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Home Addi'sia
F« Change u* Addito 
Old Company Nome

10 20 30 40 
1 II 21 31 41
2 12 22 32 42
3 13 23 33 43
4 14 24 34 44
3 15 25 35 45
» 1» 24 M 44
7 17 27 37 47
• 10 20 30 45
♦ 1» 2» » 4»

50 40 70 «0 90
51 41 71 «1 91
52 62 72 «2 92
93 63 73 S3 95
54 «4 74 «4 94
55 65 75 «5 95
16 66 76 «6 96
57 67 77 «7 97
58 M 78 8* 98
19 69 19 «9 W

100 110 120 130 140
101 111 121 131 141
102 112 122 132 142
103 113 123 133 143
104 114 124 134 144
105 115 125 135 145
104 114 124 134 144
107 117 127 137 147 
10« 11« 128 13« 14«
109 119 129 139 149

150 160 170 1M 190
151 161 171 181 191
152 162 172 182 192
153 163 173 1*3 193
154 164 174 1«4 194
155 165 175 1*5 195
156 166 176 186 196
157 167 177 187 197 
15« 16« 17« 1M 19« 
159 169 179 189 199

2M 210 220 230 240 
201 211 221 231 241
202 212 222 232 242
203 213 223 233 243
204 214 224 234 244
205 215 225 235 245
205 216 226 23« 746
207 217 227 237 247 
20« 218 22« 238 24«
209 219 229 239 249

290 2M 270 2M 290 
251 2*1 271 2«l 291
252 262 272 2S2 292 
293 263 273 2«3 293 
294 264 274 284 294 
255 265 275 285 295 
29« 266 276 2M 296
297 267 277 287 297 
258 268 278 288 298 
259 269 279 289 299

300 310 320 330 340
301 311 321 331 341
302 312 322 332 342
303 333 323 333 343
304 314 324 334 344
305 315 325 335 345
306 31* 326 334 344
307 317 327 337 347
300 31« 32« 330 34«
309 319 329 339 349

350 360 370 3M 390 
351 361 371 381 391
352 362 372 382 392
353 363 373 381 393
354 344 374 3«4 394
355 345 375 385 395
354 344 374 384 394
357 347 377 387 397 
34« 34« 378 388 39«
359 349 379 319 399

406 410 «20 430 443
401 411 421 431 441
402 412 422 432 442
403 413 423 433 443
404 414 424 434 444
405 415 425 435 445
406 416 426 436 446
407 417 427 437 447 
40« 41« 42« 43« 44«
409 419 429 439 449

450 460 470 4M 490 
451 461 471 4*1 491 
452 442 472 482 492 
453 461 473 482 <93 
454 464 474 484 494 
455 465 475 4*5 495
456 466 «76 48« 49« 
4SI 467 477 487 497 
45« 4M 47« 4M 49« 
4IV 461 419 48V 49»

500 510 520 530 540 
501 511 521 531 541
502 312 522 532 542 
503 513 523 533 543
904 514 524 534 544
505 515 925 935 545 
906 916 926 936 346
907 917 927 937 547 
508 518 928 938 54« 
MV 519 W 539 949

550 560 970 580 590 
991 961 971 981 991 
552 5*2 572 5«2 592
953 563 573 58J 593 
554 564 574 5«4 994 
559 969 979 989 995 
556 566 576 586 99*
557 56/ 577 58/ 597 
558 568 978 588 59« 
55V 569 379 589 599

400 410 420 430 440
401 411 421 431 441
402 412 422 432 442
403 413 423 433 443
404 414 424 434 444
405 415 425 435 445
404 414 424 434 644
607 617 627 637 647
60« 61« 62« 63« 64«
409 419 429 439 649

650 66C 6/0 «SO 690
651 661 671 M1 491
452 642 472 682 697
657 643 673 683 691
65« 66« Ma 68« 694
655 665 675 685 695
656 666 67* 686 696
657 647 677 687 697
658 6M 67« M8 698
659 669 *79 639 699

700 710 720 730 740
701 711 721 731 741
702 712 722 732 742
703 713 723 733 743
704 714 724 734 744
705 715 725 735 745
706 716 726 736 746
707 717 727 737 747 
70« 71« 72« 73« 74«
709 719 729 739 749

750 7M 770 7M 790
751 761 771 7«1 791
752 762 772 7«2 792
753 763 773 7«3 793
754 764 774 784 794
755 765 775 785 795
756 766 776 786 796
757 767 777 787 797
75« 76« 77« 78« 79«
759 7M TT9 789 799

•00 «IO «20 830 «40 
MI «11 «21 831 «41 
802 «12 822 «32 «42 
803 013 »23 «33 «43 
•04 «14 >24 834 844 
805 «19 829 »35 849 
•06 «1« «26 836 846 
M7 «17 «27 837 847 
80« 818 828 838 848 
•09 019 *29 »39 »49

850 660 «70 8M 890 
851 8«' «71 881 «91 
852 8*2 872 M2 «92 
853 8*3 873 8«3 893
854 864 874 M4 894 
855 541 175 885 «95 
856 866 87* 88* «96 
857 8*7 «77 ««7 897 
858 868 878 888 898 
855 869 879 889 «99

10 20 30 40
1 11 21 31 41
2 12 22 32 42
3 13 23 33 43
4 14 24 34 44
9 19 25 39 43
* 1* 2* 3* 4«
7 17 27 37 47
« 1« 2« 38 48
9 19 29 39 49

90 M 70 M 90
51 *1 71 «1 91
52 62 72 82 92
93 63 73 «3 93
94 64 74 8« 94
99 *9 79 «5 99
56 66 76 «6 >6
57 67 77 «7 97
5« M 7« «1 9«
W M 79 •» W

100 110 120 130 140
101 IH 121 131 141
102 112 122 132 142
103 113 123 133 143
104 114 124 134 144
105 115 129 139 149
104 114 124 13* 144
107 117 127 137 147
108 11« 128 13« 14« 
109 119 129 139 149

190 1M 170 1M 190
191 1*1 171 181 191
192 1*2 172 182 192
193 163 173 183 193
194 164 174 184 194
195 1*5 179 189 199
156 16« 17* 18* 19«
197 1*7 177 187 197
19« 1*8 178 IN 19« 
159 1*9 179 189 199

200 210 220 230 240
201 211 221 231 241
202 212 222 232 242
203 213 223 233 243
204 214 224 234 244
209 215 225 239 245
20« 21« 22« 23« 246
207 217 227 237 247 
20« 21« 22« 23« 24«
209 21V 229 239 249

250 2M 270 2M 290
251 261 271 281 291
252 262 272 282 292
293 263 273 281 293
294 264 27« 284 294
259 269 27S 285 295
256 26« 27« 2U 29«
257 247 277 281 297
25B 269 27« 180 29»
259 2«9 271 289 299

300 310 320 330 340 
301 311 321 331 341
302 312 322 332 342 
303 313 323 333 343
304 314 324 334 344
309 319 329 339 349 
30* 31* 32* 334 34*
307 317 327 337 347 
30« 31« 32« 33« 34«
309 319 329 339 349

350 360 370 3M 390 
351 3*1 371 381 391
392 362 372 382 392 
353 3*3 373 383 393 
354 3*4 374 3«4 394 
359 3*9 379 385 395 
35« 346 37* 3«* 39*
357 3*7 377 3«7 397 
3*8 3*8 378 38« 398
359 369 379 389 399

400 410 420 430 440
401 411 421 431 441
402 412 422 432 442
403 413 423 433 443
404 414 424 434 444
409 419 429 439 449 
40* 41* 42* 43* 44«
407 417 427 437 447 
40« 418 428 438 44«
409 419 429 439 449

450 4M 470 4M 490 
451 461 47) 48i 491
452 462 472 482 492 
453 463 471 483 491
454 464 474 4*4 494
455 465 475 4*5 495
456 46* 476 486 496
457 467 477 487 497 
45« 468 47« 4M 49«
459 469 479 48» 499

5M 510 520 530 540 
501 SU S21 531 541
502 512 522 532 542 
503 913 923 933 943
904 914 924 934 544
505 919 929 939 549 
906 516 526 93« 54«
907 917 927 937 947 
508 91« 928 93« 94«
909 919 929 939 549

550 56C 570 580 590 
551 561 571 581 591 
552 562 572 582 592 
S53 563 573 583 593 
554 564 574 5*4 594 
555 565 575 585 595
556 56« 576 58« 596 
59/ 567 577 587 597 
5M 568 571 5M 59«
559 569 579 589 599

*00 *10 630 630 640 
601 *11 *21 *31 *41 
«02 412 422 432 442 
403 SU 623 633 541
404 414 424 434 444 
409 419 425 439 449 
404 41* *2* *3« *4* 
*07 «17 *27 *37 «47 
«0« 61« «2« *3« «46 
*09 *19 *29 *39 *49

650 66C 670 MO 690 
69’ 661 671 MI 491 
452 442 472 M2 692 
453 043 571 481 OVJ 
454 444 474 M4 494 
655 MS 675 685 695 
456 646 676 6*4 494 
457 667 477 687 497 
458 640 67« 6«8 «9« 
659 669 479 6«9 499

700 710 720 730 740
701 711 721 731 741
702 712 722 732 742
703 713 723 733 743
704 714 724 734 744
709 719 729 735 745
70* 71« 72* 73« 74*
707 717 727 737 747
70« 71« 72« 73« 748
709 719 729 739 749

790 760 770 7«0 790 
791 761 771 7«1 791 
752 7«2 772 782 792 
753 763 773 783 793 
794 764 774 784 794 
795 765 779 785 795
756 IH, 77« 786 79« 
757 767 777 7«7 797 
79« 7M 778 7M 79« 
75V »6« 77» 789 79»

800 «10 820 830 840 
M1 «11 «21 «31 «41 
802 812 822 032 842 
M3 «13 »23 «33 «43 
M4 «14 «24 «34 (44 
MS «1S «25 835 845 
80« «1* «2« »3« «4« 
•07 «17 «27 «37 847 
80« 818 82« «3« «4« 
•09 «19 «29 «39 849

850 860 870 8M 890 
H51 «61 «71 881 891
I52 862 «72 882 892

863 873 883 893
854 064 «74 8*4 894
853 065 *75 885 895 
856 866 876 «•* «96 
,857 867 «77 MI «97
356 3* ì «78 888 89« 
859 869 «79 889 899
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STOP 
ZERO CHASING 
NOW!

MEASURE RF POWER 
WITHOUT CONTINUAL 
ZERO-SETTING

One twist of one knob zero sets all ranges...for hours!

The new (lip) 431A Power Meter 
gives you 3% accuracy on 
all ranges, less than 2 pw/°C 

thermal drift
I FF FF I For details on this and other V power

F FK J measuring equipment turn the page.
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micro

Easy to operate
Grounded record'
Optional portable

New 431A Power Meter

W;
Mount Th

SPECIFICATIONS SPECIFICATION

8 2 to 12 4 GCFrequency Range 10 MC to 10 GC
SWR

69560

Call your $ engineering 
representative today tor data 
demonstration of these time-saving 
precision, advanced instruments

Unique temperature ste
Your representative Is your headquarters 
for sales, service and parts on the industry’s 
most complete-coverage instrument array. 
(«) indicates factory-level field repair sta­
tions.

the most stable
Eastern Seaboard

Asbury Park, New Jersey 
The I F Rnhinsnn Co

1317 Railroad, KE 1-3150
Baltimore 15, Maryland 
Horman Associates, Inc. 

3006 West Cold Spring Lane 
MO 4-8345

• Boston Area 
Burlington, Mass.

Yewell Associates, Inc.
Middlesex Tnpike., BR 2-9000

• Bridgeport 8, Conn 
Yewell Associates. Inc 

1101 E. Main St.. FO 6-3456

Camp Hill, Pennsylvania 
The I. E. Robinson Co. 
Park Place Office Bldg 

Box 187, RE 7-6791

Englewood, New Jersey 
R. M. C. Associates 

391 Grand Ave., LO 7-3933

■• New York 21, New York 
R. M. C. Associates

236 E. 75th St.. TR 9-2023

• Philadelphia Area 
West Conshohocken, Penn

The I. E. Robinson Co. 
144 Elizabeth St. 

CH 8-1600 and TA 8-6200

Pittsburgh 27, Pennsylvania
S. Sterling Company 

4232 Brwnsvle. Rd. TU 4-5515

Poughkeepsie, N. Y.
Yewell Associates, Inc 

806 Main St., GR 1-3456

• Rochester 25, New York 
Edward A. Ossmann & Assoc 
830 Linden Ave., LU 6-4940

Syracuse, New York
Edward A. Cssmann & Assoc.
101 Picard Dr , P.O Box 128 

GL 4-2461

Vestal, New York
Edward A. Ossmann & Assoc. 

149 Front St.. ST 5-0296

• Washington, c C. Area 
Rockville, Maryland

Horman Associates, Inc. 
941 Rollins Ave , HA 7-7560

Southeastern States
Atlanta 5. Georgia 

Bivins & Caidwell. Inc. 
3133 Maple N E , 233-1141

• High Point, North Carolina 
Bivins & Caldwell, Inc 

1923 N. Main St.. 882-6873

Huntsville, Alabama 
B.vins & Caldwell, Inc. 

534-5733 (Dir. line to Atlanta)

<• Orlando, Florida 
Stiles Associates, Inc. 

1226 E. Colonial, GA 5-5541

Richmond 30, Virginia 
B.vins & Caldwell, Inc. 
1219 High Point Ave.

EL 5-7931

St. Petersburg I, Fla.
Stiles Associates, Inc. 

410-150th Ave., Madeira
Beach, WA 1-0211

Central, South 
Central States

• Chicago 45, Illinois 
Crossley Associates, Inc. 

2501 W. Peterson, BR 51600
• Cleveland 24, Ohio
S. Sterling Company 

5827 Mayfield Rd.. HI 2-8080
-Dayton 19, Ohio

Crossley Associates, Inc. 
2801 Far Hills Ave., AX 9-3594

• Detroit 35, Michigan
S. Sterling Company 

15310 W. McNichols Rd. 
BR 3-2900

• Indianapolis 20, Indiana
Crossley Associates. Inc. 

5420 N. College Av .CL1-9255
Kansas City 30, Missouri 
Harris-Hanson Company 

7916 Paseo Blvd., HI 4-9494
St. Louis 17, Missouri
Harris-Hanson Company 

2814 S. Brentwood Blvd. 
Ml 7-4350

• St. Paul 14, Minnesota
Crossley Associates, Inc. 

842 Raymond Ave., Ml 6-7881
• Dallas 9, Texas

Earl'Lipscomb Associates 
P. O. Box 7084

FL 71881 and ED 2-6667
• Houston 5, Texas

Earl Lipscomb Associates 
P 0. Box 6646, MO 7-2407

Thermal drift less 
±3% accuracy 01
Single setting zei 
for hours

Western States
• Albuquerque, New Mexico

Neely Enterprises 
6501 Lomas Blvd., N.E.

AL 5-5586
• Denver 10, Colorado
Lahana & Company 

1886 S. Broadway. PE 3-3791
Las Cruces, New Mexico 

Neely Enterprises 
114 S Water St . JA 6-2486

• Los Angeles, California
Neely Enterprises 

3939 Lankershim Blvd. 
N. Hollywood, TR 7-0721

• Phoenix, Arizona
Neely Enterprises 

641 E Missouri, CR 4-5431
Portland 9. Oregon

ARVA
1238 N.W Glisan, CA 2-7337 
«Sacramento 14. California 

Neely Enterprises 
131715th St.. Gl 2-8901 
Salt Lake City 15, Utah 

Lahana & Company
1482 Major St., HU 6-S166 
• San Diego 6, California

Neely Enterprises 
1055 Shafter St.. AC 3-8106

• San Francisco Area 
San Carlos, California

Neely Enterprises 
501 Laurel St., LY 1-2626

• Seattle 9, Washington 
ARVA

1320 Prospect St., MA 2-0177
Tucson, Arizona

Neely Enterprises 
232 S. Tucson, MA 3-2564

New Thermistor Mounts assure 431A Therma

478A 
Thermistor

This wide-range, temperature compensated coaxial 
mount covers 10 MC to 10 GC, with no tuning re­
quired. Closely matched thermal environments for 
the two thermistor pairs for use with the dual bridge 
% 431A assure excellent tracking, even under ther­
mal shock. The 478A as used with the *r  431A 
provides high accuracy and virtually drift-free op­
eration.

X Band Mount, 8.2 to 12 4 G( 
perature tracking with the *r  4i 
ence of thermal shocks. No tui 
usual freedom from drift is ass 
close temperature tracking acl 
ful matching of thermal envir 
thermistors.

Elementi

Waveguide Size:
$145.00LIFT PAGE

Less than 1.5
Two permanently insti 
coefficient thermistors

Frequency Range 
Power Range: 
SWR 
Element!:

Lei! than 1.5 (less than 1 3. 50 MC to 7 GC) 
l/xw to 10 mw (with 431 A)
Four 100-ohm, negative temperature coefficient 
thermistors permanently installed
$145.00

READER-SERVICE CARD ►CIRCLE 3 ON

ELECTRONIC DESIGN April 26, 1961



Lability, 1 gw to 10 mw coverage, in
owave power meter ever produced!

less than 2 gw/°C 
y on all ranges

; zeroes all ranges

te
order output
able operation

This new % Power Meter makes continual zero-setting a thing of the past, even on the 10 pw range, with 
extreme temperature stability and a single zero-set covering all 7 ranges. You get a completely usable 10 
db sensitivity premium over previously available equipment.
New, specially designed temperature compensated thermistor mounts are used with the % 431A. The 
y478A Coaxial Mount covers 10 MC to 10 GC, and the Y X486A Waveguide Mount covers X-Band. 
A dual balanced bridge technique and careful design and construction keep de power in one bridge equal 
to the unknown rf power in the other. The de power is then metered. High heat conductivity materials and 
matched thermistors in close proximity in the 478A and 486A mounts provide extremely close thermal 
tracking. Thus ambient temperature effects are automatically balanced out and the meter remains zeroed, 
even in the presence of thermal shock.
These advantages combine to make the y 431A unusually useful for instantaneous microwave power 
measurements. Microwave power standards measurements can be made to a high accuracy and resolu­
tion by using the dual bridge of the y 431A as a transfer device. A de calibration input jack permits precise 
de calibration of the thermistor mount The grounded output jack will then drive an appropriate digital 
voltmeter for increased resolution. In addition, the grounded output jack, combined with the nearly drift 
free operation of the 431 A, makes reliable long term recordings of microwave power.
The y 431A also has an optional rechargeable battery pack which will give up to 24 hours of completely 
portable operation, as well as regular ac line operation while recharging.
SPECIFICATIONS

Accuracy:
Overall Thermal Drift:
Operating Impedance: 
Recorder/Voltmeter Output: 
Calibration Input:

Dimention*:

10 to 10 mw full scale in 7 ranges Also calibrated from -30 to 4" 10 dbm 
±3% of full scale on all ranges
Less thon 2 nw/°C (includes meter and 478A/486A Mounts) 
100 or 200 ohms, negative, for operation with above Mounts 
Phone jock on rear with 1 mo into 2,000 ohms or less 
Binding posts on rear for calibration of bridge with precise de standards 
17, watts, 115/230 v ± 10%, 50 1000 cps 
7'/," wide, 6'/," high, 12'/," deep Weight 10 tbs.
$345.00

al Stability or perhaps your power measuring requirements can be met by these fy meters

% 486A 
Waveguide 
Thermistor 

Mount

I GC, provides close tem- 
*r 431 A, even in the pres- 
» tuning is required. Un- 
s assured with extremely 
j achieved through care- 
nvironments for the two

TIONS

430C Microwave Power 
Meter — 0.02 to 10 mw
This laboratory-proven meter 
gives instantaneous rf power read- 
mgsdirectin dbmor mw, 10 MC to 
40 GC with ¥ proven bolometer 
mounts available now. y 430C op­

erates with any bolometer operating at 100 or 200 
ohms, positive or negative temperature coefficient. 
Fully adjustable biasing current to 16 ma available 
to bring bolometers to their operating range. Five 
power ranges are selected with a front-panel control, 
full scale readings of 0.1, 0.3, 1, 3 and 10 mw. Also 
continuous readings —20 to +10 dbm. Accuracy is 
±5% of full scale reading. Dimensions, (cabinet) 
7*/2" x liy2" x 14"; (rack mount) 19" x 7" x 13y2" 
behind panel. Price, y 430C $250.00 (cabinet); ir 
430CR, $255.00 (rack mount).

y 434A Calorimetric Power 
Meter — 10 mw to 10 w
Here’s the fastest, easiest means 
yet devised to measure powers ac­
curately from 10 mw to 10 w, de to 
12.4 GC! No barretter, thermistor, 

external terminations or plumbing are required. Meas­
urements are as simple as connecting to a 50 ohm type 
N front panel terminal and reading directly. Only two 
front panel controls (range and zero); seven meter 
ranges for full scale readings of 0.01, 0.03, 0.1, 0.3, 1.0, 
3.0 and 10 w. Also provides continuous readings —30 
to +10 dbw. Accuracy -5% of full scale (includes 
de calibration and rf termination efficiency but not mis­
match loss). Greater accuracy can be achieved through 
appropriate techniques. Dimensions, (cabinet) 20^" 
x 12%? x 14%"; (rack mount) 19" x 10y2" x 13y2". 
Price, $ 434A, $1600.00 (cabinet); $ 434AR, $1,585.00 
(rack mount).

X installed 100-ohm negative 
istors for each bridge HEWLETT-PACKARD COMPANY

1069K Page Mill Road Palo Alto, California, U.S.A.
Cable “HEWPACK” DAvenport 6-7000 
Sales representatives in all principal areas

HEWLETT-PACKARD S.A.
Rue du Vieux Billard No. 1 Geneva. Switzerland 
Cable “HEWPACKSA” Td. No. (022) 2«. 4S. IS

Data subject to change without notice. Prices f.o.b. factory



MEASURE 
WELD REPEATABILITY 

BEFORE, 
PRODUCTION STARTS
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ment designs. Four practical design articles pertaining to 
the use of tunnel diodes in amplifier and switching applica­
tions are presented to assist the design engineer preparing 
new systems. In addition, the latest Department of Defense 
list of approved diodes, with their specification numbers, is 
included.

J With information yours for the asking, you can set the 
repeatability of production welds before production begins. 
And repeatability is the essence of weld reliability. The basis 
for this technique is the weld schedule— 
the heart of controlled production welding. 
Full information is obtained in a new tech-

nical report now available from Weldmatic This is another 
example of Weldmatic leadership —in precision welding technol- 
ogy as well as in the manufacture of resistance welding systems/ 
950 Royal Oaks Drive/Monrovia, California

Tunnel Diode Square Wave Generator.............. 36
Design procedure for a square wave generator con­
taining a minimum of components—J E. Dalley

Practical Aspects of Low-Frequency Tunnel Diode
Amplifiers ........................................................... 42

Gain, stability, temperature dependence and bias re­
quirements for a parallel-type amplifier are analyzed
—E. Gottlieb
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Obtaining the composite characteristics of a tunnel - 
diode transistor combination—C. D. Todd
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Handy slide rule to simplify tunnel diode amplifier 
calculations—J, R. McDermott
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Latest military-approved list of semiconductor diodes 
with their specification numbers
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Ideas for Design.......................................................................................
Ungrounded Shield Reduces Effective Cable Capacitance ...................  
Short Trigger Pulse Turns On SCR, Fires Flash Bulb .........................  
Transistor Trigger Pulses Fire Tube and Blocking Oscillator ...........  
Standard Joints Used in Improved Dual-Channel Antenna...................  
Predetermined Input Lever Cuts Off Transistor, Sets Output
Servo Loop Frequency Modulates Oscillator Outside Deviation Range 
Ideas for Design Entry Blank ........................................................................

HIGH PERFORMANCE and WIDE VERSATILITY
50 volts into 50 ohms at 30% duty factor... rep. rate to 2 me... .widths 

.05 jis to 10,000 jjs ... delays to 10,000 jis ...

The Ideas for Design in this issue arc worth looking at. Each 
Idea is eligible for the $1,000 Idea of the Year award recently 
announced by Electronic Design.

Tell us which Ideas are of greatest value to you—that is, 
which suggest a solution to a problem you may have, or 
stimulate your thinking, or which are just plain clever. That 
may apply to merely one of the Ideas or to two or more. Feel 
free to nominate as many Ideas as you wish fur the grand 
award.

Each Idea is numbered. Vote by circling the corresponding 
numbers on the Reader-Service Card.

And after you’ve voted, w'hy not send in some Ideas of 
your own?

New features for:
LONGER LIFE • EASE OF MAINTENANCE and OPERATION

• Printed Circuit Boards with all components clearly 
identified by schematic symbol numbers

• A new stabilized noise-free repetition rate section
• Variable rise time control
• Rack mountable-new single unit construction
• High volume fan for more efficient cooling
OTHER SPECIFICATIONS:
Rise Time 15 mus • Fall Time 15 trips • Attenuation: 50 db in 10 db 
steps, 20 db continuous control • External Trigger: ± 10 volts min. 
• Syn. Out (Synchronizing pulse): .05 us wide, 25 volts amplitude, 
lags trigger in by .2 us • Size: 19" wide x 8%" high x 12" deep - 
Weight: 35 lbs • Power 105-125 volts 50-60 cycles, 350 watts, 5 
amps. • Low Budget Price: $720.00 F.O R. Culver City, California.

Investiga'e Rutherford's complete line of Pulse occessories designed to 
fit oil requirements. Write for our catalog sheet.

ELECTRONICS CO.
Dept. ED 426 8944 Lindblade Street • Culver City, California 

pulse generators I pulse systems / accurate time delay generators 
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PULSE GENERATOR 
at same LOW COST

T. Richard Gascoigne, Chairman of the Board; James S Mulholland, Jr., President- Edmund C. Grainger, Jr., Secretary. 
Printed at Hildreth Press, Bristol, Conn. Accepted as controlled circulation of Bristol, Conn and at New York, N. Y. Copy­
right O 1961, Hayden Publishing Company, Inc., 38 058 copies this issue.

ENGINEERS: If your field is Pulse Circuitry Design, a bright future 
awaits you at Rutherford Electronics Company. Send resumo to 

i Glen Stout, Personnel Director.
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Designers Shifting to Wide-Band Communications
Digital Time-Sharing and Continuous-Wave Approaches 
Are Being Explored To Penetrate Spectrum Congestion

Alan Corneretto
News Editor

B Y CHALLENGING intuition, some designers 
are developing systems in which messages

sent over broadband channels would get through 
congested environments better than those trans­
mitted over narrow-band, exclusively assigned 
channels.

The apparently logical practice of using nar­
row-band signals of high power to push through 
interference is being questioned as not so logical 
for some types of communications. Two wide­
band alternatives being explored are digital sys­
tems employing time sharing and continuous- 
wave systems in which power is distributed over 
a wide band at low density.

A number of companies, including Motorola, 
Inc., Martin Co., Radio Corp, of America, Gen­
eral Electric Co. and Philco Corp., have de­
veloped random-access, discrete-address digital 
systems. Users of these systems would time­
share wide-band channels randomly and use 
various message-addressing techniques to lock 
transmitters to receivers.

A cw- type of wide-band communication has 
been developed by General Electric. In the GE 

DELTA MODULATOR RF TRANSMITTER

technique, a double-sideband channel several 
megacycles wide carries a low-powered coded 
signal to receivers designed to combine multi­
path signals of very low signal-to-noise ratio.

Frequency-Division Sharing
Of Spectrum Scrutinized

The renewed interest in wide-band communi­
cations is partly a result of information-theory 
developments that have clarified the relation­
ship between spectrum capacity and various 
ways of sharing the space. Frequency-division 
sharing is being re-evaluated as the basic ap­
proach to using available space; it has been 
called a poor choice for many applications.

Much of the current effort in wide-band com­
munications rests on the groundwork laid by 
Lincoln Laboratory’s multi-path diversity RAKE 
system, built in 1957, and the Army Signal Corps’ 
AN/MRC-66 system of several years ago.

Other spread-spectrum systems have been de­
veloped to solve specific technical problems, such 
as ranging in space applications.

In addition to Motorola and Martin, which 
have released information on their random-ac­
cess, discrete-address systems, Collins Radio Co.

Delta - modulation trans­
mitter for proposed spread­
spectrum communications sys­
tem transmits discretely ad­
dressed digital signals. Feed­
back loop in Delta modulator 
integrates and amplifies pulses 
to reproduce a voice curve. 
Comparator subtracts repro­
duced curve from original 
curve. Positive and negative 
voltage differences from the 
comparator close and open 
the gate, so that pulses from 
clock will be stopped or 
passed. Result is that Delta 
modulation train is formed 
from clock pulses. Addressing 
of signal is added by three 
separate oscillators connected 
to a common rf amplifier 
through three gates. 

and Philco Corp, report they are developing 
classified spread-spectrum systems. RCA has sev­
eral such classified systems in design, including 
at least one discrete-address system, RADAC. 
Bell Telephone Laboratories says it has built 
and tested various types of wide-band equip­
ment with complex modulation schemes.

The Signal Corps is reviewing a number of 
proposals for random-access, discrete-address 
systems that it lias received in response to an 
invitation. The agency says the spectrum it an­
ticipates in any warfare is so crowded that it 
doubts standard, assigned-frequency, narrow­
band systems would be able to function. The 
Air Force is said to be considering a discrete­
address system for ground use.

Wideband Emergency System
Uses Delta Modulation

At the 1961 IRE Convention in New York, 
Henry Magnuski of Motorola, Chicago, described 
a proposed digital system in which a single wide­
band channel could provide emergency, short- 
range communications in the vhf and uhf bands.

Although the system exists only on paper, 
some hardware is reported to have been built 
to test the feasibility of the method.

Delta modulation is used in the proposed sys­
tem. In this technique, the slope of the voice 
curve is sampled to provide digital signals from 
which the original input can be reconstructed. 
In operation the Motorola system would trans­
mit short pulse groups, each carrying modula­
tion and an address.

To avoid a central control point, transmission 
of the pulses would not be synchronized. The 
channel therefore would be time-shared, and 
pulses from some senders would occasionally in­
terfere with those of others. This interference 
could be minimized. Dr. Magnuski reports, either 
by reducing the duty cycle or by transmitting 
redundant information at the cost of additional 
transmitter power that would contribute no extra 
range.

The system is said to be able to accommodate 
about five talkers per megacycle at an interfer­
ence level of 30 db.
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New Raytheon

CHARACTERISTICS AND TYPICAL OPERATION
CK7995CK79W

25 K Ohms
18,000 «mhos 13,000 «mhos

6 Volts6 Volts

For Small Order or Prototype Requirements See Your Local Franchised Distributor
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82 Ohms 

0 Volts
15 mA

6 3 Volts 

0.3 Amps 

100 Volts

6 3 Volts 

0.3 Amps 

150 Volts 

150 Volts

160 Ohms
0 Volts
8 0 mA
2.0 mA
0 1 Meg Ohms

ulnerable to jamming

high uniformity of spacing and char­
acteristics. Maximum reliability is 
assured through the excellent me­
chanical rigidity of the grid structure.

Raytheon frame grid subminia­
ture tubes remove the limitations 
imposed upon your designs by tubes 
with conventional grid construction. 
For optimum performance consider 
the many advantages offered by the 
growing line of frame grid tubes 
from Raytheon, leading manufac­
turer of subminiature tubes.

Full technical data may be 
obtained by writing to: Raytheon, 
Industrial Components Division, 
55 Chapel Street, Newton 58, 
Massachusetts.

Martin’s concept of a discrete-address, spread- 
spectrum system is called R XCEP, for Random 
Access Communications with Extended Perfor­
mance. It has been tested in a breadboard model, 
the company reports. The system is similar to 
Motorola’s proposal but is believed to use a form 
of pulse-code modulation. Pern is said to be less

There’s no longer any need to sacri­
fice performance and reliability for 
small size. Raytheon frame grid sub­
miniatures now fill your design needs 
with extremely compact tubes ol 
higher gain bandwidth product, 
lower noise figure, and greatly in­
creased reliability. Two submin­
iatures with exceptionally high 
transconductance to plate current 
ratios are immediately available.

The CK7994 is a triode with a 
transconductance of 18.000 Mmhos 
at a plate current of 15 mA. The 
CK7995, a sharp cutoff pentode, 
features 13,000 gmhos at 8.0 mA. 
Both types are precisely fabricated 
with perfect pitch frame grids of

HEATER VOLTAGE 

HEATER CURRENT
PLATE VOLTAGE
GRID Si2 VOLTAGE
CATHODE BIAS 

RESISTANCE
GRID =1 VOLTAGE 

PLATE CURRENT 

GRID ~2 CURRENT
PLATE RESISTANCE 

TRANSCONDUCTANCE 

AMPLIFICATION
FACTOR

Eel for lb = 10« A

Signals from GE's Phantom System 
Heard as Noise by Other Sets

General Electric calls its broadband communi­
cations system Phantom I. The company de­
scribes it as a double-sideband system for long- 
haul communications. Average transmitted power 
is spread over several hundred kilocycles, and 
the system is intentionally operated at a low data 
rate in relation to transmission bandwidth to 
minimize the effects of jamming. Signals are 
addressed by waveform coding.

Phantom I is operating as a test model in the 
Southwest, sending to a GE facility near Syra­
cuse, N.Y. Although the company is evaluating 
the system under an Air Force contract, the Army 
and Navy are monitoring the tests. The system 
has been reported successful in first tests, and 
second-phase testing has begun.

Phantom 1 is classified, as are most of the 
broadband systems under development for the 
military. ■ ■

Test model of Racep random-access, discrete-ad 
dress communications system consists of encoder-de­
coder for addressing, left; transmitter, center, and re 
ceiver, fight. System is said to be capable of support­
ing up to 700 users on 4 me.

Martin says that its system would support up 
to 7CM) users on one 4-mc channel in a typical 
15-mile link at a use factor of 10 per cent. The 
modulation system used is said to permit either, 
or both, voice and data transmission with the 
same equipment, although the system is basically 
digital. It is intended for use at vhf and uhf.

The system has been discussed with the Fed­
eral Aviation Agency for use in air traffic con­
trol, Martin say's, and has been proposed to mili­
tary agencies for use in missile guidance and 
troposcatter communications.
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Solar-Cell Sensing Used
In Novel Accelerometer

Picture this self contained, 
automatic system working for you— 
the compact Beckman 4011.01% dvm; 
together with converters for 
measuring low millivoltage DC, AC 
and ohms; a scanner which allows 
automatic readings of 29 sources 
of information; and finally, the Beckman 
solid-state, digital printer to make a 
permanent, indexed record of 
all the readings.
Price for the complete system about $4800
For detailed specifications on all these 
instruments and their use 
together, write for Brochure A4011.

BERKELEY DIVISION 
of Beckman Instruments, Inc.

4000

SCANNO

4011 
»«TAL 

VOLTMETER

MS3

HUNTER

4003 
A/K 

CONVERTER

Beckman 4011 
a complete portable 
dvm Is Available, 
as are the 
other modules 
shown above, as a 
portable package.

Beckman
Richmond, California

Light Beam, Split by a Pendulum, Is 
Detected by Two Identical Sensors

ANEW accelerometer developed on the West
Coast uses a light beam and a pair of identi­

cal solar cells for sensing. The beam is split 
by a pendulum that responds to any acceleration.

The solar cells are formed by scribing a line 
through the junction layer of a single cell. 
Changes in illumination on the two cells are 
detected and compared.

The pendulum is a quartz fiber rod. Illumi­
nation from above passes its edges and falls as 
two discrete beams on the cells. Movement of 
the pendulum with acceleration decreases the 
total light flux on one cell and increases it on 
the other.

In operation, the solar cells respond to the 
changes in light intensity in nonlinear fashion. 
However, the cells are used in a push-pull cir­
cuit that cancels out nonlinearities.

The accelerometer is the result of a joint 
effort by Electro Optical Systems, Pasadena, 
Calif., and Jet Propulsion Laboratory. Electro 
Optical developed the pickoff.

The accelerometer was developed for use in 
the high energy Vega vehicle, which has been 
canceled. In Vega it would have been used to 
sense accelerations useful in orienting the ve­
hicle with respect to the earth.

Acceleration to 1 Part in 10,000 
Measured by This Technique

According to JPL’s Dr. Alan Johnson, the 
new accelerometers using this technique are 
successful; they can measure acceleration to one 
part in 10,000. Used as simple level detectors 
or level indicators, they can detect to 1/10 sec 
of arc.

The accelerometers are 1-in. cubes illumi­
nated by tungsten lamps. They have a condens­
ing lens 0.1 in. in diameter. When the pendulum 
is in the center position, each of the two slots 
left between the shutters and the pendulum 
measures 1 mm by 0.2 mm.

Miniature incandescent lamps obtained by 
Electro Optical during the development of the 
device came from Chicago Miniature Lamp Co. 
and American Cystoscope Makers, Inc. The Chi­
cago Company’s lamps were 0.1 in. in diameter, 
0.187 in. long, with a 3-v, 60-ma filament rating. 
The threshold of the larger American Cystoscope 
No. 540-110 lamps and three of similar construc-
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LUCITE LICHT PIPE

SHUTTER

PENDULUM GROOVE THROUGH JUNCTION LAYER

PHOTO DIODE

mirror on
the solar cell. As the mirror drifted, the spot New Low Transient Response Filters

the dual-cell

tungsten light. Source impedance

S-77562

Write for Filter Bulletin.
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CONNECTION TO 
EXTERNAL CIRCUIT

New digital computer techniques for 
network synthesis have enabled Burnell 
& Co. to produce filters possessing the 
special time and steady state properties 
so essential to today’s high precision, 
communication, data and guidance 
systems. An example of this achieve­
ment is the Burnell Type LTR-1 which 
overcomes problems formerly insoluble 
through the use of standard design 
procedure.

Write for your membership card 
the Space Shrinkers Club.

age to 36 g, 
failure.

gyroscope to the scribed line on

If your circuit needs can not be met by 
the LTR class of filters or our stock of 
more than 15,000 specialized filter de­
signs, Burnell engineers will, of course, 
manufacture to your specifications.

PIONEERS IN microminiaturization OF TOROIDS, 
FILTERS AND RELATED NETWORKS

EXECUTIVE OFFICE 
ANO PLANT 

DEPT. ED-34
PELHAM, NEW YORK 

PELHAM 8-5000 
TELETYPE PELHAM 3633

PACIFIC DIVISION
SOUTH PASADENA, CAI 
MFD. IN CANADA 
BY EDO (CANADA) LTD 
CORNWALl, ONT.
WELLINGTON 2-6774

other hazards encountered in extreme 
environments.
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More than a linear phase band pass 
achievement, this new Burnell “low 
ringing” filter combines the center 
frequency, band width, rise time and 
attenuation characteristics that insure 
minimum phase distortion and low 
transient response. Hermetically se­
cure, the LTR-1 easily shrugs off 
shock, vibration, acceleration and

pickoff were reported by Mr. Weiman. Sensi­
tivity of the solar cell itself is given as 8 pa

to 1 500 cycles noise without

would move to one side or the 
scribed line. This would result in 
put from the two cells.

Some of the characteristics of

riow RINGING" 
LTR-1 BAND PASS FILTER

Used as a gyro pickoff, according to Electro 
Optical’s manager of the Solid State Div., Irving 
Weiman, no pendulum would be necessary. A 
small spot of light would be directed from a

other of the 
unequal out-

is 30 K. Senior research engineer William Mc­
Clellan chose the doping of the silicon solar 
cells, so as to provide a 50 per cent greater 
output than standard solar cells—in terms of 
short-circuit output current. Symmetry, in terms 
of difference of output between the two cells 
on a single wafer, Mr. Weiman said, is 5 per 
cent over a two-to-one variation in light intensity. 
The temperature range is from 75 to 180 F.

The pickoff has application anywhere a non­
loading readout is required. According to Mr. 
Weiman, it could be used for high-density photo 
readouts, optical computers and A-to-D con­
verters (by lining up several cells and constrain­
ing an analog-generated light beam to travel 
across them). The dual cell has been marketed 
in sample quantities by Electro Optical’s manu­
facturing affiliate, Micro Systems, Inc., Pasa­
dena, Calif. • •

With the aid of our new Guillemin 
Research Laboratory, we are now able 
to solve your network problems in an 
even wider range than ever before.

FREQUENCY CPS
o g 3 8SS838 8CO — — N(N CM CO O’* OO

Scribe line splits silicon sola’ cell into two equal parts 
in the light-operated accelerometer. Quartz rod pen­
dulum splits light beam into a pair of matched beams 
at null position. If acceleration is applied the pendulum 
moves and the change in light flux on the twin cells 
is compared to get an output proportional to the 
amount of acceleration

tion to the Chicago No. CM8-666 lamps but 
25 per cent larger, were shaken at rated volt-

TECHNICAL DATA

Center frequency. 400 cps
Pass band width- (3db) down +20% 

—-16.5% of center frequency
Attenuation: 30 db at one-half and

twice center frequency
Overshoot: (“low ringing”) 1% 
Rise time: (1% to 99%) 6.25ms.
Meets MIL-F 18327A specifications.

Now-Burnell uses Exact Network Synthesis to develop





FOR

MILITARY
REQUIREMENTS

BE SURE OF MAXIMUM 
RELIABILITY...SPECIFY

PH ILCO
TRANSISTORS
Look to the pioneer producer of many millions of 
Military transistors for your critical applications. 
Philco has been the symbol of reliability from one 
of the industry’s first JAN types (2N128) to the 
present broad Military line.

The enviable record of ultra-reliable performance 
has resulted in the use of Philco transistors in many 
Military programs. The following types are available 
to existing Military specifications:

For information on any of the above types, write Dept. ED42661.

PH I LCO.
'-famous QutAtp tAe bord/ Over

LANSDALE DIVISION • LANSDALE, PENNSYLVANIA
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M/crocomponents to Be Combined 
With Deposited Elements in Logic

Robert Haavind
News Editor

A PROTOTYPE microminiature guidance com- 
** puter, using a combination of ceramic wafer­
mounted microcomponents and deposited ele­
ments in its logic, is scheduled for completion 
before the end of this year. A nondestructive 
multiaperture-type memory, using either ferrite 
sheets or strips, is planned for the experimental 
unit.

The techniques, being used by American 
Bosch Arma Corp., Garden City, L.I., N.Y., are 
derived from the 2-1) packaging approach de­
veloped by Diamond Ordnance Fuze Labora­
tories, W ashington (see “Guidelines to Micro­
miniature Designs,” ED, Nov. 9, 1960. p 61). Al- 
though the basic approach to the Arma com­
puter has been decided, according to James P. 
Maguire, supervisor of the company’s micromin­
iaturization group, some design details are not 
yet settled. (Continued on p 10)

Arma Guidance 
Computer Specifications*

Weight (lb) 200 60 15

Volume (cu ft) 8 2.5 0.3

Power Dissipation (w) 1,000 120 50

Memory size (words) * ♦ 2,300 2,300

Bits per word ♦ * 29 27

Clock Rate * * 250 kc 1 me

Add time (psec) ♦ ♦ 0.128 0.027

Multiply time (psec) ♦ ♦ 0.896 0.135

TYPE M0. APPLICATION MILITARY SPEC. N0<

2N128 High frequency amplifier MIL-T-19500/9A
2N240 High speed switch MIL-S-19500/25A
2N393 High speed switch MIL-S-19500/77A (Sig C)
2N495 Medium frequency amplifier (Silicon) MIL-T-19500/54A (Sig C)
2N496 Medium speed switch (Silicon) MIL-S-19500/85 (Sig C)
2N499 VHF amplifier MIL-S-19500/72A (Sig C)
2N5O1A Very high speed switch MIL-T-19500/62 (Sig C)
2N5O2A VHF amplifier MIL-S-19500/112 (SigC)
2N599 Medium speed switch MIL-S-19500/166 (Navy)
2N1118 Medium frequency amplifier (Silicon) MIL-S-19500/138 (Sig C)
2N1119 Medium speed switch (Silicon) MIL-S-19500/139 (Sig C)
2N1158A VHF oscillator MIL-S-19500/113 (Sig C)
2N1199A High speed switch MIL-S-19500/131 (Sig C)
2N1200 HF amplifier (Silicon) MIL-S-19500/105 (Sig C)
2N1201 HF amplifier (Silicon) MIL-S-19500/101 (Sig C)
2N1411 High speed switch MIL-S-19500/133 (Sig C)
2N1499A High speed switch MIL-S-19500/170 (Sig C)
2N15OO Very high speed switch MIL-S-19500/125 (Sig C)

♦First generation is the present Atlas inertial 
guidance computer. Second generation uses 
circuits potted in polyurethane foam. Third 
generation will use 2-D circuits and a multi­
aperture memory.

♦♦Classified information.
CIRCLE 9 ON READER-SERVICE CARD >



NEWS

Splices in aircraft and missile circuitry must be dressed 
to weather the most withering kinds of high-altitude 
temperatures, moisture, vibration, shock, corona. AMP 
INCORPORATED splices are dressed for it, no matter 
what the environmental threat. High-altitude heat? 
AMP’s STRATO-THERM (A) line of splices are designed 
to keep circuits intact at continuous temperatures to 
1200°F. The post-insulated Strato-Therm splice (illus­
trated) has a Teflon* outer sleeve and silver-plated 
electrolytic copper inner sleeve, plus metal crimping 
rings, for full circumferential protection to solid, 
stranded or combination conductors. Splices available 
in materials to resist effects of high energy fuels com­
pounded with Hydrazine and for connecting Chromaloy 
and Alumel cables. AMP’s positive compression crimp 
insures electrical soundness. The insulated Strato- 
Therm splice is ideal for temperatures up to 550°F.

AMP Incorporated
GENERAL OFFICES: HARRISBURG, PENNSY LVA N IA
AMP product* ind enginMong a**i*tinco are available through subsidiary companies in Australia * Canada • England • Franco • Holland • Italy • Japan • Mexico • West Germany

•Ou Fait TradMMrb
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What about moisture breathing? The CERTI-SEAL (B) 
splice molds an all-nylon sleeve over the conductors, 
then compression-crimps tin-plated copper rings over 
the nylon, for positive moisture-proofing of more than 
100 different insulation diameters. Protection for large 
wire sizes? The AMPLI-NYL (C) splice gives total nylon 
insulation to spliced wire in sizes #8-1/0 AWG; it will 
accommodate single-to-single, single-to-multiple, and 
multiple-to-multiple wire combinations. An airworthy 
splice for shielded wire? The TERMA-SHIELD(D) splice, 
for single or multiple connectors, is post-insulated with 
either nylon or Teflon. Conductors and shield braids are 
each crimped permanently and positively together, with 
insulation separating each conducting member. AMP 
is splice-conscious. It will pay you to consult with AMP 
where reliable space-age circuitry is the goal. Send for 
specific information on these AMP splices.

(continued from p 9)

Six Basic Circuit Types On 1,000 Wafers 
To Be Solder-Mounted On Printed Boards

Six basic circuit types, mounted on about a 
thousand l-in.-sq alumina wafers, will be used 
in the computer. Arma plans to join the wafers 
to printed circuit boards with a flow-solder proc­
ess. Present test boards contain six wafers each, 
but a shift to nine wafers on a board is being 
considered, according to Mr. Maguire.

Conduction paths on the wafers are silk- 
screened, and resistors are added by injection 
printing. Silk-screening of resistors was evalu­
ated, Mr. Maguire said, but the injection method 
was chosen because of better thickness control.

Microcomponents—transistors, diodes and ca­
pacitors—are then soldered in place. A fixture, 
for holding these components in place while the 
wafer is dipped into a solder pot, is now being 
designed by Arma for computer production.

Memory Operated in Saturated Mode 
Insensitive to B-H Loop Changes

Nondestructive read-out of data is the chief 
advantage of the multiaperture memory under 
development for the computer. Insensitivity to 
shifts in hysteresis loop characteristics, caused 
by temperature variations or other factors, is 
another advantage of this approach. This is pos­
sible because a coincident flux technique, with 
the ferrite material in saturation, is used by Arma 
for memory operation. Mr. Maguire declined to 
give details of the Arma technique.

Prototype memory units have used two-hole 
cores and conventional copper wiring. Arma is 
now working on ferrite sheet memories, which 
would be easier to produce and wire. If eddy 
currents prove a problem in the sheet approach, 
the sheet might be cut into multiaperture strips.

An extruded plastic method for mounting the 
sheet memory units to boards is being devel­
oped, and Arma is also considering the use of 
deposited conductors rather than wires for inter­
connecting apertures. The present core memories 
are mounted on boards in bakelite strips.

Each board in the memory will hold 22 words 
of stored data. Although the data will be primarily 
stored programs and constants, provision will be 
made for external loading from a remote source.

Signal-to-noise ratios of about 15:1 are ex­
pected, with drive current requirements of about 
500 ma.

Assemblies Holding 8 to 10 Boards
Have Slots to Permit Free Air Flow

The memory and logic boards will be fastened 
to slotted metal assembly frames using Elco 
Microminiature V-type connectors. Each assem-
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Proven ultra-high-speed transistors
b, SPRAGUE

'Spoilt' aid Xj m legist«»0 •isdemaik', a the Spugjf Elector Co.
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INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS

TRANSISTORS 

CAPACITORS
MAGNETIC COMPONENTS 
RESISTORS

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS
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Arma’s "second generation" computer uses cir­
cuits potted in foamed polyurethane. Special pg, top, 
is used to hold components between pieces of printed 
circuit board as potting takes place. Circular plugs are 
then inserted in holes in foam plastic circuit holder. 
Computer configuration is shown below

the advantages of direct-coupled circuitry with no 
loss in switching speed.
• Sprague MADT* Transistors are now manufactured 
with cadmium ¡unctions, providing an extra safety 
margin. Effects of high temperature, the major destruc­
tive factor with transistors, are minimized by the super­
conductivity of cadmium, assuring cooler operation 
and greater reliability.
• For prompt application engineering assistance, write 
Commercial Engineering Section, Sprague Electric Co. 
Concord, N.H.
• For complete engineering data sheets, write Technical 
Literature Section, Sprague Electric Co., 347 Marshall 
St., North Adams, Mass.
•Trademark of Philco Corporation

• The well known slim-line Type 2N5O1A Micro­
Alloy Diffused-base Transistor, extensively used in 
critical military, industrial, and commercial applica­
tions, is now joined by the 2N15OO, in its low-height 
TO-9 case.
• The electrical characteristics of the 2N1500 are 
identical with those of the 2N501A. Both of these 
ultra-high-speed switching transistors will operate 
reliably at speeds up to 20 megacycles. They feature 
excellent high frequency response at very low collector 
voltages, a characteristic made possible by the place­
ment of the collector in the diffused region of the base. 
• A precise, controlled-etching process makes it pos­
sible to maintain high frequency characteristics down 
to saturation voltage. Therefore, you can realize all

TYP E

2N1500
TYPE

2N501A

the reliable switching characteristics of the field-proven 2N501A 

are now available in the TO-9 case to meet equipment needsbly frame will hold 8 to 10 boards. A central 
duct in the computer will allow free air flow 
through the assembly frame slots and over the 
flat circuit surfaces, carrying away heat.

The use of corrugated cards between boards 
within each frame is being considered for better 
shock and vibration protection.

The initial estimated price for the computer 
is about $100,000. This is expected to drop as 
microcomponents become less expensive, and as 
the computer goes into production. The com­
puter is being developed with company funds.

Second Generation Computer
Uses Foam Plastic Circuits

Circuits potted in foamed polyurethane are 
used in a prototype miniature guidance com­
puter already developed by Arma under Air 
Force contract. Arma terms this unit a “second 
generation” guidance computer.

Small cylindrical plugs containing up to 15 
components embedded in foam plastic are fitted 
into machined holes in a foam plastic circuit 
holder. Printed boards on each side of these cir­
cuits are used for interconnections, using solder 
joints.

This all solkl-state computer has not yet been 
assigned to any specific programs. ■ ■

SPRAGUE
THE MARK OF RELIABILITY
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Three-pulse side-lobe suppression 
path system adopted by FAA for use 
in U.S. differs from two-pulse beacon 
systems in use internationally in that 
an omnidirectional pulse is sent 2 
usee after first interrogation pulse 
and a specified time before second 
interrogation pulse. In standard two- 
pulse system, control pulse is sent 
simultaneously with interrogation 
pulse and with much greater power 
than side lobes. In both systems re­
plies are suppressed if side lobes are 
received, but in three-pulse system 
less omnidirectional power is needed 
and timing is less critical.

INTERROG. CONTROL 
PULSE PULSE

A THREE-PULSE beacon system has been 
officially adopted by the Federal Aviation 

Agency for use by aircraft in the United States. 
The announcement touched oft a competition 
among manufacturers of transponder equipment 
to supply the market guaranteed by the FAA’s 
decision and by the major airlines’ announced

YOU 
CAN

ponders. These would be compatible with the 
secondary radar system being installed by the 
FAA at major air-traffic-control centers.

At least five companies have developed, or 
have almost developed, transponders capable of 
meeting the new standard. These are Radio Corp, 
of America, Bendix Corp., Collins Radio Co., 
Wilcox Electric Co., and at least one British firm. 
The RCA and Collins units, reportedly, are basi­
cally two-pulse systems that can be modified by 
adding a module. The Bendix transponder has 
both capabilities built in.

Announcement of the new standard was made 
at the First Annual International Aviation Re­
search and Development Symposium held re­

tested at the National Aviation Facilities Experi­
mental Center near Atlantic City is so far per­
forming as expected. Twenty-beam segments of 
the Ill-beam system are providing altitude 
readings accurate to ±200 ft.

■ Development of collision-avoidance systems 
or pilot-warning indicators suitable for general 
use in aircraft is not probable in the near future, 
even though one of the three systems under test 
at NAFEC—the Bendix ground-bounce-ranging 
system—is meeting specifications. Also under test 
is a Motorola cooperative pilot-warning indicator 
and a Sperry system using a microwave antenna.

■ Studies designed to aid integration of the 
Air Force’s SAGE system with the FAA’s air-traf­
fic-control system are nearly complete and indi­
cate that such integration is feasible.

The FAA’s announcement of the three-pulse, 
side-lobe suppression standard was made during 
a discussion of the agency’s entire radar-beacon 
program. L. E. Shoemaker, head of the beacon 
systems section of the FAA’s Development Div., 
said that nearly 60 ground stations were now

state of re 
At the svm

week-long meeting at which the 
search in aviation was discussed, 
posium, it was stated that:

■ The air-height surveillance

NEWS
FAA Adopts Three-Pulse Beacon System

Symposium Told New Transponders Needed;
Progress Slow in Anti Collision Devices

A COMBINATION OF GOOD-ALL TYPES 
663UW AND 663F CAPACITORS offer 
great flexibility in component placement. 
Case is a “skin-tight” Mylar* wrap, and 
cubic space is used to MAXIMUM efficiency. 
These GOOD-ALL types are widely used in 
the very flnest instrumentation. Ratings are 
conservative and both are capable of being 
produced to HIGH-REL specifications.

SPECIFICATIONS
Temperature Rann —Full rating from —55'C to -f-85°C 
and to + 125°C with 50% derating
Insulation Resistance — Greater than 100 000 megohm 
mfds. at 25°C — See curve below
Life Test — 250 hours at +85"C and 125% of rated volt­
age.
Dielectric Strength — Twice rated voltage for one minute. 
Winding Construction—Extended foil (non-inductive) MYLAR 
Dielectric.
Humidity Resistance - - Far exceeds requirements of EIA- 
Spec RS164 Para. 2, 3, 8.

Tolerance — Standard ±20% ±10% ±5% thru ±1%.

Voltage Range — 100, 200, 400, 600 and 1000 VDC.

DIMENSIONS (100 Volt Rating)

CAPACITORS

GOOD-ALL ELECTRIC MEG. CO. Ogallalo Nebr
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equipped with secondary radar beacons and 
that the FA A planned to install such equipment 
at all stations that had primary radar. He re­
ported all the major airlines had programs to 
install transponders in their aircraft, although 
only a third of the planes are now so equipped.

Besides installing additional equipment, the 
agency is extending the usefulness of the beacon 
system hy increasing the number of codes that 
can be used, by adding altitude-reporting capa­
bility and by developing transponder equipment 
suitable for all aircraft other than airline and 
military. This would comprise about 70 per cent 
of the planes flying in the U. S.

The 64 codes now available will be increased 
by doubling the number of pulses in the reply 
train to form a supplementary set of 64 basic 
codes. These will provide a total of 4,096 codes. 
Most secondary radar equipment in development 
is being designed to operate with the additional 
codes and to process replies containing altitude 
information.

Automatic Altitude Reporting 
Planned in Beacon System

The F XA is confident that altitude reporting 
by means of beacon replies will prove feasible, 
according to Kenneth W ise of the agency’s bea­
con section. In a paper at the meeting, he said 
that development of an automatic altitude­
reporting subsystem for radar-beacon systems 
would reduce the load on aircraft-ground com­
munications channels and give controllers an im­
portant third dimension to establish position of 
aircraft.

In reporting on the FAA’s transponder pro­
gram, Mr. W ise said the agency hoped to start 
testing by June, five different transponders now 
being developed for general aviation use. These 
are being designed by Hazeltine TDC Div., In­
dianapolis, and W'ilcox Electric Co., Kansas City, 
Mo. The transponders will be lighter, cheaper 
and have less power drain than units in use 
on military and airline aircraft, Mr Wise said.

These transponders will use only 64 codes and 
a single mode of interrogation, will have limited 
reply words and will not be as rugged as cur­
rent types. They will reply only to the common 
air-traffic control code 3/A, which uses an 8-psec 
separation between leading edges of pulses, and 
will have only three-pulse, side-lobe suppression. 
Their range, Mr. W'ise said, will be 150 miles. 
Weight and power drain will be 14 lb and 35 
to 60 w. The units are being designed to sell 
from $1,000 to $1,400. The FAA expects to com­
plete testing the transponders by November. Mr 
W'ise reported.

The FAA representative revealed that the 
agency planned to develop an improved trans­
ponder antenna, with dual aperture and im-

THE BEST BASIC TYPES, double-diffused silicon with 
low saturation resistance and a reserve of speed, power 
handling and current range that permit the widest latitude 
in circuit design.

NOW FAIRCHILD 
JIFFHSED SILICON
INDUSTRIAL 
TRANSISTORS

NEW LOW PRICED *2W 
TYPES FOR COMMERCIAL/ 
INDUSTRIAL APPLICATIONS 
• Commercial computers 
• Business machines 
• Industrial controls 
• Industrial power supplies 
• Test instruments 
• Monitors and alarms 
• Communications equipment 
• Medical apparatus

AT COMPETITIVE PRICES, now comparable or lower than 
industrial germanium or silicon transistor types of more 
limited performance.
WITH ASSURED AVAILABILITY through regular Fairchild 
distributors. The Fairchild name and the 2N numbers pro­
tect the circuit designs you base on these specifications.ELECTRICAL CHARACTERISTICS 

(25° C except as noted)

Nine RegiiterM Burroughs Corporal io*

TYPES DESCRIPTION JEDEC 
OUTLINE

fi 
TYPICAL

Pc@25 C 
CASE TEMP.

hFE VCER VCBO
VBEtSat) 

MAX.
VCEtSat) 

MAX.
ICB0@25 C 

MAX.MIN MAX.

2N1985 
2N1984 
2N1983

Small signal types for AC and 
DC amplifiers T0-5 50 mc 2 watts

15*
35*
70*

45* 
100* 
210*

40 50 — — 5M

2N1987
2N1986 Switching types T0-5 50 mc 2 watts 20

60
80

240 40 50 0.9 0.6 5 mA

2N1989
2N1988

High voltage types particularly 
suited to video amplifiers and 
RF oscillators

T0-5 50 mc 2 watts 20
35

60
120 60 100 1.0 2.0 5 mA

2N1991 PNP complement to the small 
signal and switching types TO-5 50 me 2 watts 15 60 25 30 —1.5 —1.5 5M

2N1990 Neon tube and Nixie* driver type TO-5 — 2 watts 20 — 60 100 1.0 0.5 —
* For the small sl«Ml types, 0»$ specification « h« al 1 hr instead of her J’ °C
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New Money Makers for Industry.

KIN TEL CLOSED CIRCUIT TV SYSTEMS
what they are, and what they can can do for you...

What is a KIN TEL
Closed Circuit TV system?
The basic KIN tel closed circuit TV 
system consists of a camera, camera 
control unit, and monitor, each con­
nected by cable. The camera can be 
located at great distance from the moni­
tor, and any number of monitors may 
be used to display the same picture.

Cameras are small enough 
to hold in your hand; rugged 

enough to operate in virtually any 
environment; versatile enough to cover 
(via remote control) almost any area: 
and sensitive enough to provide excel­
lent pictures of subjects illuminated by 
a single candle.
I * "J The camera control pro­
L—: * I vides automatic operation 
The system is continuously self-adjust­
ing for wide variations in light levels 
(several thousand to one), and features 
automatic high definition of bright 
objects. The only control you have to 
touch is the on-off switch.

The monitor displays a 
crisp, clear picture...full 
650-line resolution, twice 
that of the best home TV 
reception.

How are such systems used?
Today, KIN TEL TV systems are perform 
ing a number of jobs for hundreds of 
firms, safely, inexpensively, tirelessly. 
They are being used to watch opera 
tions or events that are tedious, diffi­
cult, dangerous, or even impossible 
for men to watch.

For example: Convair (above), Doug­
las, Lockheed and Northrop watch 
rocket tests with kin tel systems. U.S. 
Steel uses one to see inside open hearth 
furnaces. Westinghouse watches nu­
clear power reactor tests with one.

They are being used for surveillance.
For example: The San Francisco Naval 
Shipyard uses one to guard against 
pilferage.

They are being used for traffic control.
For example: The Alameda Naval Air 
Station uses a kin tel TV system to 

5725 Kearny Villa Road. P.O- Box 623, San Diego 12, California, BRowning 7-6700

KIN TEL-pioneer and leader in dosed drcuit television.
CIRCLE 14 ON READER-SERVICE CARD

observe aircraft landings on the por­
tion of the runway that is not visible 
from the control tower.
They are being used to transmit 
visual information quickly and 
accurately; for remote observation 
of charts, meters, graphs, schedules, 
blueprints, photographs, images 
from microscopes, fingerprints, sig­
natures ... the list is almost endless.
For example: E. F. Hutton uses a kin 
tel system to transmit stock market 
quotations to the offices of the firm’s 
executives. The Los Angeles Depart­
ment of Water and Power uses one for 
remote viewing of water-level meters. 
The University of California teaches 
physics with one.

They are being used for monitoring 
any operation that normally re­
quires standby personnel.

For example: American Potash and 
Chemical (above) monitors conveyor 
line and warehousing operations with 
a kin tel TV system.

Why do these firms 
choose a KIN TEL system?
For a variety of reasons.
First, reliability, kin tel TV is designed 
for continuous duty operation in severe 
environments. Day in and day out, it 
keeps working. It’s the first choice for 
ICBM and other missile programs that 
really depend on TV, that can’t chance 
failure, that can’t afford to compro­
mise with reliability.
Second, picture quality, kin tel TV 
presents clear, sharp pictures. Full 650- 
line resolution provides maximum 
data .essential for quantitative obser­
vation of complex operations or trans­
mission of printed material.
Third, automatic operation, kin tel TV 
is the only closed circuit system that 
provides entirely automatic, through- 
the-lens compensation for light-level 
changes of several thousand to one.

Fourth, the kin tel closed circuit TV 
system is extremely sensitive. The 
light required to read this page is 
enough for sharp clear pictures, and 
usable pictures can be provided with 
less than one-foot candle illumination.
Fifth, kin tel TV systems are easy to 
install and simple to operate With no 
changes in lens iris to make, with no 
difficult, interacting electrical adjust­
ments required, the only thing the op­
erator has to know is the location of 
the on-off switch.
Sixth, a complete line of shelf-item 
system components and a variety of 
cameras and monitors make virtually 
any application feasible...permit obser­
vation of nearly every kind of opera­
tion, under all kinds of conditions.

proved coverage, and was investigating for com­
mercial application the data-transfer feature of 
an Air Force transponder that uses parity pulses 
for error checking.

For example, with system components, 
you can remotely position the camera, 
remotely select one of several lenses, 
remotely “zoom” in or out for closeup 
or wide-angle viewing, operate the 
camera in extremes of temperature or 
in explosive or dusty atmospheres, 
view microscope images. Whatever 
your viewing problem, kin tel prob­
ably has a stock solution.
Seventh, you don’t have to waste your 
time and money on application engi­
neering At no obligation to you, kin 
tel’s nationwide factory-trained field 
engineers - thoroughly experienced in 
optics, environmental requirements, 
lighting, cabling, human engineering 
factors, and other installation consider- 
ations-can determine whether or not 
closed circuit TV can be put to profit­
able use in your intended application.

What can a KIN TEL 
system do for your business?

It can do what it is doing right now 
for hundreds of other firms. It can save 
you time and money... increase effici­
ency ... better your service to clients 
and customers. To find out how, write 
direct for catalog 6-205 and the name 
of your nearest KIN TEL engineering 
representative.

COHU

Three-Pulse Suppression System 
Believed Better Than Two-Pulse

The adoption of side-lobe suppression during 
interrogation is part of the program to improve 
existing equipment, Mr Shoemaker said. In the 
standardization of the three-pulse suppression 
technique, not only will beam paths of interro­
gating transmission be shaped to minimize inter­
ference but effective bandwidth will also not be 
lost as range increases. This point was made by 
J. E. Herrmann of the agency’s beacon section, 
who delivered a paper on interrogation path 
side-lobe suppression.

In a two-pulse system, interrogation and con­
trol pulses are sent simultaneously—the con­
trol pulse omnidirectionally, the interrogation 
pulse directionally at slightly greater amplitude. 
The aircraft transponder compares the received 
pulse with the last one it received. If the new 
pulse is stronger than the last, it replies, because 
it is receiving an interrogation pulse. If ampli­
tude is less, it is receiving a side-lobe and so 
suppresses its reply.

In the three-pulse system adopted by the 
FAA, an omnidirectional control pulse is trans­
mitted 2 usee after the first directionally trans­
mitted interrogation pulse and is followed by 
the third pulse. The aircraft transponder com­
pares the control pulse with the first interroga­
tion pulse in delay-line circuitry and replies if 
the third pulse is at least 9 db greater than the 
control pulse. If the third pulse is less in am­
plitude than the control pulse, a reply is sup­
pressed, The elapsed time between the control 
pulse and the second interrogation pulse deter­
mines which transponders will reply.

According to Albert Brown, chief of the 
Systems Engineering Div. of the FAA, the ad­
vantages of this three-pulse system over a two- 
pulse system are that it requires less omnidirec­
tional power, gives better reflection suppression, 
is less dependent on timing and synchroniza­
tion, is compatible with military systems and 
uses a simpler antenna.

The system was said to be originally devel­
oped by Mortimer Setrin of the Air Force. Dur­
ing the meeting D. G. Terrington of the British 
Ministry of Aviation, reported that Great Britain 
was still using a two-pulse, side-lobe suppres­
sion system, in accordance with an international 
agreement It was learned at the meeting that 
a convincing demonstration of the effectiveness 
of the FAA three-pulse system has been made
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2 3 NA I b ARINC 532-D — DIGITIZER
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SUPPRESSION 
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R X VIDEO

DECODER-ENCODER
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------------ TRIGGER OUT T DEAD
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ARINC 532-C OR SIMILAR

Test setup for evaluating beacon transponding 
methods for reporting altitude from aircraft is installed 
at FAA’s Atlantic City, NJ., facility. Transducer con­
verts static pressure to an analog signal. In a simplified 
arrangement not requiring decoder-encoder, the digi­
tizer connects directly with the control unit of the 
transponder. The receiver in a more complex version 
has if video, modified to include suppression of side­
lobes, spikes, long pulses and echoes. In reply to proper 
interrogation, the decoder-encoder codes a reply cor-
responding to altitude, and uses it to 
transponder reply. The code is cyclic 
decimal.

modulate the 
binary-coded

to the British and that they are 
adopting it.

considering

Mr. Wise reported that the three-pulse system, 
already in test operation at Atlantic City, would 
be put into general civilian use starting in 1962. 
It is being recommended for inclusion in the 
IFF Mark X air traffic control radar-beacon 
standard, which is a preliminary to recommen­
dation to NATO as a standard system.

In discussing the side-lobe suppression pro­
gram of the FAA, Mr. Herrmann said that the 
agency was developing with the Army Signal 
Corps a traveling-wave-tube switch called a Bea- 
cotron for ground-station beacons. In this device 
the tube output is controlled by voltage applied 
to the tube’s control grid, enabling the switch 
to control the shape of the beam being trans­
mitted as the beacon antenna is rotated. This 
feature is particularly valuable, it was said, in 
areas where several beacons are operating. Out­
put can be suppressed when it will interfere with 
adjacent beacons. Another high-speed switch 
being developed for the same purpose would 
use either diodes or a ferrite device. Both efforts 
are part of a program to develop a beacon in­
terrogation system that would need only one 
interrogator to generate both the control and 
interrogation pulses. They represent adoption of 
monopulse radar techniques to provide sharp­
ened beam widths of interrogation antennas.

