which there can be no 
compreenslon of "' FIRST BOOK OF 
speech musrc rado I *-FI SPEAKER EN- 

Telenson CLOSURES. $4.50. 

SOLID STATE 
MICROPROCESS- NOVELTY CIRCUITS. 

ING SYSTEM A CIR- $3.50. 
CURS. $7.541 A truly 
comprehensive guide 
to all of me eements of i TESTED TRAN- 
S mocroprocessing SISTOR PROJECTS. 
system $4.23. 

HOE 1 

Number of books ordered a Name 

Total Price of Books s 
Address 

Sales Tax (NY State Residents) 

Shipping (75c 1st two books. 30c ea additional) City State 71P 

TOTAL ENCLOSED 3 
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Ridio- 
Electronics SufIwatw Scare 

New for our readers....A mailorder source of software for Atari 400, Atari 800, IBM P C, Commodore VIC -20, 
Apple II, and other personal computer systems. 

IBM PC 
FLIGHT SIMULATOR by Mi- 

crosoft ._ List $49.95. Our price 
.. 543.00. Highly accurate sim- 

ulation of flight in a single- engine 
aircraft. Working instruments. 
Out the window graphics. Real - 
time flight conditions. (IBM P C. 
64k, color graphics, disc) 

EASYWRITER II by In- 
formation Unlimited ... List 
S350.00. Our price ... 

5300.00. Turns your com- 
puter into a word 
processor. You see every - 
thing on the screen. There 
are no imbedded com- 
mands. (IBM P C, disc) 

DEADLINE by In- 
focom List $49.95. 
Our price .. $43.00. A 
locked door. A dead 
man. You have 12 

hours to solve the mys- 
tery. One false move. 
and the killer strikes 
again. (IBM P C, 48k, 
disc) 

i ALGEBRA, Vol. 1 by Edu- 
ware .. List $39.95. Our price 

$34.00. A first year algebra 
tutorial covering definitions. 
number line operations. sets. 
etc. (IBM P C. 48k, color 
grpahics, disc) 

M ICROCOM MICRO.TERMINAL by 
Microcom .. List $94.95. Our 
price ... $83.00. Allows ac- 
cess to remote mainframes 
and minis, information data 
banks. and other personal 
computers. (IBM P C, disc) 

PC TUTOR 
PC TUTOR by Comprehen- 

sive Software ... List $79.95. 
Our price ... $69.00. Interactive 
program teaches you how to 
use your IBM Personal Com- 
puter. including hardware and 
software (IBM P C. 64k. disc) 

APPLE 

7.4 
AWN s PRISONER2 by Interactive 

Fantasies .. List $32.95. Our 
price ... $28.00. Escape is 
hardly possible. The island 
keeps you under surveillance. 
Just try and get out' (Apple II, 

48k. disc) 
PRISONER2 by Interac- 

tive Fantasies _ List $39.95. 
Our price ... $34.00. (Atari 
disc) 

THE MASK OF THE SUN 
by Ultrasoft Inc ... List $39.95. 
Our price ... $34.00. An ani- 
mated adventure through a 
series of hi -res screens. An 
ultimate adventure challenge. 
(Apple II. 48k, disc) 

I MASTERTYPE by Lighting 
Software ... List $39.95. Our 
price ... $34.00. A typing in- 
struction system in an exciting 
hires game format. Learn to 
type while battling waves of 
attacking enemy words. (Apple 
II, 48k 64k, disc) 

THE GRAPHICS MAGI- 
CIAN by Perguin Software ... 

List $59.95. Our price ... 

$53.00. Make your own ani- 
mated graphics. Handles up to 
32 independent objects. 
Stores hundreds of color pic- 
tures. (Apple It, 48k, disc) 

RENDEZVOUS by Edu- 
ware List $39.95. Our price 
.. $34.00. In four phases, sim- 

ulates an actual space -shuttle 
flight from Earth Liftoff through 
Orbital Rendezvous and Ap- 
proach to Alignment Docking 
with a space station. Hi -rez 
graphics (Apple II. disc) 

. SAT WORD ATTACK 
SKILLS by Eduware ... List 
549.00. Our price ... $43.00. A 
tutorial for mastering vocabu- 
lary, deciphering new or 
unfamiliar words, and taking 
tests (Apple II, disc) 

COMMODORE VIC -20 
PIPES by Creative Software 

. List $39.95. Our price ... 