Video Processor in Development 
Uses Monopulse Techniques

Monopulse techniques, Mr. Shoemaker re­
ported, are being used in equipment about to 
be introduced to mark the true center of the

here today:

Eimac IK20 Series
Reflex Klystrons
Timing Range 8.5 to 11.5 kMc
Typical Output: 75 mW

New Eimac X- and K band one 
watt reflex klystrons with 
excellent stability and low- 
noise characteristics.

Eimac X778TWT 
Frequency: 5.0to 11.0 kMc 
Small Signal Gain : 60db 
Minimum Power Output: 1 watt

Eimac X-747 Voltage-
Timable Magnetron
Timing Range : 400 to 1200 Me
Nominal PowerOutput: 100 mW

here tomorrow

New Eimac higher powered 
TWT’s to meet the requirements 
of commercial and military 
applications.

New Eimac S-band Voltage- 
TUnable Magnetrons retaining 
desirable L-band linearity 
and long life.

And there’s more to come! Behind the scenes a fully staffed Eimac Microwave Laboratory 
offers the broadest possible capabilities for new tube development. You’ll _____  
find the most advanced answers to your microwave needs in Eimac ... J 
world leader in negative grid tubes, microwave tubes, amplifier klystrons. 
Write: Microwave Products, Eitel-McCullough, Inc., San Carlos, California. I

CIRCLE 15 ON READER-SERVICE CARD

ELECTRONIC DESIGN • April 26, 1961



NOW1-
Hoffman
GLASS SILICON 
REFERENCE DEVICES 
TYPES 1N935-1N939
Hoffman now offers you a subminiature series of temperature- 
compensated silicon zener reference devices with a tempera­
ture coefficient ranging from ±.01 through ±.0005 percent 
per degree centigrade. Designated types 1N935-1N939, these 
new units are hermetically sealed in the industry-preferred 
500mW glass package. They meet the stringent environmental 
and life test requirements of MIL-S/19500B and are easily 
adaptable to all forms of circuitry, including printed boards 
and subminiature modules.

As the company which introduced the first commercially available silicon 
zener diode back in 1953, Hoffman is your logical source of dependable 
toner devices. Among other notable Hoffman "firsts" in this field was the 
development, in 1955, of the 1N430 toner reference element, a revolu­
tionary device able to maintain a constant voltage over a wide tempera­

ture range. Two years later, Hoffman 
MSHB6, developed the then unique 1N1530 to Bl Ac 4 domand for miniaturization andJ fU 1 lor printed circuit applications. Now I Hoffmon brings its experience, the most

■¡CBCTRICAL CHARACTERISTICS AT 7.5 mA
Voltage Range 

Ä 7.5 mA

111935
1N935A

111936
1N936A

wit?

VoltageTem- 
periture Coef­

ficient

1N937A

8.55 - 9 45 
8» 9 45
8.55 - 9 45
8.55 - 9 45 
8.55 - 9 45 
8.55 - 9 45 
8.55 - 9.45 
8.55 — 9 45 
8.55-9.45 
8 55 — 9.45 
I»-» «5 
8.55 — 9 45 
8.55—9.45

X .01
X 01 
* 01

Temperature 
lange 

Reference 25'C. 
CC)

Oto+75 
-55 to +100 
-55 to 4-150

Maximum 
Dynamic. 

Resistance 
(Ohms)t

1N935-1N939.
Hoffman experience and reliability are 
yours in the industry's widest selection of

X .005 
± .005 
+ 002 
±002 
X .002 
x 001
X 001 ±Ä1
X .0005 
± 0005 
X .0005

Oto+75 
55 to+100 

-55 to +150
Oto +75 

-55 to +100 
-55 to+150

-55 to+100
-55 to +150

-55 to+100
-55 to +150

70% of AU Zener Reference Devices Ever Made Are Hoffman Made!

Type 1N830, Type IN 1530, 
introduced by Introduced by

rtffrtKt, or regulation. You can depend 
upon the leader, the pioneer HOFFMAN

Hoffman 
in 1955.

Hoffman 
in 1957.

Hoffman's types 1N935-1N939 
Introduced in 1961.

Hoffman /
Semiconductor DieMon
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NEWS

target arc on the controller’s display. This is 
done in the receiver, he said, by video proces­
sing in separate sum and difference channels, 
and by introduction of an adjusted threshold 
level. In manual tracking, the width of the dis­
played arc can be made to correspond to the 
width of the surveillance radar target, which is 
about 2 deg.

The video-processing unit that will do this is 
in development at Burroughs Corp., Paoli, Pa. 
It was described by W. A. Connolly, an FAA 
project engineer. It is a 10-channel unit con­
tained in five racks and will be part of major 
air traffic control radar beacon systems. It will 
provide beacon tracking, positive identification, 
and selection and display filtering over a range 
of one-half to 200 nautical miles, be said. Ac­
cording to Mr. Connolly, this elaborate all-tran­
sistorized system will be able to function 10 
ways. It will:

* Provide plan position display of replies from 
aircraft equipped with basic IFF Mark X trans­
ponders that answer mode 1, 2, or 3A interro­
gations. These displays will be blips.

■ Provide ppi display of common-system trans­
ponders in mode 3 and change a blip display to 
a bar when the reply code is followed by iden­
tification pulses. The number of codes to be 
handled is expandable to 4,096. An emergency 
reply produces a double bar, an audible alarm 
and a display of the letter “E.”

■ Display as a single blip all aircraft respond­
ing to mode 3A and exclude responses from basic 
IFF Mark X transponders.

■ Provide rapid readout and digital display 
of reply code.

■ Provide digital decimal display of all infor­
mation from planes equipped with mode-C alti­
tude-reporting systems.

■ Provide altitude zone filtering by either alti­
tude reply codes or by analog height pulses 
from 3-D radars.

■ Display center marks on each beacon video 
target equipped with suitable equipment.

■ Accept three inputs: basic beacon, all C/S 
and selective aircraft replies, and analog altitude 
pulses.

■ Control interrogation modes, video defini­
tion and display selection.

■ Sense code-garble and have nondestructive 
readout.

Included in the unit will be a storage tube 
type of defruiter rather than a delay-line type. 
This subsystem will retain the response pattern 
of the first interrogation cycle, compare it with 
the next pattern, and filter out nonsynchronous 
replies, Mr. Shoemaker said. ■ ■
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Advertisement

Burndy YD Tool Modified
For Faster Operation COAX 

HYFEN
reliable solderless contacts 

result in dramatic
reduction of

installation time

CONTACTS
wide application-all with snap-locked removable contacts

As a result of wide customer accept­
ance of BURNDY Omaton Divi­
sion’s YD-2, a new version of this 
semi-automatic, portable, pneumatic 
crimping tool has been developed. 
The new edition, the YD-2-3 is a 
bench-mounted, foot-operated tool 
with a magazine holding almost eight 
times (533 contacts) as many con­
tacts as the original version (70 con­
tacts).
The YD was originally designed as 
a magazine-fed hand-operated tool 
for work in and near electronic cab­
inets. The new version will produce 
a higher rate of contact installation, 
making it especially useful in harness 
wiring.
The bench-mounted, foot-activated 
increased-magazine-capacitv features 
will allow the contact installation rate 
of the YD-2 to be greatlv increased. 
The YD-2-3 retains the features 
of automatic pre-positioning, feed­
ing, and crimping of BURNDY’s 
HYFEN«, STAPIN®, and CRAB- 
LOK®-MODULOK® lines of con­
tacts. It also features color coded die 
sets matched with the color of con­
tact-carrying strips. The plastic carry 
strips are automatically ejected from 
the tool after the contacts have been 
used.

BURNDY CORPORATION
Norwalk, Connecticut
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NEWSMore MIL type transistors
Min. Man

150

Audio PNP<german|um)
Min.

96U 985

Computer NPN
Min

135

180

ELECTRICGENERAL
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2N332 

2N333

2N334

2N335

2N337

2N338

2N43A

2N44A

2N526

2N489 

2N490

2N491

2N492 

2N493

2N494

MIL-T-19500 18 (USAF)
MIL-T-19500 6 (USAF)
MIL-S-19500, 60C (JAN)

MIL-T-19500 75 (USAF) 
MIL-T-19500 75 (USAF) 
MIL-T-19500 75 (USAF) 
MIL-T-19500 75 (USAF) 
MIL-T-19500 75 (USAF) 
MILT 19500 75 (USAF)

2N78A 

2N167A 

2N388

Voltage 
Rating

Vc. 20

Vcs 30

Vc> 25

MILS 19500 90 (USAF) 
MIL-S-19500 IIA(USAF) 
MIL-T-19500 65 (NAVY)

Voltage 
Rating

Vo 45

Vo 45

Vo 45

Vo 45

Vo 45

Vo 45

Vo 45

Vo 45

Vo 30

Voltage 
Rating

Vue 60

Vue 60

Via 60

Vue 60

Via 60

Vut 60

Vo 20

Vet 30

Vo 25

150

150

953 

.976 

.989

989

2N123

2N396A

2N404

MIL-T-19500/30 (USAF)
MIL-T-19500 54A (NAVY)
MIL-T-19500/20 (USAF)

MIL-T-19500 37A (NAVY)
MIL-T-19500 37A (NAVY)
MIL-T-19500 37 A (NAVY)
MIL-T-19500/37A (NAVY)
MIL-S-19500/69C (NAVY)
MIL-S-19500 69C (NAVY)

Voltage 
Rating

hib 900 

hib 948 

htb .948 

h b .974

Unijunction NPN (SUÇON, fixed bed mounting)

Amplifier and Computer NPN m fixed bed mounting)

Computer PNP (GERMANIUM)
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Engineering model of Avscan infrared scanning sys­
tem, being used to aid in the development of an IR 
track-while-scan system that will warn bombers of in­
terceptors and missiles. Avscan’s scanning head con­
tains four achromats tha» spin at 1,800 rpm while nod­
ding 3 times per sec. Arsenic trisulphide dome is of 
8.75-in diam. Stainless-steel Dewar flask, at right, con­
tains a special indium >intimonide grown-junction cell 
that operates in the 3-5-micron region. The model 
shown here has ?n extra cylindrical section to house a 
switch for demonstration purposes. System was de­
veloped by Avco Electronics and Ordnance Div.

Somber IR System Being Designed 
To Track Enemy While Scanning

A passive infrared surveillance system for 
bombers is being designed to track while scan­
ning for interceptors or missiles.

Avco Electronics and Ordnance Div., Cincin­
nati, is developing the system under a $500,000 
classified contract for the Air Force’s Wright Air 
Development Div.

Signals from each target tracked by the system 
will be processed by separate receiving channels. 
A special-purpose digital computer, also in de­
velopment at \vco, will compute tracking infor­
mation from these signals for automatic injection 
into the bomber’s control system. The display 
will be digital.

The proposed system is an outgrowth of the 
company’s Avscan scanning system, an engineer­
ing model of which is being used as a design aid 
in the development program.

In operation, the Avscan IR scanner rides in 
the nose of a bomber and scans a rectangle in 
the aircraft’s path. Its field of view is reported 
to be 60 deg azimuth and 40 deg elevation In­
stantaneous field of view is said to be 0.1 by 
1 deg, giving a resolution equivalent to 40 lines 
with a spin rate of 1,800 rpm. Range is believed 
to be up to 20 miles. The scanner operates in the 
3-5-micron intermediate infrared region.

The detector cell used is an indium antimonide 
grown-j'unction type developed by Avco and 
cooled to liquid-nitrogen temperature by immer­
sion in a stainless-steel Dewar flask.

The scanning head contains a refractive opti­
cal system consisting of four two-element arsenic

(GERMANIUM)
Voltage 
Rating

Reliability based on improved designs and 
backed-up by a book full of life test data 
characterizes those General Electric tran­
sistors for military applications. For com­
plete technical data, just see your Semicon­
ductor District Sales Manager, or write to 
Semiconductor Producís Department, Section

23D9I General Electric Company, Electron­
ics Park, Syracuse, New York

FOR FAST DELIVERY AT FACTORY-LOW PRICES 
IN QUANTITIES UP TO 999, SEE YOUR 

AUTHORIZED G-E DISTRIBUTOR



trisulphide and silicon achromats mounted on a 
rotating drum. The drum spins at 1.800 rpm 
while nodding 3 times per sec.

A different optical arrangement might be used 
in the track-while-scan system, it is reported. 
Broader scan coverage and probably a faster 
scan rate may be designed into the new system.

Avco is reported working toward designing a 
ranging capability into such an IB track-while­
scan system. Ranging would be provided by a 
1R maser that generated coherent radiation.

Cryogenic Accelerometer 
And Delay Line Ordered

Two new applications of cryogenic technology 
are under way in separate programs sponsored 
by the National Aeronautics and Space Admin­
istration and the Air Force.

An accelerometer, expected to prove the feasi­
bility of cryogenic techniques for sensing of ac­
celeration, is being developed at General Electric 
Go., Schenectady, N.Y. The device is to be pro­
duced under a $119,000 NASA contract.

Martin Co. is designing a cryogenic delay line 
for the Rome (N.Y.) Air Development Center 
under a $90,000 Air Force contract.

Design objectives for the accelerometer, which 
will be an analog, are a threshold and bias of 
1 x IO-6 g or less, and linearity and repeatability 
of one part per million or less, according to GE. 
The threshold goal is said to be about two orders 
of magnitude better than that of available ana­
log types and about one order better than the 
latest digital types. The linearity of typical 
available accelerometers is about 25 ppm, the 
company says.

The GE program is related to development 
of a cryogenic gyroscope, which is proceeding 
under a previous contract at the company’s en­
gineering laboratories. An engineering model of 
the gyroscope unit has been built and a proto­
type for testing will be produced, the company 
states.

As in the gyroscope, the proof mass of the 
accelerometer will be suspended and rotated in 
a magnetic field acting on a superconducting 
surface. The whole structure, including a cryo­
genic preamplifier, will be enclosed in liquid- 
nitrogen environment. Data pickoff will be 
through the preamplifier.

The delay line being developed by Martin is 
designed for 15,000-ft transmission without en­
ergy loss. It is expected to fit in a 3-in. cube. 
The line will operate at 4.2 K in the microwave 
region between 4 and 15 Gc and will provide 
a delay of 20 psec. It is to be used in a classi­
fied system now in development.

Only from OHMITE

OH

Adjustable Resistors
STANDARD MIL-R 19365C ADJUSTABLE RESISTORS

OHMSDIMENSIONS

“Dividohm*”

HIGHLIGHTS OF MIL-R-19365C —This revised specification 
covers power-type, wire-wound, adjustable resistors from 1 to 
15,000 ohms inclusive. Resistance tolerance is specified as ± 5% 
for all eight power ratings which are listed at right. The maxi­
mum continuous operating temperature is 35O°C (Char. V).

M1L-R-19365C resistors are the tubular type with single­
layer windings and lug-type terminals—two fixed and one 
adjustable.

Ohmite can supply all eight adjustable resistors to meet every 
requirement of MIL-R-19365C. Higher resistances using smaller 
wire sizes are available, also, to meet the performance require­
ments of this new MIL specification.

Write for Military Catalog 50B—the "Easy Way" to Order 
MIL Resistors.

OHMITE MANUFACTURING COMPANY 
3643 Howard Street, Skokie, Illinois

Rheostats Power Resistors Precision Resistors 
Variable Transformers Tantalum Capacitors 

Tap Switches Relays R.F. Chokes 
Germanium Diodes Micromodules

OHMITE

STYLE

RX29
RX32
RX33
RX35
RX36
RX37
RX38
RX47

WATTS

11
17
26
55
78

113
159
210

LENGTH

6'
8' 

IQ'/?’
•0.004“ Diameter wire.

DIA. MIN. MAX.’ 
470" 
910 

1,500 
3,600 
5,100 
8,200 

11,000 
15.000

Offering you complete availability of these MIL 
resistors so quickly is another indication of 
Ohmite’s ability and desire to give industry the 
finest, most advanced resistance products with the 
best of service.
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Now I Voltage Controlled Oscillator 
...for FM with CRYSTAL STABILITY.

WASHINGTON 
REPORT

RFI—THE HANDWRITING ON THE WALL

J. J. Christie 
Washington Editor

VCXO, Model 10MWA measures 
only %" x 2" x 2 %" with cover on.

CONTXOL VOLTAGE IN VOLT* D.C.

15

-5 -4 -J -a - 0 5

Control Characteristics of Model 
10M WA (10.7 mc).

The new VCXO is a crystal oscillator directly frequency 
modulated by a control voltage. Direct frequency modulation 
may be had at any center frequency from 10 kc to 30 mc 
without frequency multipliers. This all solid-state device 
produces frequency swings of ±0.2% of its crystal stabilized 
center frequency while maintaining excellent linearity. 
Center frequency stability is constant over wide tempera­
ture changes.

The standard VCXO, Model 10M-WA,has a center fre­
quency of 10.7 mc. Available off the shelf in sample quan­
tities, the Model 10M-WA has a deviation of ±20 kc, 
linear to within ±200 cps. Measured temperature drift is 
less than 1 kc from -40°C to +65°C. Output power is 5 mw.

Other VCXO’s with similar specifications and with center 
frequencies as indicated above, are available on special order 
for both commercial and military system requirements.

If you have a frequency modulation problem, call on 
Itek Electro-Products engineering specialists to assist you 
in the design of your circuitry and in the selection of a 
VCXO best suited to your needs.

Write for Bulletin No. 10M-WA

Itek Electro-Products Co.
75 CAMBRIDGE PARKWAY. CAMBRIDGE 42. MASSACHUSETTS fT '

UNivanity 47200 • Oivmox of I if K
X___________
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The Defense Department’s Electromagnetic Compatibility Program, 
representing a long overdue effort to combat radio frequency interfer­
ence from a military standpoint, is gaining momentum.

A big step forward in the program will come with the establishment 
of an RFI analysis center. This facility, which reportedly will be set up 
and administered by the Armour Research Foundation and located at 
Annapolis, Md., will be the focal point of efforts to develop techniques 
for measuring and predicting RFI environment and emission.

Meanwhile, DOD is collecting spectrum signatures on both new and 
existing equipments for experimental testing. It has let a few contracts 
and will award others this year to research measuring and predictive 
methods.

An example of the type of research required at this stage of the game 
is a project at Georgia Tech which seeks a short-cut means of measur­
ing antenna field patterns. If efforts to measure far effects at close range 
are successful, Pentagon officials say the expense of such testing would 
be reduced by a factor of 10.

Once the nature of the data required for interference prediction and 
control can be ascertained and the best methods of obtaining it can be 
determined, it is expected that a considerable amount of R&D will be 
necessary to upgrade instrumentation capabilities.

As the program matures, manufacturers will be required to furnish 
spectrum signatures with breadboards and with prototypes. Eventually, 
DOD officials expect that spectrum signatures can be supplied with 
design proposals on the basis of circuit designs and components.

The Consequences for Industry of the RFI compatibility program eventually 
will be similar to those now resulting from the Pentagon’s determined 
effort to impose quantitative reliability specifications.

Initially, as in the case of reliability, the impact of the RFI program 
will be felt primarily on the systems and equipment level—in the need 
for specialized personnel and the necessity for increased testing and 
inspection. But, it won’t be long before new obligations permeate the 
components level. DOD experts believe that by 1963 designers of relays, 
tubes, transistors and other components will be dealing with RFI re­
quirements. They also foresee a boom in filtering device developments.

A good indication of the growing awareness of the RFI problem is 
the expectation that some 600 engineers will attend the third national 
IRE symposium on the subject to be held in Washington June 12-13.

MILITARY COMMUNICATIONS DEFICIENCIES

The Kennedy Administration’s re-evaluation of defense policy has 
resulted in strong emphasis on improving both strategic and tactical 
communications systems and command and control facilities.

In reference to the strategic requirements, the President told a recent
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meeting of the NATO military committee: “In our studies we have 
found a serious need for a sensitive and flexible control of all arms, 
and especially of nuclear weapons.”

He outlined in his defense budget message requirements for “invul­
nerable and continuous command posts and communications centers” 
to insure “controlled and properly authorized response. . . .”

Implementation of these goals involves development of airborne and 
seaborne command posts as well as mobile land units and underground

rectifier
components news

installations. The plan envisions tying one or more mobile 
posts into key communications centers such as the Strategic 
mand headquarters.

Under consideration for airborne centers are either the

command 
Air Com-

Lockheed
C-130 transport plane or the KC-135 tanker version of the Boeing 707, 
both of which have the advantage of short runway requirement. The 
project may lead to new requirements for airborne computers, although 
it is noted that a good deal of the data processing could be performed 
on the ground and that the results woidd then be relayed to the flying 
command posts.

Underground installations will give added impetus to efforts to propa­
gate low frequency and very low frequency signals through nonconduc- 
tive rock strata. The program also puts further emphasis on the necessity 
for shock-resistant communications and for data-processing equipment.

Tactical Communications are under review as much from the point of view 
of procedures as from the standpoint of equipment. As one DOD 
communications official put it, “voice transmission is too wasteful of 
bandwidth to be relied upon under present-day battlefield conditions. 
We must go to code to the fullest extent possible and even in fairly 
rudimentary equipment.”

Concern over spectrum congestion and both intentional and uninten­
tional interference has Pentagon communications experts anxiously 
watching developmental work on various modulation schemes and on 
wideband systems such as random access, discrete address systems. 
(See story on p 4). However, they remain noncommittal on these devel-
opments, pending determination of cost, weight and complexity 
compared to conventional narrow-band systems.

as

Military communications planners expect to put greater reliance on
digital data links for tactical use and point to the need for 
development work in this field.

Mobile tactical command posts also have high priority. One 
of these will be smaller versions of the trailer-housed MOBIDIC

further

feature 
general

purpose digital computer developed for use at Army headquarters level. 
Smaller versions will go into mobile units at corps and division levels, 
and perhaps at even lower command echelons.

mcn amabas trombones
Drastic alterations in the Pentagon’s procurement organization and 

procedures could result from studies that have been initiated by Defense 
Secretary Robert S. McNamara. Not only is single-sen ice procurement 
under study but also the often proposed ministry of supply approach 
under which procurement for all the services would be unified.

Some 100 or more quick study projects, which have been dubbed 
“McNamara’s Trombones,” have been assigned by the Defense Secretary 
since taking office in January. They range from re-examination of top­
level strategic doctrine by the Joint Chiefs of Staff to improved means of 
preventing classified information “leaks.”

Here comes the ZJ34, 
looking for trouble . . .

And, if the ZJ34 is half the rectifier our 
men claim it to be, the trouble had better 
watch out. Why? Well, you’re certainly 
asking the right party.

The ZJ34 is the first double-diffused all 
hard-soldered high current rectifier on 
the market today, and if that fact alone 
doesn’t stagger your imagination, consider 
its formidable statistics: maximum 
average single phase forward current 
(Ts=150° Stud) ... 70 A DC; maxi­
mum one cycle peak surge current (60 
cps, 1 phase basis) . . . 1600 amps; maxi­
mum allowable peak reverse voltage, re­
petitive up to 600 PRV and transient up 
to 800 PRV.

So if trouble comes to you in the form 
of high current applications, give a long, 
hard look at the ZJ34. It’s quite a trouble­
solver. A complete spec sheet is yours for 
the asking. Drop a note to Section 23D10.

Our men in the field have been put­
ting their ear to certain key-holes 
lately, and report back to us a lot of 
talk in the industry over plated ver­
sus painted finishes on top hat 
designs. Ever eager to settle an argu­
ment, we ran a test recently on six 
different makes of lN538's at rated 
load, and the painted units ran an 
average of 10°C cooler than the 
plated ones. Granted, a silver or gold 
finish certainly looks pretty, but it 
means hotter operation, reduced life 
expectancy. At General Electric we 
paint them. Bless us!

Stomach upset?
Nerves on edge?

Possibly you got that way trying to com­
pare SCR’s and Power Transistors. Let 
us try to make life easier for you.

Rectifiers are traditionally rated in 
terms of average of a half cycle sine wave 
— they conduct one-half cycle, block the 
other half.

i?m$ s i

Rítate VALVE-

SCR’s are rated the same way. For ex­
ample, 2N681-689 lavg = 16A in the 
above halt-wave circuit. But power tran­
sistors are not rated in a half-wave circuit. 
They are rated on a DC basis. So in order 
to compare current ratings we must use 
the SCR DC rating. For 2N681-689 this is 
25 A DC, as shown on the new spec sheet.

Since by definition the RMS value of a 
wave form is the DC value which would 
produce an equivalent amount of “resis­
tive heating,” the 25 A is also the RMS

value of current the device will carry. 
Notice in our little drawing (we use the 
term loosely), that the single phase 16 A 
average corresponds to a 25 A RMS, or 
25 A DC. The important point, of course, 
is that in comparing current rating for 
SCR’s and power transistors, use DC rat­
ings for both.

Now—how about gain? A given 30 amp 
power transistor requires 10 A base cur­
rent for a collector (anode) current of 
30 A. In an application switching 20 amps 
at a 100 cps repetition rate at a 10% 
duty cycle, this transistor would require 
100 times more drive power than an SCR.

It all adds up to the fact that power 
transistors have important applications, 
but when comparing them to SCR’s, a 
lot more than current ratings must be 
kept in mind. The man to see for all the 
information on SCR’s is your G-E Semi­
conductor District Sales Manager. He is 
probably sitting by the phone right now 
waiting for your call.

The G-E Semiconductor Rectifier 
Components Guide is now available. 
Write for it

How not to treat
our precious products!

For many good reasons, high potential 
testing on the production line can be a 
real semiconductor killer, particularly 
with very low leakage devices. There is 
only one completely safe rule for any high 
potting test.

The rule is: Either remove electrical 
connections or place jumpers across all 
semiconductors before applying high volt­
age anywhere in the circuit! Don’t be 
known as a semiconductor killer.

Rectifier Components Department, 
Auburn, New York. In Canada: Canadian 
General Electric Co., 189 Dufferin St., 
Toronto, Ont. Export: International 
General Electric Co., 150 East 42nd St., 
New York, New York.

GENERAL 
ELECTRIC
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NEWS

Digital
DeJUR 
Announces 
unique... new 
DIGITAL 
TRANSDUCERS ACTUAL SIZE

and 
SUBMINIATURE 
PRESSURE 
INSTRUMENTS

FEATURES

• Small size ... light weight
• Completely self-contained—no auxiliary 

conversion equipment needed
• Accuracy equal to much larger units
• Improved environmental and dynamic 

performance—ideal for military applica­
tions

• Multiple outputs obtainable
• Superior reliability and versatility

DeJur Digital Transducers are self-contained solid state mini­
aturized packages designed to measure various parameters 
(pressure, temperature, flow, acceleration) and supply a digital 
signal output without the use of auxiliary equipment. The result 
can be a pulse duration type (PDM) digital signal whose pulse 
width in time is directly proportional to the amplitude of the input 
parameter being measured. PPM and PFM outputs also can be 
made available.

Constructed to meet rigorous conditions of application and ex­
posure, DeJur Digital Transducers produce signals compatible 
with digital computers and electronic counters found in all mili­
tary and industrial installations.

A new dimension in pressure instrumentation is created by 
the introduction of a complete line of subminiature pressure 
instruments. It includes potentiometric pressure transducers, 
pressure switches and pressure indicating meters with static, 
dynamic and environmental performance characteristics superior 
to larger units.

WRfTE FOR DETAILED INFORMATION

a/ways

—mUGUUK
ELECTRONIC COMPONENTS

ELECTRONICS DIVISION, DeJUR-AMSCO CORPORATION, 45-01 NORTHERN BLVD., LONG ISLAND CITY 1, N. Y.
SEE THEM AT OeJUR BOOTHS 2307-2309, I R E SHOW

Ten Navy Carriers to Get 
Automatic Landing Systems

Automatic landing systems will be installed 
aboard 10 Navy aircraft carriers, including the 
nuclear-powered Enterprise.

Twelve of the landing systems are being pro­
duced for the Navy Bureau of Ships by Bell 
Aerosystems Co., Buffalo, N. Y., under a $10- 
million contract. In addition to the 10 carrier 
installations, two systems will be employed as 
land-based training devices.

The Bell system electronically guides an ap­
proaching aircraft to a landing on the carrier 
deck without need for the pilot to touch pitch 
and bank controls or to make visual contact with 
the carrier.

The system assumes control of an aircraft 
when it is several miles from the carrier. Radar 
tracks the airplane and relays its position to a 
computer. The computer compares the aircraft’s 
position with that of the carrier and generates 
control commands, which are radioed to the 
aircraft’s automatic pilot.

In addition to the Enterprise, the Bell land­
ing system, officially designated AN SPN 10, 
will be installed on the Constellation, Kitty 
Hawk, Independence, Ranger, Saratoga, Forres­
tal, Roosevelt, Coral Seat, and Midway.

Components Parley to Consider 
"Darnell Report" on Reliability

The expected impact of the “Darnell report” 
on new parts specifications for reliability should 
be a high point of the Electronic Components 
Conference which will be held in San Francisco, 
May 2-4.

The Darnell report was prepared by a 56-man 
military-industrial study group led by Paul S. 
Darnell, director of military reliability engineer­
ing at Rell Telephone Laboratories. The formal 
title of the study is “Parts Specifications Manage­
ment for Reliability.”

The effects of the Darnell report—including 
newr parts reliability specifications by the De­
fense Dept.—will be discussed at the components 
conference by William H. von Alven of ARINC] 
Research Corp., Washington, D.C.

Microwave components will be analyzed at the 
conference at an afternoon session May 3. The 
following topics will be discussed: “A Vacuum 
Coaxial Relay for High-Speed, High-Power RF 
Switching”; “The Output Window—A Critical 
Item in High-Power Microwave Electron 
Tubes”; “Solid-State, High-Power Modulator for
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Flip-Flop

Pulsing Microwave Device”; “Microwave Filters 
Using Ghost-Mode Resonance,” and “A Minia­
ture-Package 2,200 Mc Parametric Amplifier 
Using a Varactor-Loaded Helix.”

The keynote speaker will be James Bridges, 
Defense Dept, director of electronics, who will 
discuss New Components and Their Impact on 
Our Future.”

The conference, sponsored by the IRE, AIEE, 
EIA and Western Electronic Manufacturers 
Assoc., will be at the Jack Tar Hotel.

SIMPLIFY YOUR SWITCHING CIRCUITS
with the new Shockley 4-layer diode (Type E)*

If simplicity and speed can improve your switching circuits, talk to our engineers about the 
capabilities of the Shockley 4-layer diode. A few of these circuit applications are shown here.

Standards for Luminance 
Available From NBS

A program to provide standards for luminance 
has been initiated by the National Bureau of 
Standards.

The program is in response to requests for pre­
cision evaluation of the brightness of aircraft in­
strument dials and panels.

Covering two components—a diaphragmed, 
flashed opal glass and an electric lamp—the 
standards are also being used for other standard­
izing purposes: for example, to achieve uniform­
ity in measuring the brightness of cathode-ray 
tubes and TV sets, and to calibrate the lumi­
nance meters used by engineers.

Luminance standards are issued with a report 
of calibration containing instructions for their 
use. They are available at prices ranging from 
$63 to $72 (depending on the size of the lamp 
component), from the Photometry and Colori­
metry Sections, National Bureau of Standards, 
Washington 25, D.C.

LOAD

Pulse Modulator

PULSE 
FORMING 
NETWORK

ALARM

ACKNOWLEDGE

Alarm Circuit

The Shockley 4-layer diode is 
a fast, pnpn, two lead, silicon 
switch. It has two stable states 
—OFF (high impedance) state 
and ON (low impedance) state. 
Turn-On time, depending on 
the circuit, is typically less than 
0.1 ms.

Over 100 Functions Monitored
Type E Specs:

• Carries 150 ma steady de

• Carries 10 amps peak pulse

• Lower COMMERCIAL prices

• Improved temperature 
stability

• Improved shock and 
vibration resistance

Crosspoint Switching
4-time* enlargement of the new 
Type E, subminiature diode.

Relay Driving Magnetic Memory

Engineers test a new system that will check out the 
launching of this country's first Saturn booster later this 
year from Cape Canaveral, Fla. Monitoring more than 
100 functions, the system will automatically stop the 
launch sequence in the event of any malfunction. It was 
developed by the Guidance and Control Div. of the 
National Aeronautics ind Space Administration.

For other applications and for specific information, 
our engineering sales representatives are listed in EDC and EEM.

CLEVITE
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ESTERN obesrvers at the Leipzig Spring 
Fair in Communist East Germany were

There’s a Better Way . . . to cool a transistor. An idea like this, I realize, is liable to 
give an electronics engineer the midnight creep. Or drive him to drink. That’s why I sell Birtcher heat 
radiators. I don’t even have to bend an elbow to come right out and tell you that you’ll get from 25% to 
27% better transistor efficiency. Lets you increase input wattage, too. And you’ll no longer have the 
spectre of Thermal Runaway haunting your dreams anymore. You can even forget derating curves (but 
not blondes). □ Now this reminds me, have you written for your membership certificate to my own 
anonymous Society? It’s genuine Pergamum parchment (the certificate, that is) of indescribable beauty 
and portent. Send for my other stuff, too. Catalogs, qualification test reports you’ll get, but nothing 
illustrated above. Write to: Charles F. Booher, Secretary, There’s a Better Way Society of America, Inc., 
The Birtcher Corporation/Industrial Division,745 S Monterey Pass Rd., Monterey Park, Calif•

Radio and TV Sets On Display 
Fail to Impress Western Visitors

Gustav Grenschow
Electronic Design W. German Correspondent
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Cool!
Write for my
sober Transistor
Radiator Catalog ■ >

Leipzig Fair Indicates 
Slow E. German Progress

largely unimpressed with the radio and tele­
vision models on display. On the whole no im­
portant technical advances were evident.

Improvements in sound quality, ease of con­
trol and sensitivity appeared to have reached a 
peak last year. Some of the set cabinets this year 
were more contemporary in design, though, more 
in the direction of stylings in West Germany.

Production Emphasis
Is Shifting to TV

A slow shift in production, from radio receivers 
to more television sets, is apparently under way 
in East Germany, where all plants are Govern­
ment-owned or controlled. Manufacturing of 
home radios has been stopped at the Stassfurt 
plant, as has production of portable 'and auto 
radios at Funkwerk Halle. Both plants are now 
fully engaged in turning out television receivers.

Television production is concentrating on 15 
set models, with list prices ranging from $410 to 
$900. Picture tubes for the receivers are stand­
ardized; only two types are available for all 15 
receiver models. One of the tube types, a 17-in. 
variety, is being used in five models, and the 
other. 21 in., in 10 models.

In radio manufacturing, nine East German 
plants are building a total of 29 models of home 
receivers. Of the nine plants, two are concen­
trating on seven combination radio-phonograph 
consoles. Three manufacturers are building four 
portable radio models.

Three of the four portable radio models are 
transistorized.

Sizes available for just about every commonly used 
transistor. So yours aren’t common? Maybe I’ll pro­
vide a radiator anyway —but definitely, no libation.

Output of Semiconductors 
In Millions at Two Plants

East Germany has two producers of semicon­
ductor devices, Werk Fuer Fernsehelektronik in 
Berlin-Obserschoeneweide and Halbleiterwerk 
Frankfurt in Frankfurt on Oder. Plans this year 
call for producing 3 million transistors and 5 mil­
lion diodes and semiconductor rectifiers.

The Berlin-Oberschoeneweide plant is devel­
oping germanium and silicon diodes for small-

—



power applications, as well as Zener diodes of 
up to 250 mw. The Frankfurt plant, in the midst 
of a long-range expansion program, is making 
germanium transistors and diodes.

Some of the East German component produc­
tion is being adapted to printed-circuit require­
ments, but this field seems in a first stage of de­
velopment, according to what was shown at 
Leipzig. There is, however, an over-all plan for 
the gradual, widest-possible introduction of 
printed circuits in East Germany.

Satellites Appear to Lag
In Radio-TV Styling

Czechoslovakia, Hungary, Poland and other 
satellite countries exhibited at the fair. Judging 
by the displays, though, some of these nations 
are several years behind in radio and television 
styling and circuitry compared with the West.

Transistorized portable radios were shown by 
Czech, Polish and Hungarian manufacturers. A 
Czech model, dubbed Universal, can be used as 
an auto radio or a normal portable.

A Soviet transistor radio of very small dimen­
sions had an audio output of 800 mw. This model 
is designed as a home radio, not as a portable in 
the Western sense of the word.

Television sets from the Soviet Union and 
some from Czechoslovakia came the closest to 
W estern standards of cabinet design. These sets 
were equipped with 17- or 21-in. tubes and were 
relatively flat. ■ ■

EIA Technical Data Service 
Offered to Microwave Users

Information to avoid possible interference with 
nearby microwave facilities will be available to 
microwave equipment manufacturers and users 
under a new Electronic Industries Association 
service.

The service, set up after consultation with the 
Federal Communications Commission, uses a 
standard form for compiling technical data on 
all U.S. private and commercial microwave fa­
cilities. These data include transmitting fre­
quency and bandwidth; transmitter make, model, 
and rated power output; antenna type, input 
power and location; and compass points with 
which the station communicates.

Photocopies of these data forms are made and 
distributed weekly to subscribers. Assuming 100 
per cent participation in the program, subscrib­
ers will have complete data on all microwave 
operations within a year, since the FCC requires 
licenses in this class to be renewed annually.

Information can be obtained from the EIA in 
\\ ashington or from Seabrooke Printing Co., 514 
Tenth St. N. W., Washington 4, D.C.
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Tire Avnet System
Creates a new Concept of Service—’’Locational”

Avnet penetrates the intricacies of supplying the one right solution to your electronics 
requirement by creating a totally new Concept of Service. LOCAL plus NATIONAL 
becomes LOCATIONAL.

Only Avnet's giant NATIONAL network gives 
you these benefits:

1. Competitive prices.
2. Crews of highly trained field men. in constant 
seminar with the manufacturers.
3. One of the country’s largest, best-balanced 
inventories.
4. Instant activity, if needed, from any or all 
of eight major Avnet Service Centers and 
Stocking Facilities.

Only Avnet’s strategic LOCAL Service Centers 
give you these benefits:

1. Immediate Delivery.
2. Sales Engineers living, working next door, 
personally acquainted with your localized needs.
3. On-the-spot quality controls, inspections, 
checking for steady positive maintenance of uni­
formity standards.
4. Complete nearby assembly facilities for your 
Connector Prototype and emergency require­
ments.

For the first time in the Industry, Avnet combines these 2 groups of benefits. A new 
concept—and a new word—is formed. Avnet has not I, but 8 Headquarters. When you 
contact your Locational Avnet Service Center, you have automatically contacted 8 major 
sources of supply.

Men / Methode Materials Management 
AVNET ELECTRONICS COR“

Avnet Service Centers and Stocking Facilities. Los Angeles, Cal ■ Sunnyvale. Cal. • Seattle, Hash. ■ Sall Lake City. Utah • Chicago. Hi. • Dayton, Ohio • Westbury, L I. • Burlington, Mass.

Avnet distribute* from Ite stöckln« fecilltlee BENOIX SCINTILLA CONNECTORS. SPERRY SEMICONDUCTORS, GREMAR CONNECTORS, RHEEM SEMICONDUCTORS. 
ELECTROSNAP A HETHERINGTON SWITCHES. CLARE RELAYS. ROBERTSON SPLICE & CONNECTOR CASES. BABCOCK RELAYS. KINO SUBMINIATURE HI TEMP 
CERAMIC CAPACITORS. TIC PRECISION TRIMMERS. U S. SEMCOR SEMICONDUCTORS. SANGAMO CAPACITORS. MICRODOT CONNECTORS. SPRAGUE CAPACITORS
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For complete information 
on how the Clary Model
2000 series printer can help
you, write today for 
Engineering Bulletin S-120.

This is the Clary Model 2000 series 
Militarized Printer. This is the one that 
operates flawlessly... that prints 
characters in a straight line within .001 
inch... it even withstands such severe 
conditions as a 50g shock of 7 milliseconds 
duration and lOg’s of vibration through­
out the frequency range of 2 to 
12,000 cycles per second.
Constructed on a sturdy panel for rack 
mounting, it contains all the necessary 

1 electronic equipment for data decoding, 
I digit selections, and control functions. 
A It employs a simple, clean, basic design that 
A makes it adaptable to print the output 
B from a wide variety of devices, including 

computers, digital voltmeters, shaft 
M position transducers, electronic counters, 
M and digital clocks. In addition, it is ideal 

in industrial applications where continuous, 
unfailing operation is required.

Clary Model 2000 Series 
Printer

this 
is the printer 

that can 
take it!

aZ ' C B ti r 1| CORPORATION
San Gabriel, California

J. S. Sends Clear Radio Signals 
To Venus and Back in 6!/2 Min

Strong, clear radio signals have been reflected 
back to earth from Venus. The round trip took 
about 6-1/2 min, the National Aeronautics and 
Space Administration announces.

The transmission was completed at the Jet 
Propulsion Laboratory’s Goldstone tracking sta­
tion in the Mojave Desert. It is the first an­
nounced success in a two-month experiment to 
unveil some of the mysteries of Venus.

The laboratory crew at Goldstone started 
months ago to prepare two 85-ft dish antennas 
for the experiment. The transmitting antenna, 
placed 7 miles from the receiving antenna to 
minimize interference, sent a 2,388-mc signal to 
Venus using about 10 kw of power. The signal 
was a conical beam only 0.4 deg wide.

The Goldstone receiver used both a maser and 
a parametric amplifier.

Other experiments have bounced signals off 
Venus, but this is the first time such signals have 
been immediately detectable without elaborate 
analysis and processing, NASA reports.

R&D in Chicago Region 
Under Study by 2 Groups

Electronic research and development in the 
Chicago region is being examined for quantity 
and quality by the National Electronics Confer­
ence, Inc., in cooperation with a group of engi­
neering management personnel.

A study sponsored by the two groups is seek­
ing to determine whether the region’s R&D po­
tential is being adequately realized.

The findings are expected to be available for 
presentation at the 1961 National Electronics 
Conference, to be held Oct. 9-11 at the Interna­
tional Amphitheatre in Chicago.

French Field-Effect Amplifier 
With High Impedance Offered

A new French field-effect amplifier reported 
to have an extremely high input impedance—0.5 
to 5 meg, depending on type—is being offered in 
large quantities in France.

The semiconductor device, called Tecnetron, 
is made by Thomson-Houston Co. Designed 
principally for use in fm radios and TV sets, the 
amplifier has an upper frequency ceiling of 110 
mc.
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Why engineers use 
germanium diodes

Hughes informative

on germanium
diodes

just circle 248 
on reader

Of late, there has been much discussion 
as to exactly why, with the apparent supe­
riority of the silicon diode, germanium 
diodes are being purchased and used at all. 
Especially today when the price gap be­
tween silicon and germanium has been ap­
preciably lowered. To the device engineer, 
the following may appear “old hat”; but, 
for the engineer who utilizes semiconduc­
tor devices intermittently, changing semi­
conductor technology and market condi­
tions should be constantly examined, sum­
marized and recorded so that he will not 
lose sight of the exact purpose each com­
ponent is designed for and where it fits 
in today’s overall engineering picture. 
Hughes, pioneer of semiconductor de- 
vices<i>, has attempted to achieve this 
with the following discussion of the germ­
anium diode.
Price for today’s semiconductor devices 
is a major design factor and should be ex­
amined first. Historically, the germanium 
diode has been less expensive than the 
silicon. In many instances, however, sili­
con diodes' costs have been reduced 
through improved manufacturing tech­
niques so that they now equal those of 
germanium. But, where requirements call 
for the characteristics which originally 
made the germanium diode a valuable 
and popular device, price is still a most 
important factor. Where high recovery 
speed in the millivolt region combined 
with high conductance is a requirement, 
the silicon diode is still far more costly

to manufacture and t 
to the purchaser thai 
germanium.
Other characteristics 
able in silicon, inhei 
ium diodes extereme 
taiu applications. Gei 
conducting at low 
shown in Figure 1 W 
show a definite lag 
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low forward voltage 
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Device engineers 
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ruan physics. Vol. 24 
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Essentially, germanium diodes can be 
classified into three basic performance 
groupings:

(a) general purpose (point contact)
(b) general purpose (gold bonded)
(c) ultra fast switching (gold alloy)

Figure 1 graphical! 
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parison. It should be 
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oped from a large 
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1N27OJ customer 
specification

Survival Reliability1

Operating Life
1N19SJ

1N126AJ

1N127AJ

190% confidence that 
95% of each population 

will survive the specified 
time interval.

1N277J

1N281J

Hughes 
actual 

performance

Lumatron 
Sampling 

Oscilloscope 
50 ohms
INPUT

Square wave 
generator 

output 
0.50 Volts 

50 ohm Load

POINT CONTACT DIODES

HUGHE.« FM ^VPE?

1N297 
1N298 
1N480 
1N636

1N70A 
1N81A 
1N88 
1N89

1N90 
1N95 
1N97 
1N99

1N198B 
1N268 
1N29O 
IN 294

1N34A 
1N38B 
1N54A
1N58A

1N66 
1N67A 
1N68A
IN 69 A

INI 16 
INI 17 
IN 119 
1N120

applications The » umber of uses for 
these diodes is legion. Examples are tube 
and transistor driven logic circuits, RF 
mixers, clampers, modulators, bridge recti­
fiers, detectors, and instrument rectifiers.

physical characteristics The original 
“point contact” diode is actually one in 
which the active junction is formed by a 
pressure contact between the whisker tip 
and the slice of germanium (i.e. the old 
crystal radio set with its cat whisker). The 
modem version of this device consists of 
a germanium N-type die which is soldered 
to one lead. The other lead is welded to 
a molybdenum S-shaped whisker whose 
tip has been indium plated. The tip is then 
fused to the germanium slice to form the 
active junction. Externally, they are fusion 
sealed in a subminiature glass package to 
ensure complete isolation of the active 
elements from damage or contamination. 
They will withstand severe physical shock 
and vibration.

ELECTRICAL characteristics Forward 
currents range from about 1 to 25 mA at 
one volt while reverse currents range from 
15 to 500uA at 50 volts. Peak inverse volt­
ages range from 50 to over 150 volts. The 
diode capacity is generally less than 1 pf. 
Frequency response is about 100 me. The 
diode operates efficiently within the range 
from —55 °C to +-90°C.

1N126A* 1N191
1N127A* 1N192
1N128* 1N198*
1N142 1N198A

N/GERMANIUM COMPARISON 
urrent vs. Forward Voltage

if the latter two. Figure 2 
s the forward conductance 
ow levels.

GOLD BONDED DIODES

electrical characteristics These pop­
ular Hughes* diodes represent a high con­
ductance series. They have a range of 
forward currents from 25 to 600mA at 
one volt. Inherent in this series is a sharp 
voltage-current reverse characteristic, 
more like that which silicon displays. That 
is, the reverse current is linear with ap­
plied back voltage until a sharp break­
down region is reached. The reverse cur­
rents and peak inverse voltages, as well

physical characteristics The gold 
bonded germanium diodes are identical 
with the point contact types except that 
the molybdenum whisker is replaced by 
a gold-gallium doped wire. The forming 
process or “gold bonding’,’ is a process in 
which a short pulse of current fuses the 
gold wire tip into the germanium and 
forms a small P-N junction, giving fast 
recovery and low shunt capacitance.

♦jam vmsjoDs available

as the temperature ranges, are the same 
us those of the “point contact” series.

applications The applicability is also 
much the same as that of the point con­
tact series except the gold bonded devices 
offer the advantage of higher forward con­
ductance and higher reverse impedance. 
It should be noted that the alloy formed 
at the juncture of the crystal and the 
whisker (gold, gallium, and germanium) 
is somewhat more brittle than the corres­
ponding alloy formed in the case of the 
“point contact” diode Although consid­
erable progress has been made in improv­
ing the mechanical ruggedness of these 
devices to the point where they are almost 
as rugged as the “point contact” types, 
careful consideration should be given to 
this factor when designing equipment 
which must withstand severe environmen­
tal conditions.

H' T.HFS eia typfs

1N98A 
IN 100 
IN100A

INI 18 
1N118A 
IN 1 33

IN I 39
IN 140
IN 14 I

IN 143 
1N27O* 
1N273

1N276* 
1N277*
1N278

1N279
1N281*
1N283

1N287 1N291 IN770 
1N288 1N292 1N835
1N289 1N500

Si Junction

1N96 
IN 96 A
IN98

ULTRA FAST SWITCHING DIODES

ILLUSTRATION 1 REVERSE RECOVERY CIRCUIT
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features These Hughes* diodes ire a 
modification of the “gold bonded” process 
of diode manufacture. They combine fast 
recovery with low voltage drop. Devices 
in this series switch at nanosecond speeds 
and have rectification efficiencies ranging 
from 60 to 75% ® 100 me. Their for 
ward conductances are much higher than 
the “point contact” germanium types.

applications Designed especially for 
high speed computer logic, high-frequency 
transistor circuits, extremely fast refer­
ence switching...and, also, low-noise, low- 
level RF modulation and demodulation. 

recovery Measured with the Lumatron 
scope and attachments, see Illustration 1, 
when switching from 10mA to —6 V, 
Rl = 100 ohms, they recover to 1K ohms 
in 2 to 5 nanoseconds. Typical capaci­
tance ® 0 Volts=0.8 to 4 pf (measured 
on Boonton’s Model 75A-S8 capacitance 
bridge with applied signal voltage 50mV 
peak to peak). Forward switching speeds 
are too fast for detectable measurement 
on the presently available “traveling wave” 
or “sampling scope” equipment.

hughes types Two Hughes house types 
are currently available, HD2963 and 
HD2967; and registration procedures for 
additional types are in process.

Specific reliability data must include a 
complete definition of test conditions, test­
ing intervals, what constitutes a failure, 
applicable confidence levels, and many 
other pertinent facts in order to be at all 
meaningful. However, the following chart 
indicates examples of Hughes' actual reli­
ability performance against customer 
specification for a few representative ger­
manium diode types.



Purchasing Do's and Don'ts

For export write

Semiconductor Division

HUGHES
HUGHES AIRCRAFT COMPANY

IX) make sure that the diode:- you buy meet 
the manufacturer’s advertised and registered 
specifications

DO remember that reliability has to be designed 
in the diode; it cannot be tested in. No -mount 
of testing will undo poor design. However, it 
is important that the manufacturer have a sound 
quality assurance program to insure that the re­
liability is actually there.

DON’T attempt to buy reliability by specifying 
breakdown voltages far in excess of those re 
quired. There may be some exceptions however, 
this is a very expensive practice. DO buy reli­
ability—not reliability by safety factor!

DO make sure the leakage currents are meas 
ured at a reverse voltage as high as your present 
requirement demands.

DON’T guess what the parameters will be if 
your circuit is for intended high temperature 
operation, but DO get the proper data from the 
enwufi«ct<ire»

DO make sure your IN diode type is “registered” 
with EIA, not “reserved" When using types with 
a “reserved ’ status, the manufacturer may alter 
his specifications at will.

DON’T specify a device that does not exist for 
your circuits—although this will motivate re­
search and development groups to design bettet 
products for the future the immediate result 
is long delay in quantity delivery’- Be sure you 
can wait if your requirement is exotic

DO make sure that a diode that is to be used 
hs a switch meets your speed requirements by 
actual test in your circuit; this is the only true 
test. Manufacturers often show values for switch 
speeds that are optimized

DO be sure to get the leakage currents you actu 
ally need. Specify the measurements which 
match most closely your actual circuit require 
ments.

For Immediate 
service on your 
small quantity 

needs... call 
your Authorized 

Hughes Distributor 
... conveniently 

located in major 
cities throughout 
the United States

KANSAS CITY 
LONG ISLAND 
LOS ANGELES 
MINNEAPOLIS

DON’T buy from manufacturers whose facilities 
are not adequate for testing to rigid military spe 
cifications and whose production quantity deliv 
ery is questionable

PL 3-6400 
PL 1-4620 
OR 8 6125 
WE 9-0461

feet of floor space houses all of the 
facilities necessary for every phase of 
design, ieveiopi ent and production of 
diodes, transistors, rectifiers, special de­
vices and "emiconductor matériau. ■ 
For further information call or write 
your nearest Hughes Semiconductor 
Sales Office. Or write. Hughes Semi­
conductor Division, Marketing Dept., 
500 Superior Ave., Newport Beach, 
California.

hughes INTERNATIONAL division 
900 North Sepulveda Boulevard 

Ei S< gundo. California 
Cable: Hughesint

Leakage cuncnt approaching micro-micro-ampe 
Minimum parameter change with temperature 
Infinite life expectancy
Completely iefine^ reliability 
Microminiaturization
Recovery time m the low nanosecond region

DON’T specify inferior products for economical 
purposes resulting in unreliable circuit perform­
ance. This practice creates a vicious reject and 
replacement cycle between manufacturer and 
user.

SALKS OFFICES
BOSTON OFFICE 
Telephone: WEIIs 3-4K4 
CHICAGO OFFICE 
.'•lephone: NAtional 2-0283 
CINCINNATI OFFICE 
Telephone: KLmhurst 1-5665.6,7 
DALLAS OFFICE
TelepWbne: EMersor 1-1627 
DENVER OFFICE
Telephone: SUnset 9-3593
/ETROIT OFFICE

Telephone: UNiversity 3-6700 
KANSAS CITY OFFICE 
Telephone: PLaza 3-6400
LONG ISLAND OFFICE 
Telephone: Pioneer 1-4620
LOS ANGELES OFFICE 
Telephone: ORegon 8-6125
4INNEAPOLIB OFFICE 

Teler^hone: WEst 9-0461
NEWARK OFFICE 
Telephone: MArket 3-3520 
ORANGE COUNTV OFFICE 
Telephone: PRospect 2-5876 
□RLANDO OFFICE
Teh ho, s_. CHe.-ry 1-2538 
PHILADELPHIA OFFICE 
Telephone: MOhawk 4-8365,6

AN DIEGO OFFICE 
Tsîaphone: ACademy 2-0404,5 
SAN FRANCISCO OFFICE 
Telephone: D Aven port 6-7780 
SYRACUSE OFFICE 
Telephone: GRanite 1-0163 
WASHINGTON, D.C. OFFICE 
Telephone: FEdcrai 7-6760

Germanium diode** future at Hughes
Obviously, device engineers still need and use germanium 
diodes and will continue to incorporate them in their circuits 
for year- to come. Hughes also will continue to design and 
produce better and more efficient germanium devices for the 
industry Listed below are some of the gials Hughes' engi­
neers have outlined to achieve that end

NEWARK MA 3-3520
ORANGE COUNTY PR 2 5876 
ORLANDO CH 1-2538 
PHILADELPHIA MO 4-8365 6 
SAN DIEGO AC 2-0404, 5 
SAN FRANCISCO DA 6-7780 
SYRACUSE GR 1-0163 
WASHINGTON, D.C. FE 7-6760 
For export write: 
Hughes International 
Culver City, California
AUTHORIZED DISTRIBUTORS
AKRON PO 2-8818 
Akron Electronic Supply
ALBUQUERQUE AM 8 3901 
Radio Specialities Co., Inc.
BOSTON RE 4-1000 
Radio Shack Corporation 
BUFFALO GRA3100 
Summit Distributors, Inc. 
CEDAR RAPIDS EM 4-2493 
Deeco, Inc. 
CHICAGO HA 1 -6800 
Allied Radio Corporation 
CHICAGO ST 2-2944 
Newark Electronics Corporation 
CINCINNATI MA 1-6530 
United Radio Incorporated 
CLEVELAND MA 1-5835 
Akron Electronic Supply
DENVER AM 6 3181 & AL 5-4986 
Ward Terry Company 
DETROIT BR 2-4200 
Radio Specialties Co. 
HOUSTON JA 6-4369 
Wofford Electronic Co.
KNOXVILLE 3-9144 
Bondurant Brothers Co.
LOS ANGELES RI 8 2444 
Kierulff Electronics. Inc. 
Newark Electronics 
Company, Inc. OR 4-844C 
MINEOLA, LONG ISLAN i PI 6 8686 
Arrow Electronics. Inc.
MINNEAPOLIS FE9 6351 
Lew Bonn Company 
NEWHAVEN ST 7-7121 
Radio Shack Corporation 
NEW YORK CH 3-5200 
Terminal-Hudson Elec. Inc 
NEW YORK CA6 5611 
Progress Electronics Co. 
OAKLAND TE 4-3311 
Elmar Electronics. Inc. 
OGDEN EX 3-8603 
Carter Supply Company 
ORLANDO CH 1-3353
East Coast Radio >f Orlando. Inc.
PHILADELPHIA WA 5 5840 
Radio Electric Service Co. 
of Pennsylvania. Inc. 
PHOENIX AL 8-6121 
Electronic Specialties Co. 
SAN DIEGO BE 9-0361 
Western Radio and Television 
Supply Company 
Kierulff Electronics, Inc. BR 6-3334 
SEATTLE PA 3 7310 
Almac Electronics Corp. 
SILVER SPRING LO 5-5200 
Kann-Ellert Electronics, Inc.
ST. LOUIS WO 2-9917 
Electronic Components for Industry 
SYRACUSE GR 6-7431 
Morris Electronics of Syracuse, Inc 
TUCSON MA 3-4326 
Standard Radio Parts, Inc

The foregoing information has been 
gathered from the Hughes Semicon­
ductor Division’s reports and records 
on the germanium diode, compiled 
with the -ooperatior. of Hughes' staff 
of skilled engineers. • Pioneer in 
the semiconductor field, Hughes has 
continued as a top developer and pro 
ducer of the most advanced semicor 
ductor devices The Newport Beach 
plant, with its third of a million qu?re

HUGHES SEMICONDUCTOR 
DIVISION SALES OFFICES
BOSTON WE 3-4824
CHICAGO NA 2-0283 
CINCINNATI EL 1-5665, 6, 7
DALLAS EM 1-1627 
□ENVER SU 9-3593 
DETROIT UN 3-6700



Wet-Blast Machine Cleans 
Component Leads Rapidly

Semiautomatic cleaning of component leads 
prior to circuit board soldering is being done at 
rates up to 4,000 components per hour with a wet­
blast machine at Melpar, Inc., Falls Church, Va.

Other techniques evaluated by Melpar before 
choosing the automated wet-blast approach in­
cluded brushing, chemical reaction, wiping, and 
glass erasing. The disadvantages of these meth­
ods included high cost, handling difficulties, and 
inability to clean all types of leads. The com­
pany sought a method that allowed uniform and 
complete cleaning, conveyor handling of com­
ponents, and fast loading and unloading.

A modified wet-blast machine manufactured 
by Pressure Blast Manufacturing Co., Manches­
ter, Conn., was chosen. In operation the machine 
adjutates an abrasive into a homogeneous water­
grit mixture, which is forced out of a blast gun 
by compressed air.

Look to FAFNIR

Mighty Atom-Smasher Tube

Experimental model of 24-megawatt superpower klys­
trons, being developed by Sperry Gyroscope Co., Great 
Neck, N.Y., for a proposed two-mile-long atom smasher, 
is assembled by Sperry engineers. Energies of up to 10 
to 20 billion electron volts are expected to be achieved 
by driving relatively lightweight electrons along a 
straight path. Six tubes will be delivered to Stanford 
University later this year. The accelerator of the atom 
smasher will require 240 of these klystrons.
< CIRCLE 24« ON READER-SERVICE CARD
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for 
miniature 
ball bearings 
of extra-clean 
vacuum-melt 
steel
Seconds after countdown, a 
microscopic pit in a miniature 
bearing could ground the most 
carefully planned space shot. To 
eliminate pits and other imper­
fections, Fafnir helped pioneer 
miniature ball bearings of vacu­
um-melt stainless steel. This 
“extra-clean” steel is completely 
free of impurities, and makes 
for flawless bearing perform­
ance. Look to Fafnir for lead­
ership in ball bearings. The 
Fafnir Bearing Company, 
New Britain, Connecticut.

BALL BEARINGS

CIRCLE 29 ON READER-SERVICE CARD
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NEWS
Simulator for B-58 ECM Station 
Has Automatic Program Control

A complex simulator has been put in operation 
by the Air Force to train crewmen of the B-58 
bomber who man the Mach-2 craft’s electronic 
countermeasures station.

The simulator, which has passed its acceptance 
tests, according to the manufacturer, Reflectone 
Electronics Inc., Stamford, Conn., is an exact 
replica of the bomber’s Defense System Operator 
Station (DSO). In the B-58, the pilot and navi­
gator are too occupied to monitor for tracking, 
possible attack, and to take countermeasures. The 
DSO operator, protects the aircraft.

Flexible programing, designed around an 
automatic programed system, permits the in­
structor to run the mission manually, automati­
cally by a punched-tape programer, or both 
manually and automatically. The programer has 
a repeatable capacity for controlling 50 discrete 
functions over a maximum operating time of 10 
hours during a single mission, according to the 
manufacturer.

A typical mission might include takeoff, use of 
the craft’s passive and active defense systems, 
and communications and othreer equipment.

MINIATURE
RF DIODES

FM discriminator circuits 
VHF/UHF genera* purpose 

Low-noise bnlonced mixers 
through X-band 

RF Harmonic Generation 
AM dipping in IF amplifiers 

RF Power Monitoring 
(pulsod t CW) 

RF Swoop Circuits 
RF Cavity Tuning 

(preselectors) 
RF Leveling, 

Limiting A Switching 
VHF/UHF Paramntric Circuits 

Micrnwavo Computer 
Subharmonic Oscillators

Reactions Are Printed by 300-Channel 
Printing Recorder for Analysis

Students’ reactions are recorded on paper tape; 
voice communications are recorded on magnetic 
tape. Fifty channels of a 300-input-channel print­
ing recorder record events as they occur. The 
remaining channels record the status of student 
controls or trainer actions on command of the

A series of tiny, more adaptable 
military-rugged diodes witt 
axial wire leads designed foi

ine or coaxial circuits.
Mi-glass sealing assures reli

MICROWAVE ASSOCIATES. INC

improved RF bandwidth al 
——— microwave frequencies.
CIRCLE 30 ON READER-SERVICE CARD

Student and instructor compartments of simulator for 
operators of B-58 electronic countermeasures station 
houses equipment for simulating missions, which can 
be programed automatically. Three punched matrix 
cards feed program information into trainer from triple 
box-like device above and to left of instructor, who 
may change conditions or insert malfunctions.
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'iistructor at specific times. Only student errors 
are recorded, to simplify analysis.

Reflectone reports that the trainer simulates 
two enemy ground radars and three radar- 
< (¡nipped airborne targets. When the operator 
gets within range of these transmitters and is 
tracked he gets a warning. He then selects the 
< cm or chaff technique he wants and observes 
die effects.

Airborne attacks can be simulated one, two or 
three at a time. Signal generators develop targets 
lor display on radar-system indicators. .All func­
tions of monitoring, target selection, and use of 
armament must be performed to remove the 
target from the display.

Programing is provided by a Hickock Cardo- 
matic switch into which punched Mylar cards 
are inserted. ReHectone reports that, for the most 
part, voltages proportional to the value of the 
particular parameter are picked off a voltage­
dividing network by the switch.

The simulator uses an analog electro-mechani­
cal computer system to produce pursuit or lead- 
collision attack courses, selection of which may 
be made by means of the punched cards. Angu­
lar quantities are generally indicated by me­
chanical shaft positions and scaler quantities by 
de voltages.

Development of very accurate elevation signals 
is said not to be necessary because the only ele­
vation indication in the radar system is the rela­
tive time sequence in which the several target 
signals flash on the scope indicator. This function 
is provided with initial elevation set in as a de 
voltage.

The simulator is designed for retrofitting so 
that changes in configuration of the actual air­
craft can be provided for in the simulator. ■ ■

Slide out rock construction is used for simulator's 
electronic subsystems. Computer for system is an ana­
log-electromechanical unit.
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HYPER-PURE SILICON DIVISION
HEMLOCK, MICHIGANAddress:

Write for “Hyper-Pure Silicon 
for Semiconductor Devices.” 

Address Dept. 3316a.

MIDLAND. MICHIGAN

SILICON NEWS from Dow Corning

The Untouchables
Now...Single Crystal Silicon 
Doped to Your Specification

Single crystal silicon . . . doped to your specific 
needs ... is now available from Dow Corning.
Rigid quality control of Dow Corning Silicon 
means greater device yield for you! And you 
achieve uniformity in device characteristics — 
the result of greater uniformity in characteristics 
from rod to rod, greater lateral and radial uni­
formity within each rod.
Thin high quality is the result of a completely 
integrated production process — a process that 
starts with the manufacture of trichlorosilanes 
and other chemicals basic to silicon production. 
And at every step of the way, rigid quality con­
trol assures the ultimate in quality—purity.
Doped to specification single crystal Dow 
Corning Silicon contains in the order of 0.1 
atoms of minority impurity per billion atoms of 
P-type material . . . about 0.15 atoms of minority 
impurity per billion atoms of N-type material.
Lou- oxygen content of Dow Corning Silicon 
reduces the undesirable effects on lifetime asso­
ciated with the"diffusion process. Result — few 
rejects . . . increased device yield! In the pic­
ture at left, infrared transmittance at 9 microns 
is measured to determine oxygen content. Many 
materials register at pencil point—much higher 
than Dow Corning Silicon.
Crystal orientation is normally 111, but can be 
to your specification.
Specify Dow Corning single crystal silicon 
doped to your requirements. Specific resistivities 
within .narrow tolerances from one to 1000-ohms 
centimeter P-type , . . one to 400-ohms centi­
meter N-type. Rod diameters from 3 to 25 mm 
(1/8" to 1") lengths to 250 mm (about 10").
Whatever your need — polycrystalline rod or 
chunk; high resistivity P-type single crystal rod; 
single crystal rod doped to your specifications -— 
Dow Corning should lead your list of sources.

)N CHICAGO CLGVCLANII DALLAI 
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H. F. Fluorescent Lights

TELEPHONE SYSTEMS
Interstage and 
Matching Transformers

W-03

H. F. FLUORESCENT 
LIGHTS 
Loading Reactors

W-07 High flux density

Transformers W 04 High permeability, low 
losses, high Bmax

High permeability, 
temperature stable, 
linear B vs. H

Output Transformers W-04 High permeability, high 
Bmax, low losses

AUTOMATIC MACHINE
TOOLS 
Magnetic Amplifiers

R-03

Logic elements for 
high-power levels

R-03 Rectangular hysteresis 
loop, high Bmax

Missiles

High permeability, 
low losses

ELECTRIC ORGANS AND 
HI-FI STEREO 
Oscillator Inductors

W-03

Rectangular hysteresis 
loop, high Bmax

Matching Transformers

Rectangular hysteresis 
loop, high Bmax

RADAR, MISSILES 
Pulse Transformers

PERMANENT 
MAGNETS

M-01 High energy factor 
Good mechanical strength

R. F. Tuning Coil 
(fixed or 
permeability tuned)

R-02
Low losses. Temperature stable 
permeability, minimum hysteresis 
for permeability tuning

W-04 High permeability, low 
lossea, high Bmax

MOBILE POWER SUPPLIES 
Static Invertera R-03

W-04
R-02 (for short 
pulses)

High pulse permeability, 
high Bmax, low losses

From the broad line of Allen-Bradley quality ferrites, more and 
more designers are finding they can obtain the exact char­
acteristics to meet their specific needs. Allen-Bradley’s precise 
quality control methods insure continuously uniform electrical 
and mechanical properties—and A-B has the facilities for 
supplying ferrites in quantity. Listed below are a number of 
areas in which A-B ferrites have helped the manufacturer to 
reduce the product size or weight, or cost, and frequently the 
performance has been improved. If you have problems along 
this line, please let our engineers work with you in solving them.

APPLICATION I A-B FERRITE I PREFERRED CHARACTERISTH
TELEVISION, RADIO I W-03 High permeability
Deflection Yoke* I W-01 High resistivity

I. F. Transformers R-02 Low losses at low amplitudes. Good 
temperature stability of permeability

Low losses, high Bmax, high 
permeability, high Curie temp

Low residual with large gap

Flyback Transformers

Convergence Cores

W-04

W-01

ALLEN-BRADLEY QUALITY

Fl RRITES
HAVE SOLVED THESE DESIGN PROBLEMS 

...they can also be the Answer to Yours!

Quality
Electronic Components

NEWS
Versatile Computer Is Planned 
To Process World Messages

Plans are under way for a versatile computer 
system that would process messages from a vari­
ety of worldwide networks.

The system, to be developed by RCA Commu­
nications, Inc., of New York City, reportedly will 
employ many of the techniques and much of the 
equipment used in the RCA 601.