$34.00. Connect a pipeline 
from the water supply tank to 
every house. Watch out for !' r leaks. Use as little pipe as 

IMFpossible. 5 skill levels. (Com- 
modore VIC -20 cartridge) 

SHAMUS by Humar En- 
gineered Software ... List 
$39.94. Our price ... $34.00. 
Only you can stop the Shad- 
ow's mad reign of terror. Two 
levels with 20 rooms each. A 
joystick challenge. (Com- 
modore VIC -20 cartridge) 

HOUSEHOLD FINANCE 
by Creative Software ... List 
$17.95. Our price ... $15.00. 
Home utility program records 
and analyzes your monthly in- 
come, expenses and budget in 
16 categories. (Commodore 
VIC -20 tape cassette) 

HOME OFFICE by Creative 
Software . List $29.95. Our 
price . $25.00. Combines 
VICPRO. a flexible and effi- 
cient word processor with 
VICDATA a powerful and so- 
phisticated information storage 
and retrieval system. (Com- 
modore VIC -20, cassette tape. 
8k additional memory required) 

ATARI 

S11aA/ARIIE 
COMMANDER 

-1 SUBMARINE COM- 
MANDER by Thorn EMI ... List 
$49.95. Our price ... $43.00. A 
submarine patrol simulator to 
hunt and destroy enemy ships. 
9 skill levels. Plug -in cartridge. 
(Atari Cartridge 400;800) 

APPLE 
MINER 2049 by MicroLab 

List $39.95. Our price ... 

$34.00. Chase into a Ura- 
nium mine thru 10 levels of 
traps and capture Yukon 
Yohan. Scale ladders, jump 
from moving platforms, and 
win -if you can. (Apple II, 

48k, disc) 

Radio -Electronics Software Store 
200 Park Avenue South 

New York, NY 10003 

Number of items ordered Ill 
Total Price of Software $ 

Sales Tax (NY State Residents Must Include) 

Shipping ($2.00 per item) 

TOTAL ENCLOSED (Sorry. No COD's) $ 

HOE1 

Name 

Address 

City State 71P 

SORRY - NO CREDIT CARD OR COD ORDERS 



The Digital 
vs. Analog 

battle is over. 

85 * buys you the new champion. 

The new Fluke 70 Series. 
They combine digital and analog displays for 

an unbeatable two -punch combination. 

Now, digital users get the extra resolution of a 

3200 -count LCD display. 

While analog users get an analog bar graph for 

quick visual checks of continuity, peaking, nulling 

and trends. 

Plus unparalleled operating ease, instant 

autoranging, 2,000+ hour battery life and a 

3 -year warranty. 

All in one meter. 

Choose from three new models. The Fluke 

73, the ultimate in simplicity. The feature - packed 

Fluke 75. Or the deluxe Fluke 77. with its own 

multipurpose protective holster and unique 

"Touch Hold" function (patent pending) that cap- 

tures and holds readings, then beeps to alert you. 

Each is Fluke -tough to take a beating. 

American -made, to boot. And priced to be, quite 

simply, a knockout. 

For your nearest distributor or a free brochure, 

call toll -free anytime 1 -800- 227 -3800, 
Ext. 229. From outside U S., call 1- 402 -496.1350, Ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

Fluke 73 Fluke / Fluke 
$99' $129 

, play Analog/digital display Analog/digital display 

Volts, ohms. 10A. diode Volts. ohms. 10A. mA. Volts. ohms. 10A, mA, 

test diode test diode test 

Autorange Audible continuity Audible continuity 

0 7% basic dc accuracy Autorange /range hold _Touch Hold function 

2000+ hour battery life 0 5% basic dc accuracy Autorange /ronge hold 

3 -year warranty 2000+ hour battery Ide 0 3% basic dc accuracy 

3 -year warranty 2000. hour battery lite 

3 -year warranty 

Multipurpose holster 

Suggested U S list price, effecI a Oclober 1.1983 

FLUKE 