The special data processor will be designed to 
store information that will enable it to handle 
automatically and rapidly all messages sent into 
it from any channel of communications. The sys­
tem will be built to handle traffic transmitted by 
wire lines, microwave, coaxial cable, high-fre­
quency radio, tropospheric scatter propagation or 
satellite communications systems.

By recognizing the various code symbols pre­
ceding a message, the processor will identify the 
type of message, the country it is destined for, 
the major city to which it should be sent, the 
route it should follow, the relay points along the 
line, and even the priority the message warrants. 
The system will then send the message through 
normal transmission channels to its destination.

One of the features of the computer-controlled 
system will be an automatic check for accuracy.

Two identical systems, to assure reliable oper­
ation, will be installed in New York City. They 
will occupy 3,850 sq ft.

10,000-W Transmitter to Bounce 
Telephone Signals Off Satellite

A 10,000-w fm transmitting system is being de­
veloped for the Air Force to bounce telephone 
and teletype signals off an Echo satellite. The sys­
tem will be used on a 2,000-mile experimental 
relay network between Floyd, N.Y., and Trinidad. 
West Indies Federation.

The equipment is being built by Radio Engi­
neering Laboratories, Inc., Long Island City, 
N.Y., under a contract from Page Communica­
tions Engineers, Inc. It is designed to provide 
the reliability and clear-voice reception of wired 
telephone systems.

The new transmitter will beam its signals from 
Floyd at the satellite, which will reflect them 
downward. At Trinidad the highly attenuated 
signals will be picked up by powerful receiving 
systems, amplified and demodulated into their 
original voice, teletype or data messages.

The transmitting system includes a giant 10-kw 
power amplifier (1,700 to 2,400 me) and a 10-w 
exciter, which will operate from an ultra-stable

ELECTRONIC DESIGN • April 26, 1961
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‘Atomicron” high-frequency generator.
Page is in over-all charge of the installation of 

communications equipment, under technical di­
rection of the Rome (N.Y.) Air Development 
Center.

THESE ARE THE “HANDS” 
OF A CRAFTSMAN...

Watch Converted to Measure 
Heart Beat Automatically

An inexpensive wrist watch has been con­
verted into an automatic, convenient device for 
measuring the heart beat.

The device, called a Heart Beat Totalizer, was 
developed by Lockheed’s Missile and Space Div., 
Sunnyvale, Calif., for two San Francisco heart 
specialists. It measures a person’s heart beat day 
and night while he continues his normal way of 
life.

The device employs two electrodes, about the 
size of a postage stamp, which are taped to the 
chest. Wires from each electrode connect to a 
battery-operated amplifier, which can be clipped 
to a wearer’s undergarment.

Amplifier Increases Voltage 
of Human Heart Beat

Heart-beat voltage is increased by the ampli­
fier and is transmitted by a thin double-wire to 
the wrist watch. A tiny electromagnet, taking the 
place of the watch’s balance wheel, is powered 
by the heart-beat amplifier. The electromagnet 
operates the escapement mechanism of the 
watch, causing the second, minute and hour 
hands to move.

One hundred and fifty heart beats will move 
the second hand one full circle. For the minute 
hand to make a full circle, 9,000 heart beats are 
required.

Comparison of the heart watch with a conven­
tional timepiece will tell how fast the heart is 
beating.

A patient wearing the Heart Beat Totalizer 
can determine the activities in his daily routine 
that produce increased strain on the heart.

...delicate, precise, nerveless. They’re 
just one of the many sets of automated 
“hands” Sylvania has developed over 
two decades of manufacturing high- 
uniformity Silicon Diodes.
As early as 1942, Sylvania produced 
its first Silicon Diode, type 1N21. It 
was painstakingly fashioned by hand 
for highly specialized radar apparatus.

SYLVANIA SILICON DIODES
Today, Sylvania Silicon Diodes are 
produced in volume by automated 
“hands” capable of duplicating diode 
characteristics with mirror-image 
fidelity.
Superior Sylvania production facili­
ties also provide diodes of high 
mechanical reliability. Case in point: 
Sylvania Silicon Diodes are cycled 
from —78.5°C to + 100°C to “prove 
out” the rugged, all-glass miniature 
package. Every Silicon Diode is sub­
jected to critical leak-detection Zyglo 
tests to assure high-quality glass-to- 
metal seals. Too, every Silicon Diode 
is scrutinized by 100% automated 
test equipment.
Sylvania offers the widest line of Sili­
con Diode families available. Just 
one phone call to your Sylvania Sales 
Engineer or Sylvania Franchised 
Semiconductor Distributor can fill 
virtually all your design requirements. 
For technical data on specific types, 
write Semiconductor Division, 
Sylvania Electric Products Inc., Dept. 
184,1100 Main Street, Buffalo 9,N.Y.

Heart watch, looking like an ordinary timepiece, meas­
ures the heart beat.
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SAVE TIME 
AND MONEY... 
reduce the 

NANOSECOND PENNIES 
in your J

SAVE TIME 
AND MONEY 

right from the start

COMPUTER DESIGN
1’K fi—-right from

with Amperex«
PADT40

Specify the new Amperex P A D T 40 
the PNP Germanium Switching Transistor

PNP Germanium 
Switching Transistor
NOW AVAILABLE FROM THESE 

AND OTHER LEADING 
INDUSTRIAL ELECTRONICS 

DISTRIBUTORS:

u=--------------------- ----------------------
nanoseconds x pennies

Right from the sketch-pad stage, plan your 
computer switching circuits with the new 
PADT-40 ^'The extreme speed and efficient 

design of the PADT-40 gives more U (usefulness 
factor) and lower cost x switching time. This 
results in fewer transistors to buy, less com­
plicated circuits to design, and the elimination 
of many costly components because of multi­
function circuit usage. But speed, of course, 
is only one of the cost-and-production advan­
tages inherent in the PADT-40; RELIABILITY, 
as only the revolutionary Post Alloy Diffusion 
Technique can provide, is another,- AVAIL­
ABILITY, as only the mass-production tech­
niques employed at the new Amperex plant 
in Slatersville, R. I., can provide, is still another; 
LOW PRICES (no higher than for low-speed 
transistors)... plus INTERCHANGEABILITY 
with many conventional mesa transistors, round 
out our 'package'. Yes, the new Amperex 
PADT-40 is truly worth specifying . . . nowl

High Speed, plus . ..
MECHANICAL RUGGEDNESS — guaranteed by 
the only process that combines the best quali­
ties of both the alloy and the diffusion methods. 
As a result, the PÀDT-40 is resistant to vibra­
tion and shock.
PADT RELIABILITY —Hermetically sealed in n 
standard TO-18 case, the PADT-40 has a deep 
diffused and extremely thin active base region 
As a result, the Hfe and switching time are 
virtually independent of surface effects and 
temperature changes.
A Rugged, mechanically reliable eutectic 

solder joints
B Flat bed attachment for good heat 

dissipation
C Long path prevents weld contamination of 

transistor
D Gold doped for high speed
• Extremely high cut-off frequency
• High Beta • Low resistivity germanium

CALIFORNIA
R. V. WEATHERFORD COMPANY 
Glendale I, Calif.
BRILL SEMICONDUCTOR CORP.
Oakland 6, Calif.
ELMAR ELECTRONICS INC
Oakland 7, Calif.

COLORADO
INTERSTATE RADIO I SUPPLY
Denver 4, Colorado

CONNECTICUT
RADIO SHACK CORP
Stamford. Conn.
W. Hartford, Conn.
New Haven 10, Conn.

FLORIDA
THUROW ELECTRONICS, INC.
Cocoa, Fla. • Jacksonville, Fla.
Miami, Fla. • Orlando, Fla.
Pensacola, Fla. • Tampa, Fla.

ILLINOIS
NEWARK ELECTRONICS CORP.
Chicago, III.

TOTAL 
SWITCHING TIME 

including Rise, 
Fall. Delay and Storage

130 NANOSECONDS!

sen

im--ioue

He soon
Vccf -3JV.
(VMIMLC AOJUSJ tCfOttai

AVERACE SWITCHING TIMES ¿ ¿ ¿

complete data and new transistor brochure
AMMREX MLHCTRONIC CORPORATION

isichhs I Vmfwhif <»»■■ Tmsts 17. Eni.

MASSACHUSETTS
RADIO SHACK CORP.
Boston, Mass.

NEW YORK
MHO ELECTRONIC»
New York, N. Y.
ROME ELECTRONICS 
Rome, N. Y.

TEXAS
ADIETA COMPANY
Dallas 1, Texas 
Fort Worth, Texas
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Good Styling a Critical Factor
The majority of electronic instruments now on the market 

show some evidence of good styling. In walking along the more 
than two miles of exhibits at last month’s IRE Show, one ex­
pected almost automatically to see something smart, neat, clean 
and modem. Only infrequently did some boxed monolith, with 
camouflaged knobs and markings all in gray or black, turn up 
to remind us of the day when electronic engineers laid out their 
own panels.

Its quite certain that any Show attendees who grimaced as 
they looked at these ghosts of the past did not warm to buying 
them, regardless of their technical features. If a similar product 
showed evidence of being well designed both from the inside 
and the outside, they picked the latter.

The moral is obvious: if you design a product for the market­
place, make sure it meets today’s standards of smart appearance.

Obviously silk-screened panel markings, baked on flush lines, 
and ordinary engravings look cheap. Neither can smart design 
be achieved now—as in recent years—simply by using fancy 
panel meters and colored knobs. We have reached a higher 
standard. Nothing less than completely integrated instrument 
designs are called for today.

To be properly designed, the product s circuit must not only 
perform its role and the controls be human-engineered to facil­
itate operability’; the product must fit harmoniously into the 
total environment, which includes other equipment, test 
benches, storage shelves and the like. One such total approach 
to the packaging design of instruments was displayed at the 
IRE Show. The handiwork of Hewlett-Packard’s industrial de­
signer Carl J. Clement showed a single integrated solution to the 
design problem of panels for both bench and rack mountings, 
servicing accessibility, and the carrying of small instruments.

Industrial designers try to tell us our unconscious is favorably 
influenced by impressive appearance. We do not know how 
much. We acknowledge that good styling may only be in the 
eye of the beholder. But what our eye sees pleases us, and this 
should be sufficient warning to those who ignore the outside of 
their “black boxes.’’

MODEL 700

MEASURINGNEW

0.011I
• A wide-range, direct-reading capacitance bridge assembly of high 
accuracy and resolution especially suitable for:

Calibration of two or three-terminal variable air capacitor secondary 
standards.
Calibration of fixed value capacitance standards.
Measurements of voltage, frequency and temperature effects on all 
types of capacitors.
Measurements of very low value three-terminal capacitors without 
zero correction.

• Measures two or three-terminal capacitors in the range from 0 to 0.12 
microfarads with a resolution of 0.0001 picofarads on the lowest range. 
Use of a ratio transformer circuit and a specially designed standard air 
capacitor having a very low temperature coefficient of capacitance and 
an exceptionally high stability minimizes drift due to changes of room 
temperature, voltage and frequency. Accuracy of the measured capaci­
tance is referred to this one standard which can be periodically checked 
and adjusted to agree with an NBS certified standard for traceability.

• The complete, matched system includes the new ESI 707 capacitance 
bridge and the new ESI 860-B generator-detector, a combination of an 
ac generator and a sensitive null detector designed especially for use as 
an accessory to the bridge. Write for catalog sheet C-28.

Price; $1575 F.O.B. Factory

I Impedance Bridges and Accessories

Decode Voltage Dividers
■ ’ Decade Resistors and Capacitors

ESIAC Computers

M Electro Scientific Industries 
HMHHIMBHi 7524 S.W. MACADAM * PORTLAND 19, OREGON

I CHerry 6-3331
formerly / ELECTRO-MEASUREMENTS, INC.
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■4 CIRCLE 35 ON READER-SERVICE CARD FOR DISTRIBUTORS



How To Improve Response Speed of 
Servos Using Wire-Wound Pots...

AVAILABLE 
FROM STOCK!

Mouse 
^ORWARP

PRECISION FILM POTS
You can have any of these precision film 
pots on their way to you within hours. No 
need to wait for "custom" pots.

LINEAR SINGLE TURN FILM POTENTIOMETERS
Diamotor 

1/2"
KooitltmfO

10K.
5 OK. 
IK

Send for largo acalo reproduction of thi» unique «y»tern.

1-3/32"

SOK
1IC 

10K 
50K_

10K.
50K 

IK

5 OK___
5K___

2 OK___
50K___

5K___

5OK____  
5K___  

20K 
5 OK____

2 OK.
50IL .

Linoarity 
_± .5% 
—± .5% 
—± .5% 
_± .5% 
_d: .5% 
_± .5% 
—± .25% 
_zt .25% 
_zt .25% 
—± .5% 
—Zt .5% 
—± 4% 

.25% 

.25% 
—dz .25% 
_dz .25% 
—dz .25% 
—± .25% 
—± .1% 
—± .1% 
__± 1% 
_d: .1% 
_± .1% 

.1% 
—dz .05% 
_dz .05% 
—± .05%

High starting torque Wire-Wound pot (A) stalls Servo Motor (B) 
Motor overheats. Frying Pan (C) becomes hot and proceeds to pop 
corn. (Note Popcorn Hopper (D) designed for slow, continuous flow of 
top quality corn.) As corn pops, Turbo Jet Popcorn Aimer (E) directs 
stream of popped com to Funnel (F). Corn is then directed into 
Auxiliary Power Treadmill (G), causing popcorn-loving mice to start 
Power Treadmill revolving as they begin to chase falling popcorn. 
Revolving Power Treadmill then turns Pulley (H) which turns Gears 
(I & J), in turn revolving Pulleys (K & L). Pulley (L) spins Fly-Ball

Governor Grabber (M). As momentum is increased Governor Grabber 
causes spinning Clutch-Hands (N & O) to engage Wheel (P), supply­
ing the additional torque necessary to start servo rotating.
Reversing input signal flips Solenoid (Q) to reverse position, sliding 
Funnel (F) to Mouse-Reverse position. As popcorn is then directed into 
other side of Power Treadmill, the mice reverse their running action so 
as to continue catching falling popcorn. Periodic replacement with 
fresh mice and/or use of cheese-flavored popcorn can be used to 
increase efficiency of this system.

SINE-COSINE SINGLE TURN FILM 
POTENTIOMETERS

Diamtttr htiilaiKt Conformity 
1-3/33" 1OK_______ ± .75%

30K______ ± .75%
2" 10K______ ± .25%

20K.______ ± .25%
3" 10K_______ ± .15%

20K----------- ± .15%

BUT THE BEST WAY YET... Use C.I.C. Low-Torque Film Pots!
Low torque is an inherent property of C.I.C. Film Pots. The 
smooth, unbroken, mirror-like surface of film offers minimum 
friction to the wiper and requires low brush pressures for 
continuity. As a result, C.I.C. Film Pots have multi-million 
cycle life.* Write for your free C.I.C. catalog facts today.

"Ask for list of missiles and aircraft 
currently using C.I.C. Film Pots.

INHERENT RELIABILITY 
INFINITE RESOLUTION 
PRECISION LINEARITY

MULTI NIUION CYCLE LIFE 
LOW OPERATIONAL NOISE 
VIDEO FREQUENCY OPERATION

COMPUTER INSTRUMENTS CORPORATION

LINEAR MOTION FILM POTENTIOMETERS
Sire Row'ftonce Stroke Linoarity 
1"Sq. 1OK__.1" Stroke ± .5% 

2OK1" Stroke zt .5% 
1OK 2" Stroke i .25% 
2OK. „2" Stroke * .25% 
10K .3" Stroke .1% 
2OK.3" Stroke *

WRITE OR CALL IN YOUR 
ORDER! POTENTIOMETERS WILL BE 
IN YOUR PLANT WITHIN 24 HOURS!

FIRST IN FILM POTS

CIRCLE 37 ON READER-SERVICE CARD

34
CIRCLE 38 ON READER-SERVICE CARD
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An Electronic Design Staff Report

Slide Rule

'MIL-Approved ’ ’ Diodes • Latest Defense Dept. Diode List gives military-approved diodes

Howard Bierman
Technical Editor

• J unnel Diode Square Wave Generator by J. E. Dalley, of the University of Utah, 
outlines the design steps leading to a simple and compact generator capable of 
fast rise lime characteristics............................................................................ p 36

• Tunnel Diode Amplifier Calculator by J ames J. McDermott represents a valuable 
tool in the form of a slide rule which can design time by eliminating much of the 
tedious math involved in tunnel diode amplifier calculations............... p 52

• Transistor-Tunnel Diode Combination by Carl David Todd of Hughes describes 
a technique for obtaining a composite characteristic hearing the high-speed fea­
tures of a tunnel diode with the higher voltage capability of a transistor .. p 48

. i r\ * A i * Practical Aspects of Tunnel Diode Loic-Frequency Amplifiers by Erich Gottlieb 
rracUcal Uesi^n Articles of Qg contains information on such factors as stability, bias techniques and tem­

perature effects................ p 42

At the recent 1961 Solid State Circuits Conference, a rather large number of empty chairs was evident at the evening panel 
discussion devoted to tunnel diodes. At the 1960 Conference, the turnout for the tunnel diode session w as so great thal attend­
ees who were fortunate managed to get seated on chairs, stairways or suitcases—many others were forced to stand throughout 
the three-hour discussion.

^by the drastic drop in interest within the short space of a year? Perhaps too much was promised in terms of application 
possibilities with too few practical uses demonstrated. Perhaps too little emphasis was placed on the need for adequate time to 
solve problems imposed by the bilateral device. An interesting and amusing analogy has been drawn between the plot of volt­
age vs current and intensity of interest vs time for the tunnel diode. The V-I characteristic follows the now famous “S” form— 
starting from zero, rising sharply to a peak, reversing to a low and then rising rapidly again. In terms of relative interest, zero 
might be considered the period in 1958 preceding publication of Dr. Esaki's, “New Phenomenon in p-n Junctions” (Physical 
Review, V ol. 109)—interest soared until 1960, then dipped markedly as evidenced at the 1961 Conference. Will interest re­
verse its downward trend and demonstrate a sharp upswing? Experts at the Conference discussion predicted that new test 
equipment and computers will soon be released using tunnel diodes in conjunction with transistors. From these pioneer ven­
tures, it is believed that design engineers will renew activity to incorporate the fast-switching, low-noise, radiation-resistant de­
vice into their new equipment.

In this year's special Diode report, Electronic Design has included four practical design articles directed toward applica­
tion of the tunnel diode to amplifier, oscillator and switching circuits. In addition, the latest of the Department of Defense ap­
proved diodes are listed together with their specification number.
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Tunnel Diode Square Wave Generator
Although simple and compact» the circuit described is capable of producing square 

waves of less than I cps to over 2 me with no sag and only slight overshoot.

James E. Dalley
Electrical Engineering Dept.
University of Utah
Salt Lake City, Utah

TWO TUNNEL DIODES, one coil, one re- 
■ sistor and one capacitor constitute the total 

component list for a stable square generator 
capable of operation from less than 1 cps to over 
2 me. The simple and compact circuit consists 
of a relaxation oscillator driving a bistable 
switching circuit; rise time of the square-wave 
output is less than 10 nsec. Although the design 
procedure outlined results in an approximate 
rather than exact solution, the method is straight­
forward and can be applied using commonly 
published data and circuit values.

Relaxation Oscillator Consists of 
A Tunnel Diode plus One Coil

The circuit for the relaxation oscillator is 
shown in Fig. la and the exact equivalent cir­
cuit is shown in Fig. lb.

The inductance of the coil is given by L, RL is 
the resistance of the coil, Rj is any added resist­
ance, L8 is the inductance of the tunnel-diode 
leads, Ra is the series resistance of the tunnel 
diode, Rd is the incremental resistance of the 
tunnel diode at a particular operating point and 
C is the shunt capacitance of the tunnel diode 
junction. Vi is the de voltage source which is 
assumed to have zero internal impedance for the 
present discussion. An inspection of Fig. lb will 
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reveal that a complicated expression would re­
sult if one attempted to write a transfer function. 
This can be avoided by comparing the output 
waveshape with the characteristic curve of the 
tunnel diode and choosing several regions of 
operation. Simplified equivalent circuits can be 
applied to some of these regions.

Fig. 2 shows a sketch of the output voltage of 
the relaxation oscillator with four periods of op­
erating time defined. A sketch of a typical tunnel­
diode characteristic curve is shown in Fig. 3 with 
key voltages and currents indicated.

The operation during period I follows the 
characteristic curve from the origin to the point 
(Vp, Ip). During period 2, the current remains 
constant at a value of Ip and the voltage jumps

The material covered by this paper is the result of 
independent research carried on by the author at the 
Sperry Utah Engineering Laboratory during the month 
of July 1960. Work on the relaxation oscillator was vir­
tually completed before any published material on the 
subject was seen? The design equations and approach 
used in this paper are original (unless otherwise noted) 
with the author to the best of his knowledge. The bi­
stable switching circuit is based on information given in 
an article by Erich Gottlieb and T. P. Sylvan of Gen­
eral Electric Company?

1. Dr. C. M. Barrack and M. C. Watkins, “Tunnel Diode 
Relaxation Oscillators,” Electronic Design, June 22,
1960.

2^ Erich Gottlieb andLT. P. Sylvan, “Tunnel Diodes as 
Amplifiers and Switches, “Semiconductor Products Dept., 
General Electric Co., Syracuse, New York.

to Vf. Throughout period 3, the operating point 
follows the curve from the point yf, Ip) to the 
point (Ve, lv). When the valley point (Vv, Iv) 
is reached, the operating point jumps again 
(period 4) and starts the cycle over from point 
(Va, Iv). The supply voltage must lie between 
the peak and valley voltages.
Period 1: Experimental results indicate that 
satisfactory design equations can be obtained if 
the inductance and capacitance of the tunnel 
diode are neglected. The simplified equivalent 
circuit is shown in Fig. 4.
The loop equation in the S-domain is

(LS+Ra) I (s) = Vt/S + IOL (1) 
where Rti = R -|- Rm
and Rm is the increment diode resistance dur­
ing period 1. Solving for the current,

/(«) - + —Lt— (2)
<s + t) ^ + !t)

After the first cycle, Io becomes I„ and the 
current in the time domain is

/ u \ v
L + nt (3)

The output voltage is simply

V(t) = i (0

ELECTRONIC DESIGN • April 26, 1961
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4ig. 1. Tunnel diode relaxation oscillator circuit (a. 
xact equivalent circuit (b).

The length of period 1 can be found by set­
ting Vt = Vp and solving Eq. (4) for T. This 
gives

V. - I, H.
T' " Rh ln r VPR

1 Rin

Now since Rm = W/M at any point on the 
characteristic curve between the origin and the 
point (Vp, Ip), it can be seen that Rm is nonlin­
ear and is a function of the operating point. Ob­
viously some average value must be used for 
Rm if Ti is to be found in a straightforward man­
ner. A simple solution to arrive at a correct aver­
age value for Rm and reduce Eq. 5 to circuit 
constants and tunnel-diode parameters is to set

Hi)

The above definition would be exact if the 
characteristic curve were a straight line passing 
through the origin and the point (V„ Ip), a fair 
approximation in actual practice.

Eq. 5 then becomes

T‘-hln r. - i, R
It - IPR,

ELECTRONIC DESIGN • April 26, 1961

Fig. 2 Waveform ot a relaxation oscillator output 
divided into four periods; periods t2 and t4 are deliber­
ately expanded to permit inspection.

Fig. 3. Typical characteristic curve of a 
tunnel diode.

where Rh = ft +

Periods 2 and 4: When the operating 
passes the point (Vp, Ip) on the curve, it 
the negative resistance portion of the 
which is unstable. An increase of voltage 

point
enters
curve
across

the tunnel diode results in a decreased current 
and a decreased current through the inductance 
and series resistance results in a further increase 
of voltage across the tunnel diode. This action 
is cumulative and tends to reduce the current 
from Ip to I„ almost instantaneously. The current 
through an inductance cannot change instan­
taneously, so the operating point jumps from 
the point (Vp, Ip) to the point (V h Ip) which is 
on a positive resistance portion of the charac­
teristic curve and stability is again restored. Ac­
cording to Gottlieb and Sylvan3 the switching 
speed with constant current drive is

U/ - Up'
(8)

Using the GE ZJ61-22 tunnel diode, the switch­
ing time should be approximately 1.2 nsec which 
is much faster than the 12-nsec rise time of the 
oscilloscopes used to observe the pattern.

3. Ibid p 17.

Since the tunnel-diode capacitance is a factor 
in Eq. 8, it cannot be neglected in the equiva­
lent circuit.

The operation during period 4 is similar to 
that of period 2 and it is assumed that the 
switching time is comparable.

The slight amount of overshoot at the ends of 
periods 2 and 4 can probably be attributed to 
the series resonance of the inductor and the 
tunnel-diode shunt capacitance.
Period 3: During period 3, the operating point 
moves along the characteristic curve from (V f, 
Ip) to (Vr, Iv). Again there exists a problem of 
determining the value of a nonlinear resistance 
but the problem is complicated by the fact that 
a straight line to approximate the curve cannot 
be drawn through the origin. This can be rem­
edied by drawing a straight line having a slope 
equal to the average slope of the curve and ex­
tending it until it intercepts the voltage axis. 
The effects of the curve in this region can then 
be approximately represented by a resistance 
having a value equal to the reciprocal of the 
slope of the line in series with a battery having 
a voltage equal to the voltage axis intercept.4 
To simplify the equations, remove guesswork in 
arriving at an average value, and allow a single

4. Martin, Thomas L. Jr., Electronics Circuits, Prentice 
Hall, Inc. Englewood Cliffs, N. J., 1955, pp 6-7.
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Substituting Vv for V(t) and solving for T

V3>VI

R.« VS-V^^lJ

Fig. 7. Circuit for diode voltage regulatoi

m

TÄ.X’0

vi/s

and in thethe current

I, {Vf

In the time domain this becomes

The output voltage is

and the required series voltage (V9) is given by

GERMANIUM 
OR SILICON 
CH OOE
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Now, set I = and V = V„ and solve for V# 
to arrive at Eq. 10. The graphical solutions for 

and V# are shown in Fig. 5.
Using this method to represent the curve in 

region 3, the simplified equivalent for the La­

place transform loop equation is shown in Fig. 6.
At the beginning of period 3, Io = l9. The loop 

equation is

approximation to be used, a definite rule will be 
established. If the straight line is drawn through 
the points (Vv, Iv) and (Vf, I9), the tunnel-diode 
resistance in this region can be defined as

Several assumptions and approximations were 
used in deriving the equations for Ti (Eq. 7) and 
T* These equations can be solved without the 
need for characteristic curves by using the pa­
rameters given on the manufacturer’s specifica­
tion sheet. As will be shown later, the results are 
sufficiently accurate for a first approximation in 
practical situations and adjustments can be made 
to obtain the exact periods desired.

This expression was derived by writing the 
equation for the line through points (Vv, Iv) and 
(Vf, Ir) using the slope intercept form where V2 
is the intercept of the voltage axis.

Thus

where RtA = R 4- R, 
S-domain is

450 500 550 600 ®O TOO 75C BOU
VI tow) —*

Power Supply Must Be Free 
Of Transients and Drift

It was assumed earlier that the power supply 
had perfect regulation. While this is desirable, 
power supplies having an internal impedance of 
1 ohm or less will operate satisfactorily. If it is 
not feasible to use an electronically regulated 
power supply at the desired voltage, a higher 
voltage supply can be used with a forward biased 
germanium or silicon diode used as a regulator as 
shown in Fig. 7. A germanium 1N270 diode can 
be used to regulate satisfactorily over a range of 
350 to 600 mv; a silicon 1N470 diode was used 
with satisfactory results for voltages between 730 
and 830 mv. The diode current must be high 
enough to bias the diode beyond the knee of its 
curve. Capacitors are, in general, not satisfactory 
for bypassing the switching circuits used here.

It will be noted in Eqs. 7 and 15 that the pulse 
periods are dependent on the supply voltage. 
Thus the supply voltage must be free from drift 
also. As the supply voltage (VO is increased, the 
period T\ decreased while the period Tg in­
creases. If the total period, or frequency, is of 
greater importance than the relative pulse 
widths, it may be possible to find a voltage at 
which Ti and T3 are changing by equal but op­
posite amounts with changes in Vi. This would 
make frequency independent of Vi over a narrow 
operating range.

Fig. 3 indicates that Vi must be somewhat 
greater than V9 and less than Vv. A method for 
determining the usable range of Vi will now be 
presented. From Eq. 7 note that Ti approaches 
infinity as Vx approaches I9 Rn.

SLOPE • i/R0J

Fig. 5. Graphical representation ofRpj and V2

Fig. 6. Equivalent circuit valid during period 3. Fig. 8. Plot of T 1 ¡L vs T3/L vs supply voltage V;



F, > Z„K + K (16a)
Similarly, from Eq. 15 note that T8 will increase 
without limit if

Rd, ^r = u (17)

Solving for Vi and substituting Eq. 10 
this reduces to

Combining expressions 16a and 18

for V2,

(18)

IPR + FP < Vi < I.R + F, (19)
If R is reduced to zero, this expression be­

comes

V, < Fi < V, (19a)
On the other hand, as R is increased, the lower 
limit of V\ approaches the upper limit. When 
these two values are equal, it is impossible for 
Vi to be between them and oscillation will cease. 
The maximum value for R is found by setting 
the limits equal to each other and solving for R. 
The result is

(20)

This, incidentally, is the reciprocal of the slope 
of a line passing through the points (Vp, If) and 
(V„, lv) and could be considered as the “average” 
negative resistance of the tunnel diode.

Step-by-Step Design Procedure
And Design Example

For a given tunnel diode, the designer can 
vary L, R, and Vi to obtain the desired values of 
Ti and T8. All of these factors influence both Ti 
and Ts, furthermore, R and Vi are interwoven in 
the equations in such a way that it becomes al­
most impossible to solve for them explicitly. If 
both Ti and T8 are specified in the design re­
quirements, the following six-step design proce­
dure is recommended:

1. Choose the tunnel diode to be used and de­
termine its parameters (Ip, Iv, Vp, etc.), or 
read them from the tunnel-diode data sheet. 
If an accurate characteristic curve is avail­
able, parametric values can be easily deter­
mined; the parameters can be determined 
experimentally without drawing the com­
plete characteristic curve if necessary.

2. Choose a value of R consistent with the ex­
pected values of the inductance and supply 
voltage.

3. Determine the usable range of Vj from Eq. 
19.

4. Plot TJL (from Eq. 7) and T3/L (Eq. 15) 
on the same set of coordinates with Vi as 
the abscissa. Select V\ from these curves to
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give the desired Ti/T3 ratio. The power 
supply should be variable about this value.

5. Solve for L to give the desired values of Ti 
and T3. Design a variable inductance hav­
ing this value of L in the center of its range 
and having the resistance R chosen in Step 
2.

6. After the oscillator has been constructed, 
adjust Vi for the exact Ti/T3 ratio and ad­
just L for the desired frequency.

Example of Design Procedure: The first five steps
of the 
means 
values 
in an

design procedure will be illustrated by 
of an example and then the predicted 
will be checked against measured values 
experimental circuit. As was previously

pointed out, desired values of Ti and T2 are usu­
ally specified; however, here several available 
fixed inductors will be used and the periods will 
be computed and measured for values of Vi 
within the usable range.

1. The GE ZJ61-22 tunnel diode will be used. 
The parameters for the particular unit to be 
used, determined by direct measurement, are 
as follows:

I, = 23 ma 
/, = 2.0 ma 
Vp = 125 mv 
F, = 730 mv 
Vf = 1,165 mv

Other necesary parameters which may be 
calculated from the above are:

„ Fp 125 P .. , 
Rdi = ~j = = 5.44 ohms

Rd3 =
V. - F, = 1,165- 730

23-2 = 20.7 ohms

F, - Fp 730 - 125 oc _ .
max R = -j—2. j ' = —23 — 2 ~ $ °“ms

V, = F, - I, RD3 = 730 - 2(20.7) = 688.6 mv
2. Let R = 15 ohms. This is well below the 

maximum value, yet it is larger than the 
resistance of the coils to be used. Thus this 
value can be realized for all coils used.

3. The minimum value of Vi is V3 > Ip R 4- 
V, = 23(15) 4- 125 = 470 mv and the maxi­
mum value is given by Vi < IvS 4- Vv = 
2(15) 4- 730 = 760 mv.

4. The normalized periods are given by the 
following equations and tabulated for vari­
ous values of Vi in Table 1.

Tt 1 F, - It Rtx
L Rtl m Fi - /p Rtl

= 1 ~ 2 (20.44)
20.44 Fj - 23 (20.44)

F, — 41 = 4.89XI0-2i„_L_

Table 1. Normalized periods for given 
values of V.

Ti t3
Vi (mv)

L 
x IO“2

I 
x IO"2

470 00 3.56

500 13.3 3.79

550 9.0 4.24

600 7.09 4.86

650 5.94 5,74

700 5.14 7.25
750 4 54 12.Q

760 4.41 00

T3 _ I .
L " Rti ln F, -

Rd3

F2 - F, 
Ri3___

, F2 - V, 
Rt3

“ 35.7 ln

. 688.6 - Fj
25 + 35.7

730 - 688.6
20.7

688.6 - F, 
35.7

23 + 
= 2.8 X KF2 In--------

2.0 +

689 - F, 
35.7

689 - V, 
35.7

The data of Table 1 are plotted in Fig. 8. 
Usable values of V, can be selected that will 
give Ti/T3 ratios of from 3.5:1 to 1:2.5.

5. This step will be worked backwards since 
only discrete values of inductance are avail­
able and it is not desirable to design and 
construct special coils for this example. Cal­
culated and measured values of Ti and Ta 
are given in Table 2 for various values of 
Vi. The error was calculated using the fol­
lowing equation.

% error = Calculated value - measured value 
measured value X 100

(21)

With the 330-ph coil, oscillations started at 
a supply voltage of 450 mv and stopped at 
710 mv. When the 100-^h coil was used, the 
circuit operated over a supply voltage range 
of 482 to 710 mv.

Some of the predicted values given in Table 2 
vary from the measured values by fairly high per­
centages. When one considers that several as-
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oTRIGGER 
PUISE

Fig. 9. Tunnel diode bistable switching 
circuit.

sumptions and approximations were made in the 
derivation of the equations, the inductance had a 
10 per cent tolerance, that meters and oscillo­
scopes are not perfectly accurate nor can they 
be read with perfect accuracy; and that a slide 
rule was used for all calculations, the results 
seem to be consistent with the method used. 
They are sufficiently accurate for practical de­
sign purposes if adjustable inductances and 
power supplies are used.

Fig. 10. Tunnel diode characteristic curve with high 
resistance load line; V3 represents the power-supply 
voltage.

Operating Characteristics
Of the Bistable Squaring Circuit

The simple bistable switching circuit sug­
gested by Gottlieb and Sylvan5 is shown in Fig. 
9. The characteristic curve for a tunnel diode is 
shown in Fig. 10 with a high resistance load line. 
It can be observed from the figure that the load 
line intercepts the curve at two points of positive 
resistance (points A and B). These are quite 
stable states. If the operating point is at point A 

TYPICAL VALUES 
Ra • 100a
Rb >500-20008
V3> 3-I0V
VI >450-600™
C « 220pf
L • yxh-lOh
Rl 27.58

5. Gottlieb and Sylvan, op. cit. pp 15-17.

Fig. 12. Variation of period and frequency 
with temperature.

Fig. 11. Complete circuit of the square-wave 
generator using a single power supply.

Table 2. Comparison of measured and calculated values for periods Ti and T«>

L R V! (mv)
Cal. 

T1 (psec)
Meas. 

Ti (psec)

Per 
cent 
Error

Cal.
T3(psec)

Meas. 
T3(psec)

Per 
cent 
Error

330 ph 15.0 ohms 470 00 39.0 00 11.7 10.0 17

500 44.0 32.0 37.5 12.5 10.1 23.8

550 29.8 25.0 19.2 14.0 10.4 34.6

600 23.4 21.0 11.4 16.1 12.5 19.2

650 19.6 18.0 8.9 18.9 15.0 26.0

700 17.0 16.0 6.25 23.9 18.0 32.8

and a positive current pulse forces the current 
through the tunnel diode to a value equal to or 
greater than Ip, the operating point will switch 
to point B. The operating point will remain at 
point B until it is switched back to point A by a 
negative current pulse large enough to reduce 
the tunnel-diode current to a value equal to, or 
less than, Iv. The operating point will remain at 
point A until it is switched again to point B. 
Thus there is no sag in either the high or the low 
state regardless of the frequency.

If a higher load resistance than the one illus­
trated in Fig. 10 is used, the load line will be­
come more nearly horizontal. Constant current 
operation is then approached. The value of this 
constant current is determined by the supply 
voltage and the load resistance. It should lie 
midway between Ip and Iv if the positive and 
negative trigger pulses have equal amplitude.

The coupling capacitor should have the small­
est capacitance that will give satisfactory trigger­
ing. It passes only the leading and trailing edges 
of the relaxation oscillator waveform and allows 
the bistable switching circuit to have a waveform 
different from that of the oscillator between 
switching pulses.

Since the leading edge of the oscillator wave­
form has approximately twice the amplitude of 
the trailing edge, the positive trigger pulse will 
be about twice as large as the negative pulse; 
thus, the constant current load line should inter­
sect the switching diode characteristic curve at 
about one third the difference between lp and lv. 
The rise time for this circuit can be calculated 
from Eq. 8. Since the rise time is in the order of 
a few nanoseconds, it can be considered as being 
negligible for frequencies up to several mega­
cycles.

The output of the bistable switching circuit 
is an almost perfect square wave except for a 
small overshoot, probably due to the series in­
ductance of the tunnel diode and the connecting 
leads plus the shunt capacitance of the tunnel 
diode.

A complete circuit of the square wave gener­
ator capable of operating from a single power 
supply is shown in Fig. 11, Resistor Ra and diode 
Di form a regulating voltage divider to supply 
the proper voltage, Vj, to the relaxation oscil­
lator which consists of L and TD^ Rb and TD2 
form the bistable switching circuit and C is the 
coupling capacitor between the oscillator and the 
switching circuit. Ra can be made adjustable over 
a limited range to provide some variation in the
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pulse width due to variation of Vi. The induct­
ance should be adjustable if frequency variations 
are desired. Typical values of circuit components 
for use with the ZJ61-22 tunnel diodes are given 
in the figure.

Effects of Temperature and Supply Voltage 
On Performance

The temperature characteristics of tunnel 
diodes are discussed by Gottlieb and Sylvan.® 
They point out that Vp, Vv and Vf decrease; Iv 
increases and Ip may increase, or increase up to 
a point, then decrease with increased tempera­
ture.

In order to check the temperature effects on 
the circuit as well as the tunnel diodes, the en­
tire circuit of Fig. 11 (with the exception of Ra 
and Di which were omitted from the circuit in 
order to allow for independent control of and 
V3) was placed in a temperature chamber. V, 
was set at 640 mv and V3 at 6.4 v. A 330-uh in­
ductance, having a resistance of 11 ohms, was 
used and Rb was a 2-K, 1/2-w carbon composi­
tion resistor. The relaxation oscillator operated 
satisfactorily with no adjustment from —50 C to 
4-140 C. The periods Tx and T3 and the fre­
quency are plotted as a function of temperature 
in Fig. 12. The oscillator became unstable at 
143 C. When Vj was adjusted to 630 mv, the 
oscillator operated satisfactorily to temperatures 
of 4-150 C and back down to 0 C without read­
justment.

On the other hand, the supply voltage of the 
switching circuit (V3) had to be readjusted up­
ward about every 50 C rise in temperature and 
the circuit would not operate at temperatures 
above 130 C. This was probably due to the fact 
that the load line intersected the characteristic 
curve too near the valley current (Ir), the valley 
current increased appreciably at high tempera­
tures, and a carbon composition resistor was used 
for the load resistance.

The amplitudes of the oscillator and the 
switching circuit both reduced about 0.1 v for 
temperatures above 70 C.

It is obvious from the results of the tempera­
ture tests that a controlled temperature oven will 
be required if good frequency stability is re­
quired throughout the entire temperature range 
of from —50 C to 4-150 C. This is not surprising; 
even quartz crystals are placed in temperature 
controlled ovens when accurate frequency con­
trol is required. If the temperature variation can 
be limited to the range between 20 C and 100 C, 
frequency variations on the order of 6 per cent 
can be expected and 2 per cent accuracy was ob­
tained for the circuit tested in the temperature 
range from 4-50 C to 4-100 C. ■ ■

6. Gottlieb and Sylvan, ibid, pp 5-7.
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Until now it was impossible to measure this short a time 
interval with sub-nanosecond accuracy.
Now, this measurement can easily be made with Eldorado’s 
new Model 1060 Time Interval Meter plus a digital inter­
polator. Solid state throughout, the Model 1060 measures 
time interval with 10 nanosecond resolution. The interpola­
tor improves the resolution to better than 0.1 nanosecond.
Using this equipment, the delay introduced by the 10-inch 
cable plus its connectors was measured as:

1.43 ±.05 nanosecond

HOW WOULD YOU 
MEASURE THE DELAY 
THROUGH THIS 
CABLE?

This resolution is the equivalent of a 20,000 Me direct 
counting time interval meter!
The Model 1060 Time Interval Meter is an independent unit 
suited for all time interval measurements in the 10 nano­
second range or counting in the 100 Me range. The inter­
polator accessory is available at modest extra cost.
Even though your time measurement problems are not in 
the area of cable delays, but rather in the fields of radar 
ranging and calibration, high speed velocity measurement, 

BASIC DATA MODEL 1060 COUNTER TIME INTERVAL METER
Tim« Interval Meter

MAX. TIME INTERVAL: 10 seconds * RESOLUTION: 10 nanoseconds
TYPICAL START/STOP PULSE REQUIREMENT: -4 volts into 50 ohms
OSCILLATOR STABILITY: 0.0001% • READOUT: Nixie inline and output for printout.

Counter
STORAGE: 10® counts • MAX. COUNTING RATE: 100 Mc/s
TYPICAL INPUT PULSE REQUIREMENT: +4 volts into 50 ohms
DELIVERY: 45 days.

rocket sled timing, shock waves, ultra-high speed photog­
raphy, satellite tracking, ballistic missile studies, or any 
field where data is gathered in the form of a time interval 
measurement, this new technique may offer the solution you 
have been seeking.
For specific details on the Model 1060 and the interpolator, 
and for assistance in applying them to your problems, contact 
your Eldorado engineering representative or drop us a line 
at the factory. Please address Dept. 36.

leotronios
2821 TENTH STREET 
BERKELEY 10, CALIFORNIA 
PHONE: THORNWALL 1-4613

CIRCLE 2B ON READER-SERVICE CARD
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Practical Aspects
Of Low-Frequency Tunnel Diode Amplifiers

A discussion of gain, stability and circuit behavior for a parallel-type amplifier. Factors 

such as bias requirements and stabilization as well as temperature behavior are analyzed.

Erich Gottlieb
Semiconductor Products Dept.
General Electric Co.
Syracuse, N. Y.

TUNNEL-DIODE amplifiers, offering advan­
tages of small size and simple circuitry, must 
be carefully designed in terms of layout and 

conductance matching in order to obtain opti­
mum amplification with adequate stability. In 
addition, the de bias must remain stable to 
avoid nonlinearities and variations in gain. Prac­
tical results obtained from a parallel-type ampli­
fier, using a germanium 1N2939 diode, will il­
lustrate the practical problems and design 
solutions involved in low-frequency applications.

Characteristics of the
1N2939 Germanium Tunnel Diode

The 1N2939 is a three-lead device, housed in 
the TO-18 package. Pins 1 and 2 are connected 
internally to reduce lead inductance and are the 
anode (positive electrode) leads, while pin 3 is 
the cathode lead and is electrically connected to 
the case. Having a —55 to 4-100 C operating 
junction temperature range, the 1N2939 has a 
peak current of 1.0 ma ±10 per cent and a min-
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SERIES NDuCTANCE u, 

tztal capacitance . c 
SERIES RESISTANCE . Rs 
NEGATIVE CONDUCTANCE ga 
NEGAT vE RES’STANCE ra 

PEAK POiNT CURRENT. 
vaclEv po’nt current.!.

|*CM LEAD length

imum Ip/Iv ratio of 8:1, see Fig. 1. It is basically 
designed for high-speed, low-level switching as 
well as for small signal, high-frequency opera­
tion in communication circuitry. Its speed and 
frequency limitations are determined primarily 
by the inductance and capacitances inherent in 
this type of package. Having a typical total ca­
pacitance of 7 pf, of which 1.5 to 2.0 pf is in 
the header, and a typical inductance of 6 mph 
(1/8-in. lead length) the device has a self res­
onant frequency (fxo) of

= 750 me typical

Its resistive cut-off frequency1 (/ro) is

~ R. w ~ 1 = 2,300 mc

Its other typical parameters are: a negative 
resistance — rd = l/—gd = —100 to —150 ohms,

‘The resistive cut-off frequency of the device is the fre­
quency at which the real component of the negative un- 
pedance goes to zero, hence the device becomes passive 
at this point.
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TYWICAl value» 
OF M2»3» AMANE TEWS

T ppf d
I ohm

0065- Ol mho 
100-150X1

mo Fig. 2. Equivalent circuit and 
typical values of the 1N2939 bi­
ased in the negative conductance 
region.

Fig. 3. (a) Low frequency equivalent cir­
cuit of a parallel-type negative resist­
ance amplifier, (b) Practical amplifier 
circuit.

a series resistance (B,) of 1 ohm, typical peak 
point voltage (Vp) of 55 mv and a typical valley 
point voltage (Vv) of 350 mv. The equivalent 
circuit when biased in the negative conductance 
region can be seen in Fig. 2.

Negative Resistance Amplifier 
In the '‘Parallel” Connection

The basic low-frequency equivalent circuit of 
this connection can be seen in Fig. 3a. Essentially, 
it consists of a current source driving the paral­
lel combination of the load conductance (gt) and 
the negative diode conductance (—gd) of the 
tunnel-diode characteristic. This latter can be 
seen between points A and B on the static cur­
rent-voltage characteristics shown in Fig. 1.

When biased at about the center of the nega­
tive conductance region (120-125 mv), the slope 
(di/dv) of the diode is equal to a negative con­
ductance (—gd) of approximately 0.00714 mhos 
(—ra = 1/—gd 140 ohms). To obtain maximum 
dynamic range, it is important to maintain this 
bias operating point in the center of the nega­
tive conductance characteristics.

An actual circuit which would closely satisfy 
the equivalent circuit of Fig. 3a can be seen in

Fig. 3b. Here the tunnel diode is shown being 
forward biased by the bypassed voltage divider 
Ri and R2 while choke L acts as a low resistance 
de return across the ac line without shunting the 
ac gain. Transformer coupling could, of course, 
be used in lieu of RC or direct coupling, thereby 
eliminating the need for the choke. The total de 
loop resistance must be smaller than the nega­
tive resistance in order to serve as a constant 
voltage source. Therefore, 

R 4" Rinduetur * i |

preventing the device from switching. An ex­
tremely small value of total loop resistance might 
prompt the circuit to oscillate (Ri -f- Rina < 
Lgi/C). Values found to permit stable amplifi­
cation varied from 1/3 to 2/3 of 1/gd. The limit 
condition is that

1
l-^l ’c

where RT = Ri + Rentier

Power Gain Expressed as
Function of Circuit Conductance

The expression of “available gain" (PGW) for 
the equivalent circuit of Fig. 3a as rearranged 
in conductance terms is given by Eq. 1 where 
gg -f- gi — ga = the total circuit conductance gt

PG<

PGav

A -\2 
L* ) m

. gt /
(A i)2 
4ga

= (4) (g„} (gd
(g» 4- gi - g<d2

_ (4) (g,) (gì) 
(gì)2

(1)

A number of conclusions can be drawn from 
this expression:

1. The available power gain would be infinite 
if gt = 0 (when ge + g, = gd).

2. Practical values of power gain can be 
achieved by various combinations of g, and gb 
assuming a fixed value of —gd (the latter de­
pending on the geometric dimensions and cur­
rent density of the device).

Case (a)
Case (b)
Case (c)

ga <<gi= |0d

gt < < ga = tai 
n - n - ¿1
io - g ~ o

Load Conductance Matches Negative Conduct- 
once, Generator Conductance Small

In this case, maximum power gain is obtained 
when g9 = gi + (—ga). If gj = gd, then gt + 
(—gd) = 0 and therefore gB is zero. This, of 
course, is the extreme case for infinite gain.

43
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Fig. 4. Equivalent circuit of a tunnel diode plus external 
circuitry.

If gi is almost equal to —g^, practical values 
of circuit gain can be obtained. The degree of 
matching required to yield fixed values of gain 
is therefore of interest.
Gain versus degree of match: Starting with a 
10 per cent mismatch, for example, with —r& = 
100 ohms and rt = 90 ohms, the parallel resist­
ance would be —100 X 90/—100 4- 90 = 900 
ohms. If rg is equal to 900 ohms, the available 
gain is

’Ò0**’ 2 = 10 = 10 db

J 1_\ 
90 100/

It is obvious that closer match is needed to 
obtain an increase in gain. Therefore, if — ra = 
100 ohms, but rt is increased to 99 ohms (for a 
1 per cent match), the resultant parallel imped­
ance (Z^) is equal to —100 X 99/—100 4- 99 = 
9,900 ohms. Subsequently, if rB = 9,900 ohms, 
the available power gain is increased to:

PGa,

4x_L_ X 
9,900 99

.9,900 99 100,

= 100 = 20 db

.And, of course, if a 0.1 per cent match could 
be achieved, the resultant gain would be in­
creased to 30 db. It becomes apparent that this 
degree of matching is quite critical, especially if 
higher gain is required; of course, this gain must 
be maintained reasonably constant over an ac­
ceptable range of supply voltages and ambient 
temperatures.
Stability criteria: Several conditions can be es­
tablished to determine stability:

1. If the parallel combination of ra and Ti is 
greater than the negative resistance of the tun­
nel diode, the resultant characteristic is a large 
value of negative resistance making the circuit 
unstable.

Or, if gg + gi < | g4 |, then gt is negative.
2. If the total (de loop) bias conductance is 

44

smaller than the negative conductance of the 
diode, the circuit will be bistable and tend to 
switch between the peak and valley point cur­
rent extremes.

3. 4s long as the resonant frequency (f0) of 
the circuit is below the resistive cut-off frequency 
(fro) of the circuit, the amplifier will tend to os­
cillate at f„. This latter criteria may be particu­
larly troublesome in the low-frequency range 
since it is not simple to design low-frequency’ 
amplifiers without the use of wiring and com­
ponents having a great deal of stray inductances.

The circuit cut-off frequency is still given by 

fro R. gd 1

but Rt is now the sum of Rt (internal) -¡- R, 
(external). Since R„ (external) is essentially the 
matched load resistance, the term under the 
radical becomes very small, thus reducing fm 
The use of greater shunt capacity to reduce fr0 
is not recommended since this would also lower 
the resonant frequency of the circuit (f0).

Looking at the equivalent circuit of Fig. 4, 
it can be seen that the circuit resonant frequency 

11 
2r

3d 
C

is determined largely by C and L., both of 
which are increased by the use of additional 
lumped constants.

4. To permit stable amplification* 

1_
dd

Lgd

where RT is the total positive circuit resistance, 
L and C are the total circuit inductance and ca­
pacitance.

The limit condition would be 1/gd = Rt 

•U.S. Davidsohn, Y.C. Hwang, G.B. Ober, “Designing 
with Tunnel Diode,” Electronic Design, Feb. 3, 1960. 

in which case L'gj > Lg<i/C. Assuming the dis­
tributed capacitance can be kept down to about 
3 pf and the device capacitance is 7 pf, C = 
3 + 7 = 10 pf,

r C 10 X 10-11 ,L<^< 1X10- = 100m>‘h

This constitutes an additional stability criteria 
which is especially difficult to deal with at very 
low frequencies. It can be seen from this equa­
tion, however, that a high capacitance or low 
conductance diode (high C/g^ ratio) would be 
easier to stabilize at low frequencies.

5. Since the negative resistance may be af­
fected by de bias and temperature variations, 
all above conditions must remain satisfied. In a 
20-db stage having only a 1 per cent difference 
between —ft and rh this 1 per cent difference 
must be kept constant to maintain a fixed value 
of gain.

Generator Conductance lg I Matches Negative 
Conductance (g*), Load Conductance g2 Small

Here the generator conductance must re­
main closely matched to the diode while reason­
able variations in load conductance only affect 
gain slightly. If. for example,

rg = 109 ohms (gg = 9.18 X 10-8 mhos)
ri = 1,000 ohms (gj = 1 X 10-3 mhos)

—rd = 100 ohms (—gd = 1 X 10-2 mhos)

___ 4 X 9.18 X 10~6__________  
rGa’ (9.18 X 10~3 4- 1 X 103 - 1 X IO“2)2

36.7 X 10"« .
° 3.25 X 10~* - USO- 30.54 db

Now’, if both rg and —r^ remain constant, but ft 
varies by ±10 per cent, the following changes 
in gain w'ould result.

(a) re = rt — 10%
Thus re = 1,000 — 100 = 900 ohms and gi =

1 11 X 10’3
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GUARD AGAINST
SIGNAL DROPOUTS\ loss of 3.74 db

TAPES OF MYLAR

1.5 mil "Mylar'

.Position.

CIRCLE 39 ON READER-SERVICE CARD

1.5 MIL 
“MYLAR"

1.5 MIL 
CELLULOSE 

ACETATE

Tapes of “Mylar” also resist stretching and 
breaking from sudden stops and starts, edge 
nicks, and are unaffected by humid storage and 
aging. They have 7 times the initial tear strength 
of ordinary plastic tapes!

(3) The total de loop conductance must be 
larger than the negative conductance. (De bias 
supply must be a voltage source.)

(4) All above requirements must remain sat­
isfied over a range of supply voltages and tem­
perature conditions.

E I. du Pont de Nemours & Co. (Inc.)
Film Department, Room #12, Wilmington 98, Delaware

Please «end free, 12-page booklet of comparative test data to help me evaluate mag 
netic-tape reliability.

Several Methods of Obtaining
Stable DC Bias

There are two reasons why the de operating 
point must remain stable. First, looking at Fig. 
5, it is apparent that the maximum voltage

INITIAL
TEAR STRENGTH 

(GRAVES TEST) 
per ASTM D 1004 49T

Signal dropouts can make the data from critical 
tests completely useless. That’s why the relia­
bility of your magnetic tape base is so impor­
tant. Tapes of Mylar*, because they’re di­
mensionally stable, resist cupping which may 
cause signal dropouts from loss of contact with 
the recording or playback heads. They also re­
sist swelling and shrinking which can cause 
track displacement.

in one case and

The tremendous cost of gathering data de­
mands reliability. Get it with tapes of “Mylar”. 
Send coupon for free booklet of comparative 
test data and judge for yourself. Du Pont Com­
pany, Film Department, Wilmington 98, Del.

*Du Pont’s registered trademark for its polyester film.

Summary of Requirements 
To Achieve Stability

(1) Regardless of the operating frequency of 
the amplifier, the latter has to be built with ex­
tremely short leads and careful layout, as if it 
were a vhf stage, in order to keep fxo above fro 
and L < C/g/.

(2) For adequate amplification and stability, 
the sum of the load and generator conductances 
has to be very nearly equal to, but always greater 
than, the negative conductance of the diode.

ELECTRONIC DESIGN • April 26, 1961

CUPPING
Test per MIL-T-21029 (Ships) Section 4 4 6.

Average degree of cupping:
1 5 mil Cellulose Acetate—15.9° (Range* 12 0

Load Conductance tg I Is Equal to the Generator 
Conductance g7 While g* = g 4" gff

In this instance, the generator and load con­
ductances share the responsibility of matching 
the negative diode conductance thereby distrib­
uting the burden somewhat. Here, however, 
both g„ and gt must remain extremely constant 
and all other stability criteria still apply.

(b) rf = ri + 10 per cent
Thus r~ = 1,000 4- 100 = 1,100 ohms and
0.91 X 10 3

CELLULOSE ACETATE “MYLAR

down in the other, a total change of 5.66 4­
3.74 = 9.4 db must be considered.
Stability Criteria-. In both cases previously dis­
cussed, the value of negative conductance is 
equally critical, since either g, or gi must remain 
very nearly equal to I gd j in order to sustain ade­
quate stable gain. Otherwise, the same previ­
ously discussed stability criteria apply in both 
cases.

Name___
Company.
Address_

City____

WITH RELIABLE

4 X 9.18 X 111 X IO6 = 40.4 X 10 
[(9.18 4- I.H - 10) 10-3]2 81X10-
481 = 26.8 db

- = * X 918 X 091 x 106 
“ [(9.18 4-0.91 - 10) 10-3]
= 4,120 = 36.2 db

\ gain increase of 5.66 db.
Since the gain has gone up :

DU PONT

MYLAR
POLYESTER FILM
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140 ohms
1,000 ohms

Fig 7. Measurement 
of the linearity of neg­
ative resistance vs 
chanus in bias.

Subsequently, the supply voltage was reduced 
(simulating a lower battery voltage) in steps. 
The change of output voltage was recorded and 
the resultant loss in power gain calculated. The 
cause of the rapid gain fall-off is expected to be 
a nonlinear change in negative conductance 
versus bias voltage.

4 inv
3.6 mv
18.1 db

220& 

210 

200 

190 

ISO 

170 

160 

150 

140

130 

120

Fig. 9. A linear increase 
of negative resistance 
takes place as diode 
temperature is raised

iOS 112 117
OlOOE VOLTAGE

swing is limited to about 100 mv (peak-to-peak) 
by the nonlinearities occurring around points A 
and B If point C is allowed to deviate from the 
center of the linear slope, the dynamic range 
would be greatly reduced and/or the distortion 
increased.

Second, even the slightest nonlinearities in the 
operating portion of the slope (—gd), could cre­
ate relatively large changes in gain due to the 
required match conditions. In Fig. 6 the results 
of such slight nonlinearity have been illustrated 
by the following test:

The circuit was set up at full supply voltage 
(6 v) properly biased {Eiioie = 125 mv) and 
having the following parameters:

SINCE Av -I

SLOPE

300 500

i4oa_
OCT 6

ZIN’ Ai i rl 
POUT* Av »i, 

» 80-«

Fig. 5. Load line superimposed on the
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In order to get an idea of the magnitude of 
this change, the output signal voltage was main­
tained constant by readjusting the load resist­
ance and thereby sustaining a reasonably con­
stant match. The change in rt can be considered 
equal to the change in —ra, see Fig. 7.

Note the fact that the slope changes sign at 
about 140 mv. From Fig. 7, it is evident that a 
means to stabilize the bias voltage must be 
found. Three of the more obvious methods are:

(1) The use of a mercury cell (stable Ebl,).
(2) The use of the relatively constant voltage 

drop across a forward biased diode.
(3) The use of breakdown (Zener) diodes as 

voltage regulators.

Experimental Check of the Temperature 
Dependence of Tunnel Diodes

An increase in ambient temperature has the 
following effect on the V-/ characteristics of the 
tunnel diode: the peak current may increase or 
decrease, the valley current increases and the 
forward injection voltage (VZp) decreases. The 
effect on the negative resistance region is to make 
the value of —temperature sensitive. To obtain 
a rough estimate of the sign and magnitude of 
this coefficient for the 1N2939, the following 
tests were performed:

(1) A circuit was set up having 13.3-db power 
gain at room temperature. In the first experi­
ment, only the ambient temperature (ta) was 
varied and the results can be seen in Fig. 8.

It became quickly apparent that an increase 
in temperature would result in (1) a change in 
diode bias voltage and (2) a change in gain 
which could be caused by the bias change, by a 
change in negative resistance or both.

In a test setup, with temperature varied from 
10 to 50 C while maintaining a 145-ohm load 
resistance, the bias voltage changed 3 mv and 
gain decreased by 6.6 db. After readjusting the 
bias to its original value (131 mv), only a fraction 
of a db improvement was obtained (0.6 db). Ob­
viously a change in negative resistance took 
place. By adjusting the load resistance (rt) to 
obtain approximately the original value of power 
gain, the sign and magnitude of this change can 
be roughly estimated. From Fig. 9, an average 
change of 0.8 ohm/C has taken place which, 
when normalized to room temperature, gives ap­
proximately a 0.5 per cent/C “positive” tempera­
ture coefficient.

Subsequent work on representative production 
lots of these tunnel diodes have shown that a 
certain spread in the above coefficients is evi­
dent. Hence the above data, although reason­
ably accurate, are not necessarily typical for the 
1N2939 diode. It is therefore recommended that 
for accurate design specifications, an up-to-date 
specification sheet be consulted. ■ ■

CLAROSTAT

59M14

CLAR05TAT
DOVER. NEW HAMPSHIRE

Maximum Torque 
Weight

Diameter
Length
Maximum Resistance
Indep. Linearity
Wattage
Taps

Rotations

WRITE
FOR

COMPLETE 
DETAILS CLAROSTAT MANUFACTURING CO.. INC

A new high in potentiometer capabilities 
... the Clarostat Senes 59M14. 10 turn.

'a" potentiometer packs more 
performance per cubic inch than any 

other multi turn pot today. Clarostat s 
unique design permits more winding 

length in a given diameter than 
conventional designs. And. price-wise, 

the Series 59M14 is competitive 
across-the-board.

For all your multi-turn potentiometer 
needs, compare Clarostat for quality, 

for value...

SPECIFICATIONS - SERIES 59M14 
10-TURN POTENTIOMETERS

1 55" (Bushing) 1.611 (Servo) 
100.000 ohms
± .25%, To i .05%
4 5 watts @ 40 C.
Centertap
3600 - 10
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Transistor-Tunnel Diode Combination
High-speed switching, at relatively high-voltage levels, 

is possible using a tunnel diode transistor combination.

Carl D. Todd
Senior Staff Engineer
Hughes Semiconductor Div.
Newport Beach, Calif.

THE HIGH SPEED triggering capability of 
the tunnel diode may be combined with the 

higher useful voltage levels of a transistor to 
produce a composite negative resistance device 
having an N-type current stable characteristic. 
The peak voltage is relatively insensitive to tem­
perature variations and transistor leakage cur­
rent does not generally pose a problem.

Negative resistance devices can be grouped 
into two major classes, N-type or current stable 
and S-type or voltage stable. N-type negative 
resistance devices have a voltage-current plot 
with the basic shape illustrated in Fig. la.

For a range of voltage values between a peak 
voltage, VP, and a valley voltage, Vp, three cur­
rent values are possible for each value of applied 
voltage. If the current is specified, however, only 
one voltage may exist for that current. N-type 
characteristic devices are therefore considered 
current or open-circuit stable.

S-type* negative resistance devices, such as 
the tunnel diode, have a voltage-current plot as 
shown in Fig. lb.

For a range of current values between a valley 
current, Iv, and a peak current, IP, three voltages 
may exist Specifying the voltage, however, de­
fines the one value of current which may exist. 
S-type negative resistance devices are therefore 
considered voltage or short-circuit stable.

Monostable multivibrators and relaxation oscil­
lators using N-type negative resistance devices 
normally use a capacitor as the energy storing 
element; S-type devices must use an inductor, 
Low’-frequency oscillators using S-type negative 
resistance devices are therefore quite bulky and 
have considerable weight.

Straight-Line Analysis of the 
Tunnel-Diode-Transistor Combination

The circuit which may be used to convert the
S-type, low-voltage characteristic of the tunnel 

diode into an N-type characteristic operating at 
much higher voltage levels is shown in its sim­
plest form in Fig. 2.

The emitter-base diode characteristic may first 
be assumed to intersect the tunnel diode char­
acteristic in the valley region as illustrated in the 
drawing of Fig. 3. Since the tunnel diode and the 
transistor input are directly in parallel, a com­
posite characteristic of these two curves may be 
constructed as illustrated by adding the two cur­
rents for a given voltage value. This composite 
characteristic must operate along the load line 
whose slope is determined by the value of Ri and 
whose voltage intercept is the terminal volt­
age, Vi.

Constructing the plot of the terminal current 
Ii, as a function of the terminal voltage, by 
graphical manipulations, the characteristic of 
Fig. 4a is obtained. While at first glance this 
does not look exactly like the basic shape shown 
in Fig. la, it will perform switching applications 
in a similar manner. The line a' —b' is due mainly 
to resistor R, and, to a much lesser degree, to 
the initial slope of the tunnel diode. The emitter­
base diode of the transistor has no effect since it 
has been assumed that conduction does not begin 
until a higher voltage level is reached. Since 
there is no base current, the collector current 
may, for most cases, be assumed negligible. In 
the construction of the curve, hyE of the transis­
tor has been assumed to be constant with col­
lector voltage and collector current.

The line b'—</ is due to the negative resist­
ance region of the tunnel diode. Current through 
the tunnel diode is decreasing as the terminal 
voltage across the total circuit is decreased. Be­
cause the voltage drop across the tunnel diode 
is larger in the negative resistance region than 
for the initial positive slope, the value of Ii pro­
duced by a given terminal voltage will be a small 
amount less. If the value of Ri is high such that 
the firing voltage, VP, is made large with respect 
to the voltage across the tunnel diode, line b'—o' 
will fall verj’ close to line a'—b’. It is assumed 
that the emitter-base diode does not conduct in 

this region and thus the only current flowing is 
that through the tunnel diode. Collector leakage 
currents have also been assumed negligible.

Line c'—d' of Fig. 4a is produced as the oper­
ating point in Fig. 3 is moved along the constant 
current region in the valley of the tunnel diode. 
The emitter-base diode is still assumed to be 
nonconducting in this region.

As the terminal voltage Vi is now increased 
slightly, the current flowing through the tunnel 
diode remains the same since the operating 
point is still in the valley region of the tunnel 
diode. Base current begins to flow as soon as the 
value of Vbe exceeds the value Va. This current 
is multiplied by the current gain of transistor Qi 
thus producting the rapidly rising current de­
scribed by line d’—e' in Fig. 4a.

If the value of V bb exceeds the voltage Vf, the 
tunnel diode current again rises and, under cer­
tain conditions, may cause a leveling off in the 
current L.

Perhaps the most important parameter in any 
negative resistance device used in a switching 
application is the firing point, described in the 
characteristic of Fig, 4 by V'P which is equal to 
Vb. For the conditions assumed for this case, V'P 
may be very easily computed from the simple 
relation

I 'p — IpRi 4* Vp = IpRi (1)

For nearly all cases, the value of V'P is much 
larger than the peak voltage of the tunnel diode, 
VP, and thus the approximation indicated above 
in Eq. 1 is very accurate. This means that the 
firing point is very stable since the peak current 
of a tunnel diode is not appreciably affected by 
changes in temperature.

The value of the voltage V'e is given by :

vf. (2)

V'c is the valley voltage for the composite device 
for the exact conditions assumed. The value of 
Iv of the tunnel diode will be determined by the 
peak current and the peak-to-valley current ratio, 
H, of the tunnel diode used. The higher the value 
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of H for the tunnel diode, the lower the voltage 
V'c and the more efficient the composite device 
becomes when used as a switch. Since the be­
havior of ly of a tunnel diode as a function of 
temperature is not fully understood, it is not 
possible to accurately predict the variations in 
valley voltages for the composite.

The voltage differences between V'c and V'd 
has been greatly exaggerated in Fig. 4a. This 
voltage will actually be the difference between 
the values of Vo and Vd of the tunnel diode and 
hence, for most cases, will be negligible. The 
transistor will thus begin to conduct at a ter­
minal voltage Vi, approximately equal to the 
product of Iv and Rp

The terminal resistance for the “off” condition 
is very nearly equal to R} and the resistance for 
the “on” condition will approach the value of 
Ri divided by the hfe of the transistor. Any ten­
dency of the current gain of the transistor to de­
crease with increasing current levels will result 
in an increase in the ‘“on” resistance at those cur­
rent levels.

The position of the emitter-base diode char­
acteristic will vary’ with temperature at a rate 
of approximately 2.5 mv/C. As long as the knee 
of this curve falls within the valley region, the 
effect on the composite characteristic will be 
negligible.

It is of interest to study the case where base 
current begins to flow before the valley region 
of the tunnel diode is reached. For applications 
using germanium tunnel diodes with germanium 
transistors, this is the condition most of the time. 
By proper biasing, the emitter-base diode char­
acteristic may be moved to any portion of the 
tunnel diode characteristic as will be seen later.

Assume the conditions depicted in Fig. 5. 
Again, the emitter-base diode is assumed to be 
nonconducting until a certain voltage, Vc, is 
reached. The composite characteristic curve 
shown in Fig. 4b is therefore identical to the one 
in Fig. 4a up to the point where base current 
commences. As soon as the voltage across the 
tunnel diode and the transistor input has reached 
the value Vc, base current flows. This current is 
multiplied by the hfe of the transistor thus pro­
ducing a very rapid rise in the current L as 
before. There is no flat or constant current region 
in the characteristic curve representing the tun­
nel diode and the transistor in parallel, and thus 
there will be no constant current portion in the 
over-all composite characteristic curve of Fig. 4b. 
When conditions are such that the tunnel diode 
begins to operate in its valley region, however, 
there will be an increase in the rate of current 
increase since the effect of the negative resistance 
slope of the tunnel diode is no longer present.

The change in emitter-base diode character­
istics with temperature which produced a very

ELECTRONIC DESIGN • April 26, 1961

(a) N - TYPE
(b) S-Type

Fig. 1. V-I characteristic curves of negative resistance devices.

Fig. 3. Straight-line approximation of the composite 
device input characteristics where the emitter-base di­
ode intersects the valley region of the tunnel diode.

minor change in the over-all results for the first 
case described must now be considered in light 
of the conditions illustrated in Fig. 5. Whereas 
previously, shifts in the transistor characteristics 
did not change the valley current for the com­
posite curve shown in Fig. 3, such is not the case 
in Fig. 5. If line c-d shifts downward by a value 
AV7 mv, Ic, the valley current for the composite, 
will shift upward by an amount equal to ^VRbc 
ma and the valley voltage for the over-all com­
posite characteristic curve of Fig. 6 will shift 
upward by Rt W/Rbc v. Since Ri is normally 
much larger than the value of Rbc, the resulting 
change in the valley voltage of the over-all char­
acteristic will be much larger than the value of 
AV and the amount of change for the curve of 
Fig. 4a.

Development of the Characteristic Curve 
for the Practical Case

In the preceding analysis, the emitter-base 
diode was assumed to remain nonconducting 
until a certain threshold voltage was reached. 
Beyond this voltage the characteristic was as­
sumed to rise in a linear manner. Actually, the

Fig. 2. Basic tunnel diode­
transistor combination to 
convert “S” to "N” type 
characteristic.

Fig. 4. Terminal voltage vs terminal current for 
conditions set in Fig. 3 is shown in (a) and for 
Fig. 4 is shown in (b).

diode characteristic curve is a logarithmic func­
tion. This means that for the practical form of 
the conditions shown in Fig. 3, the line d-d' will 
not be constant current but such that the cur­
rent at any point d' may be much larger than 
that for point c'. All transitions will be more or 
less smooth curves rather than the very sharp 
ones indicated in the previously described 
straight-line analysis.

The peak voltage of a tunnel diode is low so 
the current flowing in the emitter-base diode at 
this level may be negligible as assumed. Trigger­
ing will actually occur when the load line of Ri 
is tangent to the composite curve; for general 
considerations, this point will be very close to 
the peak point. Thus Eq. 1 still holds for the 
trigger voltage of the practical case and the “off” 
resistance will still be equal to Rp

The slope of the over-all composite character­
istic curve bears a definite relationship to the 
relative values of the magnitude of the tunnel 
diode resistance, rd, the transistor input resist­
ance, Rj, and the transistor common emitter cur­
rent gain, hfe.

(continued on p 50)
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Fig. 5. Straight line representation of the input char­
acteristic when base current flows before tunnel diode 
valley region is reached.

Fig. 7. Operating characteristic curve for a tunnel 
diode-transistor combination.

Fig. 6. Exaggerated input characteristics for a practical 
case. Full (a) or degenerate (b) loops will be formed 
depending on the load conditions (c).

This relationship is given by Eq. 3 and is illus­
trated in Fig. 6a and b.

Hg. 8. Over-all characteristic developed from Fig. 7.

1Rn = -V (3)

\ R; TtJ

The over-all composite characteristic curve 
obtained will be of the nature shown in Fig. 6a 
if the value of rd may be equal to Ri/il + hft) 
near the peak point with R greater than the 
value of Ri. If the voltage necessary to cause r8 
to be equal to the value of Rt/( 1 + is greater 
than that necessary for R, to be equal to Ri, a 
degenerate loop will be formed as indicated in 
Fig. 6b. The load conditions necessary for each 
case is shown in Fig. 6c.

In most cases, the size of the loop is quite 
small, being most apparent for a low design 
value of trigger voltage or where the emitter­
base diode has a higher conduction voltage. The 
conditions shown in Fig. 6 have been greatly ex­
aggerated for clarity.

Fig. 9. Voltage bias (a) and current bias (b) used to 
shift the relative position of the tunnel diode and tran­
sistor input characteristics.

Graphical Example
Of Transistor-Diode Combination

As a practical example, a tunnel diode of peak 
current equal to 1.85 ma was combined with an 
npn alloy germanium transistor having an hft of 
70 over a wide current range. The characteristic 
curves for the tunnel diode, the emitter-base 
diode for the transistor, and the parallel com­
posite for the two are shown in Fig. 7. For the 
curves including the transistor, the collector volt­
age was held constant at 1.5 v. In actual use, 
however, the collector voltage is varying and 
may be substantially higher than 1.5 v with cor­
respondingly higher junction temperature. The 
various load line conditions are shown for ter-
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minal voltage, Vj, values of 4 to 20 v.
The voltage-current characteristic obtained 

by graphical analysis is shown in Fig. 8. An 
additional curve included in Fig. 8 is the curve 
obtained at an elevated temperature of approxi­
mately 45 C.

The roam temperature characteristic of Fig. 8 
has a very sharp peak region which indicates a 
loop of very small area. As the temperature is 
increased, the size of the loop becomes smaller.

Addition of Bias
To Shift Input Characteristic

Voltage Bias: Voltage bias may be used to 
shift the relative positions of the tunnel diode 
and the transistor input characteristic curves. A 
practical means of obtaining a large region of 
negative resistance is shown in Fig. 9a. Resistor 
R2 should be small in comparison to the tunnel 
diode resistances. Supply voltage V2 may be de­
rived from the same source used to supply the 
entire circuit if point “B” is made common.

Some characteristic curves obtained for various 
voltage bias conditions are shown in Fig. 10. The 
dotted lines indicate an approximate condition. 
The trigger voltage will remain relatively con­
stant and will normally change only by an 
amount equal to the bias voltage. The applica­
tion of bias may be extended to use with silicon 
transistors or may be used to compensate for 
differences in transistors. By making the bias 
voltage vary at the same rate as the change in 
Vbe with temperature, the stability of the over­
all circuit may be substantially improved.

Current Bias: For an ideal switch, it is desir­
able that the “off” current and the “on” voltage 
both be zero. For the basic circuit of Fig. 2, the 
“off” current is determined mainly by resistor 
Ri. The “on” voltage is a function of the relative 
shapes of the tunnel diode and the transistor 
input characteristics. From the composite curve 
shown in Fig. 8, the valley voltage may be de­
termined as that value of Vi which causes the 
load line of Rt to be tangent to the valley region 
of the composite curve. Thus, the lower die com­
posite valley current, the lower the value of val­
ley voltage on the over-all characteristic of Fig. 8.

The composite curve of Fig. 7 may, in effect, 
be shifted downward by the application of a 
current source to the tunnel diode in the manner 
shown in Fig. 9b. The vertical shift will be equal 
to the bias current I2. The peak current will also 
be decreased by an amount equal to I2, and thus, 
for the same firing voltage, the value of R\ must 
be increased; this will increase “off” resistance.

The three characteristic curves of Fig. 11 illus­
trate the effect of bias current applied in the 
manner described. Curve 2 represents a much 
more efficient switch than the condition with no 
bias current as shown by curve 1.

There is a limit as to how much bias current 
may be applied and hence how low the “on” 
voltage may be made. The current gain of the 
transistor falls off rapidly as the collector voltage 
is decreased below a few tenths of 1 v. Also, it 
is possible to cause a “locking” condition in which 
the switch may only be turned off upon the ap­
plication of a reverse voltage pulse.

Characteristic curve number 3 of Fig. 11 shows 
the effect of applying a voltage bias and a current 
bias at the same time.

Circuit Predictability Improved by 
Collector Resistor

The presence of a resistor (R2) in series with 
the collector allows the transistor to saturate very 
quickly thus allowing the “on” condition to be 
determined by the parallel combination of the 
two resistors, Ri (Fig. 2) and R2. In Fig. 12 note 
how closely the curves for the over-all charac­
teristic follow the dotted line representing the 
parallel combination of the two resistors.

While the addition of R2 does reduce the effi­
ciency of the switch, it does make it much more 
predictable. By selecting an operating point in 
the “on” region which is substantially removed 
from the turning point, the circuit becomes rela­
tively unaffected by changes in temperature or in 
changes in transistor parameters. The higher the 
trigger voltage for which the circuit is designed, 
the better will be the adherence to the straight- 
line function.

Fig. 10. Over-all input characteristic for various volt­
age bias conditions.

Fig. 11. Effect of current and voltage bias on over-all 
characteristic curve.

Composite Device Responds to 
Short Duration Pulses

Although the N-type negative resistance com­
posite device may be triggered in the same man­
ner as other two terminal negative resistance de­
vices, a third terminal is often desirable.

The junction of the tunnel diode and the tran­
sistor base serves as an ideal point at which to 
apply a trigger. The effect of a momentary trig­
ger is that described earlier. Upon the applica­
tion of a positive trigger (assuming an npn tran­
sistor), the peak trigger voltage will be decreased 
momentarily. If the normal “off” voltage is larger 
than the momentary value of the peak voltage, 
the circuit will fire.

The tunnel diode is a very high speed device 
and hence it may respond to trigger pulses only 
a few nanoseconds in length. Thus while the op­
erating speed of the over-all composite device 
will be greatly dependent upon the speed of the 
transistor, a trigger of extremely short duration 
applied directly to the tunnel diode will actuate 
the circuit. It may be desirable to insert a very 
small inductance in series with the tunnel diode 
and the base of the transistor to decrease the 
effect of the high input capacitance presented by 
the transistor. ■ ■

Fig. 12. Effect of series collector load resistor.
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Tunnel Diode Amplifier Calculator
A handy slide rule to reduce tedious calculations involved 

in the design of tunnel diode amplifier circuits.

James R. McDermott 
Electronics Consultant 
McDermott Associates, Inc. 
New York, N. Y.

DESIGN of tunnel diode amplifiers involves 
equations with time-consuming multiplica­

tion, division, and squaring of terms with large 
powers of 10. The Tunnel Diode Amplifier Cal­
culator has been prepared to save substantial 
time and effort by reducing these calculations to 
simplified slide-rule operations.

The Tunnel Diode Amplifier Calculator scales 
can be cut out and easily assembled. The scales 
are glued onto thin, tough cardboard or bristol 
board. The A scale is the top, fix eale while 
the B scale slides underneath. Cut the edge 
strips from the B scale and glue them to the back 
of the A scale. These strips serve as spacers be­
tween the front and a solid back sheet and also 
as guides for the center slide movement.

Design Procedure Using
Slide-Rule Calculator

The value of the calculator is demonstrated 
by an example involving a 100-mc series-type 
amplifier, operating between two 50-ohm trans­
mission lines, shown in the schematic diagram. 
An initial requirement is that the amplifier be 
stable, which is satisfied by meeting the follow­
ing requirements: (Continued on p 54)
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400 $00 600 600 IK 4K SK 6K

40 $0 60 80 100 ISO 200 300

TUNNEL DIODE AMPLIFIER CALCULATOR

«JF«»-")
CUT OUT

IK M0 600 S00 400 300 200 150 100 10 60 SO 40

CUT OUT

40 SO 60 «0 100 150

P^in(db) Pgaln (db)

For those engineers who are too busy to cut and paste, a prefabricated Tunnel Diode Am­
plifier Calculator may be obtained for $2.00 from McDermott Associates, Inc., 1472 Broadway, 
New York 36, N.Y.
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Reel-Form, No 8007.0323

CU 9-5500

CIRCLE 41 ON READER-SERVICE CARD

8017 VARICON 
Connector

the only crimp-type contact which, in one size only,
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withdrawal tool, and crimp gauge
in senes.

2. Amplifier Gain is controlled by the value of 
total circuit inductance Lt, which must be slightly 
smaller than Rt (c<t/gd) for maximum stable value. 
To find the value of Rt (Cd/gd), set the value of 
7.2 on the Cd/gd scale opposite the 80 arrow on 
the f scale. Then, read opposite 118 on the Rt 
scale, a value of 84.3 on the Rt (Cd/gd) scale, in 
millimicrohenries. Lt must therefore be somewhat 
less than this value.

In the schematic, series lead inductance Lt of 
6 mjih is given, but in practice this may vary 
from 2 to 12 mph. Consequently, L9 can fall be­
tween 72 and 82 muh, and a 50- to 100-mph 
variable inductance is connected in series to pro­
vide a wide range of gain adjustment

3. Bias Considerations are few. The operation

Negative diode resistance is obtained by align­
ing the arrow of the g scale with the arrow of 
the fa scale, placing reciprocal values opposite 
each other. From the schematic, read, opposite 
7 on the gd scale, 143 for the value of t*

Next, solve for w2 (c^/gd2). Move 5 pf of the 
Cd scale opposite 7 millimhos of the gd scale. 
Under the arrow at 80 on the f scale, read Cd/gd 
= 7.2 (x 10*10). (Note: The arrow’ coinciding with 
80 has no numerical relation to the f scale.) Set 
7.2 of the Cd/gd scale opposite 100 mc on the / 
scale. The slide is extended to the right, there­
fore, read the answer on the lower to2 (c//g£) 
scale as 0.21. (Note: When the slide is extended 
to the left for this problem, read the answer on 
the upper scale, at the lefthand arrow.)

Total circuit resistance Rt is now found by 
simple pencil division of 143/1.21. in accord with 
Eq. 1, thus giving 118 ohms. But the circuit re­
sistance of rB -j- rt -j- rL is only 102 ohms, which 
means an added 16 ohms (rj must be connected

is Elco’s New Varilok* the most ingenious 
crimp-type self-locking contact of all?

accommodates all sizes of wire from 18 gauge to 30 gauge1 
Because it is the only crimp-type contact which offers posi­
tive locking into connectors each time, every time And 
because it is the only crimp-type contact giving you the 
unmatched reliability and versatility of the Varicon; mating 
with itself or with numerous other Varicons!

A discover for yourself Elco Varilok's unpar­
alleled features! Available loose for use with 
hand-tools; or in reel form with power operated 
bench machine.* Also available, a contact

or Lt < Rt (cd/gd)
In addition, it must be noted that in these ampli­
fiers the resonant frequency is adjusted by vari­
ation of circuit resistance, while gain is con­
trolled by adjustment of circuit inductance. With 
these factors in mind, proceed w’ith amplifier 
design in accord with the following steps:

1. Circuit Resistance required for a given fre­
quency is obtained from the following relations:

A Loose. No. 8007.0313mu



of the diode is centered about an inflection point 
on its characteristic curve. For this example, it is 
130 mv at 0.7 ma. The value of battery voltage 
and adjustable series dropping resistor are chosen 
so that the inflection point setting may be con­
veniently obtained. The rf bias decoupling choke 
has an inductance value which gives not less than 
10 K at the operating frequency, in this case 
15 |ih.

4. Power Gain is determined, for tunnel di­
odes, in terms of insertion gain. For the series 
circuit in the example, insertion power gain is 
given by:

p _ (rg + rLy
{Tg + TD-rdtY

In most literature, the —rgt term is written as 
—Tg, implying the negative diode de resistance 
can be used. However, this is incorrect (except 
for de applications) since, in the series circuit, 
the effective negative resistance is governed at 
the frequency of interest by circuit inductance 
Lt. For this reason, the value of Tg, is determined 
in accord with

ta = Lt (gd/cf) ohms
To find (gg/cg) on the calculator, align the left 

hand ends of the Cg/gg and f scales. Opposite the 
known value of Cg/gg, read the numerical value 
of gg/cg on the f scale and raise that value by 
107. For the example given, first align scales and 
then opposite 7.2 on the Cg/gg scale read 140 on 
the f scale. Thus 140 by 107 or 1.4 x 10® is the 
value for gg/cg.

The solution of the power gain equation is 
simplified by the Tunnel Diode Amplifier Cal­
culator because it eliminates handling squared 
terms. It is only necessary to add r„ -f- rL and

+ Td — Tdt, place the latter term opposite the 
first on the slide rule and read the gain directly 
in decibels.

For the circuit given, the inductance La was 
adjusted to give an rdf of 103. Thus, rdf = L 
(gd/cg) = 118 ohms. Thus, rg -|- rL = 100, and 
rg -f- tl — Tgf = 3.16 ohms, providing a power 
gain of 30 db. Increasing Lt sufficiently provided 
experimental gains up to 40 db. Much beyond 
this value, circuit instability becomes a problem.

For parallel-type tunnel diode circuits, the 
power gain is given by the same scales but the 
quantities are in terms of conductance in mhos 
x 10-3. Here, if the frequency of interest is much 
smaller than co,, the diode reactive frequency, the 
diode admittance is approximately equal to gg 
and the de value can be used.

For additional detailed information on tunnel 
diode amplifiers and factors affecting circuit 
gain, refer to “Designing with Tunnel Diodes” 
by U.S. Davidson et al., Electronic Design, 
Feb. 3 and 16, 1960. ■ ■

KEMET I 
breaks through with new 75» Solid Tantalum Capacitor.

REPRESENTATIVES FOR "KEMET’’
SOLID TANTALUM CAPACITORS
EAST COAST, Williston Pork, N.Y.- 
Electrical Manufacturers Service, 
P. 0. Box 128,105 Hillside Avenue
FLORIDA, Melbourne-Joseph A. Adams
Associates, P. 0. Box 1322
MIDDLE ATLANTIC, Cleveland 1- 
R. G. Sidnell & Co., 1229 W. Lake Ave. 
South Whitley, Ind.-Warner, Kesler &
Associates, P. 0. Box 338
MIDWEST, Chicago 45—D Dolin Sales, 
3553 West Peterson Avenue
MINNESOTA, Minneapolis 19-
Stan Clothier Co., Inc., 12 West 58th St.
SOUTHWEST, Dallas, Texas-
Ammon & Champion Company, 
2714 Bomar Street
NORTHWEST, Seattle 8-
Samuel N. Stroum Co., Inc., 
621 Michigan Street
ROCKY MOUNTAIN AREA, Denver 26-
Barnhill Associates, 1170 South Sheridan
WEST COAST, San Marino, Cal.- 
G. S. Marshall Company, 
2065 Huntington Drive

highest rated working voltage unit of its kind available today!
CAPACITANCE VALUES: .1 to 15. Microfarads - TEMPERATURE RANGE: -55 to +125° C.

A new frontier in capacitor technology has been opened by “Kemet’s” successful achieve­
ment of a new 75-volt solid tantalum capacitor!

“Kemet’s” breakthrough comprises 14 catalog types, hermetically sealed in the four case 
sizes specified in MIL-C26655A forCS12 and CS13 styles ... providing Standard E.I.A. capaci­
tance values in tolerances of ±20%, ±10%, and ±5%.

“Kemet’s” latest addition to its complete line of solid tantalum capacitors supplements its 
popular J-Series... available in capacitance values ranging from .33 to 330 microfarads and 
working voltages of 6, 10, 15, 20, 35, and 50.

Solid construction and utmost operating dependability have made "Kemet” tantalum 
capacitors the leader in their field. They can be specified and installed with confidence, 
because they have been subjected to the most exacting tests for life, temperature, humidity, 
vibration, and acceleration.

For data on “Kemet’s” new 75-volt J-Series tantalum capacitors, write for Bulletin #3B to 
Kemet Company, Division of Union Carbide Corporation, 11901 Madison Ave., Cleveland 1.

“Kemet and “Union Carbide" are registered trade-marks for products of

KEMET COMPANY UNION 
CARBIDE

CIRCLE 42 ON READER-SERVICE CARD
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Latest Defense Department Diode List
The latest military listing of preferred and guidance type semiconductor di­

odes has recently been approved by the Department of Defense, Although the 

tabulation has not been officially blessed at the time of this writing, close 

sources involved in the preparation indicate the listing is complete and accurate,

Table 1. Small signal and power diodes.

V 50 
ma

150 
ma

250 
ma

500 
ma

1 
A

5 
A

12 
A

20 
A

35 
A

50 
A

70 
A

50 1N483B _ ABM MA ». ». — —

100 1N485B — — MB _ 1N249B INI 184 1N2173 1N1397
200 1N486B ♦1N645 *1N538 1N3189 ♦1N1124A 1N1614 INI 202 1N250B 1N118Ó 1N2174 INI 399
300 — MB — ». — 1N2135A — 1N168 —
400 — ♦1N647 ♦1N540 1N3190 *1N1126A 1N1615 INI 204 1N1188 — 1N1401
500 ». ». MM — — — -» —
600 1N649 *1N547 1N3191 *1N1128A 1N1616 INI 206 — 1N1190 1N1403
800 1N560 — — — — — —

1,000 — — 1N561 — — — — — — —

Table 2. High voltage rectifiers.

V 45 ma @ 75 C 75 ma @ 100C 100 ma @ 100 C 300 ma @ 25 C

1,500 *> •1N1731
»1N1130
•1N1131

3,000 ». ♦1N1733 —
5,000 _ ♦1N1734 —

12,000 1N1147 — ». ».
16,000 1N1149 — — —

Table 3. Germanium diodes.

V 30 
ma

40 
ma

75 
ma

50 _ ♦1N276 _

80 1N933 —
1N198 1N270

100 — — *1N277

UHF

L Band

390 1,550

Table 4. Microwave diodes.

S Band X Band

5,200

SHF EHF

K Band

10,900

1,000 me 
*1N25
IN25A

• preferred

3,060 me 
•1N21WE 
•1N32 
JNMA_

9,375 me 
*1N23WE 
•1N31
1N31A

16,000 me
*1N78

1N78C

23,984 me 
*1N26 

1N26B

34,869 me 
♦1N53 

1N53B

Table 5. Silicon switching diodes.

V 10 ma 100 ma 400 ma

Slow Speed (0.8 gsec —0.3 psec}

75-100 — - 1N691

Fast Speed (0.3 psec — 10 mgsec)

75-100 1N697
175-200 — 1N3070

Very Fast Speed ( < 10 mpsec)

20-50 1N3064 — MB
75-100 ♦1N914 — —
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Table 6. Voltage reference diodes.
TC

V
0.01 %/c 0.005%/C 0.001 %/C 0.0005%/C

6.2 1N821 1N823 1N827
8.4 1N3154 1N3155 1N3157 _
9.0 1N935B — 1N938B 1N939B

11.7 1N941 B — 1N944B 1N945B

Table 8. Voltage regulator diodes.

E. Nom. 
V de 400 mw 1 w 10 w 50 w

3.3 •1N746A MOW
3.6 •1N747A — —
3.9 •1N748A — — —
4.3 ♦1N749A — — —
4.7 *1N75OA —

Table 7. Controlled rectifiers. 5.1 *1N751A MW — —
5.6 *1N752A —

V 10 A 16 A 
@65C 50 A 6.2 ♦1N753A — — —

6.8 ♦1N754A 1N3016B 1N2970B 1N2804B
50 2N1771A 2N682 7.5 •1N755A 1N3017B 1N2971B 1N2805B

100 2N1772A ♦2N683 8.2 *1N756A 1N3018B 1N2972B 1N2806B
200 2N1774A *2N685 — 9.1 ♦1N757A 1N3019B 1N2973B 1N2807B
300 2N1776A ♦2N687 — 10 *1N758A 1N3020B 1N2974B 1N2808B
400
500

2N1777A 2N688
2N689

— 11 1N962B IN302IB 1N2975B 1N2809B
12 1N963B 1N3022B 1N2976B 1N2810B
13 1N964B 1N3023B 1N2977B 1N2811B
15 1N965B

1N966B
1N3024B
1N3025B

1N2979B 
1N2980B

1N2813B
1N2814B16

18 1N967B 1N3026B 1N2982B 1N2816B
20 1N968B 1N3027B 1N2984B 1N2818B
22 1N969B 1N3028B 1N2985B 1N2819B
24 1N970B 1N3029B 1N2986B 1N2820B
27 1N971B 1N3030B 1N2988B 1N2822B
30 1N972B 1N3031B 1N2989B 1N2823B
33 1N973B 1N3032B 1N2990B 1N2824B
36 ÎN974B 1N3033B 1N2991B 1N2825B
39 1N975B 1N3034B 1N2992B 1N2826B
43 1N976B 1N3035B 1N2993B 1N2827B
47 1N977B 1N3036B 1N2995B 1N2829B
51 1N978B 1N3037B 1N2997B 1N2831B
56 • 1N979B 1N3038B 1N2999B 1N2832B
62 1N980B 1N3039B 1N3000B 1N2833B
68 1N981B 1N3040B 1N3001B 1N2834B
75 1N982B 1N3041B 1N3002B 1N2835B
82 1N983B 1N3042B 1N3003B 1N2836B

- 91 1N984B 1N3043B 1N3004B 1N2837B
100 1N985B 1N3044B 1N3005B 1N2838B
110 1N986B 1N3045B 1N3007B 1N2840B
120 1N987B 1N3046B 1N3008B 1N2841B
130 1N988B 1N3047B 1N3009B 1N2842B
150 1N989B 1N3048B 1N3011B 1N2843B
160 1N990B 1N3049B 1N3012B IN2844B
180 1N991B 1N3050B 1N3014B 1N2845B

• preferred 200 1N992B IN305IB 1N3015B 1N2846B

FAST

Frequency Stabilization

ML-7855
Special anode design of ML-7855 permits frequency 
stable operation within 10-15 seconds after application 
of high voltage. (Frequency change during this initial 
period is less than 1 me).
ML-7855 provides frequency stable operation with 
unregulated supply — change in plate dissipation has 
no effect upon frequency.
CW operation to 2500 me, with 1000 V Ebb, 100 ma la.
Plate-pulsed to 3000 me, with 3500 v eb, 3.0 a ib, 
with a tp of 3 usee at 0.0025 Du.

Send for UHF brochure

The Machlett Laboratories, Inc. 
Springdale, Connecticut 

Subsidiary of Raytheon

CIRCLE 43 ON READER-SERVICE CARD
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diodes

Z^Z

T ype Specification
1N663 MIL-E-1/l140(SigC) 
1N664 

thru
1N672 MIL-S-19500/150(SigC) 
1N674 
1N675 
1N701

Type Specification
INI 345, MIL-E-1/1190 
1N1346 MIL-E-1/1191 
1N1347 MIL-E-1/1192
INI 348, MIL-E-1/1193_______
INI 353 
1N1358 MIL-E-1/1236(SigC) 
1N1361

Table 9. Specification numbers for approved diodes.

Typ« Specification Type Specification
1N21B MIL-E-1/656 1N249B MIL-S-19500/134(SigC)
1N21C MIL-E-1/657 IN250B MIL-S-19500/134(SigC)
1N21E MIL-E-1/1155{USAF) 1N251 MIL-E-1/1023

Cancelled 1N253 MIL-E-1/1024A
1N21WE MIL-E-1/1115 1N254 MIL-E-1/989B
1N23B MIL-E-1/618 1N255 MIL-E-1/990B
1N23C MIL-E-1/295B 1N256 MlL-E-1 '991B
1N23CR MIL-E-1/550A 1N263 MIL-E-1/809B
1N23E MILE 1/1231 (SigC) 1N269 MIL-E-1/808(SigC)
1N23WE MIL-E-1 /1117A IN270 MIL-E-I/992A
1N25 MIL-E-1/658 1N276 MlL-E-l/1025
1N26 MIL-E-1/659B IN277 MIL-E-1/993A
1N26B MIL-S-19500/128(SigC) 1N281 MIL-E-1/961

1 ^^7^ MIL-S-19500/149(SigC)

1N691 MIL-S-19500/132(NAVY)
1N696 MIL-S-19500/121 (NAVY)
1N697 MIL-S-19500/141 (NAVY)
1N709 
1N716

MIL-E-1/1238(SigC)

1N722
1N750__________________________  
1N746A

thru MIL-S-19500/127(N AVY)
1N759A_________________________  
1N821
1N823 MIL-S-19500/159(NAVY)
1N827

1N1396 
INI 397 
1N1399 
1N1400 MIL-E-1 /1202(USAF)
1N140I
INI 402
1N1403_______________ ____  
1N1408 MIL-E-1/1172(SigC) 
1N1413 MIL-E-1 /!173(SigC) 
1N1414 MIL-S-19500/148(SigC) 
INI 415 MIL-S-19500/ !46(SigC)
1N1416 

thru

MIL-S-19500/147(SigC)
1 N ] 4OZ 
1N1483 
1N1743 ______

1N28 MIL-E-1/660A (cancelled) 1N315 MIL-E-1/!088(SigC)
1N31 MIL-E-1/661A 1N411B MIL-E-1/! 196(SigC)
1N32 MIL-E-1/27A 1N412B MIL-E-1/! 151 (SigC)
1N38B MIL-E-1/492B 1N413B MIL-E-1 /l 194(SigC)
1N39 MIL-E-1/777B(NAVY) 1N429 MIL-E-1 /l 134A(USAF)
1N44 MIL-E-1/377(NAVY) 1N430 MIL-S-19500/140(N AVY)
1N48 MIL-E-1/378(NAVY) 1N457 MIL-E-1 /l 026

Cancelled 1N458 MIL-E-1 /1027
1N53 MIL-E-1 /497B 1N459 MIL-E-1/l 028__________
1N55A MIL-E-l/487A(NAVY) IN483B
1N55B MIL-E-1/481A(NAVY) 1N485B MIL-S-19500/118(NAVY)
1N56A MIL-E-1/549A(NAVY) 1N486B

1N914 MIL-S-19500/116(NAVY)
1N933 MIL-S-19500/119(N AVY)
1N935B
1N938B MIL-S-19500/156(NAVY)
1N939B_________________________  
1N941B
1N944B MIL-S-19500/157(NAVY)
1N945B_________________________  
1N962B

thru MIL-S-195001117(NAVY)
1N992B_________

1N1425 
thru

MIL-S-19500/145(SigC) 
1N 14o4
1N1485 1
INI 744_________________________ 1

INI 614 MIL-E-1/1240(SigC) 
1N1615 MIL-E-1/1241 (SigC)
1N1616 MIL-E-1 /1242(SigC)
INI 682 MIL-E-1 /1195
1N1731 MIL-S-19500/142(SigC) 
1N1733 MIL-S-19500/142(SigC)
1N1734 MIL-S-19500/142(SigC)
1N1777
IN1778
1N1781 MIL-E- l/!235(SigC) 
1N1791
1N1795_________________________

IN ^07 MIL-E-V1236(SioC) 

1N1816A
thru MIL-E-1/1259(NAVY)

1N1836A________________________

IN2053

1N63 MIL-E-1/376B(NAVY) 1N538 MIL-E-1/1086 Cancelled
1N67A MIL-E-1/508(N AVY) IN538 MIL-E-1/1084A

Cancelled 1N540 MlL-E-l/1087 Cancelled
1N67A MIL-E-1 /508 Cancelled 1N540 MIL-E-1 /1085A
1N69A MIL-E-1 /142D 1N547 MIL-E-1/1083A
1N70A MIL-E-1 /154D 1N548 MIL-S-19500/97(SigC)
1N72 MIL-E-1/780A(N AVY) 1N549 MIL-S-19500/98(SigC)
1N78 MIL-E-I/662A 1N560 MIL-S-19500/167(NAVY)
1N78B MIL-S-19500/129(SigC) 1N561 MIL-S-19500/167(NAVY)
1N78C MIL-S-19500/130(SigC) 1N570 MIL-E-1/1275(USAF)
1N81A MIL-E-1/155D(SigC) 1N592
1N82A MIL-E-1/1299(SigC) 1N593 MIL-E-1/1109(USAF)
1N93 MIL-E-1 /895B(NAVY) 1N594
1NI26A MIL-E-1 /l 56C 1N595
INI 27A MIL-E1/157C 1N643 MIL-E-1/1171 (SigC)
1N127B MIL-E-1/1150(SigC) 1N645

Cancelled ] N646
IN128 MIL-E-1 /158 B 1N647 MIL-E-1/l 143(USAF)
INI 45 MIL-E-1/811 (NAVY) 1N648
INI 98 MIL-E-1/700 1N649
1N212 MIL-E-1 /932A(NAVY) 1N658 MIL-E-1/1160( SigC)
1N224 MIL-E-1/713 1N662 MIL-E-1/1139(SigC)

Nl 58

1N1124A
1N1126A MIL-S-19500/104(N AVY)
1N1128A _____

MIL-E-1 /1287(SigC) 
ini lol
INI 147 MIL-E-1 /l305(SigC)
1N1149 MIL-E-1 /1306(SigC)
INI 183

thru MIL-E-1/1135(USAF)
1N1190_________________________
1N1199

thru MIL-E-1/1108(USAF)
1N1206
IN1281

thru MIL-E-1/1136(USAF)
INI 288_________________________
INI 324 MIL-E-1 /1176(USAF)
1N134I MIL-E-1 /1186
1N1342 MIL-E-1 /l187
1N1343 MIL-E-1/! 188
1N1344 MIL-E-1/1189

ELECT

1N2135A MIL-S-19500/134(SigC)
1N2153 MIL-S-19500/91
1N2172 MIL-E-1/1196
1N2173 MIL-E-1/1151
1N2174 MIL-E-1/1194_________
1N2804B 

thru
1N281 IB MIL-S-19500/114(NAVY)
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2N1771A
2N1772A
2N1774A MIL-S-19500/108(NAVY)
2N1776A
2N1777A

Type 
1N2813B 
1N2814B

Specification

1N2816B 
1N2818B 
1N2819B 
1N2820B
1N2822B 

thru
1N2827B 
1N2829B 
1N2831B 

thru
1N283&B 
1N2840B

MIL-S-19500/114(NAVY)

thru
1N2846B

1N2970B 
thru

1N2977B 
1N2979 
1N2980 
1N2982 
1N2984 
1N2985 
1N2986 
1N2988 

thru
1N2993 
1N2995 
1N2997
1N2999B

thru
1N3005B 
1N3007B 
1N3008B 
1N3OO9B 
1N3011B 
1N3012B 
1N3014B 
IN3015B

MIL-S-19500/124(SigC)

1N3016B
thru MIL-S-19500/115A(NAVY)

1N3051B

IN3189 
1N3190
1N3191

MIL-S-19500 /155(NAVY)

1N3154
1N3155
1N3157

MIL-S-19500 /158(NAVY)

2N681 
thru

2N688
MIL-S-19500 /108(NAVY)

85 Watts

2N389A
2N424A

SILICON TRANSISTOR CORRORAIION

40 Watts

25 Watts

THE COMPLETE LINE 
OF INTERMEDIATE AND HIGH 

POWER SILICON 
TRANSISTORS

2N1050 
2N1049 
2N1048

2N1O47

75 Watts

2N1069.70 
2N1487,8,9,90

2N1486 
2N1485 
2N1484
2N1483

Silicon Transistor Corporation also manufactures a Complete Line of Silicon Glass 
Diodes including JAN Types 1N457, 1N458, IN459 and Sig. C. Types 1N643, 
1N658, 1N661 & 1N663.

FOR IMMEDIATE DELIVERY, CONTACT THESE STC AUTHORIZED DISTRIBUTORS: Ala: MG Elec­
trical Equipment Co., Birmingham. Calif: Brill Semiconductor Corp., Oakland; Hollywood Radio Supply, 
Inc., Hollywood; Peninsula Electronic Supply, San Jose; Shelley Radio Co., Inc., Los Angeles; Wesco 
Electronics, Pasadena; Shanks & Wright, Inc., San Diego. Fla: Hammond Electronics, Inc., Orlando; 
Leader Distributors, Inc., Tampa. Mass: Durrell Distributors, Inc., Walthcm. Md: Valley Electronics, 
Inc., Towson. New York: Arrow Electronics, Inc., Mineola, L. I.; Progress Electronics Co., Inc., New 
York City; Summit Distributors, Inc., Buffalo. Penna: Philadelphia Electronics, Inc., Phila. Texas: Len- 
ert Company, Houston; Central Electronics, Dallas

SILICON TRANSISTOR CORPORATION
CIRCLE 44 ON READER-SERVICE CARO ►



Up to 19.6% less

J cost per megohm! .

-n « -« o j» » M >oc m hr

Up to 14.1% more 
ohms per pound!

HOSKINS ALLOY 

815-R 
Precision Resistor Wire

The trouble with using only one type of alloy wire in all 
of your precision resistors is that very often you and your 
customers end up paying for something that really isn’t 
required so far as the end use is concerned. Now take 
Hoskins Alloy 815-R, for example. It’s a relatively new 
custom-quality iron-chromium-aluminum composition. 
But a number of alert and cost-conscious manufacturers 
have already found that it possesses all of the physical and 

electrical properties necessary for many precision resistor applica­
tions. High strength, good ductility. Excellent resistance to 
corrosion Controlled low temperature coefficient. What’s more 
—and more to the point these days—they’ve also found that 
Alloy 815-R’s lower density and higher electrical resistivity 
combine to give them very worthwhile savings. Up to 14.1% 
more ohms per pound — up to 19.6% less cost per megohm!

Yours for the Asking—if you're a man who fancies 
such figures, we'd like to send you an eyeful—namely: 
A handy little "Cost-per-Megohm” Comparator, plus a 
12 page catalog that's loaded with technical data. If you 
also happen to make precision resistors, sample spools 
of 815-R wire are available for testing and evaluation.

Sum /mm .OMI* down In oW—Bar. and nameUd—Temperature CaeJieienU: 0 ± lOppm and 0 ± tOppm !*C.

HOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue • Detroit 8, Michigan • TYIer 5-2860

In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 
Productri of Cuttom Quality Remittance, Retittor and Thermo-Electric Alloye eince 1908 

CIRCLE 45 ON READER-SERVICE CARD
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Air Clutch 
Boosts Torque, 

Cuts Size

4 ALS’ \ t J J .

apport of êfBtg

A NEW air clutch, in a 1-in. dian 
** case, provides almost five times th< 
torque available with conventional mag 
netic clutches of the same size. In < 
1/2 in. size, the air clutch shows ever 
more dramatic improvement over mag 
netic clutches—a factor of almost 14.

The 1-in. (size 10) clutch is part of 
a line developed by Elm Instrument 
Corp., 30 Chasner St., Hempstead, L.I., 
N.Y., that now includes a size 5 and a 
size 10 and will include a size 18 in six 
weeks. Each clutch has two concentric, 
stainless-steel shafts extending from one 
end of the housing. The outer shaft has 
a 1/4 in. OD while the inner one, ex­
tending for a 1/2 in. beyond the end 
of the outer one, has an OD of 1/8 in. 
These shafts can be driven independ­
ently of each other, or they can be 
driven simultaneously. They can be 
driven in the same direction at different 
speeds or in opposite directions.

ELECTRONIC DESIGN • April 26, 1961
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NUMBER 13-NEW PRODUCT SERIES

Breakaway torque vs inlet-air pressure for n size 
10 air clutch.

ELECTRONIC DESIGN • April 26, 1961

Exclusive designers and manufacturers of Trimpot® potentiometers Pioneers in transducers for position, pressure, acceleration 
CIRCLE 46 ON READER-SERVICE CARD

Here, just in length, is a wirewound potentiometer that 
is completely humidity-proof and operates at 175 C! Ideal 
for your printed circuit applications, it withstands 30G vibra­
tion and 100G shock, dissipates 0.5 watt at 70°C (0.2 watt 
at 125°C), and has tapered pins for quick, easy mounting
Sealed against humidity in a high temperature plastic case, 
the Model 3000 exceeds the requirements of MIL-STD-202A, 
Method 106. The 15-turn screwdriver adjustment permits 
pinpoint settings and the self-locking shaft keeps them accu-

The units come in green, anodized- 
aluminum housings. A hose adapter is 
provided which allows a clutch to be 
connected to any convenient air supply. 
The units can easily be driven by a low­
cost, fish-tank, air pump.

The size 10 air clutch develops a 
torque differential, of 320 in.-oz (at 60 psi 
inlet pressure) compared with the 72 
in.-oz avaliable with magnetic clutches. 
At 2 psi, the size 10 air clutch delivers 
a torque differential of 96 in.-oz. In the 
size 5, the torque differential at 60 psi 
is 48 in.-oz compared with 3.5 in.-oz for 
magnetic clutches.

The clutches are powered by air pres­
sure delivered through a 3/16 in. ID 
tube. Their response times are less than 
4 msec.

Using ABEC Class 5 bearings the air 
clutches can operate in a temperature 
range from —5 F to 4-400 F. They are 
also available with oil-impregnated 
bronze bearings at lower cost. The air 
clutches are all designed to pass the se­
vere environmental specifications in 
MIL-T-5422.

Unit price for the size 10 clutch is 
$138.69 for quantities of 1 to 10. The 
price drops to $134.53 for 11 to 25 units, 
to $131.76 for 26 to 50 units, to $128.29 
for 51 to 100 units, to $124.82 for 101 
to 500 units, and finally, to $110.95 for 
more than 500 units. Prices are about 
10 per cent lower for the size 5. The 
clutches are available for immediate 
deliver}’.

For more information on these small, 
high-torque, air clutches, turn to the 
Reader-Service Card and circle 251.

Now—an Even Smaller
High-Temperature Trimpot® Potentiometer

rate. For maximum stability, the unit incorporates a ceramic 
mandrel Reliability is outstanding. The exclusive Silverweld’*' 
bond between terminal and resistance wire is virtually inde 
structible under thermal or mechanical stress.
Available within 24 hours from factory and distributor stocks, 
the Model 3000 is stocked in resistances of 50 ohms to 20K. 
A Resiston* carbon version, Model 3001, is available with 
resistances of 20K to 1 Meg Write for complete data and list 
of stocking distributors.



7235 Triode

Assembled terminal block stack is locked into aluminum track

Modular Terminal
Panel Wiring Block

regulation and stabilization

400 to 25.000 volts

reduces ripple

higher reliability

economy of cost, weight and space

5R0C HOUGH AVENUE

Tab terminals lock into modular cage as­
sembly without use of tools.

Varying 
Input

ELECTRONIC DESIGN • April 26, 1961

Variable Load
Constant Voltage

sophisticated results 
from simple circuit

Corotron
Reference

EXPORT 140 WEST 17TM ST • NEW YORK 17. NEW YORK 
CIRCLE 47 ON READER-SERVICE CARD

VERSATILE power control circuiting 
for switchboards, control panels, and 

industrial instrumentation is provided 
by a newly designed modular terminal 
block. The modular technique allows 
rapid, simple change of stack configura­
tions to suit the many variations of wir­
ing logic.

Manufactured by AMP Inc., Eisen­
hower, Blvd., Harrisburg, Pa., the Termi- 
Blok uses modular 3-circuit common and 
6-circuit common insulated cage assem­
blies which fit into an extruded alumi­
num track. The cages are made of tin­
plated brass, and are housed in nylon 
insulators. Within each of the cage as­
semblies, a slotted, stainless steel spring 
member accepts tab terminals without 
necessity of any mechanical adjustment. 
No tools are needed for insertion or 
withdrawal. Individual cages can be 
added anywhere in the stack.

The heavy-duty terminal block is rated 
at 35-amp continuous current, or maxi­
mum wire temperature of 105 C. Voltage 
drop of the cage assembly, measured



between the end terminals of a 3-way 
cage, is 10.0 mv maximum at 12 amp. 
The block has a 125 per cent current­
cycling overload capacity; insulation re­
sistance is 1,500 v de at sea level. Com­
ponents withstand vibration, corrosion 
and humidity tests in accordance with 
military specifications.

The insulated cage assembly is avail­
able in two styles: series 3, accommodat­
ing 3 circuits per linear inch of track, 
and series 4, with 4 circuits per inch. 
One size of track width will accept both 
series. Series 3 has a higher, thicker 
nylon insulator to permit an increased 
creepage distance of 5/8 in. minimum 
with a 1/4-in. strike distance, for high- 
current applications or use where heat 
dissipation is important.

The high density afforded by this cage 
design, 0.275 in. center-to-center lineal 
spacing for series 4 and 0.333 in. for 
series 3, is further complemented by the 
front-loading feature of the modules.

Tab terminals are joined to circuit 
wires by a manual or automatic com­
pression crimp. The 0.031-in. thick tab 
will accommodate wire sizes from 14 to 
22 AWG. Insertion force is 2 lb min to 
15 lb max; withdrawel force is 5 to 15 
lb. The 0.040-in. thick terminal accepts 
wire sizes from 10 to 12 AWG; with­
drawal force is slightly heavier than in 
the thinner tab. Pre-insulated terminals 
are color-coded by wire size.

Cage assemblies are available in 10 
colors of nylon insulators for color cod­
ing of circuitry. An end-barrier nylon 
insulator, one per stack length, is used 
to enclose the last cage in the stack.

The extruded aluminum track is sup­
plied either plain or coated with poly­
vinylchloride. Desired length is cut with 
a hacksaw’ from the standard 6-ft sec­
tion. The 0.200-in. lip on either side of 
the track permits use of adhesive mark­
ing tape for identification of circuits.

A coaxial cable support bracket, to be 
available on special order, will hold a 
connector in the track to accommodate 
2 coaxial conductors.

Price of the modules is less than $0.10 
per circuit in large quantities, $0.15 each 
in small quantities. Standard items are 
available from stock; special orders are 
filled in 4 to 6 weeks.

For more information on these modu­
lar power control terminal blocks, turn 
to the Reader-Service Card and circle 
252.
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Easy to operate,
highly stable,
wide range

$ 202A FUNCTION GENERATOR-Down to 0.008 cps; 
transient-free!
Uses: Electrical simulation of mechanical phenomena, vibration 
studies, servo research and testing, medical research, geophysical 
problems, subsonic and audio testing.
Advantages: No switching transients, continuously variable 
0.008 to 1,200 cps range, 30 v output peak-to-peak constant, hum 
less than 0.05%, square, triangular or electronically synthesized 
sine waves, 1% stability, 0.2 db response, less than 1% distortion 
(sine waves) on all but x 100 range.
Price! $550.00 (cabinet model), $535.00 (rack mount).

$ 650ATEST OSCILLATOR-Flat within 1 db, 10 cps 
to 10 MC!
Uses: Testing TV amplifiers or wide-band systems, measuring 
filter transmission characteristics and tuned circuit response, 
determining receiver alignment, making telephone carrier and 
bridge measurements.
Advantages: No zero set, no adjustments during operation, out­
put voltage range 30 mv to 3 v, less than 1% distortion, 20 cps to 
100 KC; less than 2%, 100 KC to 1 MC; approx. 5% at 10 MC. 
Hum less than 0.5%, output voltage attenuator, self-contained 
voltmeter, 2% to 3% stability.
Price: $550.00 (cabinet model), $535.00 (rack mount).

PRECISION
OSCILLATORS

precision oscillators perform a wide variety of audio, video, and low frequency tests. They 
offer the outstanding advantages of flexibility and broad usefulness at moderate cost. Employ­
ing the pioneered RC resistance capacity circuit, the units combine accuracy and reliability 
with ease of operation and minimum adjustment.

$ 205AG AUDIO SIGNAL GENERATOR-Six instruments 
in one; 20 cps to 20 KC!
Uses: Measure amplifier gain and network frequency response, 
measure broadcast transmitter audio and loudspeaker response, 
drive bridges, use in production testing or as precision source for 
voltages. Monitors oscillator output, measures output of device 
under test.
Advantages: Self-contained instrument, no auxiliary equip­
ment needed. 5 watts output, ± 1 db response, less than 1% dis­
tortion, hum more than 60 db down, no zero setting, output and 
input meters read v and dbm; four output impedances.
Price: $600.00 (cabinet model), $585.00 (rack mount).

pioneered the world-famous 

resistance-capacity

oscillator circuit

$ 206A AUDIO SIGNAL GENERATOR-Less than 0.1% 
distortion; 20 cps to 20 KC!
Uses: Convenient, precision audio voltage source; checks FM 
transmitter response, makes high quality, high fidelity amplifier 
tests, transmission measurements.
Advantages: Continuously variable audio frequency voltage, 
(output 15 dbm) 0.2 db response, hum 75 db down, 2% frequency 
accuracy, less than 0.1% distortion. Ill db attenuator with 0.1 db 
steps.
Price: $800.00 (cabinet model), $785.00 (rack mount).
Data subject to change without notice. Prices f.o.b. factory.

HEWLETT-PACKARD COMPANY
1031K Page Mill Road Palo Alto, California, U.S.A.

Cable “HEWPACK” DAvenport 6-7000
HEWLETT-PACKARD S.A.

Rue du Vieux Billard No. 1, Geneva, Switzerland
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 

Field representatives in all principal areas
CIRCLE 48 ON READER-SERVICE CARD
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NEW PRODUCTS

674

Digital Clock 
Times Long Periods

Thermoelectric Junctions 
In Arrays and Modules

ELECTRONIC DESIGN • April 26, 1961

Covering all new products generally specified by engineers designing electronic original equipment 
Use the Reader-Service Card for more information on any product. Merely circle number correspond­
ing to that appearing at the top of each description.

Designed to serve as a long-duration data timer or as date-time source for data- 
processing equipment, digital clock provides a binary-coded output of day, hour and 
minute. Output is contact closure; a visual readout is also provided. With no tubes or 
transistors, the design gives trouble-free service.

Electro-Logic Corp., Dept. ED, 515 Boccaccio Ave., Venice, Calif.
PUA: $895; 30 days.

Spot cooling of power transistors and other components is provided 
by the TA-20 array and TA-20M module, both containing a group of 
smaller junctions. The rigidly constructed module, measuring 1-1/2 x 
1-1/2 x 1/2 in., can pump more than 20 w or typically attain a tempera­
ture differential in excess of 80 C. With 1/16-in. aluminum plates on top 
and bottom, the module is ready for use as a complete thermoelectric 
unit.

Ohio Semiconductors, Dept. ED, 1205 Chesapeake Ave., Columbus 
12, Ohio.
Prices TA-20, $85.19 to $56.79; TA-20M, $91.06 to $60.71.

Silicon Power Varactors 675 
Available in 55 Models

Silicon varactor diodes MA-4351A- 
G through MA-4358A-F offer a wide 
variety of piv ratings from 6 to 120 v, 
and junction capacitance values (mea­
sured at breakdown voltage) rang­
ing from 0.1 to 50 pf. The 55 models 
provide high-efficiency harmonic gen­
eration from 1 to 40,000 me. The pill 
case has axial prongs, one of which 
may be removed for mounting on tap­
ped posts. Junction series resistance 
values range from 1.1 to 21 ohms. The 
diodes are hermetically sealed and 
meet military environmental tests. The 
two large units in the photo show 
construction of the varactors, four of 
which are arrayed below the postage 
stamp.

Microwave Associates, Inc., Dept. 
ED, Burlington, Mass.
Availability: Sample quantities

DIGITAL CLOCK
HOU* MINUTEOPERATE OAT

OPR

CAL SELECTOff CALIBRATE

LECTRO-LOGIC CORP. CAL SET



SM GROUP
Optional 0.1% or 0.01 % regulation:

5V*" PANEL HEIGHT

3Va" PANEL HEIGHT
0.1% DC OUTPUT 0.01%

REGULATION RANGE REGULATION
MODELS VOLTS AMPS MODELS

SM 14-7M 0-14 0-7 SM 14-7MX
SM36-5M 0-36 0-5 SM 35-15MX
SM75 2M 0-75 0-2 SM 75-2MX
SM 160-1M 0-160 0-1 SM 1601MX
SM 325-0.5M 0-325 0-0.5 SM 325-0.5MX

SM 14-15M
SM 36 10M
SM 75-5M

0-14 
0-36 
0-75

0-15 SM 14-15MX 
0-10 SM 36-10MX

makes
0-5 SM 75-5MX

Capacitance Bridge 
For Electrolytic Capacitors

677
SM 160-2M 0-160 0-2 SM160 2MX
SM 325-1M 0-325 0-1 SM 325-1MX

Model 1W1 capacitance and dissipation factor 
bridge is for the measurement of both tantalum and 
aluminum electrolytic capacitors. It has provisions 
for 2-, 3- and 4-terminal measurements. An optional 
0 to 600 v de polarizing power supply is available. 
Specifications for capacitance are: range, 0 to 120,- 
000 pf; accuracy, ±1$ +10 pl; sensitivity, ±0.1$ 
+ 10 pf. Specifications for dissipation factor are: 
range, 1 to 120$; accuracy, ±(2$ +0.1$ dissipation 
factor); sensitivity, ±(0.2$ +0.05$ dissipation 
factor).

Sprague Electric Co., Dept. ED, North Adams. 
Mass.
PUA: $845; May 1,1961.

8%" PANEL HEIGHT
SM 14-30M 0-14 0-30 SM 14-30MX
SM35-15M 0-36 0-15 SM36-5MX
SM 75-8M 0-75 0-8 SM 75-8MX
SM 16O4M 0-160 0-4 SM 16O-4MX
SM 325-2M 0-325 0-2 SM325 2MX

HB GROUP
Optional 0.1% or 0.01% regulation:

3Va" PANEL HEIGHT

REGULATION

H8 2M 
HB 4M
HB5M

OC OUTPUT 
RANGt

VOLTS MA 

0-325 0-200 
0-325 0-400

0.01% 
REGULATION 

MODELS

HB 20M 
HB40M

0-325 0-600 HBC0M

678
HB8M 0-325 0-600 HBB0M

For Solid-State Scalers
All solid-state preset timer model 855-6 is designed 

for use with any transistorized scaler. Two inter­
changeable time bases, 10-kc crystal controlled os­
cillator and 60-cps line, are easily changed by in­
serting plug-in cards. A five-digit neon readout 
expresses elaspsed time in multiples of tenths of a 
sec for the 60-cps time base and multiples of one 
hundred thousandths of a minute for the 10-kc time 
base. Preset circuitry operates on any single digit. 
Any digit may be preset in any decade, one decade 
at a time. All other decades are preset to zero auto­
matically.

Eldorado Electronics, Dept. ED, 2821 Tenth St., 
Berkeley, Calif.
PbA: $1,600 with 10-kc oscillator, $1,460 without; 
GO days.

ELECTRONIC DESIGN • April 26, 1961

SM GROUP
Precise, reliable performance in a 
wide choice of output ranges.
Three rack sizes: 84k" H, 544" H, and 
344" H. Impervious to operational 
damage: circuit protection is an in­
herent function of input transformer 
and regulator characteristics.

HB GROUP
Exceptional performance: delivers 
0-325 v de at 200, 400, 600 or 800 
ma from one standard 344" H rack­
mounting package.
Incorporates many "special" features 
as standard: constant current mode, 
remote programming, remote de on- 
off control.

PR GROUP
7" PANEL HEIGHT

oc output range
MOWL VOLTS AMPS

PR15-30M 0-15 0-30
PR38-15M 0-38 0-15
PR 8O-8M 0-80 0-8
PR 155-4M 0-155 0-4
PR 310-2M 0-310 0-2

PR GROUP
A flexible now general-purpose line 
of semi-conductor power supplies. 
Adjustable wide-range outputs.
±1% line regulation; semi-regulated 
for load. Many standard modifications 
available.

CIRCLE 49 ON READER-SERVICE CARD

power
supply
nows I
for

61
FOR DETAILED 
SPECIFICATIONS 
ON MORE THAN 
150 STANDARD MODEL 
POWER SUPPLIES. 
SENO FOR
KEPCO CATALOG 8-611

131-36 SANFORD AVENUE

FLUSHING 52, N. Y. 
IN 1-7000 • TWX #NY4-5196

65



NEW PRODUCTS
650Acoustic Transducer

657

TI germanium power 5 through 25 amp series

649DC Voltage Standard

DESIGNED FOR POWER SUPPLIES/AMPLIFIERS/GENERAL PURPOSE SWITCHES

Texas Instruments

distributors’ shelves... 1-999 units at factory prices.

In radial design. End radial porce­
lain capacitor model VY is available 
is reduced size. Standard thickness of 
5/32 ±1/32 in. and width of 9/32 
±1/32 in. provides more stable mount­
ing on printed-circuit boards. The unit 
is available in capacitance values from 
10 pf to 1,000 pf.

Vitramon, Inc., Dept. ED, Box 544, 
Bridgeport 1, Conn.

New de voltage standard and null 
voltmeter, model 302, provides short­
term stability better than 25 ppm and 
30-day stability better than 50 ppm. 
Output voltages can be set from 1.000 
to 502.110 v in 1-mv increments. In­
strument can deliver 20 ma. Output 
impedance is less than 0.01 ohm for 
de, less than 0.2 ohm at 1 kc.

I Kin Tel Div. of Cohu Electronics, 
I Inc., Dept. ED, 5725 Keamy Villa 
I Road, Box 623, San Diego 12, Calif. 
I Availability: 30 days.
< CIRCLE 50 ON READER-SERVICE CARD

An acoustic transducer, named the 
Oyster, is designed to operate under 
water. Able to tolerate water pressure 
up to 60 psi, the device has a fre­
quency range from 10 cps to 10 kc. 
Below resonance, it has a nondirec- 
tional, flat, —82 db response referred 
to 1 v per microbar.

Clevite Ordance Div. of Clevite 
Corp., Dept. ED. 540 E. 105 St., 
Cleveland, Ohio.

■ Lowest thermal resistance available... 0.5°C/watt ■ Highest total dissipation available... 

150 watts ■ Get 150-watt dissipation with your present circuit designs... TO-3 package ■ Longer 

battery life in DC circuits... Low Icbo ■ Immediately available from Texas Instruments

Renlace your low dissipation units with TI 150-watt devices now! Cail your nearest TI sales engineer for price, 
delivery and application information.

TI 
Type 

Numbers 2N
25

0

2N
25

1

2N
45

6A

2N
45

7A

2N
45

8A
..

2N
10

21

2N
10

22

2N
51

1

2N
51

1A

2N
51

1B

2N
51

2

2N
51

2A

2N
51

2B

2N
51

3

2N
51

3A

2N
51

3B

2N
51

4

2N
51

4A

2N
51

4B

lc 5a 5a 7a 7a 7a 10a 10a 10a 10a 10a 15a 15a 15a 20a 20a 20a 25a 25a 25a

BVcbo 30v 60v 40v 60v 80v lOOv 120v 40v 60v 80v 40v 60v 80v 40v 60v 80v 40v 60v 80v



Model 58SC accelerometer includes 
provision for self calibration even after 
installation. Acceleration range is from 
0.02 g to 40,000 g with maximum 
cross sensitivity of 5%. Temperature 
range is —65 to +350 F for standard 
units and —65 to +500 F for high- 
temperature units.

Columbia Research Laboratories, 
Dept. ED, MacDade Blvd, and Bul­
lens Lane, Woodlyn, Pa.
Prices $295 for 1 to 5 units.

Hermetic Switches 653

A line of hermetically sealed, rug­
ged, control switches includes spdt, 
dpdt, and 4pdt switches. The 28-vdc 
switches carry 5 amp for resistive 
loads, 2.5 amp for inductive loads, 4 
amp for motor loads, or 2.4 amp for 
lamp loads. Ambient temperature 
range is from —65 to +250 F.

Controls Co. of America, Dept. ED, 
Control Switch Div., 1420 Delmar 
Drive, Folcroft, Pa.

Servo Actuator 662
Is self-contained. Model 410 con­

tains a servo amplifier, servo valve and 
hydraulic cylinder. It can be furnished 
with any stroke length from 1 to 6 in. 
and cylinder diameter from 1-1/4 to 
2-1/2 in. Power supply is built in and 
command can be by potentiometer or 
external signal. Speeds are up to 40-in. 
per sec and frequency response is to 
40 cps with 90 deg lag.

American Measurement and Con­
trol Inc., CompuDyne Corp., Dept. 
ED, Hatboro, Pa.

CIRCLE 51 ON READER-SERVICE CARD ►

SILICON DIODE
All silicon gloss diodes of the 
some type number, regardless 
of the manufacturer,must meet 
minimum requirements. Meet­
ing these requirements is one 
thing, but consistently surpass­
ing them is another.
Princeton silicon diodes are 
subjected to the most rigid 
control possible . . . computer 
control. Computer logic applied 
to both manufacture and test­
ing produces the most reliable 
and most predictable silicon 
glass diodes possible.
Each lot of diodes has a com­
puter control record, contain­
ing the complete history of the 
specific lot. Customers may 
compare this record with their 
own standards to analyze and 
predict the performance of the 
diodes.

COMPUTER

RELIABILITY
Over 100 types ore now avail­
able from Princeton Electronics
Corporation . . . your most 
logical source for ultra-reliable 
subminiature silicon diodes
specifically designed to meet
demanding military and indus­
trial computer applications. 
Write today for short form cat­
alog of available ratings.



NEW PRODUCTS

Miniature Relay 660

GAIN OFNEW WESTINGHOUSE
SILICON POWER TRANSISTOR

PROVIDES
Push Button Switch 659

if it's Westinghouse. SC-1025

OTHER FEATURES INCLUDE

Collector current—10 amperes

They’re ideal for application in high power, high effi­
ciency regulators, amplifiers and switching circuits. For 
example, 1500 watts of power can be easily controlled 
with a 50 milliwatt signal! For full information call your 
nearest Westinghouse representative or write to Semi­
conductor Dept., Youngwood, Penna. You can be sure

True Voltage Ratings to 150 volts 
Power dissipation of 150 watts

Operating temperature to +150°C. 
Low thermal impedance: .5°C/watt

Has quadrant lighting. A cellular- 
ized module and associated push rod 
allows any quadrant of the Quadlite 
push button switch to be lighted in­
dividually. It has a spdt switch rated 
at 5 amp at 125/250 v ac, 4 amp at 
30 v de, resistive, or 2.5 amp at 30 v 
de inductive.

Controls Co. Of America, Control 
Switch Div., Dept. ED, 1420 Delmar 
Drive, Folcroft, Pa.

Commutator Simulator 654

Westinghouse introduces a complete new family of 
High Gain Silicon Power Transistors providing a gain of 
1000 or more at 2 amps... with guaranteed minimum 
gain of 400 at 10 amps (WX118X series)... a guaran­
teed minimum gain of 100 at 10amps(WX118U series). 
These devices can substantially reduce circuit compo­
nents, increase reliability, save space and weight.

Has glass-to-metal hermetic seal. 
The relay, called the centipede, has 
eight terminals and four mounting pins 
which fit on 0.200-in. centers for 
standard printed-circuit grid mount­
ings. Glass-to-metal sealing and re­
cessed leads set in epoxy are used. A 
dpdt type, it is available in voltage 
and current sensitive models with coil 
resistances from 0.1 to 11,600 ohms. 
It measures 0.4 x 0.8 x 0.875 in.

Control Dynamics Corp., Dept. ED, 
7420 Fulton Ave., North Hollywood, 
Calif.

Two solid-state telemetry checkout 
instruments, a commutator simulator 
and a decommutator feature portabil­
ity and 1 per cent accuracy. The sim­
ulator generates repetitive pulse 
frames for either pam or pdm. It can 
frame any number of pulses to operate 
at any repetition rate. The decommu­
tator receives pam or pdm pulses and 
provides the analog of the information 
in any desired pulse. Both instruments 
are available with 30, 45, 60, or 90 
channels. They each weigh 7 lb.

Crestmont Consolidated Corp., 
Dept. ED, Crestmont Electronics Div., 
2201 W. Burbank Blvd., Burbank, 
Calif.
PG At $1,200 per unit; 3 weeks.

NEW FROM WESTINGHOUSE AT YOUNGWOOD

WX118-XC
6108337

New Westinghouse High Gain Transistor simplifies circuitry, increases 
reliability, eliminates driver stage components, reduces cost of assembly



SILICON POWER
RECTIFIERS

AND
TRANSISTORS

NOW IN STOCK
YOU CAN OBTAIN
UP TO 10OO PIECES

OF MOST TYPES
AT

FACTORY PRICES
FROM

ELECTRONICS
HERRICKS ROAD

MINEOLA I I N.Y

PIONEER 6 SS2O

TWX G-CY-NY-SeOU
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EASTERN
ACK SEMICONDUCTOR INC 

Birmingham S, Ala./FA 2-0588
CAMERADIO Pittsburgh. Pa./EX 1-4000
CRAMER ELECTRONICS, INC.

Boston. Mass./C0 7-4700
ELECTRONIC WHOLESALERS INC 

Melbourn«, Fkxida/PA 3-1441
GENERAL RADIO SUPPLY CO INC 

Camdan, NJ/WO 4-8500
GENESEE RADIO PARTS CO 

Buffalo. N Y./DE 9601
KANN-ELLERT ELECTRONICS, INC.

Baltimora. Md.ÁU 9-4242

RADI ) DISTRIBUTING CO

oEMICONOUCIOR SPECIALISTS. INC 
Chicago. Ill /NA 2-8860

S STERLING CO 
Detroit. Mich /BR 3-2900

UNITED RADIO. INC 
Cincinnati. Ohio/MA 1-6530

WESTERN
ELMAR ELECTRONICS

Oakland. Calif ./TE 4-3311
HAMILTON ELECTRO SALES

Los Angeles. Cahf./BR 2-9154
NEWARK ELECTRONICS CO 

Inglewood. C»lit/OR 4-8440

SCHWEBER ELECTRONICS 
Long Island. N Y/PI 6-6520 

Silver Spring, Md./JU 5-7023

MIDWESTERN
ELECTRONIC COMPONENTS FOR

INDUSTRY CO
St. Louis. Mo /WO 2-9917

1000 AT 2 amps!
Prototype quantities now available. Order from these Westinghouse Distributors

MILGRAY ELECTRONICS
New York. N.Y/RE 2-4400 

RADI» A ELECTRONICS PARTS CORP
Indianapolis. Ind Ml 7-5571

Cleveland Ohio/UT 1 6060 w
HALLMARK INSTRUMENTS CORP.

Dallas, Tesas, RI 7-9385 -------------------^pLY coINTERSTATE RADIO A SUI._. —.
Denver 4. Colo /TA 5-8257

LENERT CO Houston Tesas/CA 4-2663 Westinghouse

Westinghouse

Schweber



NEW PRODUCTS
Panoramic Receiver 632

I hear
about LFE

Dept. ED, Wilton

Antenna Multicoupler 633

THROW AWAY YOUR AMPLIFIER!
Dept ED, Wilton

Switching Deck 628

Name

Title

Address

CIRCLE 54 ON READER-SERVICE CARO

Company 

Division

Trak Electronics Co 
Conn.

Now, in 
Strain Gage 
Pressure 
Transducer 
Applications

The Fairchild 3S-G is the industry’s first ccmmercially-available 
line ot solid-state strain gage pressure transducers that produce a 
5-volt d-c output signal!
This revolutionary new line of precision instruments offers improve­
ment on the desirable characteristics nf conventional strain gage 
pressure transducers, piezo-electric pressure transducers and poten­
tiometer-type pressure transducers.
The 3S-G is small (approx 3 inches long) and lightweight (approx. 
5 ounces) and does not require external amplification.
3S-G pressure transducers are rugged. They are responsive to both 
static and high-frequency dynamic inputs. They possess extraor­
dinary environmental capabilities, and are extremely accurate They 
produce a high-output signal and are completely solid-state which 
assures the ultimate in reliability. The 3S-G with all these features, 
is also competitively priced.

about 10 lb.
Trak Electronics Go 

Conn.

LABORATORY FOR ELECTRONICS
DATA STORAGE OPERATIONS 

COMPUTE* PRODUCTS DIVISION 
1079 COMMONWEALTH AVENUE

to the industry.
Why don't you 

write for 
further info?''

'They have been 
making them 

for years
for their own 

systems! 
Now they're 

available

Say, 
what's this

making
read/write

heads for 
magnetic drums

and

BOSTON IS, MASS.

Is transistorized. Model 7 wideband antenna mul­
ticoupler operates from 2 to 32 me, providing outputs 
for 8 receivers from a single antenna. The solid-state 
unit has input and output impedance of 75 ohms. 
Insertion gain is 2 db, noise figure less than 8 db. 
Input vswr is 1.7:1, output vswr 1.14:1. Unit weighs

With narrow switches. Any desired number of 
switches can be stacked in the series SD101 switch­
ing deck. Individual switches measure 7/16 in. wide. 
Switch depth behind panel is 1-3/4 in., height 1-5/8 
in. Number of switching sequences per switch is 1 
to 10 The units meet military specifications.

Valor Instruments, Inc., Dept. ED, 13214 Cren­
shaw Blvd., Gardena, Calif.

225 Park Avenue, Hicksville, I. I., N V.

TRANSDUCERS • RATE GYROS
CIRCLE 55 ON READER-SERVICE CARD 

ELECTRONIC DESIGN • April 26, 1961

■ JS-G pressure trans B
H ducer» are available ■ B
■ in pew and versatile 
■ performance var a 
M tions — for military
I and industrial appli- wt——

H cations Write for । 
«•« new catalog.

6111 E. Washington Blvd., Los Angeles, Calif.

POTENTIOMETERS • ACCELEROMETERS

Range 100 to 150 me. Model Pan IF panoramic 
receiver has no moving parts and features an elec­
tronic sweep and inertialess tuning. The highly sen­
sitive receiver scans from 100 to 150 me at 22 sweeps 
per sec and furnishes a visual display of all signals 
through the range. Frequency measurement accuracy 
is 0.2%; dynamic range is 60 db. Expanded sweep 
displays 1-, 5- or 10-mc sections. Power require­
ment is 117 v, 400 cps. The 3-chassis set weighs a 
total of 60 lb.

itìIRCHILD
CONTROLS CORPORATION



Modular Solderer 652

Static Inverter 655

Kidde & Co. Dept,
Brighton Road, Clifton, N.J

663Electromagnet

CIRCLE 56 ON READER-SERVICE CARD >

environmental requirements. 
Kidde Aero-Space Div., Walter

ED, 9

Has 31,500 gauss field. Model 18A- 
LI-HI electromagnet has high field, 
large gap and high homogeneity. The 
1-1/2-in. diam pole tips. Maximum 
power of the magnet is 200 kw for 
low impedance coils and 12 kw for 
high impedance coils.

Pacific Electric Motor Co., Dept. 
ED, 1009 66th Ave., Oakland, Calif.

Solid-state static inverter Model 
SI-2 converts 22 to 28 v de to an out­
put of 115 v ±10%, single phase, 60 
cps. Sinusoidal output waveform has 
less than 5% total harmonic distortion. 
Output power is 350 va. Size is 9 x 10 
x 11 in. over-all. The inverter meets

An automatic soldering system for 
production-line soldering of pc boards 
and in-line terminals is made of a num­
ber of independent modules. Modules 
are available for soldering, fluxing, 
preheating, cleaning, drying, scrub­
bing, and cooling. Solder temperature 
and contact time can be varied. Wave 
soldering can be used or jet soldering.

Compo Shoe Machinery Corp., 
Dept. ED, Special Products Div., 125 
Roberts Road, Waltham 54, Mass.
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never-failing stream of chilled water for 3 years

ELLIS AND WATTS 
PRODUCTS, INC.
Creative Engineering in
Temperature and Humidity Control
• Air Conditioners • liquid Coolers
• Dehumidifiers • Console Coolers
P.O. Box 33D. Cincinnati 36, Ohio





631Vacuum Oven

640Line Monitor

proof operate over a wide temperature

Rectifier Cooler 641

PLOTTING THE EARTH’S MAGNETIC 
FIELD im one of the many uses for this port­
able Gaussmeter from F. W. Bell, Inc. Power 
source for this sensitive, transistorized instru­
ment, Mallory Mercury Batteries assure good 
voltage stability over long periods of time and 
a very high capacity per unit volume.

CONVERTING CURRENT TO VOLTAGE, 
the new Hewlett-Packard AC current probe 
simplifies measurements of alternating current. 
Two Mallory Mercury Batteries provide the 
instrument’s low impedance power supply, with 
fade-free service of approximately 400 hours.

ELECTRONIC GARAGE DOOR OPER­
ATOR made by H. W. Crane Co. transmits a 
radio signal to operate garage door from inside 
car. The compact, transistorized control is 
powered by Mallory Mercury Batteries. These 
tiny cells deliver long, dependable service with 
a constant voltage output.

In portable case. The 400-cycle line monitor of 
the Shop-Lab series of precision portable instruments 
uses two expanded-scale meters. Frequency meter ac­
curacy is 0.05%, voltmeter accuracy 0.5%. The rugged 
instrument is lightweight and compact.

Voltron Products, Inc., Dept. ED, 1020 S. Arroyo 
Parkway, Pasadena, Calif.
Price & Availability; $375; 30 days.

Operates at 800 C. Commercial vacuum oven can 
operate at temperatures to 800 C and pressures as 
low as 0.000001 mm. Temperature uniformity is ±3 
from 0 to 800 C. Heating and control elements are in 
the vacuum chamber to afford even temperatures 
and precise readings of temperature and vacuum.

Tri Metal Works, Inc, Dept. ED, Riverton, N. J.

Has low thermal resistance. Rectifier cooler model 
NC-423 offers low thermal resistance per unit vol­
ume: 0.8 C per w with natural convection, down 
to 0 3 C per vv with forced air. Special units for high­
power rectifier stack designs are available with 
natural-convection thermal resistance as low’ as 0.5 C 
per vv.

Wakefield Engineering, Inc., Dept. ED, 414 Main 
St.. Wakefield, Mass.

CIRCLE i7 ON READER-SERVICE CARD
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Mallory Battery Company. North Tarrytown. N. Y. 

a division ot

We have a broad line of standard single or 
multiple voltage cells . . . and we’ll develop 
custom power packs for you. For consultation 
and engineering data, write Mallory—the 
mercury battery pioneers.

range . . . provide constant voltage discharge 
that’s ideal for transistor circuitry.

Want to miniaturize? Make a new product 
more portable? Get longer battery life, with 
fewer changes? You’ll get all these sales­
building extras—and more—from Mallory 
Mercury Batteries. Here’s power that won’t 
fade in use . . . never dies in storage. These 
tiny cells last many times longer than con­
ventional batteries ... are packed with much 
more capacity per unit size. They’re leak-

In Canada: Mallory Battery Company of Canada Limited 
Toronto k, Ontario

In Europe: Mallory Batterie», Ltd., Dagenham, England

MallorY



NEW PRODUCTS
Miniature Relay

639Coaxial Connector

626Bearing Counter

«00
This is the CYFM capacitor. 6 times actual size. The dark areas between the ends of the glass and the capacitance element are your visual proof of the complete glass to-metal seal.

The new Corning CYFM capacitor gives you reliability at a markedly 
lower cost than that of any like capacitor.

The CYFM goes far beyond MIL-C-11272B specs. It has proved its 
performance through more than 3,000,000 hours of testing. It took a 
50 day MIL moisture test and a 96-hour salt spray test with no measur­
able effects. We stopped testing only when it became evident that no 
more significant data could be developed. The CYFM went through 
other tests, with solvents, fluxes, boiling salt, and steam, to make sure it 
is the most completely sealed capacitor you can buy.

You’ll see why the CYFM can take such torture when you check its 
design. We stack alternate layers of stable ribbon glass and aluminum 
foil. Then we weld the foils to the bead-terminal assembly, which has a 
glass bead sealed to the Dumet wire lead. With heat and pressure, the 
entire capacitive element is frozen in glass for complete protection

CORNING GLASS WORKS, BRADFORD, 
CIRCLE 5« ON READER-SERVICE CARD

against environment and for structured protection against physical 
shock.

True glass-to-metal seals at the weld area and along the leads bar 
moisture. The seal of the leads to the glass shifts stresses from the leads 
to the entire monolithic unit, guarding the capacitance area. Of course, 
you get electrical performance to match this environmental stability, 
since the CYFM has our glass-foil capacitor construction.

The CYFM is machine made... each capacitor is the same as every 
other, to give you uniformity which hand production cannot match.

You can get immediate delivery on the CYFM in two types. The 
CYFM-10 gives capacitance values from 1 to 300 pf. The CYFM-15 
provides values from 220 to 1200 pf.

For the rest of the story on this capacitor, send for our data sheet. 
Write to Corning Glass Works, 540 High Street, Bradford, Pa,

Rated at 10 amp. Designed for space environment, 
series 200 relay is hermetically sealed and resists 
moisture and temperature extremes. It withstands 
shock and acceleration of 50 g, and vibration of 30 
g up to 2 kc. Life exceeds 150,000 operations at 10 
amp, 26.5 v de or 115 v ac. at 125 C. The 2.5-oz 
relay measures 1 x 0.6 x 1.25 in.

Wheelock Signals, Inc., Dept. ED, 273 Branchport 
Ave., Long Branch, N.J.
Price: About $8 ea.

Meets military requirements. Seven-pin coaxial 
connector has snap-in contacts that may be removed 
with an extraction tool A clamping mechanism re­
tains cable jacketing and braid with a minimum of 
15-lb force. Cables retained are RG/58U, RG/187U, 
RG/188U, and RG/159U. Contacts are copper alloy, 
rhodium plated; inner insulation material is Teflon.

Viking Industries, Inc., Dept. ED, 21343 Roscoe 
Blvd., Canoga Park, Calif.

With clear readout. Integral illumination provides 
uniform day and night readout in 360-deg bearing 
counter. Translucent figures 0.187 in. high give high 
contrast ratio with low gloss and spillage. Counter

CIRCLE 909 ON CAREER INQUIRY FORM. PAGE 163 ► 
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registers 000.0 to 359.9 and repeat at rate of 
deg per min. Torque is 1 oz-in. from 67 to 
F. Weight is 6 oz.

Veeder-Root Inc., Dept. ED, 70 Sargeant 
Hartford 2, Conn.

CORNING CYFM CAPACITOR 
has reliability you can see



inquiry card

may be the start

for you

a new way of life

Why not mail

llllllllllllllllllCONVAIR/ASTRONAUTICS

If the inquiry card has been removed, or 
if you wish to furnish or request more 
detailed information, please write to 
Mr. R. M. Smith, Industrial Relations 
Administrator-Engineering, Mail Zone 
130-90, Convair Astronautics, 5666 Kearny 
Villa Road, San Diego 12, California. (If 
you live in the New York area, please 
contact Mr. T. Cozine, manager of our 
New York placement office, c o General 
Dynamics, ! Rockefeller Plaza, New York 
City; telephone Circle 5-5034.1

DIVIS?ON%F GENERAL DYNAMICS

A new precision electronics system — the Azusa Mark II — is now 
in operation at the Air Force Missile Test Center, Cape Canaveral. 
Florida. Designed and built by Convair Astronautics, this remark­
able system performs a variety of tasks with exceptional reliability. 
To the range safety officer, it provides a constant prediction of the 
impact point of any missile should its engines fail in flight. Engineers 
can determine exactly the speed and location of the missile at any 
time during the flight by studying data recorded by the Mark II 
It can also be used to calculate satellite rendezvous points in space, 
track orbiting space vehicles, or determine interception points for 
satellite-to-satellite test and recovery missions.
Experienced electronic engineers are needed now to continue the 
refinement of this and similar systems and to develop them for 
future space missions.
You'll find more complete information, plus details of specific posi­
tions now available, on the next page.

ELECTRONIC 
ENGINEERS

AZUSA 
MARK II



FOLD

OPENINGS ALSO EXIST FOR ENGINEERS AND SCIENTISTS IN THESE AND OTHER AREAS

at off-site bases.

Write to Mr. R

the New York

CONVAIR/ASTRONAUTICS

equipment, pro­
missile checkout

5666 Kearny 
manager of

equipment operations. A degree in ME or EE. plus experience 
in electrical or mechanical systems required

Smith. Industrial Relations Administrator-

RELIABILITY
Reliability analysis and test, in San Diego and 
BS in EE, AE or ME required.

TRACKING SYSTEMS DESIGN
Communications, pulse and phase shift techniques for the design 
of ultra-precise missile and satellite tracking systems.

MECHANICAL DESIGN
For pneumatic, hydraulic and fluid systems design and test, and 
missile GSE and missile structures design. BS in ME or AE is 
required.

LAUNCH CONTROL CIRCUIT DESIGN
These are relay and transistorized open loop, and sequential 
switching circuits for the automatic control of the countdown 
process for the Atlas missile.

BASE ACTIVATION
Liaison or design support on launch control 
pulsion systems, automatic programming, and

FIELD SERVICE
Technical representation to the Air Force at various Atlas bases 
Engineering degree plus field service, flight test, or test engineer­
ing required.

Technical openings also exist in many other specialtie 
Engineering, Department 130-90, Convair/A stronautic

TELEMETERING DESIGN
Communications, modulation and data sampling techniques for 
telemetering and data aquisition systems.

Villa Road, San Diego 12, California. (If you live 
our New York placetnent office, Clrcle 5-5034.)

TEST EQUIPMENT DESIGN
Switching and analogue circuitry for automatic test and check 
out equipment Assignments are of a project nature — from con 
ception to production.

This battery of precision radar antennas—part of the Mark 11 .system—permit the Air Force to track missiles with incredible 
accuracy. The system tracks a missile hy transmitting radio signals to a small airborne transponder which beams a continuous 
signal back to earth. This signal is captured by these parabolic receiving antennas and sped into a computing system which 
translates the missile's flight progress on a large plotting board. Azusa Mark II was designed and built by Convair, Astronautics.

DI VISION AQF GENERAL DYNAMICS

ELECTRONIC ENGINEERS: Specialists are needed now to apply creative solu 
tions to design problems of advanced missile and space vehicle launch and tracking systems.

please contact Mr. T. Cozine,

PERSONNEL SYSTEMS (Man/Machine Analysis)
To evaluate the personnel function from a system standpoint. Requires analytical approach to applying 
manpower to an existing system at the customer level. Broad technical systems background with emphasis 
on human relations essential. Assignments involve analysis of manpower requirements and applications for 
a weapon system, including equipment, procedures, time studies, logistics, and training. Degree required, 
preferably in industrial engineering, business administration, or industrial psychology.



Frame-Grid Tubes 362

vibration/shock/noise con tro !

Elastomeric
Mountings

Switching Transistors 352

Scanner Unit 405

Michigan 2-6010

CIRCLE 60 ON READER-SERVICE CARD

All-solid-state scanner unit produces two 17-bit 
modified time-of-day codes in the Atlantic Missile 
Range format, and a 1-ppm pulse rate output The 
unit fits 19-in. rack mounting, and measures 7 x 17 
in. The weight is 27 lb, and the power requirement 
is 117 v, 50 to 400 cps at 70 w.

Electronic Engineering Co. of California, Dept 
ED, 1601 E. Chestnut Ave., Santa Ana, Calif. 
PUA: $5,775; 60 to 90 days.
< CIRCLE 909 ON CAREER INQUIRY FORM, PAGE 163 
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Subminiature frame-grid tubes CK 7994 and CK 
7995 are housed in T-3 button envelopes with nom 
inal outside dimensions of 0.375 by 1.25 in. The CK 
7994 is a high-frequency, grounded-grid triode, de­
signed for use in wide-band amplifier stages and 
grounded-grid amplifier applications. With a ratio of 
15 ma plate current to 18,000 umhos gm. the tube has 
a plate-to-cathode and heater capacitance of 0.25 pf.

The CK 7995 is designed for use as a wide-band 
rf or if amplifier, especially in equipment with a low 
plate supply voltage. It has 8-ma plate current, gm of 
13,000 umhos, and a grid-to-plate capacitance of 
0.03 pf. Tubes operate in environments to 220 C.

Industrial Components Div., Raytheon Co., Dept. 
ED, 55 Chapel St, Newton 58, Mass.
PU A: $8.50 ea; sample quantities.

XXrc you concerned with high reliability for equip­
ment with low vibration/shock tolerance? Is your 
application on aircraft, missiles, space craft or ground 
support equipment?

Then here’s the vibration isolator that gives you 
everything you need.

Lord BTR (Broad Temperature Range) Elasto­
meric Mountings cushion high G shock loads, isolate 
vibration to 2000 cps. give all-attitude protection, limit 
resonant amplification to approximately three or less. 
And this performance is unaffected by extreme environ­
ments and temperatures from —65 to +300 F. Size 
for size, ounce for ounce, they pack more load-carrying 
and energy-storage capacity than any other isolator.

Performance has been repeatedly proved on the 
most difficult applications. Even ultra-sensitive in­
ertial guidance systems on operational ICBM’s are 
now protected by standard production BT R Mountings.

Utilize this advance in vibration/shock/noise con­
trol to achieve higher reliability for your project.

Information on BTR Elastomeric Mountings is con­
tained in Bulletin 301, available from your nearest Lord 
Field Engineering Office or the Home Office, Erie, Pa.

Germanium pnp mesa transistors 2N705, 2N710 
and 2N711 are designed for use in military and com­
mercial data-processing equipment. The diffused- 
base units meet requirements of MIL-S-19500B. 
Combined turn-on, storage, and tum-off time is 275 
nsec for 2N705 and 2N710, and 450 nsec for 2N711. 
Power dissipation is 150 mw max at 25 C; minimum 
beta is 25, alpha cut-off frequency 300 me. Package 
is TO-18.

Radio Corp, of America, Semiconductor and Ma­
terials Div., Dept. ED, Somerville, N. J

LOS ANGELES. CAL. • Hollywood 4
NEW YORK, N. Y. (Paramus, N. J.) 

New York City BRyant 9-8042
I LARO ' niVCIJIUO l

DAYTON OHIO ■ BAIdwin 4 0351 PHILADELPHIA, PA. • PEnnypacker 5-3559
DETROIT. MICH -Diamond 1-4340 SAN FRANCISCO, CAL. • EX brook 7 6280
KANSAS CITY. MO ■ WE st port 1-0138 WINTER PARK, FLA. • Midway 7 5501

’in Canada —Railway & Power Engineering Corporation Limited*'

LORD MANUFACTURING COMPANY • ERIE, PA.

the answer to high reliability for sensitive
instruments, guidance systems, electronic equipment

advance



NEW PRODUCTS
Mylar Tubing 357

the strong case for Centricores
When you’re considering magnetic cores 
it pay* to get down to cases. The sturdy 
aluminum case for Centricores assumes 
special Importance where impact, vibration, 
heat or mechanical pressure could cause 
trouble in a control loop you’re designing, or 
where you want to miniaturize an Inductive 
component.
The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis­
torting the core’s magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their damping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment.

Here’s a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market.
Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing.
Write for complete deta. Centricores are avail­
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 
up to twelve. Write for detailed specifications today.

A wide range of inside diameters, from 0.040 in. 
to 8 in., is available in a new line of Mylar tubing. 
Wall thicknesses range from 0.001 to 0.050 in. in re­
lationship to diameter. Dielectric strength is 2,500 v 
per mil Tubing withstands 300 F continuously and 
is rated Class B (130 C). Material is impervious to 
common solvents and resists corrosion and fungus.

Resinite Corp., Dept. EI-2, Dept. ED, 6984 N. 
Central Park Ave., Chicago 45, Ill.

Time Code Generator 404

Time code generator model 804 supplies time code 
with a frequency stability of three parts in 10*. Three 
additional auxiliary pulse rates are provided: 20-bit, 
24-hour binary coded decimal (BCD) code; 1 me 
differentiated square wave; and 1-pps pulse. This 
all-solid-state unit requires 65 w, 100 to 130 v at 50 
to 400 cps. The generator measures 7 x 19 x 17 in.

Electronic Engineering Co. of California, Dept. 
ED, 1601 E. Chestnut Ave., Santa Ana, Calif.
P&A: $7,925; 60 to 90 days.

Proximity Limit Switch 399

AGNETIC
kLS Hayes Avenue at 21st Street, Camden 1, N.J.

853 Production Place, Newport Beach, California 
h transformer laminations • motor laminations • tape-wound cores 
|| powdered molybdenum permalloy cores • electromagnetic shields

CIRCLE 61 ON READER-SERVICE CARD

Sensitive to ferrous and nonferrous metals, the 
proximity switch includes completely transistorized 
control and pick-up unit. Contaminants that collect 
on the pick-up do not affect the operation, and the 
pick-up will not attract metal chips.

Electronic Signals, Inc., Dept. ED, P. O. Box 3811 
Cleveland 10, Ohio.
Price: $72.00 and up.

ELECTRONIC DESIGN • April 26, 1961



CHesapeake 3 3220

245-5640
(A MESA MICRO-TRANSISTOR)

WOodlawn 6-2877

MAX

.Village 8 5556
Emittw

ACademy 1-9191

FLeetwood 7 9448
COLLECTOR

BAIdwin 4 9651 020 MAX

AComa 2 1686 Development of the

TRinrty 5-2440

.VAIentine 1-1819

HOIlywood 2-2381

MArket 3-3151

CHerry 1-4526
COLLECTOR CURRENT (mA)

CRestwood 1 3366
AMPLIFIER TYPES

Midway 61891

(W.)CYpress 7-3708

DA venport 1-2064
SWITCHING TYPES

MAin 4-0783

HOward 3-4502

PArk 3-0363

CIRCLE 62 ON READER-SERVICE CARD

CIRCLE 63 ON READER-SERVICE CARD *

FIRST SERIES IN A 
MICRO-TRANSISTORS

INTRODUCING THE 
COMPLETE LINE OF

16u DIA 
MAX

Camctei 
Vo Rat* 
(Vulto)

*U« i ma'* 
Saturano* 
Relitto RM 

(Ohma)

Minimum 
DC 

Ma 
(hru)

FOR TECHNICAL ASSISTANCE AND SERVICE 
CONTACT THE TRANSITRON FIELD OFFICE 
NEAREST YOU AS LISTED BELOW.

winston-salem, North Carolina
Nissen Building 
310 W. Fourth St.........................

1060 Broad St.......................
orlando, Florida
110 Jacklind Bldg.
205 E. Jackson St..................
phoenix. Arizona
2727 North Central Ave..........
st. paul, Minnesota 
Griggs-Midway Bldg.
1821 University Ave...............
san diego, California
3620 30th St.........................
san francisco, California 
535 Middlefield Rd.
Palo Alto, Calif.....................
SEATTLE, Washington
3466 East Marginal Way
SYRACUSE, New York 
2360 James St.......................

BALTIMORE, Maryland 
2319 Maryland Ave.............
boston, Massachusetts 
168-182 Albion St.
Wakefield, Mass...............
camden, New Jersey 
227 S. Sixth St.................
CHICAGO, Illinois 
6641 W. North Ave. 
Oak Park, III......................
CLEVELAND. Ohio 
14625 Detroit Ave 
Lakewood, Ohio.................
Dallas, Texas 
511 Braniff Airways Bldg. 
Dallas 35, Texas................
DAYTON. Ohio 
379 W First St.................
DENYER, Colorado 
First National Bank Bldg. 
621 Seventeenth St..........
Detroit, Michigan 
2842 West Grand Blvd........
KANSAS CITY. Missouri 
Wirtham Bldg. 
31st and Troast Sts...........
LOS ANGELES, California 
6362 Hollywood Blvd.
Hollywood 28, Calif............
Newark, New Jersey

^/'Leadership in 
semiconductors

Maximum 
Co Hector 
Vetta <e 
(Volt»

TYPICAL DC BETA 
VS

COLLECTOR CURRENT FOR THE TMTM1

Maximem 
Powe»

Distipation at 
25’C Ambient 

(mW)

Typical 
Carn-Band*

Produit 
(Me)

Typical 
Gaia-Bandwidth

Pruduc’ 
(Me)

Maximum 
Collecte 
Leeketr 
Current 
at2S*C

MICRO-T — first silicon

Mexrmum 
RlW*f 

Dissipation 
at 2S*C Ambient 

(mW)

diffused mesa micro-transistor in an hermetically 
sealed all-glass package — represents a major step 
forward in microminiaturization. As compared with 
conventional “metal can” configurations, the 
MICRO-Ts hard glass packaging embodies a signifi­
cant improvement in the hermetic seal between leads 
and package. Reliability is substantially increased; 
possibility of leakage is sharply reduced.

This new series of 45-volt micro-transistors is the 
first designed for small-signal low-level applications, 
with current operating range from 50 microamps to 
20 milliamps. Other electrical characteristics include 
an Res of 100 to 200 ohms; minimum Betas from 20 
to 80; cut-off frequencies of over 50 megacycles. 
Perfectly compatible with present circuitry, MICRO-Ts 
will facilitate microminiaturizing in such critical 
areas as airborne, space vehicle and missile applica­
tion. They are l/20th the size of the TO-5, and 
l/5th that of the TO-18.

The first five types of MICRO-Ts are available now. 
For full information, write for Bulletins No. PB-78, 
(Amplifier types) and PB-79, (Switching types).

Typu
TMT S3»

TMT M0

TMT Ml

Typ« 
Wm?
TMT M3

MIN.—I

MIN.

NEW FROM

• SILICON DIFFUSED

• HERMETICALLY-SEALED

• ALL-GLASS PACKAGE

on
wakefield, melrose, boston, mass.

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S A AND EUROPE . CABLE ADDRESS TRELCO



NEW PRODUCTS
402Mark II Relay

398Thermoelectric Cell
between
Frequent,cy stability; To

Panel x 9^-

350-450 cps
single frequency

401Linear Amplifier

regulan

for coincidence work

Inc., Dept ED, Prince-

CUCII A4 ON tEADEt-SEIVICE CAIO

if 1400-1800 
between 50

®,000 50

stabile

An optional pick-off circuit 
in the 50-nsec range.

Hamner Electronics Co., 
ton, N.J 
Availability; From stock.

Frequency r 
cos or any

Widest Range of... 
ELECTRONIC 
AC GENERATORS

Double delay line, nonoverloading, linear ampli­
fier is based on Oak Ridge National Labs A-8 design. 
Type N-308 amplifier has a gain of 7,000, adjustable 
by coarse and fine crystals, stability of 0.25% per 
day, rise time of about 0.2 nsec, and integral linearity 
of 0.1%, 3 to 100 v into 10-K load. The unit is 
available with integral or differential discriminator.

Output: 500 VA

<o

toso Ibs

0.001%
than 0.2% । .£7° no load

model
1301A i

Output: 6VA ' 

12 
^'(selectable)
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The spdt relay features operation which produces 
u self-cleaning or brushing action. The relay has a 
minimum life of 100,000 cycles at rated load. The 
solenoid for nominal 26.5 v de operation, other 
voltages can be supplied. Type 1000 relay meets 
specifications MIL-R-5757 and MIL-R-25018, Class 
C, Type II, Grade 3. The unit weighs 4.7 oz.

Electro-Tec Corp., Dept ED, 10 Romanelli Ave., 
South Hackensack, N.J

from 6 watts to 100,000 
watts-audio and ultrasonic 
frequency ranges
Fixed or variable in frequency—1, 2 and 
3 phase outputs—with voltage regulated 
as precisely as 0.1%. Harmonic distor­
tion is as >ow as 0.1% on sine wave 
models. Square wave generators with 
1% symmetry and less than 10 micro­
second rise time are also available.

Here are three popular CML Electronic 
Generators for laboratory and systems 
applications.

Write today for complete details on 
your particular requirements!

wage stability: -n 
Distortion: Lessth?

35 pounds " 
Oimensions: 5y2" x

Usable thermoelectricity is produced by this 
power package measuring 6 x l-l/2x3/8. Specifica­
tions are: power output 2.5 mw, and current of 5 ma 
into a 100-ohm load. Its resistance is 100 ohms, and 
it generates 1 v at 200 F differential. The Seejen 
weighs 1-1/2 oz.

Harco Laboratories, Inc., New Haven, Conn. 
PirA: $4.95; 14 days.

maDEL and 6,000 cps .^1% for fixed I
1451B Frequency stability- 0 ^requenCy;±0.25% I 

__ for narrow band I
Voltage «gula- 
tion- Better than 

■ * ■ jo/o no load to
ful* load

M Voltage 
- 0 '
Distortion, less 
than 1%

[ ■ I Weight- 300 lbs
I I ■ Dimensions: 22_

■ ■ width x 28 heigh
4 * 18" deptn

COMMUNICATION MEASUREMENTS 
LABORATORY, INC. Tenney Engineering, Inc.

350 Leland Avenue, Plainfield, New Jersey • PLainfield 4-5502



Photoflash Trigger Tube 403

High altitude, subminiature, cold-cathode trigger 
tube designed for high altitude operation requires an 
input of 0.25 w and a trigger voltage of 250 v. Type 
WC-18 requires trigger current of 10 ua, and a 
keep-alive current of 30 ua. The tube is rated at 
700 v, and can operate at max ratings to 65,000 ft.

Electronic Industries Inc., Dept. ED, South Nor­
walk, Conn.
Availability! from stock.

Double-Ended Transistors 361

Subminiature silicon npn transistors are available 
in double-ended configuration. Capable of dissipating 

। 400 mw at 25 C, the types 2N902 through 2N908
are electrically equivalent to the single-ended sub- 

i miniature 2N789 through 2N793, 2N745 and 2N746, 
I and to the TO-5 units 2N332 through 2N338. Size 

is 0.130 x 0.160 in. Ambient temperature range is 
—65 to -f-175 C. Military specifications are met.

Raytheon Co., Semiconductor Div., Dept. ED, 215 
First Ave., Needham, Mass.
Price is Availability: $8 to $30; immediate.

Electronic Relay 356

Unique 
construction of Elcor 

ISOFORMER* 
makes efficient 
isolated power 

supplies practical

The drawing shows the unique construction of the 
Isoformer (isolation transformer). This is the key 
element >n new Elcor isolated power supplies... 
called ISOPLYS.

Significant features of the Isoformer are: (A) 
Tape-wound magnetic core (B) Shielded primary 
winding (C) Shielded secondary winding separated 
from core by air gap.

Results? Distributed capacitance between ground 
and shield of secondary winding is reduced to the 
order of 15 to 40 pf, depending on transformer power 
rating. And in spite of the air gap there is good mag­
netic coupling between primary and secondary wind­
ing. Efficiency is of the order of 90%. When used in 
D-C power supply, such as the Isoply, rectifiers are 
enclosed in same shield as secondary winding. With 
Isoplys you can now create simpler, less costly, 
and in many cases, better performing circuit designs 
in applications never before possible.

No de power supply is needed for the operation of 
model 120 solid-state electronic relay. Output is 25 
v, 150 ma de; input is de or 60-cy ac. Turn-on point 
is adjustable from 3 to 150 v. An independent hy­
steresis control determines turn-off point. A dual 
phase-sensitive detector input provides coherent de­
tection of 60-cps input signals and reduces noise. 
Size is 8 x 4 x 4 in.

K-F Products, Inc., Dept. ED, 3100 E. 43rd Ave., 
Denver 16, Colo.

write for fun information: ELCOR Incorporated
Subsidiary of We/ex Electronics Corporation 
Sales / RtD Laboratory / Manufacturing 
1225 W. Broad Street / Falls Church, Virginia 

JEfferson 2-8850
CIRCLE 65 ON READER-SERVICE CARD
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New
385

Ave.

381Sensitive Magnetometer

Trigger Tube 384

CIRCLE 66 ON READER-SERVICE CARD ►

Dept. ED, 249-259 Terhune 
Passaic. N.J.
Availability: 1 to 2 weeks.

Magnetic anomalies of 0.1 gamma 
or less are detected and relayed in 
digital or analog form by this instru­
ment. The continuous output is suffi­
cient to drive telemetry systems or re­
corders. The unit is 7 in. long x 3 in. 
in diameter. Power consumption is 0.8 
w at 200 ma.

Amoux Corp., Dept. ED, 11924 W. 
Washington Blvd., Los Angeles 66, 
Calif.

The NLS V60 Digital Millivoltmeter is designed for a wide range of scientific, industrial and military applications including strain gage 
and thermocouple measurements, calibrating millivolt devices, process monitoring, and semiconductor research and testing.

Make precise millivolt measurements at a glance 
aboard ship, in the lab, or on the production line

Subminiature, low-impedance cold­
cathode trigger tube model 7711/ 
Z71U is for use as an inertialess switch 
and counter in automatic telephone 
exchanges. The tube has two positive­
voltage operated starters. Starter trans­
fer current of 40 ya makes it suitable 
for use with diodes and transistors.

Amperex Electronic Corp., Semi­
conductor Div., Dept. ED, 230 Duffy 
Ave., Hicksville, L.I., N.Y. non-linear systems, inc. Originator of the Digital Voltmeter 

DEL MAR, CALIFORNIA

Variable, wide-band time delay 
standard has a constant delay from 
de to 2 Gc. The time delay is continu­
ously variable up to 3 nsec. Accuracy 
is better than 1% at any given point, 
readability better than 50 nsec. Atten­
uation is 0.017 db at 100 me and 0.85 
db at 1.5 Gc.

Ad-Yu Electronics Laboratory, Inc.,

Here is a new, faster, more precise way to make low-level 
DC voltage measurements. The NLS V60 full 4-digit milli­
voltmeter makes 80 measurements per minute, average. 
It features ±0.01% precision (ability to repeat readings within 
close limits) — unattainable from pointer meters, strip chart 
recorders or combination of a digital voltmeter and preampli­
fier. Accuracy of the V60 is ±0.1% of reading or ±10 micro­
volts, whichever quantity is greater.
A span (scale factor) control allows you to set the V60 to dis­
play its reading directly in units of pressure, weight, length, 
strain, stress, speed, etc. And because the V60 is a digital 
voltmeter, you can read it at a glance from close or afar in

NEW PRODUCTS
Time Delay Standard from

NLS

total darkness or sunlight, without parallax error.
Other features include: very high AC and DC common mode 
rejection . . . retention of accuracy under adverse conditions 
. . . range of ±99.99 mv. full scale . . . plug-in stepping 
switches . . . high input impedance . . . precise internal volt­
age reference . . . filter to attenuate input signal noise . . . 
full floating, ground isolated input circuit.

V60 complete $1,625



AC-DC Supply 395 Plot your lumped constant delay line 
needs on these charts!

TDL 
tubular

length 1.5 inches 4-1 D/R ratio

length 2 5 inches 7-1 0/R ratio

See it in Action
length 3 inches 9-1 D/R ratio

For a demonstration of the new V60 
millivoltmeter or any digital measuring 
instrument, call any of the following 
NLS offices or sales representatives. If 
you prefer, please contact NLS for ad­
ditional information.

Northeast
NLS Division Office 
Garden City. 
Long Island. N. Y. 
Pioneer 7-6222
NLS District Office 
Nutley. New Jersey 
North 1 1228 or 
BRyant 9 7999
Howard J Shuft Co. 
Newtonville. Mass. 
LAsell 7 5304
Middle Atlantic
NLS Division Office 
Haddonfield. N. J.
HAzel 8 1663
SBM Associates. Inc. 
Rochester, New York 
OLympic 4-8440 
SBM Associates. Inc. 
Utica. New York 
REdwood 24410
SBM Associates. Inc 
Binghamton. New York 
RAymond 2 2648
SBM Associetes. Inc. 
Syracuse. New York 
HOward 8 5041
Southeast
NLS Division Office 
Washington. D. C.
FEderal 74315
W A. Brown 4 Assoc 
Indian River City. Fla 
AMherst 7 0411
W A. Brown & Assoc 
Orlando. Fla.
GArden 5 5682

Gaine Engineering Co 
Detroit. Michigan 
FOrrest 6 5353

Mountain and 
Southwest

NLS División Office 
Denver, Colorado
PEarl 3-3787
NLS División Office 
Dallas. Texas 
FLeetwood 1-5240
Burt Porter Company 
Seattle. Washington 
EAst 3 8330
Burt Porter Company 
Portland. Oregon 
ATIantic 4-1718
Brooks, Feeger & Assoc. 
Albuquerque, N. M 
AMherst 8 1724
Brooks. Feeger & Assoc. 
Englewood. Colorado
SUnset 1 7375
Brooks. Feeger & Assoc. 
Scottsdale. Arizona
WHitney 6 2111
Brooks. Feeger & Assoc.
Salt Lake City. Utah 
ELgm 9-2427 
Mitchell Speairs Co. 
Fort Worth, Texas 
WAInut 3-4657
Mitchell Speairs Co. 
Houston. Texas 
MAdison 3-4112
Mitchell Speairs Co. 
Dallas. Texas
ANdrew 2-6466

Huntsville. Alabama 
JEfferson 6 8393
W. A Brown & Assoc. 
Winston-Salem. N C. 
PArk 5 5384

Alexandria. Virginia 
TEmple 6 1800
Midwest
NLS Division Office 
Chicago. Illinois 
TUxedo91277
Ohio Instrument Co. 
Dayton. Ohio 
CHapel 4 2744 
Engineering Services

Company 
St Louis. Missouri 
PArkview 6 2233 
Engineering Services

Company 
Kansas City. Missouri 
JEfferson 1 7765 
Engineering Services

Company 
Wichita, Kansas 
MUrray 3 3751 
Engineering Services Co 
Ceder Repids. Iowa 
EMpire 5 6183

Pacific
NLS Division Office 
South Pasadena. Calif. 
Murray 2-3706
C. W Maudlin Co. 
Palo Alto. California 
DAvenport 6-5291 
Burt Porter Company 
Seattle. Washington 
EAst 3-8330
Burt Porter Company 
Portland. Oregon 
ATIantic 4 1718

Cenada
Aeromotive Engineering 

Products. Ltd.
147 Hymus Blvd. 
Point Claire. Quebec 
OX 7-0810 (Montreal) 
Aeromotive Engineering 

Products. Ltd.
1912-A Avenue RD. 
Toronto, Ontario 
RU 3-4288

Export, Excluding 
Canada

Fr.z.r & Hansen, Ltd. 
301 Clay St 
San Francisco. Calif. 
EXbrook 2 5112

Onunurtc. th. Difilli Vottm.irr 

non-linear systems, ine 
PEL MAR. CALIFORNIA

Portable power supply model 4372 offers dial 
selection of voltages from 0 to 125 v de, or 0 to 140 
v ac at 2.5 or 3.0 amp respectively. The bridge 
rectifier is overload protected, and a special accessory 
filters the output for a max ripple of 0.075 v at full 
load. The unit measures 5 x 5 x 7-1/2 in. weighs 
7-1/2 lb.

Edler Engineering Co. Inc., Dept. ED, 1568 S. 
First St., Milwaukee 4, Wise.
PisA: $49.50; from the stock.

Counter Indicator 400

2 
DELAY

3
IN

4 5
MICROSECONDS

ROL 
rectangular

PCL 
printed circuit

Variable radix counter indicator model G-100 is a 
transistorized counter operating at rates up to 110 kc. 
Complete “G” Series also includes Preset Counter 
and Counter Indicator; Set/Reset Indicator; Plus/- 
Minus Indicator.

Electronic Control Products, Dept. ED, P. O. Box 
286, Dunellen, N.J.
Price; $98 to 122.50

Capacitance Measuring System 397

Model 700 measures 2- or 3-terminal capacitors 
in the range of 0 to 0.12 uf with a resolution of 
0.0001 pf on the lowest range. The system provides 
five ranges of capacitance readings with 120,000 
dial divisions of resolution on any range. Accuracy 
relative to the standard capacitor is ±0.01% plus one 
dial division, on the three intermediate ranges; 
±0.002% plus one dial division on the highest and 
lowest range. The unit measures 19 x 10-1/2 x 8 in.

Electro Scientific Industries, Dept. ED, 7524 S.W. 
Macadam Ave., Portland 19, Ore.

If your requirements fall 
within any one of the tri­
angles then the TIC stand­
ard type in any configuration 
is your answer. For other 
specifications PDL type pro­
vides Delay time to 500 mi­
croseconds, Impedance 25 to 
10,000 ohms, Delay to Rise 
ratios to 150-1.

DELAY LINES
FEATURE:

• HIGHER RELIABILITY
• LOWER ATTENUATION

TIC’s lumped constant delay lines 
are available in three standard con­
figurations, TDL (tubular), RDL 
(rectangular), PCL (printed cir-

250 500
DELAY IN MICROSECONDS

cuit), PDL series (are 
customer specifications), 
ture a higher delay to

made to 
They fea- 
rise time

ratio per cubic inch than is avail­
able with conventional techniques. 
Every TIC Delay Line is hermetic­
ally sealed and complies with ap­
plicable MIL specs. TIC Delay 
Lines are M derived, phase and 
frequency compensated with excel­
lent pulse response characteristics 
and exceptionally low attenuation. 
Standard lead lengths of RDL and 
TDL units is 2". The PCL lead 
length is y^.

Prompt delivery. Write, wire or call.
TECHNOLOGY INSTRUMENT CORP. OF CALIFORNIA 

850 LAWRENCE DRIVE, NEWBURY PARK, CALIFORNIA • HUdson 5-2165 
Western Sales Offices • beverly hills. California • oluhm» s-tssi
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NEW PRODUCTS
390Subminiature Trimmer

Antenna Roto Cable* Special Sound

Call System Cables
Plastic Microphone Cables

Juke Bos Control Cable

cables

Strain Gauge Cables Audio Cables

Rubber Microphone Cables

358Thermocouple Hotbox

Cathode Ray Tube LeadBroadcast Audio Cables

CEllUUNE® Lead-in Cable
Control Cables

MIL-SPEC WIRES
300-Ohm lead-in

Ham Antenna Lead-ins

365Pulse Modulator
75-Ohm Video Cable

Portable Cordage

Available from Stock

CIRCLE *9 ON READER-SERVICE CARD

Phono Pick-Up 
Arm Wires

Unpaired
Intercom Cables

Sound System 
Cables

Community TV Antenna 
Cable

Hi-Fi Connecting 
Cable

Control 
Cobles

Shielded Interconnecting 
Cables

TV Eye Camera 
Cable

low Impedance 
Lines

One Wire Source for Everything 
Electronic and Electrical

Shielded Power Supply 
Cables

Studio & Closed Circuit 
Camera Cobles

RG/U Transmisi 
line Cables *

Individually 
Shielded Intercom 
Cables

Communil 
AntennaJ

Multiple Pair 
Cables

Juke Box 
Control Cables

Industrial ___»
Intercom Cables

Peak power of 1.2 megawatts is provided by 
pulsed-power signal-source modulator model 344M. 
Trigger generator, pulser, high-voltage power sup­
ply and filament supply are contained in a 7-ft cabi­
net. Pulse width is 0.1 to 5.0 psec, continuously 
variable; maximum duty cycle is 0.002. Rise time is 
less than 0.2 psec min at maximum pulse voltage 
and current into a linear load.

Radiation At Stanford, Dept. ED, Palo Alto, Calif.

WI«E® ¿

ELECTRONIC DESIGN • April 26, 1961

A high-temperature, precision trimming potentiom­
eter model 355 measures 1/2 x 1/2 x 0.2 in. It 
is available in values from 10 ohms to 50 K over an 
operating temperature range from —55 C to 220 C. 
Resolution, at 50-K, is 0.0086%. Worm-gear adjusting 
device provides friction loading and eliminates back­
lash. Wire leads are 4 in. in length, 30 awg, and 
Teflon insulated.

Daystrom Inc., Dept. ED, Archbald, Pa.

All types of thermocouple wire are joined directly 
to copper in the universal TC hotbox. No external 
junctions are used, eliminating the need for wire­
matching plugs. Junction temperature of 150 F is 
maintained; 51 pairs of wires can be accommodated.

Research, Inc., Dept. ED, Box 6164, Minneapolis 
24, Minn.

PERMOh^b Load-in

TEFLON* Wire* 
* DuPont trademark

magnet wire • lead wire • power supply cord* • cord sets • portable cordage • electronic wire 
• automotive replacement wire and cable • aircraft wire • electrical household replacement cords

Grid Wire*

Sound & Alarm 
System Cable*

Belden

Belden
WIREMAKER FOR INDUSTRY 

SINCE 1902 
CHICAGO



Push-Button Actuator 389 72 NEW 
MOTOROLA

Model A4-195/EF-136 is a spdt actuator which 
is rated at 5 amp, 125/250 v ac, 2.5 amp at 30 v de. 
The unit features 0.250 in. min overtravel, 4-oz min 
release force, and a movement differential of 0.004 
in. max.

Control Switch Div., Dept. ED, 1420 Delmar 
Drive, Folcroft, Pa.

Insertion-Loss Scanner 355
Measurement of insertion loss as a function of fre­

quency in the range of 50 kc to 8 me is provided by 
the PTC 1206 insertion loss scanner. System con­
sists of sender and receiver units with power sup­
ply. Dual-trace ert displays insertion loss versus fre­
quency characteristic of system under test. Recorder 
output is available.

Pye Telecommunications Ltd., Dept. ED, Cam­
bridge, England.

Low Power Recorder 387

Miniature strip chart recorder requires 400 yw for 
full response within 0.6 sec. Model A-|- Recorder is 
available in 0 to 1 ma range with moving coil re­
sistances of 140, 350, 1,500, or 5,500 ohms, and a 
4,500-gauss flux. Ink pen, hot wire, or Teledeltos 
writing systems with standard chart speeds can be 
specified. Panel space required is 5-1/2 x 7-1/3 in 
and portable housing is available.

Atkins Technical Inc., Dept. ED, 1276 W. Third 
St., Cleveland 13, Ohio.

Cooling Unit 393

Operation from —65 to +125 F and altitude from 
sea-level to 10,000 ft is possible with the RS-100-102 
cooling unit. It is rated at 800 w at 125 F condenser 
temperature and power requirements are 416 v, 
3-phase, 400 cps. Weight is 85 lb; size is 16 x 10 x 19 
in.

Eastern Industries Inc., Dept. ED, 100 Skiff St., 
Hamden 14, Conn.

ELECTRONIC DESIGN • April 26, 1961

USER PREFERRED ZENER DIODE TYPES AVAILABLE FROM MOTOROLA
From Motorola, a 10 watt silicon diffused- 
junction zener diode to meet the requirements 
of MIL-S-19500B/124 (amendment 1). 
1N297OB(SIG. C.) thru 1N3O15B(SIG. C.) 
provide nominal zener voltages of 6.8 to 200 
volts ... 1N297ORB(SIG. C.) thru 1N3015RB 
(SIG. C.) are equivalent reverse polarity units 
... a total of 72 new Motorola mil-type zeners 
for your critical military circuits.
Two zener impedance tests — at the practical 
14 power operating point (ZM) and at the knee 
(Zlk) — guarantee sharp zener knees, product 
uniformity and quality. Motorola’s zener volt­
age regulation test (AV,) assures unexcelled 
regulatory characteristics. Units are packaged 
in a rugged, hermetically sealed stud case... 
and are able to withstand very high surge 
currents.

FOR COMPLETE TECHNICAL INFORMATION 
on these new Motorola 10 watt mil-type zeners, 
request Data Sheet #DS 7008 from your Motorola 
Semiconductor district office or write: Motorola 
Semiconductor Products Inc., Technical Information 
Department, 5005 Eest McDowell Road, Phoenix 10, 
Arizona.

MOTOROLA DISTRICT OFFICES:
Belmont, Ma** / Burlingame, Calif / Chicago / Clifton, N. J. / Dallas 
Dayton / Detroit / Glenside, Pa / Hollywood / Minneapolis / Orlando, Fla 
Silver Spring, Md / Syracuse / Toronto, Caneda

(
 400 MILLIWATT

1N746A thru
1N759A1N962B thru
1N992B3.3 to 200 volts 

designed to meet requirements 
of MIL-S-195OOB/117 & 127

1 WATT
1N3016B thru 
1N3051B
6 8 to 200 volts

designed to meet requirements 
Of MILS 19500B 115

Of MIL-S-19500B/114

Subminiature Glass 
TEMPERATURE- 
COMPENSATED 
ZENER DIODES

6 .2 volt, 8.4 volt.
9 .0 volt, 11.7 volt 
Coefficients 
.01 to .0005%/*C

NEW ZENER ONDE/RECTIFIER HANDBOOK 
A major revision of Motorola's previous handbook. 185 
pages of theory, design characteristics end comprehen­
sive applications data. $2 per copy, check or cash with 
order, (no purchase orders, please), from Handbook 
Department, Motorola Semiconductor Products Inc., 5005 
East McDowell Road, Phoenix 10, Arizona.

MOTOROLA
Semiconductor Product» Inc.

5005 EAST McDOWELL ROAD
CIRCLE 70 ON READER-SERVICE CARD



NEW PRODUCTS

FIRST

AND

The TI-2 and TI-6 capitalize on diffused silicon mesaurne

Instrument Switches 382

MICRO/G diodes are priced competitively withpackaging.

Trademark of Texas Instruments

InstrumentsTexas

wafers whose surfaces are oxide-passivated for optimum sta­
bility and reliability. The solid construction and extreme sim­
plicity of the smallest hermetic computer microdiodes in the 
industry represent a revolutionary achievement in high-density

ACTUAL 
SIZE

SEM ICON DUCTOR-COM PON ENTS DIVISION

their larger counterparts ... contact your authorized Texas 
Instruments distributor or nearest TI Sales Office for evaluation

Shielded Transformers 386

Miniature Attenuators 383

Power transformers in five design 
styles cover the range from 100 w to 
50 kva, 120 v input, 120 v output. 
These transformers are code require­
ment class I division I, for use in 
locations where hazardous concentra­
tions of flammable gasses or vapors 
exist.

Acme Electric Corp.. Dept. ED, 
Cuba, N.Y

MESA DIODES FOR YOUR 
COMPUTER APPLICATIONS 
New MICRO/G diodes — smaller in diameter than the head of 
a pin — give you electrical characteristics equal or superior to 
those of conventional-size computer diodes ... in 1/50 the vol-

Printed circuits provide up to 20 
steps of attenuation in ladder or po­
tentiometer configuration. Composition 
or wirewound 1/2-w resistors are 
available in these units. The attenua­
tors meet standard type specifications.

Cinema Engineering Div. of Aero­
vox Corp., Dept. ED, 1100 Chestnut 
St., Burbank, Calif.

A NEW GENERATION 
OF SILICON DIODES

Structural to
caw is pra*«M»d 0, 
package canlgurstioi 
at potata ot lead co« 
tact

MICRO/G* diode lying on 
the head of a pin illustrates 
the extreme smallness - 
0.040' diameter, 0.060” 
body length—of the glass 
hermetic package.

Optimum stability in 
reverse and forward 
characteristics is as­
sured By diffused silt­
ed» meso water with 
bx*e passivated sur­
face. Type CVS switches have up to 32 

adjustable positions and 360-deg rota­
tion. Stop positions can be selected 
without removing the switch from the 
panel. Contacts, commutator rings and 
brush blades are of solid nickel-silver. 
Terminals accommodate wire up to 18 
awg.

Aerovox Corp., Cinema Engineer­
ing Div., Dept ED, 1100 Chestnut 
St., Burbank, Calif.

C’RCtE 71 ON READER-SERVICE CARD

samples today.
MAXIMUM RATINGS TI-2 " fl-S Tnìts'

Vf Fwd. Voltage Drop 
at 25°C

1 
at lp—10 ma

1 
at 1 f- » ma

V

C Capacitance 
at VR-0 Vdc 
at 25*C 4 10 maI

Ir Reverse Current 
at 10 v 
at 25°C 0 025 10 M»
Reverse Recovery Time 
<10 ma If, 10 ma Ir 
Recovery to 1 ma reverse) W 100 nsecs

V r Reverse Voltage 40 20 V



369Diode Test Set

10ÖF MOVOC

size.

GENERAL
Designated1 1/6

CIRCLE 72 ON READER-SERVICE CARD ►

ELECTROLYTIC CAPACITORS—Reliability is our first ingredient

The best capacitor case for 300-volt oper­
ation is General Electric’s High Voltage 
Tantalytic* Capacitor. Its single-cell 
construction is the smallest and lightest 
for its rating. It weighs 0.1 ounce and 
measures only 0.75 inch in length.

are avail- 
1 13/16 x 
HI-VAR,

125C CYLINDRICAL 
TANTALYTIC 
CAPACITORS 

Bulletin 
GEA-7085

125C KSR* 
TANTALYTIC 
CAPACITORS 

Bulletin 
GEA-6766

HIGH-RELIABILITY 
FOIL AND SOLID 

CAPACITORS
Bulletin 

GEA-7227 >

POROUS-ANODE 
TANTALYTIC 
CAPACITORS

Bulletin 
GEA-7008 /

“A CASE" 
TANTALYTIC 
CAPACITORS

Bulletin

Four-terminal measurements of for­
ward voltage drop can be made with 
model 1808 diode test set. Ranges are 
1, 3 and 10 v. Adjustable reverse 
voltage is metered from 0 5 to 2,000 v. 
Reverse current can be* read directly 
from less than 1 na to 3 ma.

Dynatran Electronics Corp., Dept. 
ED, 187 Herricks Road, Mineola, N.Y. 
Pis A: $1,250; 30 to 60 days.

Capacitance stays within 10% of original 
value even after 2000 hours testing at 
rated voltage and temperature Impedance 
is lower at — 55C than that of any other 
high-voltage tantalum capacitor.

These same features characterize the 
full line of ratings from 200V (.15 uf) to 
300V (25 uf). Polar or non-polar designs

Performance of this G-E unit 
tinguishes it as quickly as its 
♦Keg Trade-mark of General Electric Co.

these units exceed MIL-C-25C re­
quirements, anti range in value from 
0.1 pf to 15.0 uf, in voltages from 400 
to 12,500 v de.

Dearborn Electronic Laboratories, 
Inc., Dept. ED, P.O. Box 3400, Or­
lando, Fla

are available from stock for 85C and 
125C applications.

Data on G-E High Voltage Tantalytic 
Capacitors is found in Bulletin GEA- 
7065. Ask your G-E Sales Engineer for a 
copy today. Or write to General Electric 
Co, Schenectady, N. Y. Capacitor De­
partment. Irmo, South Carolina. 43^2

Miniature Capacitors
High voltage capacitors 

able in sizes from 1 5/8 x

High-Temperature Furnace 366
Capable of reaching 2,600 C at 

vacuum of 10’* mm Hg, the furnace 
has heating area 6 in. in diameter by 
7 in. high. Heating is accomplished by 
passing 3,000 amp through a circular 
tungsten element surrounded by tan­
talum foil. Vacuum apparatus for the 
chamber consists of 46-cfm roughing 
pump and a 6-in. oil diffusion pump 
The 10'* mm Hg pressure can be 
reached in approximately 4-min 
pumping time.

Electro-Optical Systems, Inc., Dept. 
ED, 125 N. Vinedo Ave., Pasadena, 
Calif.

Stem and Wafer Machine 374
Small production runs on all types 

of button stems up to 1 1/4 in. diam 
may be made on this machine. Model 
105-BST1 is equipped with gas-air­
oxygen or hydrogen-oxygen burners 
to handle all types of glass parts.

Eisler Engineering Co., Inc., Dept. 
ED, 750 S. 13th St., Newark 3, N.J.



NEW PRODUCTS

220 MC FREQUENCY METER371Module Racks

* All Solid State 10 MC Counter Section
All Solid State Time Interval Plug-in

532Cable Tester

Planetary Lappers 379

up to a max size of 1-3/4 diam

Moder 
737AN 
with 
inline 
readout.

* Rugged Unitized 
Construction

* Two Year Warranty 
Except for Converter Tubes

eter. Model PL-1875-B has a 1-7/8 
in. track and 17 carriers, each holding 
from one to three slices. This unit can 
lap 17 slices up to 1 in. in diameter.

Dallons Labs., Inc., Dept ED., 
5066 Santa Monica Blvd., Los Angeles 
29, Calif.

One-man checkout of interconnect­
ing and power cables is possible with 
this portable cable test set. Cabjes are 
checked for crossed wires, shorts and 
opens; power cables are checked for 
proper ac and de voltages and correct 
phase rotation. Standard model has a 
go/no-go meter and handles up to 35 
conductors. Set weighs 21 lb and 
operates from 115-v, 60 to 400 cps, or 
from internal batteries. Unit can be 
packaged for commercial or military 
use.

The Hallicrafters Co., Dept. ED, 
4401 W. Fifth Ave., Chicago 21, Ill

Semiconductor crystal processors 
are capable of lapping both faces of a 
slice simultaneously, with parallelism 
in the order of 0.000005 in. Model 
PL-2875-B features a 2-7/8 in. track 
and ten carriers, and will lap 10 slices

Standard S-Block racks can accom­
modate either 19 or 28 3C-PAC series 
S plug-in modules. A choice of taper 
or solder pin type connectors is avail­
able, and power and ground busses 
are factory prewired. Power connec­
tions 4-12-, —6- and — 18-v terminals 
are quick disconnect type. The units 
are of welded steel construction and 
measure 19 x 5 1/2 x 9 1/2 in.

Computer Control Co., Inc., Dept. 
ED. 983 Concord Street, Framing­
ham. Mass.

Move it anywhere you want with ease. Rack Mounting simpler, too.



Tunable Filter 380

CMC&mZ Only CMC’s Frequency-Period Meter 
offers solid state reliability and 48 pound compactness.

DOALLTHESEJOBS: q Measure time interval 0.1 microsecond
Measure frequency de to 220 me to 107 seconds 
Measure period to 0.1 microsecond • Count de to 10 me

CMC
Medel 737A

Cempany A 
220 me unit

Campany 8 
220 me unit

Narrow bandpass, tunable filter 
model 100 is for use in the 118 to 136 
me range. It has tuning accuracy to 
within 25 kc. Power rating is 50 w am 
at 100% modulation and useful band­
pass is 100 kc. Type N female con­
nectors are used.

Adams-Russell Co., Inc., Dept. ED, 
200 Sixth St., Cambridge 42, Mass. 
P^A: $1,175; 30 days.

Card Reader 533

Now- See how 
the CMC 737A 
compares with 
its two closest 

competitors

CIRCUITRY All solid state 
counter section 100% vacuum tube 100% vacuum tube

TOTAL NUMBER 
OF VACUUM TUBES

WEIGHT Net 48 lbs. Net 118 lbs. Net 115 lbs.

SIZE
]4"Hxl7~W 

xl3"D 
(1.8 cu. ft.)

21H"Hx20"W 
x 23MTD 
(5.8 cu. ft.)

20" H x 20" W 
x 19" 0 

(4.4 cu. ft.)
600 wattsPOWER 380 watts125 watts

TIME BASE Decade count-down type; 
no divider adjustment

Multi-vibrator type; requires frequent 
adjustment

WARRANTY PERIOD 2 years 1 year 1 year
PRICE 

(basic unit with vertical 
decade display) 

(converter plug-ins) 
(TIM plug-in)

$2150 $2150 $2275

$250 each $250 each $250 each
$300 each $175 each Included

WHAT IT IS
CMC’s Model 737A Frequency Meter 
combines an all solid state 10 me 
digital counter and a vacuum tube 
heterodyne converter. Three converter 
plug-ins are currently available with 
more on the way. Model 731A plug-in 
extends the 10 me range to 100 me and 
Model 732A covers 100 me to 220 me. 
The third available plug-in, Model 
751 A, is an all solid state 0.1 micro­
second to 10’ second time interval 
section.

LOW POWER-A KEY ADVANTAGE
The complete instrument uses only 125 
watts of power which reduces operat­
ing temperatures, prolongs component 
life, and assures long trouble-free oper­
ation. Even at 10 tnc, transistors are 
well derated. Because of this inherent 
reliability, CMC offers a two year free 
service warranty except for converter 
tubes—the first manufacturer to offer 
this extended guarantee.

THESE FEATURES, TOO
Automatic decimal point * Inline 
readout available as standard option 
♦ Stability, 2 parts in 10’ standard, 
5 parts in 10* special. ♦ Accuracy, 
±1 count ± oscillator stability * 
Sensitivity, 0.25 v rms ♦ Standardize 
against WWV * Remote program­
ming without special regard to cable 
length, type of cable, or impedance 
matching * Printer output to drive 
digital recording equipment, punches, 
inline readout and other data handling 
gear, $80.00 extra.

AND HERE’S 
100% SOLID STATE RELIABILITY
CMC offers a complete line of tran­
sistorized digital instrumentation in­
cluding universal counter-timers, time 
interval meters, frequency-period 
counters, printers and preset counter­
controllers. Here are two models espe­
cially suited for applications where 
high reliability and flexibility of func­
tion are key factors. These units can 
also be remotely programmed by 
simply closing contacts.

Model 727A Universal Counter-Timer

»sine

inree 
base.

only 50 watts, Model 727A measure* de 
megacycles and 0.1 /»sec to 10' seconds. 
Input channels. Decade count-down time 

Price 12450.

Model 726A Universal Counter-Timer

mm—
Only 5V< Inches high and weighing Just 25 
pounds, Model 726A measures de to 2 me 
and 10 Msec to 10* sec. Three input channels. 
Decade count-down time base. Power consump­
tion 40 watts; price, <1550.

FOR MORE INFORMATION 
—contact your CMC representativ 

for a demonstration, or write 
for new technical bulletins.

Please address Dept. 36

California
Phone. EMpiro 7-2161

Automatic control of program, for­
mula, position, etc., is provided at low 
cost with clip cards and reader. Vinyl 
cards may be cut with scissors; finger 
length is in direct proportion to com­
mand signal. Life is over 1 million 
readings; accuracy can be 1 part per 
30,000. No relays or stepping switches 
are used. The flush-mounting reader 
can be supplied to handle cards with 
up to 40 fingers.

Jordan Controls, Inc., Dept. ED, 
3235 W. Hampton Ave., Milwaukee 9, 
Wis.

Glass Cloth 376
Material for insulating boards with­

stands soldering temperatures of 450 
to 500 F, and is made of silicone-glass 
laminate. This laminate is applicable 
in environments of —40 to 160 F; 
withstands shocks of 30 g for 11 
msec.

Dow Coming Corp., Dept. ED, 
Midland, Mich.

Sealed T-Switch 367
The H-16-200 is a spdt switch 

which meets MIL-S-6743 electrical 
ratings. It has a pretravel of 0.012 in., 
is 0.787 in. in length and weighs 7 g. 
Operating force is 550 g min.

Controls Company of America, Con­
trol Switch Div., Dept. ED, 1420 
Delmar Drive, Folcroft, Pa.

< CIRCLE 73 ON READER-SERVICE CARD
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NEW PRODUCTS TO
DC Motor 360

Memory Systems 354

Power Transistors 353

Digital Ohmmeter 396

itruC'your height, width, depth 
tura) enclosure needs.

7" high, 16 gauge steel center strut for ease of 
equipment mounting and greater over-all struc­
tural strength.

14 gauge steel frame construction assures 
greater ruggedness and rigidity.

Transistorized, five-digit, ohmmeter featuring a 
three-position readout with Super-Nixie indicators is 
accurate up to 0 01%. Model 3500AO indicates the

Electronically controlled spot welds assure 
perior strength.

From single cabinets to major systems, 
the hundreds of basic frames of the 
EMCOR Modular Enclosure System meet

advance 
design 
and 
quality 
construction 
features!

Whatever your part in engineering and 
building electronic equipment, here’s the 
NEW catalog that should be at your 
fingertips for CABLES! New Catalog 
No 4C-61 gives complete charts on 
Royal RG and special application cables, 
physical and electrical characteristics, 
testing procedures, engineering tables 
(impedance, attenuation, etc ). Valuable 
information, too, on MIL-spec, signal, 
control and other multi-conductor cables.

Magnetic-core memory systems are available wired, 
assembled, and tested. Capacity ranges from 256 
to 4,096 words of 8 to 32 bits. Read-write cycle time 
is 5 to 12 ysec. Systems are built to operate under 
broad variations in power and temperature. Com­
plete information retention is provided, even in case 
of full power loss. Standard and custom types are 
made.

Radio Corp, of America, Semiconductor and Ma­
terials Div., Dept, ED, Somerville, NJ

Key Heliarc* Welds provide for greater struc­
tural rigidity.

Jig assembly line fabrication provides rigid qual­
ity control and assures compatibility of frames.

Drift-field germanium pnp power transistors 
2N1905 and 2N1906 have linear characteristics and 
a wide frequency response. They are useful as high­
power, high-speed switches, ultrasonic oscillators, 
and wide-band linear amplifiers. Power dissipation is 
50 w at 25 C. Rise and fall times are less than 1 ysec. 
Minimum beta is 50 for 2N1905, 75 for 2N1906 
Typical gain-bandwidth product is 7.5 me.

Radio Corp, of America, Semiconductor and Mate- 
terials Div., Dept. ED, Somerville, N. J.

1 permanent-magnet de motor, model PM-1 is 
suitable for military’ and commercial uses. With effi­
ciencies to 54% through high-flux utilization, the 
motor requires very low current at full load. Weight 
is less than 2 oz; length is 2 in., OD 7/8 in. Motor 
operates from —55 to 4-100 C, under vibration, 
shock and acceleration satisfying military specifica­
tions. Voltage range is 3 to 30 v de.

Reflectone Corp., Dept. ED. Stamford, Conn. 
PUA: $14.50 ea in quantity, stock.
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Continuing research and development by the 
Roy C. Ingersoll Research Center maintains 
EMCOR leadership in metal cabinetry.
•Regite'ed Trademark Linde Air Product* Co.

BORG-WARNER
CIRCLE 74 ON READER-SERVICE CARD

WRITE for your copy —TODAY!
Royal Electric Corporation 

301 Saratoga Avenue 
Pawtucket, Rhode Island

In Canada Royal Electric Company 
(Quebec) Ltd., 

Pointe Claire, Quebec

offer 
more

WRITE TODAY FOR CONDENSED CATALOG 106

Originators of the Modular Enclosure System 

INGERSOLL PRODUCTS 
Division of Borg-Warner Corporation 
630 CONGDON • DEPT. 1221 a ELGIN. ILLINOIS

INGERSOLL



SELECTIVE
Gas-Damped

SENSITIVITY

range of 0.01 ohm to 9.9999 meg. The average read­
ing time is 2 sec, and the test currents meet MIL 
specifications. Plug-in boards and military-type con­
nectors are used throughout, and printers can be 
operated directly.

Electro Instruments, Inc., Dept. ED, 8611 Balboa 
Ave., San Diego 11, Calif.

Neon Distribution Amplifier 391

Three pulse width modulated signals can be ap­
plied simultaneously to EECO 860 neon distribution 
amplifier. The unit supplies a 12-channel output for 
transmission over two-wire cables for distances up 
to several miles. The output levels are sufficient to 
drive camera neon lines to remotely located instru­
mentation cameras. The all solid-state unit measures 
7 x 16 x 19 in.

Electronic Engineering Company of California, 
Dept. ED, 1601 Chestnut Ave., Santa Ana, Calif. 
Pis A: $2,500; 60 to 90 days.

Cooling Unit 394

GENISCO 
GMB SERIES 

ACCELEROMETERS 

for airborne applications

CONSTANT DAMPING 
POTENTIOMETER PICKOFF 
OR SWITCH CONTACTS

Laboratory cooling unit has a rating of 18 kw at 
80 F. Temperature can be controlled manually or a 
servo system permits remote control of the unit. 
Operating conditions are from 32 to 110 F, and 
from sea level to 5,000 ft altitude. The unit weighs 
200 lb, and measures 21-3/8 x 29-3/16 x 34-1/2 in. 
Power requirements are 440 v, 3-phase, 60 cps.

Eastern Industries Inc., Dept. ED, 100 Skiff St., 
Hamden 14, Conn.

Genisco'* GMB Serie* Accelerometer* 
feature tl» advantage* of ga* damping 
which remains conctant over wide tem­
perature range* for extreme accuracy end 
consistency. These units ere ruggedly de­
signed end constructed to operate reliably 
under conditions of high vibration and 
shock. The GMB Series Accelerometer* 
are hermetically sealed units, availabl* 
with either precision potentiometer pickoff 
or switch contacts ... Standard or custom 
models.

7233 Federal Ave . Les Angeles 64, Cal Hernia 
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Power Transistors 351
Stud-mounted silicon power transistors use stand­

ard stud-mounted rectifier hardware. Increased 
thermal conductivity allows operation in ambient 
temperature range of —65 to 4-200 C. The five stud­
mounted types are the 2N1894 through 2N1898, 
electrically equal respectively to the 2N389, 2N424, 
2N1660. 2N1661 and 2N1662.

Raytheon Co., Semiconductor Div., Dept. ED, 200 
First Ave., Needham, Mass.
Pis A; $24 to $60, 100 to 999; immediate.

¿ä&wJ

RAYTH EON 
90 SERIES

BAR-POINTER KNOBS
REDUCE PARALLAX PROBLEMS

Parallax is practically eliminated with these new 90 
series Bar-Pointer Knobs made to fulfill human engineer­
ing recommendations of the Department of Defense and 
the U.S. Air Force.

Dial-skirted and bar-pointer designs, in black or gray, 
fully meet the requirements of MS 91528B. Nonreflective 
matte finish for military applications. High-gloss finish 
for industrial equipment that deserves the precision-en­
gineered look.

For more information about 90 series Bar-Pointer Knobs 
and the most complete line of high quality control knobs, 
please write: Raytheon, Industrial Components Division, 
55 Chapel Street, Newton 58, Massachusetts.

For Small Order or Prototype Require­
ments See Your Local Franchised Ray­
theon Distributor.

RAYTHEON COMPANY
RAYTHEON

■H INDUSTRIAL. COMPONENTS DIVISION 

CIRCLE 77 ON READER-SERVICE CARD
ELECTRONIC DESIGN • April 26, 1961



NEW PRODUCTSINCOMPARABLE! 406Pulsed X-Ray System

PDM Multicoder 370

Automatic Solderer 526

Write for short form catalog 
describing comprehensive IR line 

of diodes and rectifying cells.

MINIATURE SELENIUM RECTIFIER CELLS AND CONTACT PROTECTORS
MINIATURE aELENIUM RECTIFIER CELLS —230 aS to 28 all; 48 to 384 PRV
SELENIUM CONTACT PROTECTORS, AC ANO DC TYPES - OMa, cartrtoga S Mnaatteaily «MM typos

Incomparable oreadth of line - International Rectifier produces reliable 
diodes and rectifying cells rated from 50 ma through 250 amps at 25 1UOO 
volts oer junction... produces series/parallel combinations through 100,000 
amps and 320,000 volts. (Higher ratings available for special applications;.

Compact, automatic, soldering ma­
chine for pc boards can be adjusted 
quickly for pc boards measuring from 
2 x 3 in. to 8 x 12 in. A two-wave 
solder pot with automatic fluxing can 
hold 300 lb of solder. The machine 
handles from 180 to 720 boards per

All-transistor, 48-channel, PDM 
multicoder has 3-pole, 16-channel 
subcommutator. It is of modular 
plug-in design. Silicon semiconductors 
are used throughout. Unipolar or bi­
polar models are available with com­
mon or insulated ground.

Applied Electronics Corporation of 
N.J., Dept. ED, 22 Center Street, 
Metuchen, N.J.

With 1-usec pulse duration. Model 
5660 pulsed X-ray system is expected 
to have widespread use in shock and 
vibration studies, radiation effects, 
rocketry, medical radiology, ballistics, 
and crystallography. The long-life 
tube is pulsed with a square-wave 
voltage of up to 150 kv; rate of appli­
cation is 1 to 30 pulses per sec. Result­
ing X-rays have an effective spot size 
of 1 x 2 mm, and at 1 in. from the 
target have an intensity of 10 million 
roentgens per sec. A Rauland image 
intensifier tube provides an image 
suitable for direct viewing or pho­
tography.

Zenith Radio Corp.. Dept. ED, 
6001 W. Dickens Ave., Chicago 39,

Automatic Tape Spooler 375
Bidirectional-winding, automatic 

tape spooler TS-400 can be used with 
any tape reader. The unit uses stand­
ard reels up to 8 in. in diameter, and 
handles paper or Mylar tape. The unit 
has a 1,000 ft tape capacity and winds 
at 15 ips.

Electronic Engineering Company of 
California, Dept. ED, 1601 E. Chest­
nut Ave., Santa Ana, Calif.

PGA: $495; 6 to 8 weeks.

SILICON STUD MOUNTED POWER RECTIFIER CELLS
1.8 AMP HERMETICALLY SEALED TYPES — IM to SM PRV latoO 
• AND 12 AMP HERMETICALLY SEALED TYPES-M to SMPRV rotes 
25 TO « AMP. HER MET I CALL* EALE TYPES-M fl SU PRV rate« 
BTl 150 IMP KERMET.JU » SEALED ’»PFS M ta (to "RY rates 
70 TO 250 AMP. HERMETICALLY SEALED TYPES-M « SM PRV rate« 
25 10 35 AMP OVAD-SEALEO” ECONOMY TYPES-MtlSM PRV rates

SILICON GENERAL PURPOSE RECTIFIER CELLS
SUBMINIATURE GLASS DIODES —High CssSectawa aM Gawral Porposa Tppa» 
SUBMINIATURE TRI-SEALED” ECONOMY 4M SERIES - 4M RM rates, 223 te SM PRV 
MINIATURE 'TRI SEALED" ECONOMY 5A SERIES - SM an raM, 20* to SM PRV 
DIFFUSED JUNCTION "PLUG-IN" 5M SERIES - 3M ata ratito 200 to ON PRV

TRI-SEALEO” ECONOMY 2E4 5E4 5E5 5E6 SEPIES-2M to 3M aw ratag, 4M to SM PRV 
HERMETICALLY SEALED MINIATURE AXIAL LEAD SERIES - 3M te M0 aM, SP to SM PRV 
IAN-APPROVED MILITMY SERIES-1 MM3,1M2S4, 11080,1 MM, 1NS40,1M47 
HERMETICALLY SEALED AXIAL LEAD SERIES — 300 te 8M aw, SO to 8*1 PRV 
HERMETICALLY SEALED STUD MOUNTED SERIES - SM aa ratal, 30 to M0 PRV

Devcon Inc., Dept. ED, P. O. Box 
616, Westfield, N. J.
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SILICON VOLTAGE REGULATOR DIODES AND REFERENCE ELEMENTS
SUBMINIATURE GLASS ZENEP DIODES —2U0 Mlihrat «•«
HERMETICALLY SEALED AVI AL LEAD STYLE M SERIES - 730 ■IliiWltt >
HERMETICAU* SEALED AXIAL LEAD STYLE S SERIES -1 tratt rate*
HERMEhCAUY SEALED STUD MOUNTED STYLE T SERIES - 3.3 «rat» rate«
HERMETICALLY SEALED STUD MOUNTED STYLE T SERIES- 10 waN rtf* 
1N430 VOLTAGE REFERENCE ELEMENT! 84 «alto (avaraga) «Ott«« afaraofc 
IN1530 MINIATURE VOLTAGE REFERENCE ELEMENTS-8.4 «aits (Maraga) «Oltog» Wterafce 
HIGH STABILITY VOLTAGE REFERENCE PACKS- BA aM 18 8 Wits fc«rtR»

INTERNATIONAL RECTIFIER 
diodes and rectifying cells 
from 50 ma through 250 amps at 
25-1000 volts per~junction



368Conductive Inks

373

KHP SERIES SHOWN ACTUAL SIZEDept

Data Converter 372

CIRCLE 79 ON READER-SERVICE CARD »

display 
for full

Ma> Velvet 
15 mt

5 mt

ED, 5451-B Randolph Road, Rock­
ville, Md.
PÙA: $685; 30 to 60 days.

TIMING VALUES: 
Nominal Voltage @ 25*C.

Pull tn time 
Drop cut time

Printed circuit conductive inks 
which can be sprayed, roller coated 
or screened have an approximate re­
sistance of 400 ohms per sq in., when 
screened through 8XX mesh. Formu­
lation EL-787 is prepared for porous 
boards. while formulation EL-796 is 
for thermo-plastic applications. The 
inks are black in color, and will air 
dry in 35 min.

Advance Process Supply Co., Inc. 
Dept ED, 2315 West Huron Street, 
Chicago 12, Ill.
Price: $35 to $39 per gal

Wide-Band Transformer 378

INSULATION RESISTANCE. 1500 megohm» min.
DIELECTRIC STRENGTH:
500 Volt» RMS 60 eyelet between contact!
1000 Volts RMS 60 eyelet between other elements 

MECH LIFE: In excess of 100 million cycles 
SOCKET. Solder lug or printed circuit terminals.

Available as accessory.
DUST COVER: Standard. >
TERMINALS: Solder lug and taper tab.

deflection. Image rejection is 60 db 
and gain control range is 80 db. It 
operates at 30 mc input frequency, 
and has a continuously adjustable 
sweep from 0 to 3 mc. This is a 
companion unit to TMR-1 telemetry
receiver.

Defense Electronics,

A radiosonde balloon data conver­
ter accepts analog synchro voltages 
representing radiosonde elevation and 
azimuth in degrees. The unit senses 
and records contact closures, and 
measures elapsed time in increments 
of 0.01 min. Completely transistor­
ized, the data converter conforms to 
MIL requirements, and was designed 
to operate with existing tracking an­
tennas and recorders.

Datex Corp., Dept. ED, 1307 S. 
Myrtle Ave., Monrovia, Calif.

This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances ove* an exceptionally long life. Example tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations.

But that's far from all. This is a small relay . . . about a one inch cube This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile ... its 4PDT contacts will 
switch loads from dry circuit up to 3 ampere j. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana

Ri transformer model RFT130, 
covers the range of I to 30 mc and 
matches a 50-ohm unbalanced source 
to a 1,200-ohm balanced load. It has 
a frequency response of 0 to 3 db in 
the indicated range. Flat loss is ap­
proximately 1 db. The unit is potted 
in epoxy resin, measures 1-7/16 in cu, 
and mounts with two 6-32 x 1/4 in. 
spade bolts.

Columbia Technical Corp.. Dept. 
ED, 24-30 Brooklyn-Queens Express­
way W., Woodside 77, N.Y.

Telemetry Display
Model TDU-1 telemetry 

unit has sensitivity of 2 pv

KHP SERIES SPECIFICATIONS 
CONTACTS: 
Arrangement: 4 Form C, 2 Form Z

Material: hi* dia. Silver itandard. Silver cad­
mium oxide and gold aUoy available.

Rating. 3 ampi (a 30 vol*» DC or 115 volt» AC 
reritHve for 100,000 operation».

COILS: 
Re»i»tance 11,000 ohm» max.
Temperature: Operating Ambient. —45*C. to 

+70°C.

Fewer: 0.5 watt» mm operate (a 25*C 0 9 
watt»nom. @. 25*C 2.0 watt» max. @ 25*C

:,New 

in I portant P&B



NEW PRODUCTS
Alkaline Batteries

Standard

Indicator Lights 363

Sub-Miniature

and Miniature

Connectors
Variable-Speed Drive 359

CIRCLE BO ON READER-SERVICE CARD

Hermetic 
Micro-Miniature

Welded indicator light modules for instrument 
and computer use are made in eight types, WM-2000 
through WM-2007. Self-contained units need only 
external power supplies and trigger signals. Config­
urations include transistor amplifier with incandes­
cent and glow lamps, positive and negative logic, 
tum-on and turn-off types.

Industrial Components Div., Raytheon Co., Dept. 
ED, 55 Chapel St., Newton 58, Mass.

rom a 
Complete

Inspect ESCON quality... ask far free 
sample of typical ESCON connector. 
ESCON, INC.. 733 Branch Ave, 
Providence 4, R I. A Subsidiary of 
Glass-Tito Industries, Inc.

All Linde atmospheric gases are 
produced under continuous Mass 
Spectrometer Control —insuring 
highest possible purity.

Huge production facilities and a 
widespread distribution system make 
it possible for L1NDE to supply large 
quantities of these gases and mixtures 
throughout the country—in bulbs or 
in cylinders of various sizes. These 
unique capabilities are the result of 
50 years of pioneering research and 
development work in rare gases and 
their behavior.

Linde gases serve the electronics 
industry in a wide range of uses, such 
as electron tubes including thyra­
trons, Geiger-Muller, and high- 
voltage regulator tubes; x-ray 
fluorescence analyzers, electric dis­
plays, and insulation for high-voltage 
terminals; standard and miniature 
incandescent lamps and high-speed 
photographic lamps. Many new uses 
are constantly being developed.

For complete data on gases, write 
for a copy of F-1002C, “Linde High 
Purity Gases.” Address Dept ED-044 
Linde Company, Division of Union 
Carbide Corporation, 270 Park. Ave­
nue, New York 17, N.Y In Canada: 
Linde Company, Division of Union 
Carbide Canada Limited, Toronto 7.

A static-powered drive for wide range, variable 
speeds from in-plant ac circuits, the Statatron is 
available in ratings from 1 to 200 hp Silicon diodes 
are used in conjunction with a transistorized power 
exciter.

Reliance Electric and Engineering Co., Dept. ED, 
24701 Euclid Ave., Cleveland 17, Ohio.

For radio and photoflash service, four alkaline 
batteries provide long life in continuous or intermit­
tent service. Included are the VS 1073, a I 5-v N 
cell; the VS1334, a 1.5-v penlight cell; VS1149 a 
4.5-v unit for portable radios, and the VS1335, a 
1.5-v C cell.

Radio Corp, of America, Dept. ED. 30 Rockefeller 
Plaza, New York 20, N. Y.
Availability: from distributors.

With hermetic connectors for every 
purpose, ESCON limpliflai your de­
sign problem* Eliminate costly, 
time-wasting “specials”. ESCON 
connectors offer 4 to 75 contacts, e 
variety of physical dimensions, meet 
or exceed MIL specs. New Micro­
Miniatura* ar* the ultimate in space 
and weight savings
If you need a “special”, ESCON’s 
creative engineers and ultra-modern 
facilities can design and produce . . 
fast. What are your requirements?

FREE SAMPLE

CIRCLE Bl ON READER-SERVICE CARD
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with LINDE RARE GASES

MONATOMIC 
DIATOMIC 

RADIOACTIVE
SPECIAL MIXTURES 

COMBINATIONS

PURITY

■ LINDE UNION 
COMPANY I CARBIDE



Terminal Assemblies 527

528Audio Chokes

529Filament Transformers

DEVELOPED IN CONJUNCTION WITH THE NOVAR TUBE

• Cinch is the only source for Novar Sockets

530Power Transformers

Voti»

531Test Console

Oivnlon of UmtoO-Corr Fastener Corporation. Boston, Massachusetts

1 « it 00 035 
149 18 10 036

149 19 00 033
149 19 10 034

149 19 00 037
149 19 10 038

AC RMS 
3000

CINCH PART 
NUMBER

149 19 00 041
149 19 10 042

48a 
7050

149 19 00 039 
¡49 19 10 040

CINCH PART 
NUMBER

1%" Mit Ctr. Sack« Rating»

». Adj. wtminal» (im lavai, 
b Tarmimi to giouud sei level • Contact Design. Contacts are designed for long­

lasting resiliency and to withstand fatigue. This 
means dependable operation and reliability.

• Fits Present Chassis Cutouts. You don't have to 
redesign chassis to accommodate the Cinch Novar 
Socket; physical dimensions are the same as octal 
sockets.

Electrical and mechanical tests performed according 
to EIA Standards.

BOTTOM 
MOUNTING

1!» mounting contort 
GP Black (CFG) 

Mica (MFEi 
1-5/16 monnting contort- 

uirlad »addla 
GP Black (CFG) 

Mica (MFE) 
1-5/16 mounting canten 

prmod-on »addle 
GP Black (CFG) 

Mica (MFE'

ONLY 
FROM 

CINCH.

Write for full information today! Complete engineering 
data and detailed specifications are yours for the asking. 
Or, phone NEvada 2-2000.

• Contact Finishes: insure constant voltage perform 
ance. Different finishes are available for extraor­
dinary environmental conditions.

Universal storage and crt console 
model 300B is for test of storage tubes 
having up to two writing guns and 
one flood gun. Characteristics are: ac­
celerating voltages, screen potential of 
20 kv max; positioning voltages, +250 
to —250 v; sawtooth frequency ranges, 
20 to 16,000 cps; synchronized 
sweeps, 60 to 15,750 pps.

Automation Laboratories, Inc., 
Dept. ED, 179 Liberty Ave., Mineola, 
L.I., N. Y.
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Filament transformer P-6432 has a 
5-v center tap, a 21-amp secondary' 
and an insulation breakdown of 2,500 
v rms. P-6433 has a 5-v center tap, 
15-amp secondary and an insulation 
breakdown of 2,000 v rms.

Chicago Standard Transformer 
Corp., Dept. ED, 3501 W. Addison 
St., Chicago 18, Ill.
Price: From $11.56 to $13.89.

BOTTOM MOUNTING 
(HIGH VOLTAGE) 
IH mountingCMttr»— 

coriod uddi»—high voltag. 
GP Black (CFG) 

Mica (MFE)
TOP 

MOUNTING
1-5/16 mounting contort— 

prettedon sudd« 
GP Black (CFG) 

Mica (MFE)

Industrial power transformer 
P-6358 is rated at 300-0-300 v ac at 
65 ma. Model PM-8423 is rated at 
300-0-300 v ac at 90 ma Primaries of 
both units are 117 v 60 cps.

Chicago Standard Transformer 
Corp., Dept. ED, 3501 W. Addison 
St., Chicago 18, Ill.
Price: $9.93, P-6358; $13.55, PM- 
8423.

Rated at 350 h at 5 de ma, audio 
choke C-2345 has a de resistance of 
5,600 ohms. Type C-2346 is rated at 
35 h at 15 ma de and has a de resist­
ance of 1.800 ohms. Both units have 
an insulation breakdown rating of 
2,500 v rms.

Chicago Standard Transformer 
Corp., Dept. ED, 3501 W. Addison 
St., Chicago 18, Ill.
Price: $5.11 for C-2345; $2.87 for 
C-2346.

Cinch Manufacturing Company
1026 South Homan Avenue • Chicago 24, III. ।

A high degree of reliability is 
claimed for “Cerameterms” ceramic­
metal terminal assemblies. They are 
for use with transistors, relays and 
condenser banks.

Bendix Corp., Dept. ED. Eaton­
town, N.J.



NEW PRODUCTS
388Transmitter Arrestor

536Motor-Generator ■
537Potentiometer

12955 CHADRON AVENUE,

94

high-
mag-

Dale Electronics, Inc., Dept.
Availability: 70 days

tenna coupler.

closer tolerances available.
American Electronics, Inc., Dept. ED, Precision

Wirewound potentiometer series 57-EM is a 2-w

operate at temperatures up to 150 C.

\ II

HOW IS SUCH PERFORMANCE AND GREAT
MECHANICAL STABILITY POSSIBLE?

capacitance never before obtainaole.

sealed element is then welded within the

sealing.
The front contact of the PSI Laminar Diode

tics never before possible.

Ultra-Fast Recovery’

Extremely Low Leakage
Extremely Low Stored Charge

Double Hermetic Seal

ELECTRONIC DESIGN

Lightning arrestor Type LA-4 features a 
temperature series capacitor, and a low loss 
netic type spark gap that permits the unit to ex­
ceed MIL-A-9094C specification. The arrestor has 
a mounting flange that may be fitted into an an­

ED., Columbus, Neb.

Brushless motor-generators have ratings from 3 to 
150 kw. The synchronous motor-powered devices are 
claimed to have 1% voltage regulation with optional 
regulation up to 1/2%. Frequency is exactly 400 
cps. Standard harmonic content is less than 2% with

Power Div., 1598 E. Ross Ave., Fullerton, Calif.

unit available in resistances up to 100 K. Glass 
sealed terminals permit this high-reliability unit to

Clarostat Manufacturing Co., Dept. ED, Dover,

Entirely New Diode Concept...Combinations

High Conductance
Pacific Semiconductors, Inc. announces a 
new approach to the production of silicon 
diodes to provide performance characteris-

The PSI Laminar process makes possible 
large scale production of diodes having these
outstanding features:

Great Mechanical Stability

Extremely Low Capacitance

High Rectification Efficiency

200°C. Storage Temperature

Briefly, the PSI Laminar Diode with its 
many layers, permits extremely low senes 
resistance coupled with a very small junc­
tion area to provide a structure yielding a 
combination of speed, conductance and

The laminated silicon element is provided 
with a glass-like surface layer which passi­
vates the silicon and gives the element com­
plete moisture integrity. This thoroughly 

standard PSI package...double hermetic

PS/ Pacific
April 26, 1961



538Stepping Switch

Spaghetti Tubing 539

Core Driver

Printed Circuit Hardware 540

is decisively imbedded in a gold lamination 
on the crystal giving the device complete 
and absolute protection against failure due 
to shock and vibration. Front contact failure 
is positively eliminated!

Don’t forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.

Solenoid operated, rotary stepping switch model 
100619 has 104 contacts in each deck. Decks may be 
stacked. Operating voltage is 24-v de with other 
voltage coils available. Contact carrying capacity is 
2 amp; working voltage between contacts is 3,000 v 
de and resistance drop through contacts and slip­
rings is 0.05 ohm.

Astral Electronics Inc., Dept. ED, 14620 Arminta 
St., Van Nuys, Calif.
PCs A: From $604.42 ea; 30 to 60 days

Miniature plug and jack assembly is for printed 
circuit applications and measures 1/8 x 1/8 in. at 
max cross section. Both plug 2654 and jack 2655 are 
brass, finished in silver plate with a gold flash.

Cambridge Thermionic Corp., Dept. ED, 445 Con­
cord Ave., Cambridge 38, Mass.

Greater thermal stability, low-temperature tough­
ness and superior dielectric strength is offered by 
Teflon spaghetti tubing. Designated Chenflour, it is 
available in 11 colors. Sizes range from AWG 30 to 
AWG 0.

Chemplast, Inc., Dept. ED, 3 Central Ave., New­
ark, N.J.

LAMINAR TYPE PS9013
Forward current @ 0.9V > 500mA
Saturation voltage > 80V @ 25°C
L4o @ 25°C < .20mA, I «o @ 150°C < 50MA
Reverse Recovery* < .2/xsec

WHAT DIODE TYPES ARE AVAILABLE?
All diode types now being made from con­
ventional mesa and planar processes. This 
includes the PS9013 high conductance core 
driver, with the following specifications:

HAWTHORNE, CALIFORNIA • A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC
CIRCLE S3 ON READER-SERVICE CARD 
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Capacitance @ 9V reverse < 7 pfd 
* Switching 500mA forward to —30 V 
reverse recovery to 10K ohms

The PS9013 will replace the following: 
1N690, 1N691, 1N920, 1N921

LAMINAR LOGIC DIODE 1N3257 will 
replace the following:

1N903 thru 1N908A, 1N914, 1N914A, 
1N916, 1N916A, 1N251

LAMINAR MEDIUM CONDUCTANCE
DIODE 1N3258 will replace the following: 

1N658, 1N662A, 1N663, 1N792, 1N796, 
1N800, 1N808, 1N815

All of the above EIA types are also available 
in Laminar construction.



NEW PRODUCTS
Tape Reader 392

Push-Button Switch 534

1-watt

Tarzian Epoxy enclosed

6 to 105 volts, in 20% increments

Immediate availability

Battery Holders 535

workday

CIRCLE 84 ON READER-SERVICE CARD

Standard tolerance is 20%
(ail common tolerances available on request)

another Sarkes Tarzian 
production breakthrough!

Sarkes Tarzian did it in 1957 for silicon rectifiers 
and has done it again in 1961 for silicon voltage 
regulators...devised production methods that 
make it possible to offer quality silicon 
semiconductor devices at a price level that 
permits their use not only in Sunday circuits 
but also in workday circuits.

At the new low prices, more circuits can be 
better protected or improved in performance by 
the use of these small and inherently rugged 
devices as clippers, limiters, and regulators.

Silicon Voltage 
Regulators 

now at

Where highest quality
is in volume production

ELECTRONIC DESIGN • April 26, 1961

Up to 80 bits of information can be read simul­
taneously by means of TP 401 tape reader. The unit 
reads 10 lines and 8 levels across at a time at 6 tests 
per sec. Special search speed runs at 12 ips. A frame 
counter indicates the number of frames the tape has 
advanced from a selected point. TP 401 measures 
10-1/2 x 13 x 19 in.

Electronic Engineering Company of California. 
Dept. ED, 1601 Chestnut Ave., Santa Ana, Calif. 
Pi? A: $1,620; 6 weeks.

Rated to 50 w, the S6 series molded push-button 
switch is 1-7/16-in. long, with OD of 11/16 in. 
It is available normally open or normally closed, 
spst or spdt. Maximum working voltage is 115 v. 
Carter Parts Co., Dept. ED, 3401 Madison St., 
Skokie, Ill.

Designed to retain C cell mercury batteries under 
severe shock, No. 2880 holders are of phosphor 
bronze, with beryllium copper spring washers. They 
measure 2-3/8 at the base. Cambridge Thermionic 
Corp., Dept ED, 445 Concord Ave., Cambridge 38, 
Mass.
Price: $0.78 ea, 100 to 249.
Availability: From stock.

i SARKES TARZIAN, INC.
I World» Ladini Manufactarar» d TV ad FM Tañer» • Clnad Circuit TV S^tem» • EtnaKa» 

Lquipmert • Air Trimmm • FM Radi« « • Magnate Rocoidmg Tapa • Semiondvctm Darne»

•■MI CONDUCTOR DIVISION • SLOOMINOTON, INDIANA
In Canada; JOB Waston M, Toronto 3 » Export. Ad Aurioma. Ine.. No* York

Tarzian 
Type

Zener 
Voltage 

(V)

Test 
Current 
(MA)

Dyn. 
impiMAX) 

(Ohms)

VR6 6 25 4.0
VR7 7 25 5.0
VR85 8.5 25 6.0

VR10 10 12 8.0
VR12 12 12 IO

VR14 14 12 11

VR18 18 12 17

VR20 20 4 20

VR24 24 4 28

VR28 28 4 42

VR33 33 4 50
VR39 39 4 70

VR47 47 4 98

VR56 56 4 140
VR67 67 2 201

VR80 SO 2 280
VR90 90 l j40
VR105 105 1 400



ent SemiconductiGenera! hCoil Form 541

form

10-WATT ZENERS

Converter 548

Instrument Unique design.

Ferrite Antenna Coil 549

Broadcast band antenna coil RTC 9252 is for

IN CANADA: General Instrument Limited, Semiconductor Division, P 0 Box ~9, 151 Weber Street South. Waterloo. Ontario. Canada.
CIRCLE «5 ON READER-SERVICE CARD

Designed 
models VC

GENERAL INSTRUMENT 
GENERAL TRANSISTOR

which employs thermal matching of silicon 
and package, enables units to withstand 
rapid temperature cycling and thermal 
shock. Low junction operating temperature

ELECTRONIC DESIGN . April 26, 1961

means high reliability and long life. Con­
servatively rated diodes show extreme 
stability under life tests at maximum pa­
rameters.
New Diodes Available for Immediate Deliv­
ery in Types IN 1808; 1N2044 through 
1N2049; and 1N1351 through 1N1362. Volt­
age ranges from 7.5 to 30 volts (higher upon 
request).

rerne/y low Dynamic Impedance 
Superior Case Design

Up to 175Q C Operation 
Diffused Junction Type 

100% Scope Tested

silicone-impregnated and is internally

Outstanding Quality—New line of superior 
quality 10-watt zener diodes provides de­
pendable uniformity of electrical character­
istics __ completes the family of General

Vertically mounted ceramic coil form No. 2501 
for printed circuit work The grade L-5 ceramic

for use with “Nixie” indicator tubes, 
12-170 and VC 28-170 have an output

small receivers where no external antenna or large 
internal loop antenna is desired. The inductance can 
be screw-driver adjusted from 43 ph at 2.5 me (“Q” 
of 100) to 270 uh at 790 kc (“Q” of 300).

Chicago Standard Transformer Corp., Dept. ED, 
3501 W. Addison St., Chicago 18, 111.

of 170 v de from 12 and 28 v de respectively. Full 
load current is 30 ma for each, enough to power 
10 “Nixies.”

Burroughs Corp., Electronic Tube Div., Dept. ED.
P. O. Box 1226, Plainfield, N.J.
Price: $48.50 in small quantities.

SEMICONDUCTOR
DIVISION OF CENEMI INSTRUMENT CONPOMIION

65 Gouverneur Street, Newark 4, New Jersey

threaded for tuning cores. It is available with four 
different powdered-iron tuning cores having over­
lapping frequency ranges from 0.2 to 150 me. 
Dimensions are 0.255 in. for the form OD and 0.625 
in. for mounted height.

Cambridge Thermionic Corp., Dept. ED, 445 
Concord Ave., Cambridge 38, Mass.

Full Size

REPRESENTATIVE GROUP
OF SUPERIOR

ZENERS FOR
YOUR MOST EXACTING
CIRCUIT REQUIREMENTS
10 WATTS TO W WATT
Standard types supplied . 10% of 
stated value; .. 5% tolerances 
available except as indicated.

Supplied witn q; 10% tolerance only.
Intermediate values supplied with 5: 5% tolerances on order

New 10-Watt Zeners 3.5-Watt Stud Mount! 1-Watt Axial Lead’ %-Watt Ailiai Lead

Zieer Test Cai. Max Ou Jimi list Cai Mai Oya Zaner Test C« Mai Cy» Zenit list Cw. Mai Ein
riluti 55 C Ima Typt Voltati W 25 C ley Ty« Vallati <4, 25 C Ims I IM Voltati 25 C Imo

• Il <«ai 'atan m ma ales r ma ohms v ■a ohmsi
~1N18O8 9.1 500 1 [1N1588 3 6-4.3 150 2 6 ;ÎN1518 3 6 4 3 50 9 1N708 5 6 25 ■ •

1 1N1351 10 500 _2_ 1N1589 4 3-5 1 125 23 |1 N1519 4 3-5 1 40 8 5 " 1N714 10 12 8
¡ 1N1352 11 500 2 '¡1N1590 5 1-6.2 HO 14 IN1520 5 1-6.2 35 5 5 1N718 15 12 13
Ì 1N1353 12 500 2 IN 1591 6 2 7 5 100 ____58 "1N1521 6 2-7 5 30 16 1N721 20 4 20

1N1355 15 500 2 [1N1592 7.5-9.1 80 ■ 5 IN 1522 7.5-9 1 25 1 1 1N723 24 4 28
1N1357 18 150 3 1N1593 9.1-11 70 ,7 INI 523 9 1-11 20 1.5 ' 1N731 51 4 115

1 1N1358 20 ' 150 ~ , 3 IN 1594 11-13 50 1-4 IN 1524 11 13 15 2.4 !N7j5- 75 2 ’ 240
1N1359 22 150 3 '1N1595 13-16 ' 40 3.4 1N1525 ' 13 16 13 5 4 1 1N738* 100 1 400

¡ 1N1360 24 150 3 1N1596_ 16 20 35 6 1N1526 ' 16-20 10 11 1N742* 150 1 860
1N136I 27 150 3 J1N1597 20-24 30 9 T1N1527 20-24 9 ' 18 1N744* 180 1 : 2 32
1N1362 30 150 4 .1N1598 24-30 25 13 ‘1N1528 24-30 7 28 ! 1N745- 200 1 1400



NEW PRODUCTS
542Modulator

543Impulse Counter

Modular Connector 544

GENERAL

CIRCLE 86 ON READER-SERVICE CARD

An electro-optical system is used to perform the 
modulation in the “Autoverter” microvolt modulator. 
A power source capable of 200 v de delivering 200 
ma is the only requirement to drive the unit. Two 
5-v square wave outputs have less than 2-uv rms 
noise level with 2-uv zero offset. Weight is less than 
3.3 oz.

Apollo Electronics Inc., Dept. ED, 301 S. Harbor 
Blvd., Fullerton, Calif.

Push-button actuated impulse counter has an auto­
matic reset which counts at a rate up to 500 counts 
per minute. The start button is integral with the 
count-setting knob. Four standard counting ranges 
are available: 1 to 120; 2 to 240; 4 to 480, and 8 to 
960.

Automatic Timing & Controls, Dept. ED, King of 
Prussia, Pa.
Price: $45.

cated steel strips. These nests are fitted together to pro­
vide 100% interleaving for optimum design. Result: 
Sylvania Flexi-core transformers operate cooler, provide 
higher reliability and are up to 30% smaller and lighter 
than conventional types.
Whatever your application for transformers might be, 
Sylvania can build you a better one at a competitive 
price. For details on production quantities, consult your 
Sylvania Special Products representative. Or write 
Sylvania Electric Products Inc., Ipswich, Mass.

You can’t buy a new Sylvania Flexi-core transformer 
“off-the-shelf.” We make them to your specifications. 
Each one is custom-designed and competitively priced.

No longer are design engineers forced to compromise on 
size, shape and linear dimensions or be restricted by 
conventional E.I., C, U or D configurations. Odd sizes 
and special shape transformers can now be made without 
the usual penalties in tooling and delivery.
Reason? The heart of the new Flexi-core transformer is 
a formed core consisting of nests of laminations of fabri-

For miniaturized packaging, these connectors will 
provide 100 connections in 2-1/2 in. of length. Top 
and side feed nylon modules may be interlocked on 
a rigid plastic track which may be cut to any length.

Bumdy Corp., Dept. ED, Norwalk, Conn.
CIRCLE «7 ON READER-SERVICE CARD ► 
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The only thing standard about new 
Flexi-core transformers is the price

SUBSIDIARY OF

GENERAL TELEPHONE ^ELECTRONICS
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Figure 1 —Ima., lOnsec., 185mv./div.

The usefulness of diode 
stored charge measurements

by DAVID E HUMEZ
Technical Advisor to the Manager of Operations 

Clevite Transistor, Waltham, Mass

Because driving signals usually are of fixed amplitude 
and duration in a given circuit, it would be desirable to 
express the transient behavior of diodes in terms of the 
charge which must be removed during switching. It 
would be even more desirable if a simple method of 
measuring stored charge under a given set of circuit 
conditions could predict the diode behavior under 
different conditions.

Measurements of the charge represented by the 
product of reverse current (I,) and the time (tr) required 
for the diode junction voltage to drop to zero have been 
disappointing. For the same forward current (and there­
fore the same total stored charge) the charge measured 
varies widely with changes in the reverse current. Table 1 
lists a series of measurements on a single, moderately-fast, 
diode. Note particularly that the measurement made from 
lOma. to 18ma. shows a smaller ratio of t, to T. the 
effective total charge lifetime, than all the other measure­
ments and yet does not show a maximum normalized 
value of UL. Very small values of G r do not give more 
understandable results.

Table 1

1/ 
ma

I, 
ma

t, 
nsec

tjr 
/x/xCOUl

T 
nsec

Ti/ 
^/xCOUl

5 2 18 36 31.7 158.5
20 2.0 42 84 33.2 664.0
20 1.0 62 62 31.6 632.0
20 0.5 86 43 33.8 676.0
20 0.1 134 13.4 34.0 680.0
10 • 18 3.1 55.8 33 330.0
20 1.0 73 73 37.2
20 2.0 48 96 33.6
20 5.0 26 130 31.6

The use of the popular expression Q =Tlr (etr/T- 1) 
at all, and particularly when t,< <T, gives rise to large 
errors because the derivation of the expression makes use 
of a fundamentally false assumption: viz., that at the 
time, t,, the charge contained in the diode will have 
dropped to zero. Both theory and measurement show 
that the fraction of the total charge removed during this 
time is never larger than about one fourth, that it varies 
widely with the ratio of I//Ir and that it reaches a 
maximum at I//Ir of approximately 1.5 corresponding to 
tr/T = 0.35 approximately.

The current and voltage traces displayed in figure 1 
illustrate the variation in the fraction of charge removed 
during the time, tr. The diode behavior shown is that of 
the diode of Table 1. The last three lines of Table 1 were 
derived from the photographs, whereas the first five lines 
were obtained with different equipment. Experimental 
difficulties in achieving simultaneous traces of current 
and voltage have given rise to small errors.

A general solution of the diffusion equation for a diode 
whose base is thick compared to a diffusion length (W 
> L) yields the expression, erf vX T = 1/ (1/4- E). By 
the use of this simple expression, values of T andTl/ (the 
total stored charge) have been calculated in the last two 
columns of Table 1. For a wide range of values for 1/ Ir, 
remarkably uniform values of T result. From the value 
of T can be calculated t, for any value of 1/ Ir. Assuming 
a value of T = 33 nsec tT was calculated for 1/ Ir = 0.55. 
The result predicts that the constant current phase of 
recovery should be over in 3.1 nsec. Figure 2 illustrates 
this same diode performing under these conditions. The 
diode is being switched from lOma forward to 3 volts and 
approximately 100 ohms external loop impedance. Note 
that with such a low voltage and loop impedance the 
voltage drop across the diode itself is not negligible. The 
reverse current is not 3 100 amperes but rather .018 
approximately. Also at this speed the rise time of the 
generator and CRO are important. It is, none the less, 
encouraging that a measurement made at 134 nsec and 
an 1/ I, of 200 to 1 should predict so well the behavior 
at 3.1 nsec and an 1/ L of 1 to 1.8.

Table 2 illustrates a simple .test for the condition 
W > L. The diode yielding the results listed as trl 
satisfies the condition, the other diode does not.

Stored charge measurements can, then, be made at 
conveniently long times for a large group of moderately 
to very fast diodes intended for use in the low nanosecond 
range. A single set of test conditions could well be 
adopted as standard for a very wide range of end use 
conditions.

Detailed information on this subject is available. 
When writing please ask for Applications Bulletin 3.

CLEVITE TRANSISTOR
Waltham, Massachusetts



Splice Cap 545

Wire twisting for splicing is eliminated by splice 
cap 2008S. The steel cap has eight equally spaced 
flutes to position it in the crimping tool as the con­
nection is made.

Buchanan Electrical Products Corp., Dept. F.D. 
Hillside, N.J.

Lanyard-Operated Switch 546

A 4pdt lanyard-operated switch, type M-479-1 
w ithstands high-level sinusoidal and random noise 
vibration tests in both axes, in normally open and 
closed positions, without contact movement. Switch 
has passed vibration test of 92 g at 2 kc. Contacts 
are rated at 10 amp de. Weight is 0.5 lb, length 2.7 
in. Life exceeds 5,000 cycles per min.

Kinetics Corp., Dept F.D, 410 S. Cedros, Solana 
Beach, Calif.

Vibration Tables
P’

547

Lightweight vibration tables are made for elec­
tronic reliability testing programs. Model RH-5220, 
for horizontal vibration, produces 3.2 g; RV-5340, 
for vertical vibration, will produce 3.6 g. Frequency 
range is 25 ±5 cps; test load capacity is 500 lb.

L. A. B. Corp., Dept. ED, 700 Onondaga St., 
Skaneateles, N. Y.
Price: $4,000 to $7000,
4 CIRCLE 87 ON READER-SERVICE CARD
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PLOT MEASUREMENTS
INSTANTLY, ACCURATELY, ECONOMICALLY 

WITH ROHDE and SCHWARZ

Z-g DIAGRAPHS Expanded Smith Chart

Reflection Coefficient

RANGE: 30 to 2400 MC
The 
can

Diagraphs employ the directional coupler principle. Measurements 
be read directly on a Smith chart or a special transmission-line

chart without any arithmetical or graphical evaluation work, thereby 
saving time, expense, and eliminating error. A large number of accessories 
is available such as baluns, variable shorts, etc.

THE DIAGRAPHS OFFER 4 MEASURING USES:

Impedance and Admittance Measurements: Wide-band response dia­
grams on aerials, transformers, load resistors, filters and other networks 
can be traced within minutes.
Measuring Transmission Characteristics: Transfer characteristics of 
multi-terminal networks and semi-conductors can be plotted directly 
on a transmission-line chart.
Phase Angle Measurement: Take phase angle readings between 2 
voltages from +180° to —180c directly on a polar coordinate system.
Use 
can

as a Measuring Receiver: The built-in superheterodyne receiver 
be used as a linear measuring receiver.

Specifications
Frequency Range Type n
30 to 420 me ZDU 50*. 60 and 75
300 to 2400 me ZOD 50* and 60

WRITE TODAY FOR DIAGRAPH DATA SHEET

ROHDE & SCHWARZ '

111 Lexington Ave., Passaic, N. J. • PRescott 3-8010

CIRCLE 88 ON READER-SERVICE CARD

Smith Chart (Rectangular Coordinates)

Carter Chart (Polar Coordinates)

Attenuation and Phase Angle

99



CANNON 
ANNOUNCES 
fcCAPS 
CANNON AUTHORIZED

PLUG SPECIALIST

Distributor Program

NEW PRODUCTS
Cable Clamps 439

Adjustable cable clamps and cable ties are com­
pletely flexible from —65 to +225 F. Unaffected by 
moisture, the Lok-Strap clamps withstand extreme 
flexure and vibration. They do not become brittle at 
low temperatures and do not stretch at high tempera­
tures. Wire harnesses from 1/8 to 2 in. in diameter 
are accommodated.

Panduit Corp., Dept. EI-2, Dept. ED, 17301 
Ridgeland Ave., Tinley Park, Ill.

Cryogenic Pumps 436

CANNON
BPLUGS

ANNON

LUG

CANNON PLUGS...ASSEMBLED LOCALLY TO YOUR RE* 
QUIREMENTS—BY FACTORYTRAINEO SPECIALISTS.Cannon 
Electric Company has appointed 10 of its top distributors to its new 
CAPS organization. Cannon Authorized Plugs Specialists (CAPS) are 
factory trained to assemble Cannon Plugs to your individual requirements 
...offer you faster service and a wider selection than that available from 
any other distributor organization. You get the famous Cannon quality- 
fast delivery—factory prices CAPS are located throughout the United 
States; there is one near you. Contact the CAPS listed below for all your 
plug requirements.

Flooded electric motors are used in line-mounted 
cryogenic pumps. Operating temperature range is 
—290 to —420 F. Motors range in size from frac­
tional to 50 hp, for 60 or 4(H) cps power. The 50-hp 
motor uses 3-phase, 400-cps power, measures 6.50 
in. in diameter by 7 in. long and weighs 30 lb. At 
normal speed of 24,000 rpm, efficiency is 90%. Pumps 
are made for pipe sizes of 1 to 8 in., flange-mounted 
or welded.

Pesco Products Div., Borg-Warner Corp., Dept. 
ED, 24700 N. Miles Road, Bedford, Ohio.

ATLANTA,GA. MINEOLA, LONG ISLAND, N.Y
Electro-Air Corporation Schweber Electronics
645 Antone Street N.W. 60 Herricks Road
TRinity 3-1651 Pioneer 6-6520
CHICAGO, ILL. NEW YORK, N.Y.
United Aircraft Supply Corp. Time Electronic Sales
5637 West 63rd Place 373 Broadway
Portsmouth 7-1500 BArclay 7-3922
DALLAS, TEX. NORTH HOLLYWOOD, CALIF.
Tekko Richey Electronics
4308 Maple 10816 Burbank Blvd
LAkeside 6-8763 TRiangle 7-2651
DENVER, COLO. PHILADELPHIA, PA.
Kimball Electronics Inc. Aercon, Inc.
4975 Jackson Street 2137 Ludlow Street
DUdley 8-9326 LOcust 8-5105

INGLEWOOD, CALIF. SOUTH BENO, IND.
Liberty Electronics Corp. Radio Distributing Company
339 South Isis 1212 High Street
ORegon 8-7163 ATIantic 8-4664

CANNON ELECTRIC COMPANY,, 3208 Humboldt Street,
Los Angeles 31, California

CIRCLE 89 ON READER-SERVICE CARD
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Thermostat Module

Miniature, liquid-in-glass thermostat offers

434

direct
switching of 1, 4.7, and 10 amp or larger loads 
without external relays or amplifiers. Unit handles 
output voltages to 400 v at frequencies from 25 to 
1,000 cps. Setting accuracies to 0.1 C and differen­
tial of 0.05 C can be provided. Package is 0.4 in. in 
diameter by 1-1/2 in. long for ac, slightly larger 
for de.

Precision Thermometer & Instalment Co., Dept. 
ED, 1434 Brandywine St., Philadelphia 30, Pa.

This is the time of our annual subscrip­
tion renewal; Return your card to us.

ELECTRONICS

CIRCLE 90 ON READER-SERVICE CARD 
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GRACE UNIFORMITY...noVrin Silicon Slices and Lapped 
Slices to reduce your device manufacturing costs

Do-it-yourself crystal growing, slicing and lapping 
involves extensive expenditures in labor, space, and 
machinery. Besides tieing up your capital, you absorb 
the material losses. No wonder so many cost and 
quality-conscious device manufacturers are turning 
to Grace for slices and lapped slices . . . where they 
get 100% usable product to their exact specifications.

Another reason is uniformity. Grace ultra-high 
purity silicon in all forms is produced under standards 
far more exacting than even the most particular 
customer’s specifications. This insistence on perfec­
tion assures you savings. You don’t have to change 
your manufacturing process with each silicon order. 
Perfection is standard at Grace . . . where the quality 
control is constant from the basic chemistry to the 
delivered product.

102

Grace has all forms and grades of silicon. Call 
collect today for full details and price information. 
Even if you are doing your own slicing and lapping, 
you should have the facts on this valuable second 
source of supply.
POLYCRYSTALLINE SILICON—a) Bulk for Czochralski crystal growing. 
P or N type. Grades I, II, III and Solar. Large uniform lots.
b) Poly-Rods for zone refining. Diameters up to 1". Length to 15". 
Resistivity to 1,000 ohm-cm. with correspondingly high lifetimes.

MONOCRYSTALS—Czochralski and Float Zone monocrystals grown 
to your specifications.

SLICES AND LAPPED SLICES—Precise control assures uniform slice 
thickness, parallelism and surface perfection to your specifications.

Subsidiary of W. R Grace & Co. 
101N. Charles St, Baltimore. Md. 
Pl. 2-7699 • TWX: BA-390

West Coast Rep. : Chafin & Asso- 
ciates. los Angeles. SanFrancisco 
DUnkirk 5-3955. tWX: LA 2170

GRACE ELECTRONIC CHEMICALS, INC.
CIRCLE 93 ON READER-SERVICE CARD

NEW PRODUCTS

Crystal Filter 453

With A 2.0-cps bandwidth at 100 kc fa, model 
BP-104D crystal bandpass filter is designed for vibra­
tion-analyzing equipment. The crystal is housed in a 
thermostatically controlled oven to maintain 135 C. 
Specifications are: insertion loss, 22 db; impedance, 
output and input, 1.2 K; size, 4 in. in diameter x 
5 in.; maximum drift, 0.0005% of f- over operating 
temperature range.

Electronic Laboratories Corp., Dept. ED, 4221 
Spencer St., Torrance, Calif.

Rotary-Actuated Switch 433

High-temperature, hermetically sealed switch uses 
a rotary linkage actuator for positive operation re­
gardless of dust or ice conditions. Lever can be 
adjusted through 360 deg. Rating is 2 amp induc­
tive, 28 v de and 1 amp inductive, 115 v, 60 or 
400 cps. Temperature range is —65 to 600 F.

Minneapolis-Honeywell Regulator Co., Micro 
Switch Div., Dept. ED, Freeport, Ill.
Price ir Availability: $130 ea; stock.

432Data Recorder

Analog data tape recording and reproducing sys­
tem 102A is designed for general industrial and rc-

ELECTRONIC DESIGN • April 26, 1961
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Silicon Rectifier 431

Frequency Converter 435

103ELECTRONIC DESIGN • April 26, 1961

Reading clockwise: Venus, Moon, Mars. Approximate distance from Venus to Earth. 25,000,000 miles; from Moon, 240,000 miles; from Mars, 50,000,000 miles.

Photos courtesy of Mount Wilson and Palomar Observatories.

search use. Accuracy is 0.2% from 0 to 400 cps. The 
system may be used for time scale contraction and 
expansion, dynamic simulation, programing and 
computer read-in and read-out. The portable, two- 
channel unit has three tape speeds, wide dynamic- 
range, independent record and reproduce channels, 
low noise and low crosstalk.

Mnemotron Corp., Dept. ED, 3 X. Main St., 
Spring Valley, N. Y.

LOCKHEED
CALIFORNIA DIVISION

Low cost of the MR322 diffused-junction silicon 
rectifier enables wide application. Rated at 18 amp, 
unit operates at case temperatures from —65 to 
+ 175 C. Welded case of 5/8-in. OD is designed for 
press-fit mounting.

Motorola Semiconductor Products Inc., Technical 
Information Center, Dept. ED, 5005 E. McDowell 
Road, Phoenix, Ariz.
Price: $0.58 ea, 10,000 quantity.

A frequency-to-voltage converter, the IIP Maga- 
cycler produces an output voltage or current directly 
proportional to input frequency or pulse rate. Full 
scale outputs range to 10 v with accuracy of ±1/2%. 
Standard units cover the audio range from 5 cps to 
12 kc, with up to 100 kc on request. Internal im­
pedance is low. The converter meets military re­
quirements. Can size is 3-1/8 x 2-5/16 x 2-5/16 in.

Pioneer Magnetics Inc., Dept. ED, 850 Pico Blvd., 
Santa Monica, Calif.

Don’t miss an issue of ELECTRONIC 
DESIGN; Return your renewal card.

Nowhere is this closeness more apparent than at 
Lockheed. Here, with each passing day, new technological 
advances help bring nearer the exploration of Mars, the Moon 
and Venus.

As the time grows shorter, the pace grows faster. New 
designs in Spacecraft and Aircraft are rapidly being developed 
—and the number continues to mount. Included are: Missiles; 
satellites; hypersonic and supersonic aircraft; V/STOL; and 
manned spacecraft.

For Lockheed, this accelerated program creates pressing 
need for additional Scientists and Engineers. For those who 
qualify, it spells unprecedented opportunity. Notable among 
current openings are: Aerodynamics engineers; thermody­

namics engineers; dynamics engineers; electronic research 
engineers; servosystem engineers; electronic systems engi­
neers; theoretical physicists; infrared physicists; hydrodynami- 
cists; ocean systems scientists; physio-psychological research 
specialists; electrical—electronic design engineers; stress 
engineers; and instrumentation engineers.
Scientists and Engineers are cordially invited to write: Mr. 
E. W. Des Lauriers, Manager Professional Placement Staff, 
Dept. 1304, 2407 N. Hollywood Way, Burbank, California. All 
qualified applicants will receive consideration for employ­
ment without regard to race, creed, color, or national origin. 
U.S. citizenship or existing Department of Defense industrial 
security clearance required.



NEW PRODUCTS
Capacitance Measuring System 450

of resolution on
milliohmmeter

Temperature Controls 454

TYPE MR-330

Laminar Diodes 440

• no calibration or zero adjustments
recovery time of less than 3

indication of resistance

•DUPONT

Write for complete details

CIRCLE 94 ON READER-SERVICE CARD
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ranges with 120,000 dial div 
any range are provided.

Battery operation, a ruggedized meter, and 
protective cover make the 502 ideal for 
field tests of squibs, carbon bridges and 
other explosive devices. Features include.

• accuracy within 3% of full scale; a four- 
terminal measuring system eliminates errors 
due to clip and lead resistance

without zero drift or errors due to thermal 
EMF's.

Have you sent us your subscription 
renewal form?

* 2 microwatts maximum dissipation across 
sample.

• 13 overlapping ranges from 0.001 ohm to 
1000 ohms full scale.

Molded mylar capacitors offering maximum performance 
nnd reliability in the smallest practical size. Outstanding 
stability and low dissipation factor.

Electro Scientific Industries Inc., Dept. ED, 7524 
S W, Macadam Ave., Portland 19, Ore.

The Keithley 502 Milliohmmeter offers 
speed, ease, and accuracy in the measure­
ment of low resistances. Typical uses are 
corrosion tests, checking resistivity of 
metals, semi-conductors, printed circuits, 
switch and relay contacts.

A multi-layer construction is used in silicon laminar 
diodes. Type IN3257 has greater than 30 ma forward

CIRCLE 95 ON READER-SERVICE CARD
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nsec, and rectification efficiency of 45% at 100 me. 
Type IN3258 has more than 100 ma forw ard current 
at 1 v, reverse recovery in less than 4 nsec, and 
rectification efficiency of 40% at 100 me. Both types 
have saturation voltage greater than 100 v at 25 C. 
Core driver types are also available in laminar con­
struction.

Pacific Semiconductors, Inc., Dept. ED, 12955 
Chadron Ave., Hawthorne, Calif.
PUA: $4.35 and $5.00 ea, 100 to 999; immediate 
delivery.

Series 7000 electronic temperature controls are 
available in ranges from —300 to +2,000 F. Stand­
ard range is 0 to 800 F. A special plug-in “antici­
pator” actuates the relay by anticipating, on a pro­
portional basis, the actual set-point, either high or 
low. The control circuit is encapsulated in epoxy.

Electronic Processes Corp., Dept. ED, 436 Bryant 
St., San Francisco, Calif.

Accuracy is ±0.01% plus one dial division on the 
three intermediate ranges of model 700 capacitance 
measuring system; ±0.02% plus one dial division on 
the highest and lowest ranges. Two- or three-terminal 
capacitors from 0 to 0.12 pf can be measured with a 
resolution of 0.0001 pf on the lowest range. Five

GET MICRO-MOLDED MINIATURE 
MYLAR CAPACITORS FROM...

SMALLEST MYLAR* CAPACITORS.. 
PRECISION MOLDED UNIFORMITY

a good way 
to measure 
0.00003 ohm

• lightweight and portable. Furnished with 
protective cover and set of four test leads.

• price. $390 00

DIVISION OF ILLINOIS TOOL WORKS
1321 LESLIE AVENUE ALEXANDRIA, VA



Diode Test Set 478

Forward and reverse de characteris­
tics of diodes and rectifiers are mea­
sured by model 1808 diode test set. 
The forward current supply is metered 
and adjustable from 50 pa to 3 amp. 
The forward voltage is measured in 
three ranges of 1, 3, and 10 v full 
scale. Reverse voltage is metered and 
adjustable from 0.5 to 2,000 v. Re­
verse currents from less than 1 na to 
3 ma are read directly.

Dynatran Electronics Corp., Dept. 
ED, 178 Herricks Road, Mineola, N.Y.

Servo Motor 442
Size 5 precision servo motor type 

5351-01 is 1 in. long, weighs 0.7 oz. 
and has 0.12 oz-in. torque at stall. 
Operating temperature range is —55 
to +125 C. Motor has 47,000 rads per 
sec* torque-to-inertia ratio. No-load 
speed is 9,500 rpm min. Power re­
quired is 26 v at 400 cps, 1.7 w at 
stall.

John Oster Manufacturing Co., 
Avionic Div., Dept. ED. Racine, Wis.

Miniature Relays 477

New Improved CBS PNP 
Power Transistors
2N538(A) • 2N539(A) • 2N540(A) 
FEATURE MORE POWER, 
LESS WEIGHT, LESS SPACE
The CBS 2N538(A), 2N539(A) and 2N540(A) have a maxi­
mum dissipation of 30 watts at a base mounting temperature of 
25 deg. Centigrade. Yet, each transistor weighs less than 5 grams 
and requires only 1/3 square inch of chassis space.

Compact and rugged, these hermetically-sealed CBS PNP Ger­
manium Power Transistors are ideal for military and industrial 
power applications demanding high reliability. They are espe­
cially suited for servo motor controls, power amplifiers, con­
verters, power supply regulators and low-speed power switches.

Note the major characteristics and advantages. Call or write 
today for complete technical data and delivery information from 
your local sales office or Manufacturer’s Warehousing Distributor.

ELECTRICAL CHARACTERISTICS

Type
Max. 
VCBO

Min.
Vee 

W = l)

hFE
(lc = 2A, Vct = -2V)

V»e
(lc = 2A, Vct = -2V)

Gp (mhos) 
(Ir-2A, Vet = -2V)

Min Max. Min. Max. Min. Max.

2N538 -80 —55 20 50 1.33 3.33
2N538A -80 —55 20 50 1.33 3.33 17.5 52
2N539 -30 —55 30 75 1.00 2.50
2N539A -30 —55 30 75 1.00 2.50 35 105
2N540 -80 —55 45 113 0.75 1.88
2N540A -30 —55 45 113 0.75 1.88 71 213

Alt types have-. Max, collector current, 3.5 amps; junction temperature, —65 to +95’C; 
max, saturation voltage 3 6 volts (lc=2A, l>=200 mA). Minimum alpha cutoff frequency 
is 200 KC (lc=100 MA, Va=-4 volts); max, thermal resistance, 2.2‘C/W.

Rotary and time-delay relays are 
available in volume of less than 1/3 
cu in. The solid-state time-delay relay 
TD-181 operates on 21 to 30 v de; 
delays range from 100 msec to 10 sec, 
with accuracy to ±10%. Single-pole, 
normally open contacts are rated at 
150 ma, 30 v. The M200 rotary unit 
has 2pdt contacts rated at 2 amp resis­
tive, I amp inductive, 26.5 v de or 
115 v, 400 cps. Operate time is 0.005 
sec max. Weight is 0.6 oz. The two 
units combine to form a 2pdt timing 
relay. Environmental tests are met.

Leach Corp., Controls Div., Dept. 
ED, Azusa, Calif.
Availability! 4 weeks.
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CBS1 semiconductors
More Reliable Products through Advanced Engineering

CBS PNP Power Transistors with an im­
proved industrial male package offer:

Single, sturdy 8-32 mounting stud 
Matched glass-to-metal seal for 
greater mechanical strength and re­
sistance to thermal shock
Rugged welded construction through 
the selection of matched materials 
having excellent welding properties 
Typical leakage three to five times 
lower than specification limits.
High dissipation with minimum size 
High collector-to-base voltage
High collector-emitter breakdown 
voltage
Wide range of operating and storage 
temperatures

CBS ELECTRONICS, Semiconductor Operations, Lowell, Massachusetts
A Division of Columbia Broadcasting System, Inc. * Semiconductors • tubes • audio components • microelectronics 
Sales Offices: Lowell, Mass., 900 Chelmsford St., GLenview 2-8961 • Newark, N. J., 231 Johnson Ave., TAlbert 4-2450 
Melrose Park, Ill., 1990 N. Mannheim Rd., EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 

Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311.
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4461 -W Resistor

Coaxial Latching Relay 445
TOTAL PROCESS CONTROL AND DISCIPLINED PRODUCTION DELIVER

HIGH-RELIABILITY WET-ANODE
TANTALUM CAPACITORS FROM in

472

Phone these ITT-CD Capacitor Sales Offices:

CIRCLE 97 ON READER-SERVICE CARD

Solid-state voltage-to-frequency con­
verter develops output frequency pro-

ENGINEERS: Your ITT representative has a complete set 
of qualifications and quality control tests for your inspection.

ITT wet-anode tantalum capacitors meet MIL-C-3965B—a fact proved by independent 
laboratory qualifications tests on ITT capacitors. The reliability and long life expectancy 
of these competitively-priced capacitors are direct results of ITT’s total process control and 
disciplined production procedures, above and beyond testing standards more stringent than 
normal industry practice—and backed by ITT’s world-wide facilities and experience.

Link Division of General Precision, Inc. specified ITT capacitors for this 
vital portion of its Tracer Identification and Control System, which de­
mands utmost reliability and long life expectancy from every component.

AX S MI 3 
CA 7-2980 
$P 7-2250 
GR 5-3080 
EM 1-1765 

.BA 8-5493 

.KE 4-5091 

.TO 9-3322
. HA 0841 
JE1-92M

Albuquerque 
Bosten . . 
Chiceco ... 
Cleveland 
Dallas . 
Dayton 
Denver 
Detroit 
Fort Wayne 
Kansas City

Voltage-To-Frequency 
Converter

COMPLETE SPECIFICATIONS ON in wet- and solid-anode 
tantalum capacitors are available on request. Write on your 
letterhead, please, to the address below.

and a 
provide

COMPONENTS DIVISION 
isTisunoim niiPHOec »«o Hits«»« cotrourios

positive latching action in a compact 
coaxial latching relay. Size is 2-1/8 x 
1-1/2 x 0.86 in., weight 5.5 oz. En­
vironmental specifications are met 
The pulse-operated relay has a low 
standing-wave ratio. Armature travel 
is 0.040 in.

Electro-Actuators Div., Omega Pre­
cision, Inc., Dept. ED, 757 N. Coney 
Ave., Azusa, Calif.
PirA: On request; 6 to 8 weeks.

Magnetic latch assembly 
balanced rotary armature

Vitreous-enameled, wirebound 1-w 
resistors are made in axial-lead con­
figuration. Length is 9/16 in. max, 
diameter 1/8 in. max. The resistor 
shows stability under constant full 
load, low noise, long life and good 
overload capability. Resistance range 
is 1 to 6,000 ohms, tolerance ±5%.

Ohmite Manufacturing Co., Dept. 
ED, 3657 Howard St., Skokie, III

Lot Anfcles . . . HI 8-6325
Miami .................. Ml 4-3311
Minneapolis WE 9-0457
New York ............ 10 5-1820
Philadelphia ........TR 8-3737
Phoenix WH 5-2471
Rochester . , Fl 2-1413
San Francisco ..LY 1-7321
Seattle................ MA 2-5433
St. Louis.............. EV 2-3500

IN STOCK AT in DISTRIBUTORS:
• two types—M-Type and P-Type, for applications from 55 to 

85 and 125 C. respectively
• 29 values —from 1.75 to 330 mfds over a working voltage range 

to 125 VDC and maximum surge voltages to 140 VDC
• compact and rugged—sintered tantalum slug in fine-silver cases 

for 2000-hour life at maximum temperature and working voltage 
• guaranteed—to 80,000 ft. and accelerations of 20 G’s with a 

0.1 in. excursion in 50-2000 cps range
• long storage life—tantalum-oxide dielectric is completely 

stable; assures trouble-free operation



portional to the input voltage. Used 
with a standard frequency counter, 
the device measures de voltage to 0.1% 
accuracy. Four-decade voltage ranges 
cover 0 to 1 kv de, positive or negative. 
Sawtooth output wave amplitude is 
3 v rms.

Lome Electronics, Inc., Dept. ED, 
8526 N. New Braunfels, San Antonio 
9, Tex.
Price: $395.

Radiation Instruments 447

Four chassis comprise the Logic 
801 system for measuring radioactiv­
ity. Preamplifier accepts pulses from 
Geiger, scintillation, or proportional 
detectors and provides gain of 1 or 20. 
High-voltage supply is continuously 
variable, with positive output from 
350 to 5,000 v and negative output 
from 350 to 1,500 v. The 6-digit 
scaler has a resolution of 1 usee. Timer 
chassis records duration of count or 
provides preset stop; drift is 1 ppm 
per week max.

Nuclear-Chicago Corp., Dept. ED, 
359 E. Howard Ave., Des Plaines, 111.

Magnetic Tester 471

SPECTROL SOLVES EQUATIONS LIKE THIS...

9=Atan-1
to design non-linear 

potentiometers 
-faster, more accurately

AM 

TF 

TFM 

B

EQUALK AM 

TF 

TFM 

TF 

TF 

TO 

AM

CM

BNH

FLAGK 8NF

TOM

BB

POSK MM 

S

FPN-8,01,10

*+l8,K0UNT4 

,70,10

NEGK

K0UNT4.02.10

*+l8,KOUNT4 

,70,10

*+3O,KOUNT4

*+23,KOUNT5

K0JNT5.01,10 

KOONT5,FPN,7 

FQUALK 

♦+24.FPH 

OECK+21,2,10

FPN-8,02,10

K0UNT4.99

K0UNT4

.K0UNT5

The above equation is the mathematical 
expression for the non-linear function 

required of a precision pot to relate 
voltage ratio — to potentiometer shaft 

E' position O.

,02,10 

.01,10

KOUNT5,FPN,7 

*♦96

CM KCWMT4,&eCK,7

03366 tl 03129 OOOBt 

03376 26 03396 03952 

03390 16 00000 00070 

OJ4O2 4g 03318 00000 

WM It 03952 O00Ö2 

03426 26 03444 03952 

03438 16 00000 00070 

03450 26 03480 03952 

03462 26 03485 03957 

03474 25 00O00 00000 

03486 11 03957 000Ö1 

0349& 14 03957 Ö3137 

03510 47 03414 01100 

03522 44 03546 03137 

03534 15 03876 000Õ2 

03546 42 00000 00000 

03558 13 03129 000Ö2 

03570 22 03952 00099 

03582 26 03600 03952 

03594 16 00000 00070 

03606 26 03636 03952 

03618 26 03641 03957 

03630 25 00000 00000 

03642 11 03952 000Ö2 

03654 11 03957 000Ö1 

03666 14 03957 Ö3B7 

03678 47 03774 01100 

03690 14 03952 03855

Automatic tracing of flux density vs 
magnetic force curves is done by the 
Ferrotracer. Used with an X-Y re­
corder, the unit makes a permanent 
record of the core under test in less 
than 60 sec. Magnetic values can be 
read directly in kilogauss and oersteds. 
1'he solid-state tester has over-all ac­
curacies of ±2%.

Lumen, Inc., Dept. ED, P. O. Box 
905, Joliet, Ill.
Pis A: $1,575, 60 cps; $2,300, 400 
cps; 14 weeks.

This is a typical non-linear problem applied to Spec- 
trol’s new IBM 1620 digital computer... equipment 
which eliminates days of design time, provides error- 
free results and makes it possible for Spectrol to issue 
quotations a day or two after receiving your request. 
For the past three years Spectrol—and only Spectrol— 
has used this technique.
Basically, it works this way: Computer input data is 
in the form of programmed equations or tabulated X 
and Y coordinates. Previously programmed tapes with 
general equations for non-linear applications (on file 
at Spectrol) operate on the data, to compute output 
in terms of winding equipment settings, cam angles 

SPECTROL ELECTRONICS CORPORATION 
1704 South Del Mar Ave. • San Gabriel, Calif. • ATIantic 7-9761 
Adams Court • Plainview, L. I., New York • WEIIs 8-4000

and radii. An electric typewriter prints out this infor­
mation on a form such as that shown above, which 
is sent directly to production, eliminating delays and 
potential transcription errors.
Speaking of production, Spectrol has precision equip­
ment for winding non-linear resistance elements at 
its plants in New York and Toronto to supplement its 
California facilities. Using the computer in California. 
Spectrol can TWX winding instructions to either plant 
... another reason you can expect results sooner.
One more thought: Call us if you’re in a bind. Letters 
take time.
To assist engineers who have applications for non­
linear pots, Spectrol has prepared a detailed speci­
fications brochure. For your copy, contact your 
Spectrol engineering representative or the factory.

TORONTO. ONTARIO. CANADA
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FOR RELIABILITY ... FLEXIBILIT

specify WÜLTI"TE1

•Du Pont Trademark

RIBBON CABLES INSULATED WITH TEFLON
• REQUIRES LESS SPACE

• LIGHTER IN WEIGHT
• GREATER HOOKUP FLEXIBILITY

Precise separation-distance between conductors 
can be varied to provide a dependable set of 
circuit constants. Cables are available in any 
combination of conductors and wire sizes includ­
ing shielded and coaxial constructions . . , and 
with Teflon insulations that RESIST ABRASION 
(Type AR)... RESIST CORONA STRESS (Type 
CR)—or in combinations of both.

HARNESSES USING MULTI-TET CABLES 
CAN BE MADE TO YOUR SPECIFICATION

Another example of.. .
Advanced Technology in Fluorocarbon Products

. GORE & ASSOCIATES, INC.
555 PAPER MILL ROAD 
NEWARK DELAWARE

ENDICOTT 8 9183
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MINIATURE
Electrolytic CAPACITORS
• Wide range of capacities and voltages.
• Excellent low temperature characteristics.
• Stable, low leakage, high temperature characteristics.
• Rugged, excellent under severest operating conditions.
• Non-polarized types available for audio, cross-over, and 

other AC applications.

SMT and SMTU ‘
I 

and silicone rubber sea s. •
¡no for wide temperature applications. i 
Supplied with transparent plastic msulat 
ing sleeves. |

I* ik—•— ’i— fl I omWREW* U

SMT AXIAL LEAD
Temperature;

BMT and BMTU
Plastic cased with thermoset resin 
end fill; available in two temperature 
ranges. Economically priced

bmtaxial lead
ILLINOIS 

BMTU 

cafacitop

SMTU
Upright 
Mounting

_30°Cto+105°C I .
Tvoes SMTU and BMTU are availab (i m 
muitinle section units in common cathode FT BMTU

Upright 
I I Mounting

ILLINOIS
S CONDENSER COMPANY

I 1616 N. Throop Street Chicago 22, Illinois 
_J Telephone: EVerglade 4-1300
I txport: I} Moore St Naw York 4 New York 

'Fore mart manufacturers of Electrolytic Capacitor* tor almost 30 years"

NEW PRODUCTS
Pulse Generators 428

449

Modular subsystems are combined as required to 
form pulse- and time-delay generating equipment. 
A wide range of repetition rates, delays, and pulse 
widths are possible through use of rate, delay, width, 
pulse-forming, and power supply packages. The 
model B-9 systems use accurate, largely transistorized 
circuitry.

Rutherford Electronics Co., Dept. ED, 8944 Lind- 
blade St., Culver City, Calif.

Four-Terminal Clips -GROUND SUPPORT
-COMPUTERS 
-TEST EQUIPMENT

Designed for rapid, low-resistance, high-accuracy 
measurements using four-terminal techniques, model 
ESI Kelvin Klips are constructed of beryllium cop­
per with gold plating. The units may be used with 
any bridge employing Kelvin circuits and the four- 
terminal method.

Electro Scientific Industries, Inc., Dept. ED, 7524 
S. W. Macadam Ave., Portland 19, Ore.

MID-EASTERN
SC SERIES 
TRANSISTORIZED 
POWER SUPPLIES
• High Pawer - Small Package
• No External Heat Sink Required
• Completely Transistorized, Transient 

Free
• Designed For Maintainability
• Stock Delivery
• 0.05% Regulation, 1 mv Ripple
• Sealed Case, Gold Anodized

8 MODELS 
$149.00 each

Encapsulated Inductances 464

Order directly from Mid-Eastern or from our 
representative in your area (see EEM catalog).

For printed wiring applications, the J302 series of 
miniature encapsulated inductances range in value 
from 10 mh to 22 ph with ±5% tolerance. Maximum 
de current rating is 60 ma to 1.21 amp. The units 
are wound with high-temperature wire and encap­
sulated in epoxy for —55 to 4-125 C ambient tem­
perature operation. Lead spacing is 0.2 in.

James Millen Manufacturing Co., Ine., Dept. ED, 
Malden, Mass.

Don’t forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.

MID - EASTERN 
ELECTRONICS, INC.
32 COMMERCE STREET 
SPRINGFIELD, NEW JERSEY
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430Thermosetting Tape

Dept. ED. 263:

452Data Plotter

455

Mystik Adhesive Products, Inc 
N. Kildare Ave., Chicago 39, Ill. 
PUA: $7.94 to $6.35 per roll, 1

The design engineers at Victor's Electric-Car Division 
sought a way of making their Dyna-Powered Mainte­
nance Truck accelerate automatically and smoothly 
through the three forward speeds. The answer: Two 
G V Red/Line Thermal Relays, each providing a two- 
second delay between steps. This assures smooth, 
even acceleration every time. A third Red/Line Relay 
shuts off the dynamic brake after a fixed time interval, 
conserving battery power. So, at Victor. G-V Red/Line 
Timing Relays are ‘‘paying off”.

Dept. ED, Long

Box 5000 Redwood City, California

More and more companies are finding the reliable per­
formance of G V Red/Line Timing Relays makes them 
best for their products. G-V Red/Line Relays will “pay 
off" in your product, too. Your customers appreciate the 
importance of high quality, reliable components. G-V 
Red/Line Timing Relays are specially designed for 
industrial applications. They have the precision, relia­
bility and long life needed to “pay off" in industrial use.

Your GV distributor has them in 
stock now. Call him or write 
for Bulletin 131 today.

For analog as well as digital inputs, series 3100 
dataplotter provides accuracies up to 0.175% of full 
scale on 11 x 17 in. plots. Plotting speeds are up to 
80 points per min. It is equipped with transistorized 
control circuitry, provisions for “off-board” origin, 
and is able to accept punched card, tape or key-

Ampex data recorders on the 
newly announced lease pro­
gram can help you in two ways. 
Leasing lets you pay for the 
use of your data recorder only 
as you need it.
Through installment purchas­
es. you are investing in your 
Ampex data recorder while it 
works for you.
Either way, pressure on your 
working capital is reduced to 
the minimum. Complete pro­
gram details and equipment 
specifications from:

Pressure-sensitive, thermosetting resin adhesive in 
glass cloth tape No. 7020 cures in 1/2 hour at 350 
F. Tape operates at Class B temperatures. Other 
features are high tack, high initial adhesion, and 
excellent resistance to solvents, abrasion, aging, and 
chemicals.

Octal-base, plug-in, operational de amplifier model 
C/100/B is for analog computer and instrument ap­
plications. Specifications are: gain, 30,000 de open 
loop; output, 3 ma over ±100 v de; bandwidth, over 
400 kc with 0.6-|isec risetime as unity inverter.

Embree Electronics Corp., Dept. ED, 993 Faim- 
ington Ave., West Hartford 7, Conn.
PUA: $25 in I to 5 quantities; 10 days.

CIRCLE 103 ON READER-SERVICE CARD >

board input.
Electronic Associates.

Branch, N.J.

New 
equipment 

without 
capital 
outlay 

...from Ampex
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New B/A model NC-1 performs transistor tests up to

• Minimizes heat sink requirements.
■ Under optimum conditions, requires 
only 6 lOths of 1% of the input power 
used in conventional DC current tests.
■ Permits 750 watts max. power with 
max. current of 50A or max. voltage of 
250V.
■ Provides DC meter readings of VBE, 
IB, Vet and Ic — common emitter con­
figuration under pulse conditions.
■ Measures leakage currents and Ic0 
and I.o by standard techniques.
■ Allows breakdown measurements to 
be performed under variable bias 
conditions.
• Evaluates switching capabilities of 
device under dynamic conditions

Here’s the only direct reading, variable duty 

cycle test set for non-destructive measurement 

of medium and high-power transistors. The B A
Model NC-1 applies suitable pulse drive signals to 
the transistor under test and then peak detects the 
resulting current pulses at the same measuring 
value as steady state DC. Because the average 
pulse signal power is considerably lower than 
that of steady state DC, less stress is put on the 
transistor. This permits power tests to be made at a 
level many times that of rated device dissipation. 

Write today for additional information and name 
of your nearby Baird Atomic representative.

Engineers and scientists — investigate challenging 
opportunities with Baird-Atomic.

NEW PRODUCTS
Digital Converter 469

DC Amplifier 448

Used with pointer instruments, di­
gital converter provides input data for 
digital computers or control systems. 
Photoelectric scanner operates at up to 
10 scans per sec. An electronic unit 
houses circuitry and display. Typical 
accuracy is 0.1 ±1 count, resolution 
1 part per 1,000.

MacLeod Instrument Corp., Dept. 
ED, 4250 N.W. 10th Ave., Fort Lau­
derdale, Fla.

A chopper-stabilized vacuum tube 
type, type 98 de amplifier completely 
isolates the recorder from the signal 
source. Designed for use with the 
firm’s IMA or 100-ua recorders, it will
increase sensitivity 
Input resistance is 
racy and linearity 
less than 0.5$.

up to 10 times. 
1 megohm; accu- 
are 0.1$; drift is

Rustrak Instrument Co., Inc., Dept. 
ED, 130 Silver St., Manchester, N. H. 
Price: $109.50.

Static Converters 441

ext fee -xt tom/c, /nc.
33 university road • Cambridge 38. mass.

ADVANCED AND ELECTRONICS SERVING SCIENCE

Rated at 100 w, dc-to-dc static con­
verters type CN are designed to with­
stand shock and vibration. Input is 6, 
12, 18, 24, or 28 v de with an allow­
able variation of ±20$. Output volt­
ages are 600, 300, 150 and 100 v de 
at 100 w. Ripple is less than 0.5$ 
rms. Units are potted in MIL-T-27A 
transformer cans; transistors are ac­
cessible for service.

PRL Electronics, Inc., Dept. ED, 
232 Westcott Drive, Rahway, N. J. 
PGA: $70.00 to $81.25; delivery from 
stock.
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Rack Blower 470

Mach 5...Mach IO...and Beyond
Post-IF Amplifiers 444

Two-speed blower for electronic 
racks is designed to provide greater air 
turbulence over the entire rack inter­
ior. Output of the 19-in. unit is 500 
cfm. Various rack depths are available. 
Washable filter can be serviced with­
out removing the blower.

McLean Engineering Laboratories, 
Dept ED, Princeton, N. J.

Soldering Instrument 443

Twin heating elements in this 
tweezer soldering instrument develop 
572 F temperature at the 1/32 in. 
tips. Used with low-temperature 
solders, the instrument weighs 1 oz, 
is 6 in. long, and operates on 6 v de.

Oryx Co., Dept. ED, 13804 Ventura 
Blvd., Sherman Oaks, Calif.
Price i? Availability: $14.95; immed­
iate.

Military requirements of tempera­
ture and service life are met by post-if 
amplifiers A 106-108. The silicon­
transistor units have center frequen­
cies of 30, 45, or 60 mc. Gain is 60 
db, bandwidth 9 mc. The amplifiers 
are capable of —125 C operation, with 
storage to +150 C.

Orion Electronic Corp., Dept. ED, 
108 Columbus Ave.. Tuckahoe, N. Y. 
Pi? A: $550 ea, 1 to 9; 2 to 4 weeks.

Up where the “wild blue yonder” becomes inky black, you can’t afford to gamble on precise, reliable 
temperature control And that’s the natural domain of Stevens Thermostats. They are compact and 
lightweight... withstand high G’s...are utterly reliable even under wide temperature swings. For 
Stevens Thermostats are a product of creative engineering... coupled with the most stringent environ­
mental testing and quality control programs in the industry. If space is your dimension, take the 
measure of Stevens Thermostats first.

T to 6°F Differential Standard
1° to 4°F Differential Special

Maximum spread of 6°F including differential 
and tolerance.

li? a
- ti619 _ °0

STE IVI CO

MC

6°F is difference between maximum open and minimum close.
CIRCLE 105 ON READER-SERVICE CARD ►



MIL type rectifiers from General Electric NEW PRODUCTS

Microminiature Connectors 457

The industry's FIRST MIL type Medium Current Silicon Rectifiers

451Metallized Glass

429Bobbin Resistor

GENERAL
CIRCLE 106 ON READER-SERVICE CARD

25 A @ 57°C Stud 
25 A @ 57°C Stud 
25 A @ 57°C Stud 
25 A @ 57°C Stud 
25 A @ 57°C Stud 
25 A @ 57°C Stud 
25 A @ 57 C Stud 
25 A @ 57°C Stud

Don’t miss an issue of ELECTRONIC 
DESIGN; Return your renewal card.

USN2N681 
USN 2N682 
USN 2N683 
USN 2N684 
USN 2N685 
USN 2N686 
USN 2N687 
USN 2N688
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Mechanical strength is said to be greatly increased 
in precision resistors through strain-free bobbin con­
struction. Made in sizes 1/4 x 1/4 x 1/8 in. (No. 20 
lead wire) and 3/16 x 3/16 x 1/8 in. (No. 22 lead 
wire), the units operate in temperatures from —65 
to +125 C. Environmental specifications are met. 
Rating is 150 v, 1/8 w.

National Resistance Corp., Dept. ED. Pearl River, 
N. Y.

A metallized surface for soldering makes this glass 
suitable for applications in hermetically sealed units 
where it is desired to view the operation of compo­
nents. Details of the process for assembly and design 
of suitable apertures are available.

Electro-Seal Corp., Dept. ED, 946-A North Ave., 
Des Plaines, Ill.

Hermetically sealed connectors type EHMM will 
mate with all standard corresponding plastic connec­
tors having socket contacts. Rodies and pins are 
sealed with glass for reliability which meets or ex­
ceeds MIL-C-8384. Current rating is 3 amp; voltage 
breakdown is 1,200 v rms at sea level.

Escon, Inc., Dept ED 735 Branch Ave., Provi­
dence, R.l

For complete information coll yaur Semiconductor District Sales Manager or write to Rectifier Components Department, 
Section 23D12, General Electric Company, Auburn, New York. In Canada: Canadian General Electric, 189 Dufferin St., 
Toronto, Ont. Export: International General Electric, 150 East 42nd Street, New York 17, N Y.

For Factory-Low Prices on Solonium, Germanium and Silicon Rectifiers in Quantities up to 999 
Call Your Local G-E Semiconductor Distributor.

Type MH Spec

Max.
Single Phase 
PRV (volts)

Ma« Single Phase 
loc @ Temp.

USA 1N249B MIL-S-19500/134 125 20 A @ 150°C case
USA 1N250B MIL-S-19500/134 250 20 A @ 150°Ccase
USA 1N2135A MIL-S-19500/134 500 20 A @ 150 C case

MIL Spec

Max.
Single Phase 
PRV (volts)

Mll-S-19500/108 25
MIL-S-19500/108 50
MIL-S-19500/108 100
Mll-S-19500/108 150
Mll-S-19500/108 200
Mll-S-19500/108 250
Mll-S-19500/108 300
MIL-S-19500/108 400

Type MIL Spec

Max.
Single Phas* 
PRV (volts)

Max. Singlo Phase 
loc @ Temp.

Germanium
USN 1N93 MIL-E-1/895B 300 75 ma @ 55°C
USAF 1N315 MIL E 1/1088 100 100 ma @ 85°C
Silicon
JAN 1N253 MIL-E-1/1024A 100 1A @135 Cease
JAN 1N254 MILE 1/9898 700 400 ma @ 135"C case
JAN 1N255 MIL-E-1/990B 400 400 ma © 135°C case
JAN 1N256 MILE 1/991B 600 200 ma @ 135°C case
JAN 1N538 MIL-E-1 /1084A 210 250 ma @ 150°C amb.
USAF 1N538 MIL-E-1/1089 200 250 ma @ 150°C amb.
JAN 1N54O MIL-E-1/1085A 480 250 ma @ 150°C amb.
USAF 1N540 MIL-E-1/1089 400 250 ma @ 150°C amb
JAN 1N547 MII-E-1/1083A 720 250 ma @ 150°C amb.
USAF 1N547 MIL-E-1/1089 600 250 ma @ 150°C amb.





New Heavy-Duty Slide from 
Chassis-Trak

Now you can rack-mount your 
heaviest electronic gear, yet keep it 
readily accessible for checking and 
servicing. A new heavy-duty Circu­
lating Ball Slide, developed by 
Chassis-Trak, will easily support 
equipment in the 1000 lb. range, 
even under extreme shock and vi­
bration conditions. Secret of the 
slide’s strength is its Circulating 
Ball design (see phantom view 
above). Weight is distributed 
evenly over the balls which rotate 
in the direction of the pull, resulting 
in easy sliding action.

The new Circulating Ball Slide is 
permanently dry-lubricated with 
Poxyhibe 75, a bonded molybdenum 
disulfide film which assures smooth 
operation for the life of the slide. 
Easily assembled with standard 
hardware, the slide is available in 
lengths from 16" to 24" in two-inch 
increments and in lengths up to 60" 
in six-inch increments. Each track is 
only Ui" wide and 3" high, requir­
ing much less chassis space than 
other slides in this heavy-duty range.

Get full details on the new CB 
Slide today.

for further information contact:

525 South Webster Ave., Indianapolis, Indiana 
CIRCLE 10R ON READER-SERVICE CARD

This is the time of our annual subscrip 
tion renewal; Return your card to us.
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NEW PRODUCTS
Force Gage 456 EXCITATION!

Three force transducers are incorporated in the 
same plane in the model 2106 force gage to accu­
rately simulate point force loading. Sensitivity of 7 
peak mv per peak lb is obtained. The entire top 
and bottom surfaces are load-bearing members with 
stiffness of 2 x 10’ lb per in.

Endevco Corp., Dept. ED, 161 E. California 
Blvd., Pasadena, Calif.
Price: $425.

Switch Light 467

Rebuilding and modification of the Twist Lite 
may be done without special tools. Switches include 
2pdt and 4pdt momentary action, 2pdt alternate 
action, and magnetic holding. Display area may be 
split horizontally or vertically. Unit accepts 4 bulbs 
at 28, 12 or 6 v. Designed for military or commercial 
application, the unit meets military requirements.

Master Specialties Co., Dept. ED, 956 E. 108th 
St., Los Angeles 59, Calif.

Film Capacitors 460

Designed for rapid insertion in printed-circuit 
boards, series F207 capacitors have right-angle leads. 
These double-dipped, Mylar film capacitors are avail­
able in capacities of 0.01 through 1.0 uf, with ratings 
of 200, 400 and 600 v de.

John E. Fast and Co., Dept. ED, 3598 N. Elston 
Ave., Chicago 18, Ill.

115-VOLTS...400-CYCLES...FOR 
BOTH MOTOR AND GENERATOR

Now, ■ Size 8 servomotor-generator 
with both motor and generator wound 
for 115-volt, 400-cycle supplies. It's 
beckman Model 9008-1106-0, ready 
now to help cut costs in your system 
...aid in achieving greater reliability 
and economy.

Generator specs show an output of 
0.30 volts per 1,000 rpm, phase shift 
is 0° ± 10°. The servomotor turns 
6,000 rpm. no-load speed, its stall 
torque is 0.33 oz. in., and accelera­
tion at stall is70,700 rad/sec2. length 
of this motor-generator complete is 
1.850* and maximum weight is 2.6 
ounces.

For complete facts on beckman 
Model 9008-1106-0, contact your 
nearest Helipot Sales Representative, 
or write directly to us.

115
Beckman . 

Helipot

POTS : MOTORS : METERS
Helipot Division of 
Beckman Instruments. Inc. 
Fullerton, California

CIRCLE 109 ON READER-SERVICE CARD 
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Crystal Oven 468

1-3/4

Dept

Foot Switch 476

ated at 20 amp, 125-250 and

one

Magnetic Drum 474

imbigicapacity,
digital data. Surface

CIRCLE 110 ON READER-SERVICE CARD ► 'Trad* Mark, Sparry Rand Corporation

Contact read/write heads in mag 
netic storage drums pros ide large-

Dept, 
Wood-

äEM ICONDUCTOR INTEGRATED NETWORKS

storage of 
movement

OD. Unit meets military
shock and vibration tests, 

Manson Laboratories.
ED, Stamford, Conn.

tary or maintained contact, 
both sides.

Linemaster Switch Corp. 
ED, 432 Woodstock Terrace, 
stock, Conn.

Positive control of reversible opera­
tions is provided by the Clipper twin 
foot switch. Each of the switches has 
momentary contact for spdt circuits

1 hp, 115-230 v ac. Only one external 
power cable is used. Variations include 
maintained contact or dpdt in momen-

A wide range of crystals is accom 
modated by the RD-135 mercury 
thermal switch crystal oven. Useful in 
low-frequency applications, oven takes 
crystals up to 1-3/8 in. long. Tem­
perature control is ±0.005 C at fixed 
room ambient, and ±0.025 C from 0 
to 60 C. Weight is 7 oz, size 5-3/16 by

Here's evidence on Sperry's PNP alloy junction silicon transistors:
1. All units are baked at 200°C for 200 hours and each device is doubly tested for a 

perfect hermetic seal — through a 150°C hot oil check and a separate hydrostatic 
test at 100 psi.

2. Sixty-three QC checks ore performed before and during mechanized manufacture
3. Our newly-built 65,000 square foot facility in Norwalk, Connecticut incorporates the 

latest techniques to produce the quality and quantity you require.
4. We offer you a wide variety of PNP types from which to choose.
May we have your verdict?

separates the heads from drum surface 
at operating speed. Write current is 
low, with 300-mv signal amplitude. 
A 1-v read signal is obtainable.

Computer Systems Laboratory, Lit­
ton Systems Inc., Dept. ED, 5500 
Canoga Ave., Woodland Hills, Calif.

SPERRY RAND CORPORATION 
NORWALK, CONNECTICUT

SPERRY SEMICONDUCTOR 
DIVISION



Orders of Magnitude More SensitiveU17 M i t hT M il i Hu .JO í i kíí
SEMICONDUCTOR STRAIN GAGE
MICRO-SENSOR MS 105-350
For Application to: Strutturi ir* • Transducer Sensors

• Sensitivity—gage factor 130
• Easily bonded to all types of surfaces for military, industrial, 

and space applications
• Integral terminal construction
• Superior signal-to-noise ratio
• Resistance—350
• Size: Element—H" x .020" Complete Gage— 1" x Yi"
• Radius of Curvature—16"
• Maximum Operating Strain-—over 3000 microstrain

IMMEDIATELY AVAILABLE- 
ADDITIONAL INFORMATION ON REQUEST

MICRO S' INCORPORATED

NEW PRODUCTS
Power Rheostat 463

Enclosed, dustproof power rheostat is readily 
adaptable to any linkage for either manual or auto­
matic operation. Design allows operation at full 
power rating with as little as 25% of the winding in 
use. The unit is available with standard or tapered 
windings in ratings of 100, 200 and 300 w. Center 
tap is optional.

Milwaukee Resistor Co., Dept. ED. 700 W. Vir­
ginia St., Milwaukee 4, Wis.

Thermistor Probe 461

■I
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fOTaoct) -™S TUNING 1 

frequency) FORK OSCILLATOR 
standards IS ACCURATE

UP TO .002%

with POWER to spare

SEALED

WRITE 
for bulletin or 

phone
MErrimac 7-1805 
TWX CG 1-4668

Transistorized, Miniaturized, 
Stabilized
Self-Contained—Temperature
Compensated
Hermetically Sealed Box
Operating Temperature Extremes: 
-55° C. to 125° C.
Usual Operating Frequency:
360-12,000 cps
Extended Range: 1-30,000 cps
Output Signal: Sine or Square Wave
Typical Price: $105 to $195

। Delivery: 1 week or less for typical 
prototypes.

KORK STANDARDS, INC
— 1917 North Harlem Avenue • Chicago 35, Illinois
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NICAD
NEW Nickel Cadmium 
Rechargeable Batteries
SEALED CELLS
Hermetic and recharge­
able, boasting excep­
tionally long life, Nicad 
batteries are always 
ready to operate in any 
position—with power to 
spare — even under 
adverse operating 
conditions.

VENTED CELLS
Vented cells will main­
tain good voltage even 
at extremely high dis­
charge rates over a wide 
temperature range. Get 
more information on 
these constant voltage 
batteries.
Write Dept. ED-612.

pW NICAD DIVISION 
||N Gould-National Batteries, Inc.
amtics inc St Paul 1> Minnesota

Made of stainless steel, this 27-gage hypodermic 
needle will accommodate a variety of thermistors 
and is useful as a fast time-constant temperature 
probe. It has a diameter of 0.022 in.

Fenwal Electronics, Inc., Dept. ED. 51 Mellen 
St., Framingham, Mass.

Ratiometer 479

A five-digit dc/dc digital ratiometer, type 3500 CR 
has a ratio range of 0.00000 to 0.99999. Average bal­
ance time is 2 sec. An 80-db input filter allows the 
instrument to operate in the presence of a 10,000 
to 1 noise-to-signal ratio. The unit consists of a power 
module and a switch module.

Electro Instruments Inc., Dept. ED. 8611 Balboa 
Ave., San Diego 11, Calif.

Epoxy Resins 437
Class H. single-component epoxy resins sustain 

continuous temperatures of 180 C. Made for impreg-

ELECTRONIC DESIGN • April 26, 1961
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Servo Amplifier 465

the model 1035 servoIn a volume of 1 cu
amplifier can drive a 40-v, 2-phase servo motor up

48 Toledo

PUA: $190 to $200, sample quantities; 30 days

Tachometer Pickup 466

Motor meets specs with 70% cut in weight
thanks to insulation of TEFLONand space

lution. Speed range to 10,000 rpm; output is

Dept

462Regenerative Divider
ignal is provided from

•generative divider. Output

TEFLON

IW

A 100-kc output si 
input by the RD-126

Have you sent us your subscription 
renewal form?

signal stability of the transistor unit is equal to that 
of the input. Amplitude of output is 1 v rms, imped-

New miniaturized motor with insulation I 
shadow In background Indicates size that 
tlonal insulation (Photo courtesy of Air-M

actual size. The grey 
needed with oonvan-

ELECTRONIC DESIGN • April 26, 1961

to 3-1/2 w input. The amplifier weighs 
silicon transistors, and operates at 400 
perature range is —55 to +125 C.

Melcor Electronics Corp., Dept ED, 
St., South Farmingdale, L. I , N. Y.

more than 1 v rms at 100 rpm. Weight is 2-1/2 lb.

Space and weight were at a premium in this new motor, designed to drive 
a camera on a missile-tracking radar antenna. Requirements were for a 
synchronous motor, 1/40 HP at 8,000 rpm, to withstand 180°C for a min­
imum of 2,000 hours life. Using conventional insulation (Class F). a unit 
37/i inches diameter weighing over 3 lbs would have been required. By 
using cell insulation ot a Du Pont Teflon TFE fluorocarbon resin, and 
magnet and lead wire insulated with Teflon, the manufacturer is able 
to meet the specifications called for with a motor 2 inches in diameter 
weighing less than 1 lb.

The high insulating properties of Teflon resins, coupled with their high 
resistance to temperature extremes, make possible the miniaturization of 
electrical and electronic equipment without sacrifice in performance In 
addition, taugh insulation of Teflon is completely inert to virtually all 
chemicals, assuring maximum reliability under a variety of severe en 
vironmental conditions With the advent of new melt-processible Teflon 
FEP resins, the remarkable properties of Teflon are now available in a 
variety of complex molded shapes and in long continuous wire insulation. 
For more information, write to; E. I. du Pont de Nemours & Co. (Inc.), 
Dept. ED-426, Room 2526T, Nemours Bldg., Wilmington 98. Del.
In Canada: Du Pont of Canada Ltd., P.O. Box 660, Montreal, Quebec.

quired is 24 v de ±5% at 
measures 5-3/8 in. high,

Insulation of TEFLON resins is your logi­
cal and most economical choice when­
ever you encounter problems cf corrosion 
. . . heat. . . space or weight limitations. 
Even when environmental conditions are 
not extreme, these most reliable uf solid 
dielectric materials can enable your prod­
ucts to set the pace for dependable per­
formance.
In your next application involving wire, 
cable or component insulation, it will pay 
you to evaluate the design improvements 
made possible by TEFLON resins, and the 
dollars-and-cents savings in installation, 
replacement, maintenance and extended 
service life they can afford you.

Electronic Div., Meriam Instrument Co., 
ED, 10920 Madison Ave., Cleveland 2, Ohio.

ance 50 ohms. Pow 
30 ma. The 6-oz cl
4-1/4 in. wide, and 2-3/4 in. deep.

Manson Laboratories. Inc., Dept. ED, Stamford, 
Conn.

Explosionproof magnetic tachometer pickup model 
2040 produces high-amplitude, low-modulation sine 
wave signals proportional to speed. Standard fre­
quencies are 60 or 120 impulses per revolution, 
adaptable to a range of 1 to 240 impulses per revo-

nating, potting and casting, the resins have long pot 
life and low viscosity during cure. Type ER 4251 is 
clear and unfilled, ER 4287 is opaque and filled. 
Flexibility allows thermal cycling.

Permacel, Dept ED. New Brunswick, N. J.

1 oz, uses 
cps Tem-

CAN YOU AFFORD NOT 
TO USE TEFLON?

Teflon is Du Pont's registered trade­
mark for its family of fluorocarbon 
resins, including TFE(tetrafluoroethyl- 
ene) resins and FEP (fluorinated ethyl­
ene propylene) resins.

O U G H CHEMISTRYBETTER LIVING..
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NEW PRODUCTS
Tantalum AC Capacitors 507

505

1-3/8 in. Inlet connection is 1/2

Erie Diffused Junction Silicon, Epoxy Encapsulated Rectifiers
Hydrogen Thyratron 509

10!’ with

118

Peak power of 48 megawatts is provided by the 
GL-7890 hydrogen thyratron. The tube operates at

diameter of 
itlet 1/8 in.

Temperature range is 
valve measures 2-5/8

Have you sent us your subscription 
renewal form?

General Magnetics, Inc., Dept. ED, 2641 S. Loui 
ma Ave., Minneapolis 26, Minn.

Erie Diffused Junction Silicon High-Conductance, 
General Purpose and Switching Diodes

1. Matched diodes' tested to individual specifications
2. Assemblies: Series and parallel combinations with leads connected 

and encapsulated to customer specifications.
Not* Silicon diodes lie packaged on reel packs for automated insertion or lead forming and cutting, or bulk packed

ERIE, PENNSYLVANIA
Salo* office* in principal citie* of U.S.A Canada. Europe. 

Erie Diode* are al*o available in quantities under 1,000 piece* Irom leading electronic distributor*

CIRCLE 115 ON READER-SERVICE CARD
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Continuous duty, solid-slug tantalum ac capacitors 
are made for military and industrial applications. 
Ambient temperature range is —80 to +125 C. Case 
sizes range from 0.155 in. diameter and 0.600 in. 
length to 0.350 in. diameter and 1.600 in. length. 
Capacitance range is 1.2 |tf to 170 uf. The hermeti­
cally sealed units operate at up to 35 v peak, 60 cps.

General Instrument Corp., Micamold Div.. Dept. 
ED. 65 Gouverneur St., Newark, N.J.
Price: $1.70 to $5.00.

anode dissipation factor

Service to 200 psi is provided by solenoid valve 
for use in fluid control. Available in standard ac and 
de voltages, the valve operates in any position with a 
maximum rate of 1,000 cycles per min at 100 psi.

forced air or other coolants. Peak forward anode 
voltage is 40 kv, peak current 2,400 amp. Average 
current capability is 4.0 amp, average power over 
70 kw. Hold-off capability is over 35 kv de.

General Electric Co., Power Tube Dept., Dept 
ED, Schenectady 5, N.Y.
Availability: immediate.

ORTHO HAS EXACTLY THE FILTER TO 
DO EXACTLY THE JOB YOU WANT! 
Select from many low pass, high 
pass, band pass, and band eliminate 
types — each designed tu yield net­
works with a minimum number of 
elements. Why buy more filter than 
you need when Ortho offers a wide 
choice of shape factor and minimum 
stop band loss. All are tested for 
use from —40°C to +85°C; all are 
hermetically sealed; all meet MIL-F- 
18327A. Elements are temperature 
cycled tu prevent aging. Standard 
impedances available: 600, 1,500, 
3,000, 10,000 ohms unbalanced. Min­
iaturized and ruggedized versions for 
missiles and printed circuits also 
available. All are economically priced 
and ready for immediate delivery. 
For complete specifications and 
prices, write to:

Of ortho 
JJ filter

CORPORATION on
a division of ORTHO INDUSTRIES INC I0!1 I
7 PATERSON ST • PATERSON 1, N J.
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ELECTRIC WAVE

SILICON SWITCHING COMPUTER DIODES

ELECTRON RESEARCH, INC Division of
Erie Resistor Corporation

1 SILICON GENERAL PURPOSE DIODES

SILICON HIGH-CONDUCTANCE DIODES

Type

MINIMUM 
SATURATION 

VOLTAGE 
@ 100 mA @ 25+ 

(volts)

MINIMUM 
FORWARD 
CURRENT 

@ +1.0 VDC 
@25+ 
(mA)

MAXIMUM INVERSE CURRENT 
AT MAXIMUM DC OPERATING 

VOLTAGE (mA @ volts)

MAXIMUM AVERAGE 
RECTIFIED CURRENT 

(mA)

@25+ @ 150+ @25+ @ 150’C

1N456 
thru 
1N459A

30

200

40

100

025 @ 25

025 @ 175

5 @ 25 

5@ 175

90

200 70

1N461 
thru 
1N464A

30

150

15

100

5 @ 25

5 @ 125

30 @ 25

30 @ 125

60

200 70

Solenoid Valve

Type

MAXIMUM 
DC INVERSE 
)PERATING 
VOLTAGE 

(volts)

MAXIMUM AVERAGE 
FORWARD CURRENT 

(mA)
MAXIMUM FORWARD 

VOLTAGE DROP 
@ 100mA 

@ 25+ (.alts)

MAXIMUM
INVERSE CURRENT 

(mA @ volts)

25+ 150+ 25+ 150+

1N482 
thru 
1N485A

36

180

100

200

25

50

11

1.0

0.25 @ 30

0.025 @ 175

30 @ 30

15 @ 175

1N488A 380 200 50 1.0 0 .1 @ 380 25 @ 380

SPECIALS

Type

MINIMUM 
SATURATION 

VOLTAGE 
@ 100 mA 

(volts)

MINIMUM FORWARD
CURRENT (mA) 

@ 25+ el 
Specified
Voltige

MAXIMUM REVERSE CURRENT 
at SPECIFIED VOLTAGE 

(mA @ volts)

REVERSE RECOVERY

Reverse 
Resistance 
(kilohms)

Maximum
Recovery 

Time (m sec )@25+ @ 100+

1N663 100 100 @ 1.0 50 @ -75 50 @ -75 ’00 0.S

1N789 
thru 
1N796

30

60

10 @ 1.0

100 @ 1.0

1.0 @ -20

5.0 @ -50

30 @-20

30 @-50

200

100

0.5

0.5

Note: Rectifier* packaged in bulk 
Sample* available upon direct request on your letterhead. 

Erie Gold Bond and Indium Bond Germanium Diodes are also manufactured and samples are available

Style PIV

AVERAGE 
RECTIFIED 
FORWARD 
CURRENT 
* 25+ 
(mA)

FORWARD 
VOLTAGE 
@ 25°C

REVERSE CURRENT Registered 
Rating 

Temp. C« 
25+ 
mA

@ Rated 
Temp 

mA

1N2069 
thru

200 750 12 Oil. 05 100

1N2071 
thru

1)00 750 1.2 .010 05 100

ED2913 1000 (tentative) 750 1.2 Olli 05 100



504Induction Motor

NATIONAL*

SELF

503Power Supplies

623
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Wideband, magnetic tape recorder/reproducer 
\ R-2600 has frequency response to 500 kc on direct 
record, 40 kc on fm, and 1,000 bits per in parallel 
recording with pcm techniques. Six selectable speeds 
are in two ranges from 1-7/8 to 120 ips. The unit 
has all solid-state modular construction.

Consolidated Electrodynamics Corp., Dept. ED, 
360 Sierra Madre Villa, Pasadena, Calif.
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Voltage-regulated power supplies SM 75-5M and 
SM 75-2M provide 0 to 75 v de at 5 and 2 amp 
respectively. Ripple is less than 1 mv rms, regulation 
and stability 0.1%. Input power is 105 to 125 v, 60 
±1/2 cps. Unmetered models and units with 0.01% 
regulation are also available.

Kepco, Inc., Dept. ED, 131-38 Sanford Ave., 
Flushing 55, N.Y.
PbA: SM 75-5M, $670; SM 75-2M, $505; 30 to 
60 days.

Totally enclosed induction motor B-5-1, designed 
for blower applications, provides 1/100 hp at 5,200 
rpm. The 7.55-oz motor is powered by 208 v, 400 
cps, 3 phases. Full-load torque is 1.87 oz-in. Start­
ing torque is 214%, pull-out torque 222%.

General Precision, Inc., Kearfott Div., Dept ED, 
Little Falls, NJ
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Self locking wear resistant machined, stain 
less steel threaded inserts for lm m aluminum 
and brass Easily applied, their dependable grip 
in the parent metal as well as their permanent 
self-locking ability make them ideal for a 
diversity of critical uses. The complete line 
includes one basic type in four sizes. Each of 
the four sizes are available for insertion into 
any of five metal thicknesses. All National 
Radio Company self locking captive nuts are 
made to conform with the following speci­
fications

Material Stainless steel Class 303 per 
FED QQ S 763b.
Finish Passivated per MIL P-12011.
Threads Size 4. 6. and 8 NC ?B

Size 10 NF 2B
National Radio Company also manufactures 
other captive nuts and studs including the line 
of exclusive “Flush Mount types Available 
in five sizes for use in metal thickness from 
1 16" up, this type of captive nut fits flush on 
both sides of aluminum or brass sheet to pro 
vide strong permanent tapped holes.
National Radio' Company s engineering staff 
will be glad to discuss your applications and 
possible variations to best meet your require­
ments.

NATIONAL RADIO COMPANY, INC.

mW P°*e''
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not* 90 can. 3 mo 
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NEW PRODUCTS
473Core Memories

linear

515
E710

storage tubebistable, direct-

¡tantly erasedously displayed

Level Switch 475

Ultrasonic liquid level uses a

Write tor complete information

LIVINGSTON, NEW JERSEY

4 CIRCLE 119 ON READER-SERVICE CARD

6-32NC-2BTAP
2 HOLES

English Electric Valve Co. Lt 
Dept. ED, Chelmsford, England

’ith advanced circuitry, pro-

and nondestructive
memories are available

access, 
coupled

dual-crystal design. The light, rugged 
unit has low power requirements and 
accuracy within ±1/64 in. It may be 
used with any type of liquid for level 
warning and control, flow monitoring, 
and other operations. Probe and con­
trol unit may be separate or combined. 
Response time is 0 to 10 sec; probe 
temperature range is —195 to +250 C.

The Liquidometer Corp., Dept. ED, 
Long Island, N.Y.

Destructive 
magnetic core 
for airborne applications. Random 

select techniques,

duces risk of damage from high-beam 
current. The tube will store informa­
tion indefinitely and allow continuous 
or intermittent display. Two or more 
signals can be stored and simultane-

KNEE ACTION* silver alloy rotor blades; high grade, accu­
rately machined dielectric; and gold flashed turret-type ter­
minals for ease of soldering.
■Patented

Storage Tube
Target assembly design

vide 2-nsec read-write cycles. Current 
variation of ±10% and temperature 
change of ±30 C without external 
compensation is allowable. The memo­
ries meet military specifications.

Litton Systems Inc., Dept. ED, 
Woodland Hills, Calif.

™ DAVEN

For flexibility in all types of circuit experimentation, laborato­
ry work, breadboard setups, and in circuitry where the exact 
number of switch positions might be changed at a later date, 
the new DAVEN Rotary Switch with an Adjustable Stop is 
ideal This- unit, as a single pole switch, can have a maxi­
mum of either 24 shorting positions with 15° spacing or 32 
shorting positions with 11V spacing. One, two, three, and 
four pole units are avaiiable in this design.

In common with all other DAVEN Rotary Switches, the 
Adjustable Stop Switch features sturdy, dependable con­
struction; silver alloy contacts and slip rings; tamper-proof.



Instruction Memories 511

Resistance Bridges 522

ACOUSTICAL MEASUREMENTS
INVESTIGATIONSSTATISTICAL

Soldering Iron 510

Photo courtesy Kolisman Instrument Corp.

ipply, 18

Dept. ED,

CIRCLE 120 ON READER-SERVICE CARD >

design and redesigned tip and heater 
assembly. Irons are available in 1/8 to

Midget soldering 
proved performance

The Beit fnilrvmentt 
In Cleet’otuci

LOS ANGELES 
Los Angeles 

hOI'v*tood 9-6201

PHILADELPHIA 
Abington

HAneock 4 7419

IN CANADA 
Toronto

CH.rrv 6-2171

1/4 in. tip sizes with 6- 
to 35 w.

General Electric Co.
Schenectady 5, N.Y.
Availability: May 1.

ELECTRICAL MEASUREMENTS 
• ENVIRONMENTAL TESTING •

The Random-Noise Generator, mounted in a test console, aids in 
checking out automatic astro-navigation systems for the Convair 
supersonic B-58 “Hustler” built for the Air Force.

Since the photoelectric cell used as the primary sensing element in 
this navigation equipment must detect very weak star signals in the 
presence of existing large background noise, any additional random 
signal which may become superimposed is of paramount importance. 
The Random-Noise Generator’s output simulates such operating noise 
making this instrument an essential component for determining the 
effect of photomultiplier or other noise.

The Generator also serves as an important unit in various other 
Kolisman laboratory and production test consoles. It is used for align­
ing signal amplifiers, filters, and other elements of the “Astro Compass,” 
to test rotary components, and to check fast switching relays to see 
where noise is being emitted.

Computer 
Aeronutronic 
Dept. ED, 
Beach, Calif.

offers im- 
ew handle

FREQUENCY RANGE:
20 cps to 20 kc. * Idb (5 to 20 cps. *2db);
20 cps to 500 kc. *3db;
20 cps to 500 kc. *3db; 500 kc to 5 Me, *8db.

OUTPUT VOLTAGE: 3 volts, 20 kc, 2 volts. 500 kc; 
1 volt (minimum), 5 Me

OUTPUT IMPEDANCE: Source Z for max output is 
approximately 90011; for attenuated output, 20011.

ACCESSORIES SUPPLIED: Panel extensions for relay 
rack mounting (7-inch height for 19-inch relay-rack).

Products Operations, 
Div., Ford Motor Co., 
Ford Road, Newport

Magnetic core instruction memories 
are made in several standard sizes. 
Units operate at 1 me, with access 
time of 0.4 nsec, using nondestructive 
readout. The BIAX systems are avail­
able in 2 standard sizes, 128 and 512 
words, with 24 bits per word. Other 
sizes up to 1,024 words and 36 bits 
per word can be built. Standard input 
is punched paper tape. Semiconduc­
tors are used throughout; ambient op­
erating temperature is 0 to 50 C.

arc-sec. Synchro bridge
KT 427775-2A and resolver bridge 
KT 427771-2A can each he indexed to 
any multiple of 5 deg throughout a 
range of 0 to 360 deg by light, finger­
tip control. Standard frequency is 400 
cps.

Kearfott Div., General Precision, 
Inc., Dept. ED, Little Falls, N.J.

Accuracy of synchros or resolvers is 
measured by the proportional voltage 
method with these resistance bridges. 
Stable, dependable units have accu-

lf you would like to know whether the Random-Noise Generator will fit your needs, 
write or phone any of the offices given below.

GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS

WASHINGTON, D.C. SAN FRANCISCO 
Silver Spring lor Altos

JUniper $-1088 WHitecliff 8-8233

NEW YORK, worth 4-2722 CHICAGO
NEW JERSEY, R.dgeAeld, WHitnoy 3-3140 ,„„Ook 

VUIog« 8*9400



NEW PRODUCTS

Capacitor Test Set 635

WRITE FOR BULLETIN M70 TODAYvariables will holdJohnson
Flat Cable Connector 481
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phillips & slotted

Converter 485

Star stainless screw co.E. F. JOHNSON CO
Direct Philadelphi

CIRCLE 121 ON READER-SERVICE CARD

122

663 Union Blvd. 
Clifford 6-2300 : LTFSNJ-1382

Wisconsin 7-6310

Ceramic- 
soldered 

for greater 
strength!

Don't forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.

Immediate delivery on ALL SIZES * 
COARSE & FINE • ANY QUANTITY 
Made to AN & MS SPECS. 100s FLAT 
HEADS available Send for your STAR 
catalog today, on letterhead pl east

Fully automatic capacitor test set type 61 is for 
low voltage measurement of tantalum capacitors Ca­
pacitance range at 120 cps is 1 to 11,000 ;if in 
four ranges. Test voltage is 0.7 v rms; accuracy is 
±1% over entire range.

Bames Development Co., Dept. ED, 213 W. Balti­
more Pike, Lansdowne, Pa.

it—even under severe conditions BW j
of bhock and vibration* Designed |^QL »'■ wlj 
lo provide outstanding strength |' i J
rigidity and operating stabilits q
—rotor bearings and stator sup­
port rods are actually soldered
directly to the heavy 3/16* thick steatite ceramic 
end frames Parts can’t break loose ... capacity can’t 
fluctuate!

Specially designed split-sleeve tension bearing and 
silver-plated beryllium copper contact provide con­
stant torque and smooth capacity variation. Plating 
is heavy nickel—plate spacing .020*, .060* and .080' 
spacing as well as special platings, shaft lengths and 
terminal locations in production quantities.

right off 
the shelf

MACHINE 
SCREWS

A complete variable 
capacitor line . . . from 
tiny sub-miniatures to 
large heavy duty types!
From the tiny Type "U" tub-miniature, 
which requires less than 0.2 sq. in for 
chassis or panel mounting—to the 
rugged heavy-duty "C" and "O" types 
. . . the Johnson variable capacitor 
line is designed foi more capacity in 
less space—offers you one of the 
widest standard capacitor lines in the 
industry! For detailed specifications 
on all Johnson variable capacitors, 
write for your free copy of our newest 
components catalog, described below.

A four-decimal digit, solid-state, voltage-to-digital 
converter, the Transicon Datrac has both automatic 
and programed ranging. It is fully transistorized and 
meets MIL specifications. Specifications are: signal 
input, 0 to 0.9999, 0 to ^99.99, 0 to 9.999; con­
version speed, 10 nsec per bit; accuracy, ±0.015% of 
full scale ±1 significant digit.

Epsco, Inc., Dept ED, 275 Massachusetts Ave., 
Cambridge, Mass.

because:
Glideline ho* brought to engineering th* first major 
change* in drafting machine design in 50 year*. 
Change* that effect major lime saving* and greatly 
le**en* fatigue Change* that demand your immediate 
invettigation

Parts can’t break loose... 
capacity can’t fluctuate!
Set your frequency... these tough

CIRCLE 123 ON READER-SERVICE CARÛ 
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Flat conductor cable can be connected to printed- 
circuit boards or to flexible etched circuitry by means 
of POS-E-CON connector. A continuous one-piece 
spring locks the cable into the connector and pro­
duces direct contact without solder. It provides a 
pressure point at each conductor contact.

The Thomas & Betts Co., Dept. ED, Elizabeth,

for NEW drafting SPEED and NEW 
drafting EASE, in any position,

Writ« today for cxi newest electronic v ■ W WWffWfcM
components catalog—complete specifications, ♦ 
engineering prints and current prices on:
• CAPACITORS • TUBE SOCKETS • CONNECTORS • PILOT LIGHTS 
• INSULATORS • KNOBS, MIALS • INDUCTORS • HARDWARE

18/8 430

Sizes: 0/80 
to V die.

pan head 
binding 

flat (upto %') 
round 
ova* 

fillister 
truss

Specials 
to order

THESE RUGGED JOHNSON 
VARIABLES WITHSTAND TERRIFIC



Wide-Band Oscilloscope 483

A practical idea for every engineer who wants to save time in circuit layout,
assembly, and packaging

484

CIRCLE 124 ON READER-SERVICE CARD

Dept. ED Akron St., Copiague

Limit Switch 498

•itches. Ratings are as follow 40-amp make.

CIRCLE 126 ON READER-SERVICE CARD

123

Package semiconductors, re­
sistors, switches, relays, etc.

Kitt range all the way from <25. contai 
priced at $ 11.25; through the sophisti­
cated Kit 140 al $395.00. which in­
eludes a complete building block sys­
tem for advanced equipment design 
ail the way to the complete Industrial 
Packaging Laboratory, at $3,000,00.

BUILDING 
BLOCKS

Exceptional printing 
makes the difference...

including everything you need to assemble a wide variety of prototypes and evaluate 
Aiden's proven, time-saving building block techniques—at rock bottom costs. Com­
ponents cost less than if bought separately, off-the-shelf. "Cir-KITS” are available 
at prices to meet alt budgets, depending on the relative sophistication of your

■ Printed or decorated up to 4 colors on crystal 
clear, transparent or opaque colors

■ Also available unprinted
■ Largest line of RIGID plastic containers
■ 1/5 the weight of glass—greatly reducing 

ever-increasing shipping and handling costs
■ Lightweight and shatterproof—with rigid wall 

protection
■ Economical—with customer re-use value

fions, unit has 6

Snap action limit switch is designed to bridge the 
gap between the very small and larger, enclosed limit

ertical deflection. Display size

Bandwidth of de to 70 me is provided by the 
LA-270 oscilloscope. Designed to military specifica-

15-amp break; de, 2-amp make and break on sin] 
throw forms with 0.040-in. gap.

General Electric Co., Dept. ED, Schenectady

Write for full color catalog, samples and prices

LERMER PLASTICS, INC.
, 572 South Avenue

Garwood, New Jersey
IS PIONEERS AND SPECIALISTS IN 

PLASTIC CONTAINERS SINCE 1919

Brady Pressure-Sensitive. All-Temperature Wire 
Markers for small gage wires are exactly %" long 
to fit wires under Vi" o.d. They cut your small 
gage wire marking costs in half because:

1. They cost half the price of Standard Markers, and
2 They go on the wire twice as fast

You can’t drop Brady Wire Markers— they stick 
Io your finger from Card to wire* Stick arid stay 
stuck — at temperatures to 300° F.! Choose from 
over 3,000 different stock markers—both Standard 
and Smal 1 Gage Size. Stocked by Brady Distributors 
in all principal cities. Specials made to order. Write 
for big new bulletin and free testing samples today! 
‘Remember, too, Brady makes the only marker that can be 
machine applied.

W. H. QQDQDCO 787 West Glendale Ave , Milwaukee 9 Wis. 

Manufacturer* of Quality Pressure-Sensitive Industrial Tape Products, 
Self-Bonding Nameplates, Automatic Machines for Dispensing 
Labels, Nameplates, Masks and Tape • Est. 1914.

CIRCLE 125 ON READER-SERVICE CARD
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Wide-band if amplifier model IF301 has a detector 
and a cathode follower for video output. Typical 
noise figure at 30 me is 1.5 db, input vswr less than 
2:1. Standard 30 or 60 me models have 90-db gain, 
10-mc bandwidth, and 50-ohm input.

is 6 x 10 cm. Single and dual channel plug-in vertical 
pre-amplifiers aand plug-in sweep delays are used. 
Horizontal sweep circuitry has 24 calibrated ranges 
with 10X magnifier extending the fastest sweep to 
0.01 ysec per cm.

Lavoie Laboratories, Dept. ED, Morganville, NJ.

□BEBD

LERMER 
PLASTIC 

CONTAINERS



IN ADVANCED DIGITAL INSTRUMENTS NEW PRODUCTS
636EPSCO DELIVERS ITS SPECIFICATION

Dept. ED, 3644 XB & F Instruments,
Lawrence St., Philadelphia, Pa

Terminal Boards 497

SIMPLIFIED BLOCK DIAGRAM

Miniature terminal boards on O.1OO grid patterns
available with glass-filled epoxy,any shapi

Power Supplies 494

operating range of

Dept. ED, 1441 I

124

Chestnut Ave., Santa Ana, Calif.

12-v, 3-amp. All units have 
—20 to +65 C.

Engineered Electronics C

ELECTRONIC DESIGN • April 26, 1961

Solid-state, convection-cooled, 12-v power supplies, 
models ZA-723, -724, -725 and -727 have less than 
0.001-v rms ripple. Ratings are from 12-v, 100 ma to

melamine or silicone insulation. The terminals are 
brass, phosphor bronze or beryllium copper and are 
silver or silver and gold plated. Terminals measure 
0.062-in. OD x 0.026-in. ID; height above board is 
0.156 in. and they are bifurcated with slots 0.025-in. 
wide x 0.068-in. deep

Accurate Electronics Corp., Dept. ED, 169 S. Abbe 
Road, Elyria, Ohio.

A division of Epsco. Incorporated 275 Massachusetts Avenue Cambridge 39 Mass. Telephone UNiversity 4-4950

CIRCLE 127 ON READER-SERVICE CARO

Variable inductance transducers, series C-B4, 
measure angular twist proportional to torque. Elec­
trical measurement of a torsional strain and a me­
chanical assembly for producing the strain are pro­
vided. Speeds are to 20,000 rpm and torque ranges 
from 0 to 50 in.-lb through 0 to 12,000 in.-lb full

IMPORTANT FEATURES:
1) No stepping switches, no relays
2) Speed: 2 millisec, per conver­

sion (100 independent measure­
ments per sec.)

3) Fully transistorized, plug-in construction
4) Parallel decimal and 4221 BCD output
5) In-line, in-plane display
6) Internal and external conversion trigger
7) Requires no modification, adjustment 

or calibration
8) Mount two, side by side, in a RETMA rack

DVOM DIGITAL 
VOLT-OHM METER 
MEASURES AC, DC VOLTS t OHMS 
(ONLY 8%'x5Xx13%')

KEY SPECS:
• Full Scale Ranges:
AC and DC Voltages, 0 to ±1000 (4 ranges)
Resistance: IK to ±1000K (4 ranges)
a Accuracy: DC — ±0.1%, AC — ±0.25%, 
Ohms — ±0.25%
• Readout: 3 digits (plus I overflow digit)

For full details, call or write Epsco. Ask tor
Bulletin 26002.



Tube Socket Preservers 489

Designed to prevent permanently wired sockets 
from wearing out under constant use, the Thinline 
socket preservers plug directly into existing sockets. 
The low silhouette makes them especially suited for 
portable equipment where space is at a premium.

Forway Industries, Inc., Dept. ED, 122 Green 
Ave., Woodbury, N.J.
Pi? A: $2.20 to $2.80 in 1 to 9 quantities; from stock.

Motor Control 487

Fractional horsepower motor control relays type 
CR120E are rated at 600 v. They are available 
with coils from 6 to 550 v, 60 or 50 cps. They 
may be used for power devices such as horns, buzz­
ers and lights, solenoids and valves.

General Electric Co., Dept. ED, Schenectady 5, 
N.Y.

Amplifier Modules 490

PUTTING MAGNETICS TO WORK

Three-transistor, RC-coupled, printed-circuit mod­
ules type APC weigh only 0.148 oz. They measure 
0.858 x 0.413 x 0.728, including case. Output is 
9 mw into a 300-ohm inductive load at over-all dis­
tortion of 10% max. Gains are up to 93 db with a 
frequency response flat within 3 db from 100 cps to 
10 kc at signal to noise ratios of —48 db.

Fidelity Electronics, Ltd., Dept. ED, 4120 W. 
Lawrence Ave., Chicago 30, Ill.

Don’t miss an issue of ELECTRONIC 
DESIGN; Return your renewal card.

ELECTRONIC DESIGN • April 26, 1961

Sign up for the Magnetics self-improvement course
Here’s free help to enable you to improve yourself—and 
your position as a magnetic circuit designer. You need it if:

You don’t know how to work with E = n--^- to re- 
dt

duce the size of magnetic amplifier circuits. Most men 
who design amplifiers for cramped operation in mis­
siles have found it invaluable.

What’s more, you may only vaguely remember 
u x NI uH=.4ir——, so how can you use it to cut circuit 

Xm
size by two to ten times, and shorten response time 
proportionately?

It’s quite possible that you, like many engineers, may 
have bypassed or been bypassed by magnetic circuit 
theory as a working tool while you were in school. Yet 
this science has opened frontiers of static control which 
makes an understanding imperative if you are to do your 
job—and further your career. For your sake (and for 
ours, too, because we manufacture and sell high perme­

ability tape wound cores and bobbin cores which are 
used in amplifier circuits), we have started this course. 
Lesson 1, “How to Reduce Magnetic Circuit Size and 
Response Time,” will be on its way to you immediately 
if you use the coupon below.

mHCBETICS ine.

MAGNETICS INC., DEPT. ED-86, BUTLER, PA.
Please enroll me in your free self-improvement course, and send me 
"How To Reduce Magnetic Circuit Site and Response Time."

Urte_____ 

compony 

oddrou_
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NEW PRODUCTS
Synchro Transmitter 493

492Test Set

Pressure Transducer 491

MECHANICSBURG, PENNSYLVANIA
J-70954

CIRCLE 129 ON READER SERVICE CARD

12Ó

Actual operational curves, obtained from point-to-point readings, from Hill 
34900 and 34800 filters developed to fulfill customers' specific requirements.

Dept. ED

These two highly stable, precision-matched Hill Electronic filters 
permit fast, exceptionally accurate measurement of inter-modulation 
distortion in communications systems. A band elimination filter places 
a narrow, deep notch in the white noise being passed through the 
equipment under test. Distortion generated in the notch is then isolated 
for measurement by the narrow band filter.
The high degree of selectivity and attenuation of these filters, and 
the excellent alignment of one within the other are demonstrated in 
the actual operational curves shown above. Used together, these filters 
provide 80 db attenuation from 6 to 252 kc.
This is a typical example of Hill’s creative engineering that develops 
outstanding solutions to customers’ specific problems involving LC 
and crystal control filters as well as precision frequency sources and 
other crystal devices.

WRITE FOR BULLETINS 34800/900
They contain details and specifications concerning the filters described above

This positive-indexing synchro transmitter has 48 
positive detents at 72 deg intervals on the input 
shaft. The transmitter is electrically zeroed on the 
5th detent. The package is 1-17/64 in. sq x 2-1/2 in.
long; it weighs 3-1/2 oz.

Clifton Precision Products 
5050 State Road, Drexel Hill, Pa.

Absolute, gage or differential pressures of corro­
sive or noncorrosive gases or liquids in the 0 to 5 
and 0 to 500 psi full-scale range can be measured by 
pressure transducer TP-200. Standard performance 
data includes the ability to withstand shock of 75 g; 
a static error band, including independent linearity, 
hysteresis, repeatability, resolution and friction, of 
±2.5% in the 0 to 5 to 0 to 10 psi range and 
±1.5% in the 0 to 15 to 0 to 100 psi range.

Fairchild Controls Corp., Dept. ED, 225 Park 
Ave., Hicksville, N.Y.

Eight stocking locations for 
Hipersil cores give fastest possible 
service: Greenville, Pa.; Boston; 
Chicago; Cleveland; Dallas; 
Hillside, N.J.; Los Angeles; 
Minneapolis. Line includes new 
eia, rs-217 sizes.
■ Type C: 12, 4, 2 and 1 mil sizes, 

in single- and 3-phase, fraction 
of ounce to 300 pounds.

• Ring Cores: Untreated, edge 
bonded, impregnated and epoxy 
resin-coated Polyclad.

• Special Cores: To any specifi­
cation and shape requirements.

Top quality: Performance of 
Hipersil cores in “iron-core” com­
ponents is guaranteed to meet or 
exceed specifications.
Write Westinghouse Electric Cor­
poration, P.O. Box 868, Pitts­
burgh 30, Pa., for new catalog. 
You can be sure... if it’s

Five-megawatt positive grid region test set is for 
design, development and production quality control 
testing of high-power triodes and tetrodes. Peak grid 
pulse is 10 kv, 500 amp at 2 psec; prf is adjustable 
from “one shot” to 60 pps. All supplies are controll­
able from the front panel.

FXR, Inc., Dept. ED. 25-26 50th St.. Woodside 77.

CIRCLE 130 ON READER-SERVICE CARD
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Now—faster service on 
complete line of top 
quality Hipersil® cores

NEW HILL FILTERS ASSURE 
FAST, PRECISE MEASUREMENT 

OF INTERMODULATION 
DISTORTION

High selectivity, 
attenuation and precision matching of



Power Supply

TANTALUM 
FOIL

ELECTROLYTIC
Packaged indicator power supply model 913 pro­

vides 4 kv de at 500 ya with an input of 115 v, 
400 cps. Measuring 5-3/8 x 2-1/2 x 2-1/4 in., supply 
has an operating temperature range of —55 to 
+100 C. Other units at 60 or 400 cps inputs are 
available with outputs from I kv to 20 kv, 50 ya 
to 1 ma.

Burmac Electronics Co. Inc., Dept. ED, 142 S. 
Long Beach Road, Rockville Centre, L.I., N.Y.

Shaft Coupling 488

Designed for light duty electromechanical appli­
cations, these zero backlash flexible couplings employ 
torsion spring elements to cushion starting and brak­
ing loads. Shaft to shaft misalignment may be up to 
5 deg angular and 1/32-in. parallel offset.

Fourdee, Inc., Dept. ED, P.O. Box 6006. Orlando, 
Fla.
Price: $1.90 ea.

Delay Lines 482

Encased in a 13 32-in. diam tube, these distrib­
uted constant delay lines have an impedance of 
500 ohms. Delay times are 0.05 to 1.0 ysec, with 
rise times from 50 to 120 nsec. Operating tempera­
ture is from —55 to +125 C.

Richard D. Brew and Co., Dept. ED, 90 Airport 
Road, Concord, N.H

This is the time of our annual subscrip* 
tion renewal; Return your card to us.

CAPACITORS

as you like them, 
when you want them
■ 30% More Foil Area in oil standard cases 

Higher capacities—to 5200 pF 

Lower D-C leakage
Longer life, greater stability
Reliability data available on request.

■ 10 Case Sizes including 5 MIL standard 
cases, thus 
704 standard units 
Save space 
Save weight 
Save money

■ 4 More Major ‘Pluses' 

No external lead weld 
Hermetically sealed cathode 
Best shock and vibration resistance 
Polar, partial Non-Polar, and Non-Polar 
types

Take your choice of reasons for specifying 
lei miniature Tantalum Foil Capacitors . . . 
you will be right every time. Only lei, pio­
neer developer and long-time specialist in 
miniature electrolytics, can give immediate 
attention to your needs for long runs, short 
runs, standards and specials iei also offers 
expedited shipment of stock items when 
needed. Write for Product Data Bulletin 2745.

International Electronics Industries, Inc. 
Box 9036-12, Nashville, Tennessee

lei
COMPANY

where reliability replaces probability
CIRCLE 131 ON READER-SERVICE CARD

WITH A. P. I. METER-RELAYS YOU CAN MONITOR 
AND CONTROL JUST ABOUT ANYTHING!
Handy gadget, the A.P.I. meter-relay. You can use it to indicate, 
monitor, and control practically any electrically transduceable vari­
able. Things like moisture content, pH, motor load, radiation level, 
temperature, speed, light, sound. And, because it’s so highly sensi­
tive (0-5 microamps or millivolts is the minimum range), you can 
pipe-in thermocouple, strain gauge and other low-level signals directly, 
without amplification.

It’s a highly reliable device, too. You can reasonably expect to 
get at least 10,000,000 perfect make-break operations. You’ll prob­
ably get twice that many. We have.

You can spec A.P.I. meter-relays in any range you want, from 
the minimums mentioned up to 0-50 amps or 0-500 volts, AC or 
DC. We can calibrate scales in any units you require. Control set­
points can be either single (high or low) or double (both high and 
low). Catalog 4J will give you much useful and interesting informa­
tion about meter-relays. It will also give you detailed, explicit 
specs and prices. Yours for the asking, of course.

ASSEMBLY PRODUCTS INC
CHESTERLAND 17 OHIO

SA 2396

CIRCLE 132 ON READER-SERVICE CARD
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NEW PRODUCTS
Deviation Calibrator 496

TO 1 CURRENT RATIO

1 pv to 1000 volts
Deviation ranges are

Crystal Oven 495

► LOArAf

Dorsey Lane,

High-Beta Thermistors 508

diameter. Beta tolerance

10 megohms constant input resistance on all voltage ranges

CIRCLE 133 ON READER-SERVICE CARD

128

oum«• rvr<

Don’t miss an issue of ELECTRONIC 
DESIGN; Return your renewal card.

in.; weight, 7 oz.
Airtronics, Inc., Dept. ED, 

Washington 16. D.C.

Also Available Rack Mounted on a 5% x!9 Panel. Price $520

peak.
Advanced Measurement Instruments, Inc., Dept 

ED, 109 Dover St., Somerville 44, Mass.

100-, and 300-kc

0.1 to 1 amp. in 25 ranges
1 pv to lOOOv in 17 ranges 
Simplicity of range switching

Beta of 3,000 K is a feature of a new series of 
thermistors. Units are made in rod form at 200 to 
1,000 ohms, 25 C, with 0.050, 0.112, and 0.173 in. 
in diameter, and in disk form at 1 and 2.5 ohms at
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is ±5%. Maximum standard thermistor temperature 
rating is 150 C, with higher ratings available on 
request.

General Electric Co., Specialty Resistor Project, 
Dept. ED, 7842 S. Xeff Ave., Edmore, Mich.

Fm-monitor deviation calibrator, “Monocal 500”, 
provides better than 0.5^ deviation accuracy. It com­
bines the functions of five instruments previously 
needed to determine the peak deviation of an fm 
signal by the carrier drop-out method. It can be 
used directly with any fm monitor tuning to 12 me.

a wide range of standard sizes 
colored tubing and special sizes 
a wide range of wall thicknesses 
prompt deliveries of

Drift: ±2 /*v/day max.
Fast response
Floating input

PENNSYLVANIA 
FLUOROCARBON CO., INC.

1115 N 38th Street, Phila. 4. Pa. 
EVergreen 6-0603 TWX: PH 252 

*DuPoM registered trademark
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Thermostatically controlled oven, model 1206, 
has internal temperature stability of ±0.5 C at 70 C 
over an ambient range from 0 to 50 C. It is for 
housing crystals, filters and other circuitry requiring 
temperature stabilization. Specifications are: power 
supply, 24 v de; external dimensions, 2-in. sq x 3-1/2

SPAGHETTI TUBING 
MADE FROM

Boonton ELECTRONICS Corp
Morris Plains. New Jersey • JEfferson 9-4210

•«t SENSITIVE DC METER 
M00E' KA

(•«A (mm., rzreraosne* cmy.

TEFLON 
by Pennsylvania Fluorocarbon 
To obtain outstanding results from 
sheathing for wires, slip-on insula­
tion and bushings, use the unique 
electrical properties of spaghetti 
tubing made from Teflon plus the 
outstanding engineering and manu­
facturing techniques developed by 
Pennsylvania Fluorocarbon.

The unique electrical properties of 
spaghetti tubing made from Teflon 
include: good dielectric strength (1000­
2000 volts/mil); lowest dielectric con­
stant (2.0) and dissipation factor 
(0.0002) of any solid dielectric: no 
change of electrical properties with 
to nperature (-25°C. to + 250 ’C.), or fre­
quency (60 cycles to 100 me.); unaffect­
ed by moisture. In addition, PF Teflon is 
not harmed by the hot soldering iron 
so assembly work is speeded up 
considerably.

The outstanding engineering and 
manufacturing techniques develop­
ed by Pennsylvania Fluorocarbon 
include: the tailoring of Teflon with 
colors for identification or with modifi­
cations for improved texture and 
mechanical properties; stress relieving 
spaghetti tubing for minimum shrinkage; 
cleaning and 100% inspection; the 
manufacture of a wide range of wall 
thicknesses and special sizes.

Write, wire or call and let us quote 
on your requirements We can pro­
vide overnight delivery of standard 
sizes and muny special sizes ut 
competitive piices.



Analog-To-Digital Converter 500

Image Intensifier 514

Dept. ED,

Plug-Socket Set 499

ailable withpotted. Unitstaining ring,

502

measured and indicated by the
KT 427566 angle position indicator. Accuracy

6 min, resolution 1.0 and repeatability

RCA SEMICONDUCTOR « MATERIALS DIVISION FIELD OFFICES

506
available
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tion. And all are 100 percent dynamically tested to assure the ut­
most dependability under actual computer operating conditions. 
Adaptability: All RCA memory stacks are compactly assembled 
to assure most efficient space utilization. In addition, they are de­
signed to provide superior rigidity and accessibility. Stacking frames 
are available in a wide range of materials.
Service: Your local Semiconductor and Materials Division Field 
Representative is prepared to provide a completely coordinated 
application service, covering transistors, tunnel diodes and other 
semiconductor diodes, ferrites and memory systems. Call him 
today. For further technical information, write RCA Semiconductor 
and Materials Division, Commercial Engineering, Sec. D-18-NN-2, 
Somerville, N.J.

English Electric Valve C 
Chelmsford, England.

From miniature stacks to super-size stacks, RCA is ready to custom-build completely 
wired, ready-to-use memory stacks to meet your most complex system requirements.

5805 Excelsior Blvd., WE 9-0676.

y remote rotational 
resolver transmitter

Now, RCA memory stacks, in custom and standard designs, are 
available to help you solve computer assembly problems and meet 
today’s exacting performance specifications. Incorporating RCA 
ferrite memory cores and planes, with specified wide margins of 
operation .. up to 8 percent .. RCA stacks can cope with broad 
variations in power levels.

RCA magnetic-memory specialists are ready to custom design 
and deliver virtually any stack you specify. Stacks ranging from 16 
words by 5 bits to 16,304 words by 34 bits have been built and are 
now in operation for coincident-current, word-address, and im­
pulse-switching applications.
Reliability: All RCA ferrite memory stacks are designed and built 
to meet stringent environmental specifications of shock and vibra-

device to which 
can be coupled

WH 4-2900 • Minneapolis,
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variety of rectifier stacks. A typical assembly is ca­
pable of delivering 600 kv at 20 ma de. Air-cooled 
units are combined as required.

Selenium Div., Radio Receptor Co., Inc., Dept. 
ED, 240 Wythe Ave., Brooklyn 11, N.Y.

min. Indicator operates from 115 v, 400 cps power.
Kearfott Div., General Precision, Inc., Dept. ED. 

Little Falls, N J.

High-gain image intensifier tube provides a photon 
gain of 100,000 to 200,000. It has an input photo­
cathode, five secondary emitting dynodes, and an 
output fluorescent screen. Dynode usable diameter 
is 1 in.

With u conversion rate of 0.5 nsec, analog-to- 
digital converter model 101 has accuracy of ±0.5%, 
±1/2 least significant digit. Input amplitude is 10 v 
at impedance of 250 ohms. Visual display is 2 binary- 
coded decimals. Size is 6-1/2 x 3-1/2 x 6-1/4 in.

General Data Corp., Dept. ED, 11602 Ninth St., 
Garden Grove, Calif.
Price if Availability: $750; 4 to 6 weeks.

The Most T rusted Name in Electronics 
R \DIO CORPORATION OF \M1R1CA

HA 8-4802 • Syracuse 3, Naw York, 731 Jamas St, Room 402, GR 4 5591. NORTH­
EAST: Needham Haights 94, Mass ; 64 "A" Street, HI 4-7200. SOUTHEAST: Orlando, 
Flo., 1520 Edgewater Drive, Suite 1, GA 4-4768. EAST CENTRAL*. Detroit 2, Mich., 
714 New Center Bldg., TR 5-5600. CENTRAL: Chicago, III., Suite 1154, Merchandise

Subminiature plug and socket combinations for 
low-current circuits are molded of low-loss, mica- 
filled phenolic. They may be swaged into metal chas­
sis, cemented to bakelite chassis, mounted with re-

Angle Position Indicator
Angular displacement of

glass-filled diallyl phthalate insulators. Made with 
3 to 7 contacts, sets have EIA standard electrical 
ratings.

Cinch Manufacturing Co., Dept. ED, 1026 S.
Homan Ave., Chicago 24, Ill.

WEST: lo* Angela« 54, Calif., Box 54074, RA 3 8361 * Burlingame, Calif., 1838 El 
Camino Real. OX 7-1620. SOUTHWEST: Calla« 7, Taxai, 7905 Carpenter Freeway, 
Fl 7 -167. GOWT Dayton, Ohio, 224 N Wilkin«on St., BA 6 2366 • Wathington, 
D. C., 1725 ' K ’ St., N.W . FE 7-8500

High-Voltage Rectifier
Ratings up to 636,000 piv

Size-ProblemsSolve Com^MeixAssÍFiM And

1 °WV1R E D 
zfTEaä R RIT É* m E M (



NEW PRODUCTS
519Balun Transformers

your choice through 230 by simply reversing

Cooling Modules 518ORegon 8-7827
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struction features elimination of

module,

'tch. Multipli

486Silicon Diode Assemblies"YwRulMSvt?
Metal, gray enamel finish

x 7" for bench use.

Order List No.
L&N, 4908 Stent on AWRITE FOR BULLETIN VI090.

LEEDS NORTHRUP
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i. 4 735 from 
Phila. 44, Pa

Motor-rotor assembly 
turned end-for ond 
gives this pattern

ONE SOURCE...

Air fio* directed 
at any angle 
through 230°

receiving type, passes 500 w.
Granger Associates, Dept. ED. 

St.. Palo Alto, Calif.

Have you sent us your subscription 
renewal form?

Price— 
Wales, 
notice),

the motcr-rotor assembly end-for-end in its housing, 
create a new and equally diverse air flow pattern.

ailable in quantity. Heat pumping

• Assured 400 CFM output • Mounts os 8%" x 19" stand­
ard EIA rack panel—14" max. depth • MIL quality heavy 
duty construction and finish —or finish to Customer specs 
• Easy maintenance without removal from cabinet • 
Interference-free operation per MIL-I-16910A • Cushion 
mounted for quiet operation • Sealed ball bearings for 
long life • Cleanable filter—disposable available.

Thermoelectric solid-state cooling modules are 
made for military and industrial use. The Fl, F4, F8 
and F32 Frigistors, designated by a number cor­
responding to the number of thermocouples in the

$475.00 f.o.b. Phila. or North 
Pa. (subject to change without

Model D-1000 W 

This view shows vanes 
of rotor, exhaust ports 
set to direct air aft

These remarkable new MIL quality All-angle blowers 
will not only do your cooling jobs more efficiently 
by more accurately directing air to your exact needs, 
but their inherent versatility can eliminate purchase 
of special blowers for many of your applications
You can rotate their twin scrolls to the angle of

Broad-band balun transformers match 50 to 75- 
ohm coaxial lines to 600-ohm balanced transmission 
lines over the hf range. Devices operate from 2 to 
30 me and display essentially flat input impedance 
vs frequency curves. Model 517 is designed to pass 
10 kw cw, and may be pole-mounted. Model 532, a

Current Rating (of rheostat arm used as 
resistance box, determined by highest 
decade in use)—For O.ld, 1.1 amp; for 
l.Otl, 0.35 amp; for 1011, o.n amp; for 
lOO'.l, 0.035 amp; for 1000(1, 0.011 amp. 
Galvanometer Sensitivity Keys — Three 
tap keys provide sensitivities of ap­
proximately 1, 1/100 and 1 1000. A 
battery reverse key is provided.

Western Devices, Inc.
600 W. FLORENCE AVE., INGLEWOOD 1, CALIF

for VENTILATED RELAY RACK CABINETS. 
CONTROL CONSOLES, BLOWERS, ( HASSIS. 
CHASSIS-TRAK, RELATED COMPONENTS

Perform laboratory experiments, make 
routine resistance measurements or 
calibrate resistors faster—more accu­
rately — with LAN’s 4735 Guarded 
Wheatstone Bridge.

This advanced instrument has many 
new features including: high accuracy 
with a wide operating range . . . guard­
ing of detector circuit to prevent resist­
ance errors due to humidity effects . . . 
minimizing of thermals by special con-

CIRCLE 138 ON READER-SERVICE CARD 
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High-voltage, silicon diode assemblies designed 
for use as clippers, holding diodes, or power supplies 
are available with inverse voltage ratings of 1 to 50 
kv. Current ratings range from 1 to 750 ma. Units 
are epoxy cast and hermetically sealed and measure 
3 x 1 x 1-5/8 in. approximately.

Burmac Electronics Co., Inc., Dept. ED, 142 S. 
Long Beach Road, Rockville Centre, L.I., N.Y.

DIVISION OF

DYNAMICS CORPORATION OF AMERICA
CARLISLE, PENNSYLVANIA

Reeves-Hoffman transistorized, proportionally controlled ovens do give ' £
almost miraculous service in providing closer frequency control. These 
highly reliable ovens have no mechanical contacts. There are no spark­
producing gaps Radio interference is eliminated. Although it is difficult to measure tem­
perature excursions beyond ±.0rC, it is reliably estimated that Reeves-Hoffman ovens 
provide control in the order of ±.001°C. If you have a problem involving reliable tempera- 

। - —1 ture control, contact Reeves-Hoffman for additional information.

pacity is about 1 w per couple. The devices, made 
from Neelium, are capable of producing a no-load 
temperature difference as high as 80 C. The series 
operates with currents of 10 to 15 amp. Couples are 
connected in series, each requires 0.1 to 0.3 v.

General Thermoelectric Corp., Dept. ED, Prince-

tedious plug and block ratio settings due 
to use of a single rotary switch.

List No. 4735 Guarded Wheatstone 
Bridge, normally available for delivery 
from stock.
Range—0.01 ohm to 1,111 megohms.
Limit of Error—±(0.05% + 0.001 ohm) 
up to 100 megohms; ±0.5% above.
Rheostat Switches—Five decades of en­
closed switches in steps of 10 x (1000 
+ 100 + 10 + 1 + 0.1).
Multiplier Dial-Eleven-position enclosed

A REVOLUTIONARY ’ 
ALL-ANGLE BLOWER 
TO SAVE YOU MONEY

... accurate
D-C resistance measurements 
with L&N’s 4735 Guarded 
Wheatstone Bridge



METERS Push-Pull Switch 520

You can SEE and READ

........

r V « %
MILL

MILLIAMPERES 
D. C.

mi Series 1025-1026
Interchangeable with Round 
Bakelite Case Types

Brilliantly new in their high visibility poly­
styrene cases are these modern type Meters 
by HOYT which give a true reading at a 
glance! Here longer scale length and the 
elimination of shadows plus clean design 
add up to a topnotch combination to in­
corporate in any panel.
The Famous HOYT high torque movement 
with precise and rugged craftsmanship gives 
you what you’ve been looking for in Me­
ters. These models are directly interchange­
able with all round Bakelite meters, and 
are available in all AC and DC ranges as 
Ammeters, Milliammeters, Microammeters, 
Voltmeters and Millivoltmeters. Similar 
styles #1037 3M" and #1060 6” meters are 
also available for any modern panel meter 
application.

The HOYT square plastic case series (#649 
and #653 shown) is available in 2M", 3M" 
and 4M" types. Just right for use where 
equipment needs to be revised to meet 
modern design requirements. These instru­
ments are interchangeable with square 
Bakelite meters and can be supplied with 
a frosted or colored band on the case front 
in any AC and DC range. Extra long scales 
in shadow free cases give you the most 
value and quality for your money.

Write us for the NEW HOYT PANEL 
METER Brochure showing a complete line 
of plastic and Bakelite models.

ELECTRICAL 
INSTRUMENTS

BURTON-ROGERS COMPANY
Sales Division, Dept. ED-4

42 Carleton Street, Cambridge 42, Mass.
CIRCLE 139 ON READER-SERVICE CARD
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6,000
ELECTRONIC WIRE AND CABLE PRODUCTS

Write

Normally open, spdt push-on, pull-off switch No. 
30-16 has a positive detent action. Life expectancy 
is over 100,000 cycles. Contact rating is 1 amp, 115 
v resistive, contact resistance 0.010 ohm. Base and 
button are molded phenolic.

Grayhill, Inc., Dept. ED, 561 Hillgrove Ave., 
LaGrange, Ill.

Price: $1.15.

Bridging Amplifier 516
For trunkline installation behind repeater ampli­

fiers, bridging amplifier model BA-4C has 4 isolated 
distribution line outputs, each providing 3-db gain at 
channel 2. Bandwidth is 54 to 88 me, impedance 75 
ohms, vswr 1.2:1. Power is 115 v, 60 cps, 25 w.

Entron. Inc., Dept. ED, Box 287, Bladensburg, 
Md.

Insulating Rod 512
A Class H insulating rod stock, Vitae combines 

fiber-glass reinforcement with a high-temperature 
resin system. Properties are said to equal or exceed 
those of silicone-glass rod, at 25% less cost.

The Glastic Corp., Dept. ED, 4321 Glenridge 
Road, Cleveland 21, Ohio.

Servo Motor 521
Size 5 servo motor J126-06 is 1 2 in. in diameter 

by 0.968 in. long and weighs 0.68 oz. Phase 1 volt­
age is 26 v, phase 2, 36 v, at 400 cps. No-load speed 
is 9,500 rpm, stall torque 0.12 oz-in. Operating tem­
perature range is —54 to +125 C.

General Precision, Inc., Kearfott Div., Dept. ED, 
Little Falls, N.J.

Nuvistor Sockets 517
Phenolic sockets for nuvistor tubes are supplied 

with solder washer for solder fastening or tabs for 
mechanical mounting. Fastened sockets will resist a 
pressure of 20 lb. Contacts are copper alloy with 
cadmium plating.

Cinch Manufacturing Co., Dept. ED, 1026 S. Ho­
man Ave., Chicago 24, Ill.

Teflon-Lined Tubing 438
Neoprene rubber tubing with Teflon liner com­

bines the best features of both materials. Size ranges 
from 1/8 to 1 in. inside diameter, with 1/8-in. coat­
ing of Neoprene or other elastomer. Tubing with­
stands service temperature of 200 F.

Pennsylvania Fluorocarbon Co., Inc., Dept. ED, 
1115 N. 38th St., Philadelphia 4, Pa.

• HEAT SHRINKABLE TUBING - 
An irradiated tubing with controlled 
shrinkage, that, when heated, 
shrinks in seconds to form a tight- 
fitting mechanical bond.
• RETRACTILE COIL CORDS -
A quality line of test leads, 
power cords, power cord sets and 
communication cords with the 
maximum retractility and dura 
bility • TEFLON CABLES - 48 dif 
ferent cables Available from one to 
four conductors, e ZIPPER TUBING 
— New constructions, new tech 
niques with complete data on five 
tubing types • TEFLON TUBING 
— All new tubing for high tem­
perature application (260°C ).
• SHIELDING AND BRAIDING 3 
different types including new round 
shielding to QQ B 575

YOUR COMPLETE GUIDE TO ELECTRONIC WIRE AND CABLE 52 pages of information

ALPHA WIRE CORPORATION 
Subsidiary of 10IH Electronics Corporation 
200 Varick Street, hew York 14. N.Y.
PACIFIC DIVISION:
1871 So. Orange Dr. Los Angeles 19, Calif.
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SOLUTION

UiddUiwEd ULiidd
BUT DOESN’T AFFECT

AUTRONEX PLATE!
Autronex Gold Plated transistor 
headers were suspended in C.P.—4 
solution (nitric, acetic and hydrofluoric 
with bromine) for several hours...the 
header’s glass seals dissolved, the Gold 
Plate remained intact.
This dramatic experiment, carried out 
by one of the country’s prominent 
manufacturers of semiconductor pro­
ducts, demonstrates some of the 
superior metallurgical properties of 
electroplate produced with the 
AUTRONEX ACID GOLD PLAT­
ING PROCESS—for all industrial 
applications.
The simple to prepare bath is mildly 
acidic (pH 3.5—4.5), operates at room

temperature, and produces deposits 
which are mirror-bright in any thick 
ness. AUTRONEX electroplates also 
offer approximately 75% greater resist­
ance to abrasive wear over conventional 
Gold plate.
For complete details on uses, bath prep­
aration, equipment required, etc., ask 
for #EG-1.

AUTRONEX EASILY PASSES ALL RIGID 
PERFORMANCE-ACCEPTANCE TESTS

SALT-SPRAY TEST 
MANDREL-BEND TEST 
BOILING WATER TEST

SEL-REX CORPORATION
NUTLEY IO, NEW JERSEY

The world's largest selling precious metal plating processes 
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1961



NEW PRODUCTS
Photoconductive Cells 596 THERMOSTATS

POWER 
SUPPLIES

VALUE
QUALITY

Similar to the human eye in its sensitivity varia­
tion with the color temperature of light sources, this 
cell measures light accurately, whether the light is 
tungsten or daylight or whether the color tempera­
ture is 2,700 or 6,500 K. A footcandle meter incor­
porating the cell needs no correction filter.

Clairex Corp., Dept. ED, 22 E. 17th St.. New 
York 3, N.Y.

RS305A

@ $55.50
For original use . . . For incorporation into laboratory 
equipment ... In 55- to 400-cycle systems. The Trans 
Electronics Model RS305A Power Supply provides volt­
age regulation of .05% load and .05% line over the 
entire 225- to 325-volt range. Operating current range 
0-50 ma, continuous duty, with filament output of 6.3 
volts CT AC @ 3 amps. Units feature low ripple and 
noise (5 mv peak tn peak); fast recovery time (25 to 50
microseconds). Three versions of Model 
respectively, modular construction in 
4% x 6y2 inches; rack-mounting; and 
models with 3%-inch meters, in case 
panel height. Input is 105-125 volts AC.

SPECIFICATIONS

RS305A offer, 
package 5 x 
rackmounted 

with 3-inch

Thermistor 620
This positive-temperature-coefficient unit can be 

used for temperature compensation, sensing and 
control in many applications including motors, tran­
sistorized circuitry and crystal ovens. Diameters 
range from 0.82 to 0.2 in., thicknesses from 0.12 to 
0.06 in. and resistances at 37.8 C from 150 to 1,200 
ohms.

The Carborundum Co., Refractories Div., Dept. 
ED, Perth Amboy, N.J.

Cable Breakout Boxes 602

6.3/3

model*
voltage 
range

current 
ma

filament 
volts/ampe price

RS 110 $108.00
RR-110 0-100 6 100 6.3/3 133.00
RM-110 169.00

150-225 0 50
RS-205
RR-205
RM-205

55.50
80.00

115.00
RS217A 87.50
RR-217A 150-225 0-175 6.3/8 112.50
RM-217A 147.50
RS-305 55.50
RR-305 225-325 0-50 6.3/3 80.00
RM-305 115.00
RS-317 87.50
RR-317 225-325 0-175 6.3/8 112.50
RM-317 147.50
RR-450 
RM-450
DUAL 
TRACKING

+ 300-400 6.3/2
6.3/1.5
6.3/1.5

155.50
196.00

-300-400
0-50

RR-473 
RM 473 
DUAL 
TRACKING

+ 300-400

-300-400
0-25

6.3/2
6.3/1.5
6.3/1.5

140.00
175.00

RS-505
RR-505
RM-505

J00-5002 0-50 6.3/3
81.50

106.50
141.50

RR-303 
RS-303

0-300 
0-300

0-500 
0-500

6.3/15
6.3/15

320.00
360.00

RR-550 300-500 0-500 6.3/15 310.00
RM 550 300-500 0-500 6.3/15 350.00

TRANS ELECTRONICS, me
7349 Canoga Avenue, Canoga Park, California
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4 TYPE A—Adjustable
• Slow make or break contact*
• For operating temperatures up to 55O’F.
• Resistive load—1500 watts at 120 VAC

TYPE HL
• Single pole, single throw or double 

pole, single throw
• Manual or automatic reset

• Preset, snap action, non-adjustable
• For operating temperatures up to 

300°F.
• Resistive load—

40 amperes at 125 VAC
25 amperes at 250 VAC

TYPE 11T-11
Best suited fur cantrulllug temperature* 
in air stream*
•ame rating» a» TYPE UT-il

Designed for surface mounting 
alio available for watertight mounting 

• High ratings with minimum size 
• Single pole, single throw or 

single pole, double throw 
• Preset, snap action, non-adjustable 

• For operating temperatures 
up to 35O°F.

• ^lade or screw terminals, exposed or 
enclosed disc

• Resistive load—6000 watts at 240 VAC 
3000 watts at 120 VAC

• Inductive load—
10 amps, full load at 120 VAC 
5 amps, full load at 240 VAC

4 TYPE 11T-21

Designed for operating circuit tests, these devices 
connect in series between existing cables and oper­
ating equipment, making test points available at 
each wire for voltage and waveform checks. Hi-pot, 
continuity, dielectric or resistance tests can lie made.

Angler Industries, Dept. ED, Metuchen, N.J.
Pi?A: $16.50 to $110; 2 weeks.

Silicon-Glass Diodes 679
Forward current is 200 ma. For general-purpose 

use, types 1N456A through 1N464A also have surge 
capability. They are compact and can be used in 
severe environments.

Princeton Electronics Corp., Dept. ED, P. O. Box 
127, Princeton, N.J.

4 TYPE AF
For fan meter or limit centrei

AL

3" or 7" sensing element 
Snap action—adjustable 
For operating temperatures up to 300°F 
Fan or limit rating-

Mi h.p. at 120/240 VAC and 
125 volt amperes a! 120/240 VAC

Detailed information 
on reçue it

TYPE WA
Best suited fur controlling 
temperatures in air stream* 
tame rating! at TYPE WC

Oetigned for turface mounting
(with or without mounting bracket)

• Preset, snap action, non-adjustable
• Single pole, single throw
• For operating temperatures up to 350°F.
• Blade or screw terminals, exposed or 

enclosed disc
• Resistive load—2500 watts at 240 VAC 

1650 watts at 120 VAC
• Inductive load—

4.4 amps, full load at 120 VAC
2.2 amps, full load at 240 VAC

TYPE 20T
Refrigeration and air conditioning control 

• Hermetically sealed in all-metal case 
• Single pole, single throw 

> For operating temperatures up to 200’F.
• Resistive load—1000 watts at 

120/240 VAC

mini

THERM O-DISC, Incorporated Mansfield, Ohio
CIRCLE 143 ON READER-SERVICE CARD
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Rotary Switches 600

Modular-constructed types C-25 and C-40 are for 
power switching and motor control. Type C-25 is 
for 25 hp at 600 v, three-phase; type C-40 is for 40 
hp. Each stage has two isolated double-break, silver 
alloy contacts, up to 24 contacts can be provided.

American Solenoid Co., Dept. ED, Union, N.J, 
PGA: 5 to 10 days.

Frequency-Deviation Meter 597

One part in 1010 is measured by BTK-36A meter. 
It consists of two units, having a recorder to pilot the 
difference in frequency between the primary and 
secondary standards. Except for a ert. it is com­
pletely transistorized.

Aircraft Radio Corp., Dept. ED. Boonton. N.J.

Scale Corrector 603

In-line data linearizers operate on binary or bed 
data and translate the data into engineering units. 
Applications are with multiplexers, digitizers, timers 
and programmers creating advanced data-acquisi- 
tion and handling systems.

Applied Development Corp , Dept. ED, 12838 
Weber Way, Hawthorne, Calif.

PGA: From $1,200, 6 weeks.

Frequency Meters 680
Ranges are 3.95 to 40 kmc in these full-waveguide- 

band units 532 through 538, with each unit covering 
one waveguide bandwidth. Accuracies are to 0.08?. 
A 100-in. helical scale is provided.

PRD Electronics, Inc., Dept. ED, 202 Tillary St., 
Brooklyn 1, N.Y.
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TANTALUM CAPACITORS...NEW HEIGHTS IN RELIABILITY 
ENGINEERED BY PYRAMID

When Pyramid tantalum capacitors with proven 
dependability are incorporated into essential elec­
tronic equipment you manufacture ... greater reli­
ability of your product is assured.

To design engineers searching for miniature elec­
trolytic capacitors with unusual capacitance stabil­
ity and a low dissipation factor over a wide tempera-
ture range, soundly constructed tantalum capacitors O'Y D 
are gratifying discoveries. ■ "

Canada: Win. Cohen. Ltd., 8900 Park Ave., Montreal
CIRCLE 144 ON READER-SERVICE CARD

If the equipment you make demands small capac­
itors with explicit reliability and peak performance, 
look to Pyramid for tantalum capacitors that meet 
your most exacting requirements.
For full details write or call: Sales Department

ELECTRIC
Export: Morhan Exporting Co., 485 Broadway, N.Y. 13, N.Y.
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NEW PRODUCTSBetter Coils begin with
PARAFORMED PAPER TUBES

Model F-296 makes full-size photo 
record of single transients 
or identical repetitive phenomena.

601Absorptivity Recorder

ANY SIZE-SQUARE OR RECTANGULAR

With these

575Meter-Relays

• No sharp outside edges to cut wire
• No need for wedges to tighten wire
• Permits winding coils to closer tolerances 
• Allows faster stacking of wound coils 
• Has full rigidity and physical strength

Parafokmed paper tubes simplify coil wind­
ing operations and speed production, yet cost no 
more. In the exclusive Parafokm method of 
tube making, no artificial heat or pressure is used 
— Paraforming takes place at the time of spiral
winding. Hi-Dielectric. Hi-Strength. Kraft, Fish SPIRAL WOUND 
Paper, Acetate, Red Rope or any combination Not Die Formed 
wound on automatic machines. Produced from 
stock arbors or special sizes engineered for you. 
Can also be supplied in regular or with slight bow.

PARAMOUNT PAPER TUBE CORP.
608 LAFAYETTE STREET, FORT WAYNE 2, INDIANA

Htanofncturors of Paper Taking for the fletfntal Indeitry finte 1931
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POWER 
SUPPLIES

Standard powei sup­
plies and transformers 
available from stock 
Others built to your 
specific requirements 
from stock components.
WRITE FOR COMPLETE 

SPECIFICATIONS

Write an tampan y 
lafterhood for 

STOCK 
ARBOR LIST 
of over 2000 sizes

I20KV DC at 5 MA
Zero Start

Reversible Polarity 

Input 115V-60 cyce 

Safety Interlock

Electronic overload circuits 
provide full range protec 
lion

Automatic stored energy 
discharge switch

No exposed high voltage 
components

Model PSC 120-5-2

30 KV DC at 5 MA 
or35KV DC at IMA

Completely Self-Contained— Portable 
Ideal as Insulation Test Set 
and Hi-Pet" TESTER ME
No Exposed High Voltage 
Components
Electronic overload circuits 
settable from 0-120% of 
rated current and voltage 
Many other features Modal PSC 30-5-1

DEL ELECTRONICS CORPORATION
>31 HOMISttAO AVSNUI • MOUNT VÍHMON. N. V. • OW(M*-3OOO

CIRCLE 146 ON READER-SERVICE CARD
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An auxiliary unit, model 2015 is for use with 
Cary spectrophotometers to record extinction coeffi­
cient on a logarithmic scale. It provides spectra w ith 
shape unaffected by sample concentration or path- 
length. Uses are sample identification and quali­
tative multi-component analysis.

Applied Physics Corp., Dept. ED. 2724 S. Peck 
Road, Monrovia, Calif.

Having a taut hand movement, these relays can 
be used with accuracy in the range of 50 ua. They 
are particularly suitable for control applications with 
full-scale sensitivities of 0 to 5 ua or 0 to 2 mv.

Assembly Products, Inc., Dept. ED. Chesterland, 
Ohio.

Stepper Motors 599

With increments of 15 and 7.5 deg and rates oi 
200 to 550 steps per sec, these motors work in con­
junction with a logic circuit which controls rate, 
sequence and direction. They may be driven by 
electromechanical or electronic logic.

American Electronics, Inc., Instrument Div., Dept. 
ED. 9503 W. Jefferson Blvd., Culver City, Calif.

Jack-to-Plug Adapter 681
Nickel-plated, completely shielded, with straight- 

through connections, no. 370 is for connecting cord 
ends with a phono plug. It has an output 9/64 in. in 
diameter and 9 16 in. long for the phono-jack input.

Switchcraft, Ine., Dept. ED, 5555 N. Elston Ave., 
Chicago 30, Ill.

Don’t forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.

Fairchild-Polaroid 
Oscilloscope 
Cameras you can...

Model F-286 records two 
traces on each print, 
each one-half full size.

PERMANENTLY
RECORD

OSCILLOSCOPE
TRACES

in 2 to 10 seconds!
No special photographic skills 
are needed with a Fairchild- 
Polaroid Oscilloscope Camera. 
Two models are available. One 
records single, direct-reading, 
full-size scope images; the other, 
two half-size images on one 
print. Operation of both is fast 
and simple, hardly interrupts 
lab procedures. You can evaluate 
prints as fast as you can pull 
them from the camera, enter 
photo evidence into reports at 
once.

For literature and prices, 
write to Industrial Products Di­
vision, Fairchild Camera and In­
strument Corp., 580 Midland 
Ave., Yonkers, N.Y. Dept. ED-4.

FAIRCHILD 
CAMERA AND 
INSTRUMENT 
CORPORATION 
580 Midland Avenue 
Yonkers. New York

CIRCLE 147 ON READER-SERVICE CARD
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Selective Decommutator 598

For PAM or PDM standard IRIG and nonstandard 
inputs, type 3201 operates with pulse repetition fre­
quencies of 75 to 2,700 pps. It has automatic drift 
and gain correction. Fingertip selection of 10 from 
up to 99 channels is possible.

American Bosch Arma Corp., Dept. ED, 5000 
Parkside Ave., Philadelphia 31, Pa.

Spectrograph Equipment 576
A complete line of mod ular units, including model 

29000 direct-reading spectrometer is offered. Chemi­
cal analysis can be made on nearly every material; up 
to 48 elements can be analyzed simultaneously. It is 
suited to industrial quality control.

Applied Research Laboratories, Inc., Dept. ED, 
P O. Box 1710, Glendale 5, Calif.

Repetitive Scan Accessory 577
For use with spectrophotometers made by Cary, 

this unit permits the spectrophotometer to operate 
unattended over a preselected wavelength span. 
It is suited for kinetic or other time-base studies or 
for scanning a series of similar samples.

Applied Physics Corp., Dept. ED, 2724 S. Peck 
Road, Monrovia, Calif.

BOBBINS I

AMERICAN 
MOLDED

COIL 
FORMS

Your coil winding can be more efficient 
by using American Molded Nylon Bobbins 
with these exclusive features:

INSULATED LEAD SLOT 
Automatically insulates start of lead as 
an integral part of the bobbin 
Eliminates washers or manual taping of 
leads 
Adaptable to automatic coil winding 
Leading machine manufacturers have 
automatic winding equipment to utilize 
this feature
Permits uniform winding traverse. No 

ire distortion due to tape bulge
INSULATED LUGS 

Fully insulated on all sides 
Eliminates taping 
Withstands over twelve pounds pull 
Adaptable to most coil forms and bobbins 
Forward your blueprints or sample 
coils to us for our engineering de­
sign suggestions.
Send for samples and catalog of our 
complete line of bobbins and coil 
forms.

American Molded Products Company
2721 WEST CHICAGO AVENUE CHICAGO 22, ILLINOIS
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YOURS TODAY-
A frequency standard so accurate 

that it measures time with a rate of change 
of less than one second in sixty years!

608

1,000

Dept.

A JK SULZER FS1100T 
currently serves as the 
basic quartz crystal 
Frequency Standard 
employed by WWVL 
(Bureau of Standards, 
Boulder, Colorado) to 
provide a 20kc reference 
signal having a stability 
of 1 x 10'7Day

Servomotor-Generator

Weighing 1.1 oz, this size 5 unit is contained in 
a single housing. Excitation voltage is 26 v at 400 
cps. Torque at stall is 0.1 oz-in., acceleration at stall 
is 37,000 radians per sec2 and no-load speed is
10,000 rpm. Generator output is 0.2 v per 
rpm.

Beckman Instruments, Inc., Helipot Div.. 
ED, 2500 Fullerton Road, Fullerton. Calif.

Silicon Monocrystals 682
Supplied to customer specs, types P and N have 

boron and phosphorous doping, respectively. Resis­
tivity is 0.05 to 100 ohm-cm. Standard diameter is 
3/4 in. Length is up to 6 in.

Solid State Materials Corp., Dept. ED, 5 Erie 
Drive, East Natick, Mass.
PUA: $1 up per g; 5 to 10 days.

26, 1961

Total Dimenaiona, Standard and Power Supply: 7/i"W x 6*H x 12'A’D. Shown mounted In 7* x 19* rack panel.

THE JK-SULZER FS-1100T FREQUENCY STANDARD is a standard of 
frequency and time . . . born of and for the age of space. It is fully 
transistorized. A double proportional control oven houses a 1 me precision 
quartz crystal having a Q exceeding 2 million. Each unit is built, aged, and 
calibrated at Washington, D.C., against groundwave signals of WWV. Simul­
taneous outputs of 1.0 me and 100 kc. A companion power supply permits 
operation from 115 volt AC plus automatic 12 hours minimum of emergency 
or portable operation from batteries Today, you can order this 5 x 10-l0/Day 
stability, for early delivery, for a wide range of research and test ap­
plications. Write for technical literature

The James Knights Company, Sandwich, Illinois 
SPECIALISTS IN FREQUENCY MANAGEMENT for space exploration programming, 
high speed navigation, and soectrum conservation in the growing communications field.

CIRCLE 150 ON READER-SERVICE CARD
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3" dia. x 3 VT long, 16 ounces
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NEW VANEAXIAL 

ac/dc 
UNIVERSAL BLOWER
Globe’s VAX-3-GN Universal Blower gives you 110 cfm. free air, with 
a design point of 68 cfm. at 1.5" H2O-on either 115 v.d.c. or 115 
v.a.c., 60 cycle power. Other voltages can be supplied. Nominal 
speed is 14,000 rpm.

You can standardize on this extremely versatile blower for ground 
support and commercial electronic cooling. It’s designed to meet 
MIL specs, having passed shock and vibration per MIL-E-5272. Pro­
duction tooling makes this blower economical. Prototypes can be in 
your hands tomorrow (telephone BA-2-3741 for part no. 19A908); 
production orders normally delivered in a short time.

Rugged mechanical protection is provided by the black anodized 
aluminum housing and propeller. Mount by clamping to servo ring 
at either end. Nominal life exceeds 1000 hours. Max. current is 
0.47 amps at free air delivery. Request Bulletin GNB from Globe 
Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio.

GLOBE
INDUSTRIES, 
INC.

GLOBE
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NEW PRODUCTS
Generator 604

Triple-function type LRG 051 produces these 
synchronously initiated output waveforms: positive 
100-v sawtooth, positive 10-v pulse and positive 10-v 
pulse delayable within the duration of the sawtooth. 
Operation can be triggered or gated from an external 
waveform.

Argonaut Associates Inc., Dept ED, P. O. Box 
273, Beaverton, Ore.
PUA: $200; 4 weeks.

Magnetic Amplifier 579
For controlling heater power, model FAP-T-601 

amplifier meets MIL-E-5272A. Temperature accu­
racy is ±0.05 F using a 760-ohm sensor with a 
temperature coefficient of 0.0025 ohms per deg. 
Efficiency is 75 per cent at full output. Input is 115 
±6 v, 60 ±3 cps.

American Research and Manufacturing Corp., 
Dept. ED. 920 Halpine Ave., Rockville, Md.

|O 
"O'©

OQo OO

Modal 10-10

$7995

Adapter for Scope Camera 607

NEW 3" 
“SPACE SAVER” 
DC OSCILLOSCOPE
The little 10-10 has big applications. Use it in industrial, med­
ical and general service fields for computer “read out” and for 
voltage, frequency and phase shift measurement. It features 
identical vertical and horizontal AC or DC coupled amplifiers, 
external sync terminal, external capacity binding posts for 
sweep rates lower than 5 cps, transformer-operated power sup­
ply, voltage-regulated B 4- and bias and excellent specifications. 
3RP-1 CR tube included Send for free Heathkit catalog or sec 
your nearest Heathkit dealer.

HEATH COMPANY Banton Harbor 60, Michigan 
Please send the Free Heathkit catalog.

ADDRESS_________________________________________________________ I

CITY________________________ZONE__ —STATE_______________
I___________________________________________________ ___ I

CIRCLE 152 ON READER-SERVICE CARD
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KESTER
SOLDERFORMS

r The original pre­
formed solder — 

Kester "Solderforms'' 
will be engineered to

any size, a 
flux-filled or solid just the

exact amount of solder needed 
All alloys, including rare metals

Write for FREE tamplet and engineering detail

KESTER SOLDER COMPANY
4266 Wrightwood Avenue • Chicago 39 Illinois

For the firm’s Oscillotron, this adapter permits the 
camera to accept holders for standard 4x5 films. 
It also permits ground-glass focusing and can be 
interchanged with the Polaroid back.

Beattie-Coleman, Inc., Dept. ED, 1006 N. Olive 
St., Anaheim, Calif.

Frequency Meter 683
Range is 2.4 to 3.7 in the 583-D calibrated pre­

cision unit. Accuracy is ±0.3% at room temperature 
and ±0.8% from —40 to 50 C. Connectors are type N 
jack. Insertion length is 3-23/32 in.

PRD Electronics, Inc., Dept ED, 202 Tillary 
St., Brooklyn 1, N.Y.

Have you sent us your subscription 
renewal form?

ELECTRONIC DESIGN • April 26, 1961
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Strain Gage 606 CONTROL DATA High Speed Punched Paper Tape Reader

COMPUTERS
BUSINESS MACHINES

DATA REDUCTION
DATA PROCESSING

MACHINE CONTROL

580Miniature Fittings INDUSTRIAL CONTROL

Motor Generator 581

Precision Potentiometers 618

AMBITROL

constami voltage:

Dept. ED, *143’0
FACTORYTransistor Tester 684

137

STEP-BY-STEP 
INSTRUCTIONS

GREAT 
NAME 
ORGAN

E S T
I N 

KITS

DIRECT FACTORY 
TO OWNER
SAVES 50%

MODEL 

4005 wilt

PIPE-LIKE TONE AND 
APPEARANCE

Other Modell 
Ai álable 
Write Far 

Celaliig

*TM

PAY-AS-YOU 
BUILD

Model 4005 is a I 40 volt, 
500 ma, regulated DC 
power supply incorpo­
rating AMBITROL.* The 
AMBITROL* circuit will 
switch automatically to 
either voltage regulation or 
current regulation at any 
point predetermined by the 
operator, with continuous 
control ol voltage or cur­
rent to .05%

Clarostat Manufacturing C 
Dover, N. H.

20th CENTURY 
SUCCESSOR TO THE 

PIPE ORGAN

Unsurpassed Reliability 
Advanced Mechanical 
Design
350 Char/ Sec Read Rate
Start-Stop or Continuous 
Mode
5, 7, or 8 Level Tape
Tape Widths: W', 1
Instantaneous tape width 
selection
Reads all punched tape

Paper-Plastic 
Colored-Plain 
Oiled or Non-oilcd

Complete freedom from 
programming limitations

ELECTRONIC DESIGN • April 26, 1961

HOME. CHURCH 
AND CONCERT 

MODELS 
2-3-4 MANUALS 

FROM 
$1,750 fo $12,500

For use at Hi to 25 kv at low currents, these 
fittings are for power supplies, infrared detectors, 
test equipment and instrumentation. Temperature 
range is —65 to +150 F, they can be exposed to 
100% relative humidity and contour tolerance is 
±0.002 in.

American Research and Manufacturing Corp., 
Dept ED, 920 Halpine Ave., Rockville, Md.

For testing 3,600 units per hour, the Vast I is a 
20-parameter, go/no-go test unit. Information is re­
corded on a 2,000-bit program card and is assimi 
lated by card-reader circuits and transposed into 
circuit adjustments. Two operators are usually 
needed.

Philco Corp., Lansdale Div., Dept. ED, Lansdale,

CONSTANT
programmable: 
CROSSOVER

BUILD - YOUR - OWN 
ELECTRONIC ¿ 

ORGAN _ rf
STEP UP^ TO AN AS»

Having a built-in computer to solve strain-to- 
stress equations automatically, the SR-4 gage pro­
vides electrical responses proportional to stress or 
strain by <. ;ing two independent, axial strain-sensing 
elements oriented 90 deg apart.

Baldwin-Lima-Hamilton Corp., Electronics & In­
strumentation Div., Dept. ED. 42 Fourth Ave., 
Waltham 54, Mass.

Send for FREE literature DORSJETT ELECTRONICS, INC. 
ELECTRONIC ORGAN DIVISION 

4949Y YORK BLVD., LOS ANGELES 42,CALIF
CIRCLE 156 ON READER-SERVICE CARD

The Control Data Model 350 Paper Tapp Reader employs the most advanced tape con­
trols and reading techniques. Multi-colored tapes can be read interchangeably without 
the need of bias adjustments, and new specially designed light guides in the reading head 
eliminate dirt collecting holes. The precise control system eliminates troublesome reso­
nances and provides complete freedom from programming limitations These and other 
features combined with careful attention to details and quality, result m a paper tape 
reader which provides new high standards of reliability and versatility.

For complete specifications, prices and delivery write or call us directly or contact our nearest solei representatives 

fl* CONTROL DATA CORPORATION
Brushless, synchronous and with ratings of 3 to 

1-50 kw, series 32 has a voltage regulation of 1%. 
Closer regulation is possible. Frequency is held to 
400 cps. Standard harmonic content is 2 per cent. 
Little maintenance is needed.

American Electronics, Inc., Dept. ED, 1598 E. 
Ross Ave., Fullerton, Calif.

With 10-turn design and a diameter of 7/8 in., 
series 59M14-10 units have resistance values of 1,000 
to 100,000 ohms in linear functions. Standard resis­
tance tolerance is ±5 per cent; independent linearity 
is ±0.25 per cent. Power rating is 4.5 w at 40 C.

CEDAR ENGINEERING DIVISION 
TWX MP 974 • 5806 36th St. WmI • Minneapolis Minn. • WEit 9-1687 
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if 1700 SHAMES DRIVE
WESTBURY. NEW YORK 

LDgeweod 3-6200 (LD Areo Code 516
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NEW PRODUCTS
STABILITY

Indicator Tubes 611

HUNDRED
MILLION

582Recorder-Reprod ucer

CIRCLE 157 ON READER-SERVICE CARD

Epoxy Pencil 614

permanent, waterproof bond that in 7 min at

638Power Transistors

33 university road • Cambridge 38, mass.
CIRCLE 158 ON READER-SERVICE CARD
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HARNESSING MATERIALS 
STOCKED IN DEPTH

illumitronic 
engineering
sunnyvale • california

k two-speed, magnetic-tape unit, model R168-C 
is for mobile use. It accepts 1/4-in. tape on reels to 
10-1/2 in. Speeds are 7-1/2 and 15 ips. Signal-to­
noise ratio is 40 db or better. Bias frequency is 125 
kc. A number of configurations can be furnished.

American Concertone, Inc., Dept. ED, 9449 V 
Jefferson Blvd., Culver City, Calif.

400 F. The pencil comes in an aluminum, collet-type 
holder.

Cetron Electronic Corp., Plastics Div., Dept ED.
2265 E. Foothill Blvd., Pasadena. Calif.

New design of Nixie tubes provides flattened 
tube face and cutaway anode to permit higher posi­
tioning of the cathode numerals. Viewing angle is 
increased from 90 to 160 deg. Life is 200,000 hr. 
Type B5092 replaces B5031; ty pe B6091 replaces 
B6033. A completely new large tube is also offered.

Burroughs Corp , Electron Tube Div., Dept ED, 
Plainfield, N. J.

A no-mix, single unit, this epoxy pencil can be 
used in bonding, cementing, sealing and insulating. 
The epoxy requires no special storage and provides a

Provide fast switching. The 2N1907 high-fre- 
quency/high-current germanium power transistors 
can su itch 5 ainp at a typical time of 2.5 psec. Guar­
anteed min hr. is 50 at 5 amp and 10 at 15 amp. 
making possible reduced input drive current.

Texas Instruments. Incorporated, Dept. ED. Dallas 
22, Tex.

OEKATRON GC10D 
Cold csthods glow tube 
for totalizing, »orting, 
programming, special 
computing and control 
circuits. One of four 
general tube types, 
in 25 models.

The only handbook of counting tube 
applications, circuitry and specifications 
Top source for circuit and system designers 
in all electronic, computer and contract 
engineering fields.
Write for your copy today.

CIRCLE 159 ON READER SERVICE CARD 
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Also Rod, Sheet & Tube and AIR 
DUX^ air wound coils for r A d, 
prototypes and production. From 
jobber stocks or direct.
SEND FOR FREE CATALOG

• Transistorized circuitry u ¡th high pre­
cision gla*—sealed crystal

* Standard frequencies ... 1000 kc (Type 
CC0-7M) und 5000 kc (Type CCO-7L)

BLILEY ELECTRIC COMPANY 
UNION STATION BLDG., ERIE, PENNSYLVANIA

• STABILITY:
.. . at room temperature: 1x10*' 
. . . over range 0°C. to +60C.: 3 x 10"*

• BULLETIN SM AVAILABLE

Application data on 

mitili tubes 
and counting tube t ire uits

SPIRAL WRAP 
lacing cord 

zippertubing 
sleeving

I cable clamps 
1 harness board
1 . posts

NEW SERIES... PACKAGED 
CRYSTAL OSCILLATORS



Mobile Antenna 578
This 30-ft, scanner antenna is designed for easy 

transport and is erected by a winch or a hydraulic- 
lifting device. It is operable under normal wind 
conditions without guys and comes with a mesh or a 
solid surface. Designation is model 111.

Antenna Systems, Inc., Dept. ED, Hingham, Mass.

Planar Acceleration Switch 583
7 rom 0.25 to 100 g is the range of sensitivity for 

tnis device. Accuracy is ±5 per cent. The switch 
closes a circuit upon the application of a predeter­
mined vector acceleration. Units are produced with 
almost any vector diagram.

Aerodyne Controls Corp., 90 Gazza Blvd., Far­
mingdale, N. Y.

Pressure Transducers 613

Having ranges of 20 to 10,000 psig, these units 
can be over-pressured by a factor of 10 without 
needing calibration. Nominal output resistance is 
350 ohms; power needed is 28 v max. Bonded silicon, 
strain-gage construction is used. Units are called 750.

Century Electronics & Instruments, Inc., Dept. ED, 
1333 N. Utica Ave., Tulsa 10, Okla.

Phase Meters 584
With ranges of 500 kc to 1 cps, the 405 series 

phase meters provide direct indication of phase 
angle. Symmetrical waveforms of any shape can be 
accepted. Drift is less than 0.001 deg for 10 hr of 
operation. Relative accuracy- is ±0.25 per cent; 
absolute accuracy is ±2 per cent at most frequencies.

AD-YU Electronics Lab., Inc-., 
Terhune Ave., Passaic, N. J.
PUA: $548 to $595; 1 to 2 weeks.

Dept. ED, 249

Ganged Capacitors 686
For precision tracking, these units come in close 

tolerances. Made to customer specifications, they per­
mit tracking in both directions of rotation. The en­
tire assembly is shielded. Terminations may be solder 
or screw type or coaxial.

Hammarlund Manufacturing Co., Inc., Dept. ED, 
460 W. 34th St., New York 1, N.Y.

ELECTRONIC DESIGN « April 26, 1961
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FULL 
COMMAND 
IN ONE 
CUBIC 
INCH!

NEW MINIATURIZED LIGHTED PUSH-BUTTON 
SWITCHES SAVE PANEL SPACE

The new "3O2PB” Series combines control and visual indication in 
one completely assembled unit that requires less than one cubic inch 
of panel space. These miniaturized lighted push-button assemblies 
can be mounted or removed without tools.

The display screen, mounting flanges and two single-pole double­
throw basic switches are all integral components, permanently as­
sembled to make a mechanically strong unit built for long life. 
Fifteen display screen color combinations are available, obtained by 
use of a split screen. A separate miniature lamp illuminates each 
half of the screen. These lamps are designed for infinite service life. 
"3O2PB" Series switches conform to the applicable requirements
of MIL-S-6743, MIL-S-6744 and MIL-E-5272A. Check the 
MICRO SWITCH Branch Office, listed in the Yellow Pages 
information or write for Data Sheet 182.

nearby 
for full

MICRO SWITCH . . . FREEPORT, ILLINOIS 
A division of Honeywell

In Canada: Honeywell Controls Limited. Toronto 17, Ontario
HOHIVWfll

H Honeywell
MICRO SWITCH Precision Switches

CIRCLE 160 ON READER-SERVICE CARD
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NEW PRODUCTS
THE VOICE OF EXPERIENCE SAYS Wirewound Resistor 612

to meet

605

587

Revolution Counter

Pressure Switch

Preset and variable, type INS-110 has a mounting 
plate to insulate the control. It is for hot-chassis or 
other potentiometer uses and can be furnished with 
a molded shaft. Diameter is 3/4 in. Rating is 1-1/4 
w at 40 C, derated to no load at 105 C.

CTS Corp., Dept. ED, Elkhart, Ind.

With settings of 5 to 5,000 psi, absolute or gage, 
this switch has a temperature range of 65 to 250 F. 
It has metal-welded construction and needs no syn­
thetic seals. It can be used in severe environments. 
Designation is P/N series 58520.

Century Geophysical Corp., Dept. ED, 515 S. 
Main, Tulsa, Okla.

The most valuable lesson an upcoming en­
gineer, architect or draftsman learns is 
“Use the best tools!” This means Castell 
#9030 Black Gold graphite-saturated lead 
that stays black without flaking, feathering 
or “burning out.” Gives you crisp, opaque 
lines on all surfaces, including Cronar and 

Mylar base films. Castell #9030 never 
hesitates because of gritty spots. Remark­
ably uniform in all degrees, 7B to 10H, 
each as precise as a machine tool. Erases 
without leaving ghosts. Plastic tube with 

gold cap.

FITS ALL STANDARD HOLDERS. Pick up a tuba from your supplier today.

A.W.FABER-CASTEU Pencil Co., Inc., Newark 3, N. J.

Now »lobrating Hi 200th birthday 

CIRCLE 161 ON READER-SERVICE CARD
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Offered in 11 standard ranges, series 312 shaft- 
driven counter has a repeat-count accuracy of 0.25 
per cent of the dial range. The shaft requires an 
operating drive torque of 1-1/4 oz-in. Applications 
include process, batch system and automatic flow 
control.

Automatic Timing & Controls, Inc., Dept. ED, 
King of Prussia, Pa.

This is the time of our annual subscrip­
tion renewal; Return your card to us.

WING & THUMB
l-PC. DIE CASTING

ALL needs
GRC offers you quality, quantity 
and economy PLUS your choice 
of two basic styles—one-piece 
zinc alloy die cast fasteners 
or assembled zinc alloy 
blanks with screw material 
of other metals.
Wing Straw* have generous 
washer-type shoulders, patented 
recessed fingergrip wings.
Thumb Screw* have exclusive 
wide heads for firm, comfortable 
grip; plain or shoulder type.
Cloan accurate thread*. Bright 
rustproof, noncarrosivo fini*h. 
Wide range of ityle«, 
thread* and lengths.

2-PC. AS 
die

Write NOW for GRC’s new catalog 
of Die Cast * Molded Fasteners.

World's Foremost 
Producer of Small 
Die Castings

ORIES REPRODUCER CORP.
40 Second St., New Rochelle, New York NEw Rochelle 3*600
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TEMPERATURE-ALTITUDE | f 
HUMIDITY

ACCURATELY CONTROLLED THROUGH

Testing for reliability of relays is 
accomplished by The Hartman 
Electrical Manufacturing Co. of 
Mansfield, Ohio in this three cu. 
ft. environmental chamber.

It provides Low Temperature to 
minus I2O°F. High to 500 F. 
Altitude to 150,000 feet and 
Humidity 20% to 95%.

Environments, chamber sizes and styles are available in 
—' accordance with your specifications. Our engineering

department will gladly supply a No-obligation Quotation.

CIN CINNATI
► SUB-ZERO PRODUCTS

* Office 8 Plant
3930 Reading Road, Dept. fD3 Cincinnati 29, Ohio

CIRCLE 163 ON READER-SERVICE CARD
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595Isolation TransformersWHERE’S THE RECESSION?

1001 Ways

need hundreds of the electronic field-

617Monitor-Receiver

CIRCLE 873 ON READER-SERVICE CARD

Environmental Chamber 588

Hermetic Feed-Through Seals 593

diameter.

OAKS, PENNA.CORPORATION

Computer Diodes 687

Name.

Address.

City.

CIRCLE 166 ON READER-SERVICE CARD

WRITE for va! i- 
able brochure 
containing fine 
wire composi­
tions, pertinent 
properties and 
applications.

508 COMPANIES 
DEMANDING MEN

Ceramics International Corp., Dept. ED, 39 Siding 
Place, Mahwah, N. J.
PGA: $2 in lots of 2,000; 8 to 14 days.

Custom Melting, Complete Redrawing, 
Strand and Vacuum Annealing Services 
for fine wire processing to customers’ 
specifications

mediately! These positions offer salaries ranging from 
$6,200 to over $50,000. If your present position doesn’t 
offer the long range opportunities that you expected, con­
tact Cadillac today.

Remember, Cadillac’s service is COMPLETELY CON­
FIDENTIAL and available to you ABSOLUTELY FREE 
OF CHARGE.

diameter or 1-3/16 in. long and 3/4

It’s a fact that we can prove, since Cadillac is retained by 
all of the nation’s best electronic firms—from coast to 
coast. Our clients aren’t worried about a recession. They

Capacity is 0.5 cu ft; standard low temperature 
range is —10 to —60 F. A high temperature range 
to +500 F can be furnished. Called PENGUIN/5, 
the unit is suited for transistor testing, miniature 
bearing manufacture and other uses where space is 
at a premium.

Cincinnati Sub Zero Products, Dept. ED. 3932 
Reading Road, Cincinnati 29, Ohio.

Diffused silicon mesa types 1N914 and 1N916 
operate at 75-ma rectified forward current. Maxi­
mum recovery time is 4 nsec; capacitance is low. 
Internal construction meets military specifications.

Princeton Electronics Corp., Dept ED, Princeton,

Synthane Corporation, 42 River Ri., Oaks, Pa- 
Gentlemen: 
Please send me information regarding the facilities of Syn- 
thane for fabricating laminated plastic

Fm-crystal controlled, this unit comes in model 
RA-52 for low band with a sensitivity of less than 
0.5 uv for 20-db quieting and high-band model 
RA-150 with less than 0.75-uv sensitivity for 20-db 
quieting. Both have a selectivity of ±30 kc greater 
than —40 db.

Checker Electronics Corp., Dept. ED, P. O. Box 
251, Grayslake, Ill.

FREE-Monti'y Opportunities Bulletin
If you wish to receive - monthly bulletin of the finest avad- 
oble electronics opportunities, simply send us your name ond 
home address (and, if you wish, a review of your qualifies 
tions). Our services ore without cost to you through our 
Chicago office and our Los Angeles subsidiary, Lon Berton 
Associates.

.Zone____ State.

Electrostatically shielded. Designed to closely ap­
proach battery performance in freeing laboratory 
instruments from stray pick-up, these isolation trans­
formers are available in three ranges: 50 va; 150 va; 
and 500 va. Units are hermetically sealed and meet 
the requirements of MIL-T-27A.

Newport Scientific Co., Dept. ED, 638 W, 17th 
St., Costa Mesa, Calif.
PGA: $33 for the 50 va model; from stock.

CIRCLE 165 ON READER-SERVICE CARD 
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Able to operate at 900 C, these seals are for elec­
tronic components in high-altitude, military aircraft 
equipment. Shock limit is 10,000 g. Composed of 
a threaded ceramic, a flange and a solid feed­
through, the units are 1 in. long and 1/2 in. in

Jack L. Higgins 
Vice President 
Cadillac

Associates, Inc 
29 East Madison Bldg., 

Chicago 2, III.
Financial 6-9400

Machine 
Laminated Plastics

An Example of
Synthane You-shaped Versatility
There are many fast, economical ways to 
machine laminated plastics—if you have the 
equipment to do the job. We have! Synthane 
is just about tops in U. S. for plastics fabrica­
tion. That’s our business. We have all the 
standard tools plus many machines designed 
especially for the fabrication of laminated 
plastics. WThy bother to improvise when we 
have what it takes to do the job—quickly 
and economically.
y ou-shaped Versatility makes Synthane a Better Buy tn Laminates

Potentiometers

isulated

precious, base 
exotic and 

special metals

Thermocouples

Electronic Tubes

Other Electronic
Applications 1

CONSOLIDATED 
REACTIVE METALS, ine.

115 Hoyt Avenue - Mamaroneck N Y - OWens 8 2300



TÄUGHNEW PRODUCTS
Angle-Beam Transducers 609

Punched-Tape Reader 615

CIRCLE 167 ON READER-SERVICE CARD

of almost 8,000 bits pe

585

TRADEMARK

/dynacor/

1012 Wedmore Ave Rockville, Maryland

BOX 
FILES

For WIRE-WRAP and PLUG or PIN 
type CONNECTORS for computers, 
control systems, missiles, etc., Also 
for springs, terminals, forms, fit­
tings, prongs, contacts and clips.

Don’t miss an issue of ELECTRONIC 
DESIGN; Return your renewal card.

points both above ground potential 
tions to 500 me.

AD-YU Electronics Lab., Inc., Dept. ED, 249 Tt : 
hune Ave., Passaic, N.J.
PUA: $588; 1 to 2 weeks.

Having a readout speed

PRECISION - Square, Flat 
and Rectangular Wire 

with Controlled Edges

...ASA 
TURTLE S BACK

DYNACOR, INC.
A SUBSIDIARY OF SPRAGUE ELECTRIC CO.

SPECIAL OFFER FOR ELECTRONIC DESIGN SUBSCRIBERS
These sturdy attractive box files are ideal for keeping copies of Electronic 
Design within easy reach for reference, and will keep them looking as good 
as new. Two box files will hold 26 issues - a year’s worth of practical design 
information. Order two now while this special low rate of ONLY $2.00 EACH* 
still applies.

min, this reader provides 132 parallel, form A con­
tacts rated at 28 v and 150 ma. Forward or reverse 
operation is possible. Reliability is 99.99997 percent. 
It uses 70-mm Mylar tape.

Chalco Engineering Corp., Dept. ED, 15126 S. 
Broadway, Gardena, Calif.

With a range of 20 cps to 100 kc at an accuracy of 
2 per cent or 0.02 deg, type 202 measures very small 
phase angles, phase error between an unknown com­
ponent and a standard component, voltage across two

CIRCLE 166 ON READER-SERVICE CARD 
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City™——............ .........................Zone........ State......—
Electronic Design, 830 Third Ave., N Y. 22, N. Y.

Cash enclosed □ ($2.00 per unit)
BHI me □ ($2.50 per unit)

Regular price $2 50, save 50« if cash enclosed with order.

Please send.......Electronic Design Lox Files
Name & Title ......... —......-.............................
Company------- ---—  ---- -----------------------------
Address —------- --------------------------—-----

Silvercoate ® Beryllium Copper — Brass — Bronze — ni-clad-ti 
Titanium — Aluminum — Hot Solder Dipped — Tinned — etc.

Square and rectangular shaped wires are frequently used 
in modern "wrapped" terminal and pin or plug type connectors. 
For this application the edges must be finished quite sharp (usually 
.003 radius corners or less) but without a burr or flashing. Also 
required are closely controlled dimensional tolerances and smooth 
finish. Uniformity of temper is essential. Therefore close control of 
all facets of wire manufacturing is of paramount importance.

LITTLE FALLS ALLOYS. INC. «

Offered in a variety of types, these transducers 
are for use with ultrasonic flaw-detection equipment. 
Type ZSL, for example, can be used to produce 
angles of 45 to 90 deg, as specified. Its operating 
frequencies are 1, 2.5 and 5 inc.

Branson Instruments, Inc., Dept. ED, 40 Brown 
House Road, Stamford, Conn

ARMAG-PROTECTED
DYNACOR

BOBBIN CORES
AT NO EXTRA COST I

Tough-as-tortoise-shell Armag ar­
mor is an exclusive Dynacor de­
velopment. It is a thin, non-me- 
tallic laminated jacket for bobbin 
cores that replaces the defects of 
nylon materials and polyester 
tape with very definite advantages 
—and, you pay no premium for 
Armag extra protection.

Tough Armag is suitable for 
use with normal encapsulation 
techniques on both ceramic and 
stainless steel bobbins. It with­
stands 180°C without deteriora­
tion- is completely compatible 
with poured potted compotmds— 
has no abrasive effect on copper 
wire during winding—fabricates 
easily to close-tolerance dimen­
sions—inner layer is compressible 
to assure tight fit on bobbin-docs 
not shrink, age or discolor.

Write for Engineering Bulletins 
DN 1500, DN 1000A, DN 1003 
for complete performance and 
specification data covering the 
wide range of Dynacor low cost 
Standard, Special and Custom 
Bobbin Cores-all available with 
Armag non-metallic armor.



Crystal Unit 594

with

New Transistor Applications

Looking for closer gain-matching?
Fused Meters 610

standHe' /y-duty, multi-range meters in this

Digital Clocks 592

3N49. 3N50, 3N51, 3N52Measuring Device 590

TETROOE

HoneywellThin-Film Systems 688
For microcircuits, FZB-101 equipment offers stand

voltmeter, the 440 triple-range de 
and the 450 galvanometer.

Sales and Service offices in all 
principal cities of the u arid.

and high reliability. This equipment

PUSH PUU IN 
COMPLEMENTARY SYMMETRY

HONEYWELL 
TETRODE 3N52

SILICON NPN 
2NI5H

SILICON 
DIODE

I )T or CT cuts and the range of 1 to 150 n 
AT-cut quartz crystals. Principal applications 
ers, discriminators and oscillators.

Clark Crystal Co., Inc., Dept ED, Marlbon

Up to three independent outputs can be provided 
by model 2600 or 2700. Outputs are parallel, decimal

ELECTRONIC DESIGN • April 26, 1961

Size is intermediate, between JAN HC-6/u and 
HC-18/u. The range of 250 to 800 kc is covered with

is for the production of complex circuits composed of 
thin-film conductors and multiple resistors.

GVC Electron Heating Corp , Dept. ED, 81 Hicks 
Ave., Medford, Mass.

Buck Engineering Co., Dept. ED, 41 Marcy St 
Freehold, N. J.
Pi? A: $36 to $42.

an o.erload of 10 times greater than normal for 1 hr. 
Included are the 410 triple-range ac voltmeter, the 
420 dual-range ac ammeter, the 430 triple-range de

If you are looking for closer gain-matching in your push-pull com­
plementary Symmetry circuits, you will find the answer in these 
Honeywell Power Tetrodes.

contact closure patterns based on 12- < 
Seconds and tenths of minutes outputs 
with a rotary switch.

Chrono-Log Corp., Dept. ED, Box 
delphia 31, Pa.
/'¿A: $490 to $640.

For surface finishes of 1 to 1,000 pin. on metals, 
plastics, ceramics, and organic materials model MS 
1000 Surfindicator can be used at any point in a 
production line or inspection area. It is transistorized 
and uses two 9-v batteries.

Brush Instruments, Div. of Clevite Corp., Dept 
ED, 37th & Perkins, Cleveland 14, Ohio.
Pi? A: $920; 30 days.

TETROOE S,L,C0N

UNMR CIRCUIT SHOWN ABOVE

MAY WE HELP YOU?

□ Please send me your Application Data on Power Tetrodes.

□ I hate an application problem with Power Transistors. I would 
welcome the assistance of your field engineer and Applicatt .r Lab.

Power Tetrodes: 
single-ended, cold welded 
package mechanically 
interchangeable 
with TO-36 case.

SINGLE PHASé 
INPUT

vutec ; Name_____________ _______ _____ _____________________
: Address-------------------------------------- -------------------------------------------------

; Company . ------------------------------' —-- ----------------------------------

; City— STAT’’--------------------------------
; Send coupon to Honeywell, Dept. ED-4-120, Minneapolis 8. Minn.

CIRCLE 169 ON READER-SERVICE CARD

’Because of its controllable Bain feature, 
the Honeywell Power Tetrode is capable 
of closely matching the current gain, the 
transconductance and the leakige of 
either silicon or germanium NPN tran­
sistors when used in the push-pull com­
plementary Symmetry circuit shown above.

THE PROBLEM THE ANSWER

POWER TRANSISTORS PNP NPN TWO-BASE PNP TETRODE

CURRENT GAIN HIGH AVERAGE AVERAGE’

TRANSCONDUCTANCE HIGH AVERAGE AVERAGE’

LEAKAGE AVERAGE LOW LOW



in 
Southern 
California

BENDIX-PACIFIC
offers these excellent opportunities

FOR ENGINEERS

NEW PRODUCTS

Variable-Speed Drive 554

“EAGLE” MISSILE PROGRAM
Senior Engineers are required with 
BSEE or MSEE with design experience 
in solid state circuitry on the Navy’s 
newest air-to-air missile. Areas of inter­
est include receiver, digital, microwave 
and servo systems; IF amplifiers, VCOs. 
discriminators, radar, missile control 
design, DC power supplies and digital- 
to-analog circuitry.

INSTRUMENTATION
Senior Engineers with BSEE and exten­
sive experience in analog and/or digital 
telemetry systems and components.

HYDRAULICS
Senior Engineers with ME or BSEE and 
experience in hydraulic and pneumatic 
components or systems, and/or electronic 
experience as it applies to hydraulics.

SYSTEMS RESEARCH
Engineers with BSEE or MSEE with 
background in circuit analysis or mathe­
matical analysis.

AIRBORNE RADAR
Senior Engineers with BSEE or MSEE 
and experience in all phases of micro­
wave and radar transistor circuit design.

MILITARY NAVIGATION
Senior Engineers with BSEE and expe­
rience in low frequency electronic circuit 
design, aircraft instrumentation, MIL 
specs or transistor techniques.

CIRCLE 910 ON CAREER

8'2 Te 3

NOW... 
A NEW 

SOURCE 
FOR 

SOLID STATE MATEI
get the complete facts tn this new informative

42-7ÎH»»«' «tr.«. UMS CHy * **

,.kw»c IZU UN RcAOcR-SEK VILc LakU

UNDERWATER ORDNANCE
Senior Engineers with BSEE, MSEE 
and experience in the design of solid state 
circuitry, electro-acoustic transducers for 
ASW applications.

Two new 5-hp electronic drive systems, models 
1P11-20 and 1P81-20, are available to vary the speed 
of a 440-v, 60-cps motor. Either system, complete 
with motor, provides 2% speed regulation from 60 to 
2,400 rpm from no load to full load.

Electro-Devices, Inc., Dept. ED, P. O. Box 2308, 
Paterson, N. J.

RELIABILITY
Senior Engineers with BSEE and 
component and application engineering 
experience.

Please send resume to

Bendix-Pacific Division
11604 Sherman Way

INQUIRY FORM, PAGE 163

Call for 
Swenson
Custom *£-5^ 
Molders of
Thermoplastics '

Precision custom molding of thermo­
plastics is our business! We are spe­
cialists to the radio, electronics and 
appliance industries and have the ex­
pert know-how and modern facilities 
so necessary for their exacting de­
mands.
Our special custom molding tech­
niques and production tools assure 
wide design latitude. Intricate shapes, 
designs and textures — complex in- 

l terior bosses, holes, sections, studs 
I — precise thicknesses — critical tol- 
I erances, etc., are all expertly custom I molded by Swenson.
1 Submit prints, sketches or samples J for engineering advice and quotation. 
¡1 Write for literature. Call Swenson for *1 custom molded plastics services no 5 other company can match.

f, H. O wenson co., me
Engineering in Plastics 

554 Elm Street, Kearny, New Jersey

CIRCLE 171 ON READER-SERVICE CARD

Servo Analyzer 616

Modulation rates are 0.005 to 1,000 cps, provided 
in sinusoidal, step and ramp functions, directly or in 
suppressed carrier form. Carrier frequencies of 50 to 
10,000 cps may be used. Designated model 101, this 
unit measures phase and gain response on servo sys­
tems, amplifiers and other equipment.

Chance Vought Corp., Dept. ED, Dallas, Tex. 
Pi?A: $2,952; 60 to 90 days.

High-Gain Preamplifier 586
Sensitivity is 10 uv per chart line in direct-writing 

recorder use. Input impedance is 10,000 ohms and is 
floating and guarded. Response to a step input is 90 
per cent in 2 msec. In-phase rejection to a differential 
input is 120 db at de, 60 and 400 cps. Linearity is 
0.2 per cent. The unit is designated RD 4215 20; 
model RD 4215 00 has 100-pv sensitivity.

Brush Instruments, Div. of Clevite Corp., Dept. 
ED, 37th & Perkins, Cleveland 14, Ohio.
Pi?A: $550; from stock.

Don’t forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.

ELECTRONIC DESIGN - April 26, 1961144



Digital Clock 591

Pass-Through Oven 550

alsoWe

107 Goundry St.

CIRCLE 172 ON READER-SERVICE CAR?

pilot light, three-heat selector, and

Electric Hotpack Co. Dept. ED, Cottman

Thermal-Shock Chambers 589

Interval Timers

Valcor’s solenoid valves of Teflon are perfect for any

Analog Controller 689
Re Cycling TimareRunning Time Meters

and all accuracy may reach 1 2%. Solid-state INDUSTRIAL TIMER CORPORATION

CIRCLE 173 ON READER-SERVICE CARD CIRCLE 174 ON READER-SERVICE CARD

145

have a 
line of

•DuPont 
Company 
registered 
trademark
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Is accurate and stable. Analog computer-controller 
CM-3 provides real time control for petro-chemieal 
processes, simulation, or operator guidance. Stability

system provides 1 to 3 outputs from 5 to 10 inputs.
Dresser Electronics, Dept. ED, 10201 Westheimer 

Road, Houston 42, Tex.
Pi? A: $5,000 to $10,000; 60 days.

Requiring 3.5 in. of panel space, model 2500 is a 
time source for data loggers, computers and other 
applications where a parallel, decimal contact clos­
ure pattern representing 24-hr time is required. Up 
to three independent outputs can be provided in one 
clock.

Chrono-Log Corp., Dept. ED, Box 4587, Philadel­
phia 31, Pa.

Ave. at Melrose St., Philadelphia 35, Pa.
Pi? A: Varies with temperature range; 45 to 60 day:

SOLENOID VALVES OF 

TEFLON 
FOR ETCHING, CLEANING!

Model 1408-M pass-through oven, with lilt-sliding 
doors, can heat large loads of components continu­
ously at 600 F. A 550-cfm blower insures rapid heat 
transfer and maintains uniform temperatures through­
out the 32-in. wide, 25-in. deep, 30-in. high chamber 
despite frequent loading and unloading. Standard 
controls include indicating-controlling thermostat,

Other models are available with chamber volumes up 
to 60-in. wide, 30-in. deep, and 40-in. high.

TABER INSTRUMENT CORPORATION
“Where the Accent is on Accuracy and Reliability”

1419 McCarter Highway 

Newark 4, New Jersey

A complete line 
for industrial 
applications and 
original equipment

transistor amplifiers 
available from 
stock.

North Tonawanda, N. Y. 
Telephon« NX 3-8900 • TWX-TON 277

Accuracy is ±0.5 F. Model 600 has a range of 
—100 to +500 F, with 5-min pulldown and 30-min 
warmup. Model 800 has a range of —320 to +500 F. 
Designed for bench-top use, the units have inside 
dimensions of 16 x 8 x 8 in. The door is removable.

Cincinnati Sub Zero Products. Dept. ED. 3932 
Reading Road, Cincinnati 29, Ohio.

Yes, there is a complete line of Taber Pressure 
Transducers from 0 to 10,000 PSIG as well as a 
number of PSIA instruments. This is the ONLY 
transducer that has an easy-to-clean pressure 
cavity which assures continuous service long after 
others have failed. Handles extremely corrosive 
media such as fuming NITRIC ACID. Built in 
overload protection at no extra cost. Repeatability 
0.1 %, Linearity 0.25%, Hysteresis 0.25%, Am­
bient Temperature —150°F„ +275°F., 1 Milli­
second Response. Dual Output or custom Tele­
dynes are available on special order. We will 
also custom make a complete pressure measuring 
system to your requirements.

Write for Illustrated Literature.

process that requires absolute freedom from contam­
ination! The molded body and diaphragm of Teflon is 
chemically inert and corrosion-resistant to virtually 
every medium. Valcor solenoid valves outlast and out­
perform steel! Available in a variety of sizes and pressure 
ratings... immediate delivery. Write today for free 16- 

page booklet telling how to 
select solenoid valves for 
over 500 corrosive media!

VALCOR
ENGINEERING CORP.

5382 Carnegie Avenue • Kenilworth, N J. • CH 5-1665

The BONDED STRAIN GAGE PRESSURE

TRANSDUCER that resists vibration and acceleration

automatic 
timers

VALCOR
. SOLENOID VALVES J



ton

IT FLOATS!

output

In Trio Labs' new Standard Laboratory 
AC VTVM...the signal circuits are 
isolated from case and power 
circuits, to provide

• floating measurements previously impractical
• accurate voltage measurements to 5 cps
• shock safety: case isolated from circuit under test

The new Model 109-2 has 12 voltage ranges calibrated to RMS 
value of a sine wave: 0.001 to 300 VAC full scale, with frequency 
range of 5-200,000 cps. Accuracy is ±2% full scale. Can 
measure accurately to 20 microvolts. Input impedance 10 
megohms. Low distortion amplifier output voltage can be exter­
nally shorted without internal damage. Power: 105-125 VAC, 
50-420 cps, 25 watts. Price: $220.00

For free 36-page Engineering Guide, write to Dept ED-4

Precision electronic (Ml for inMsurMiMt *nd control.

TRIO LABOWTORIES, INC.
ab Plainview, Jng Island, New York 

OVerbrook 1-0400 • TWX HKVL 1166
IM.

Export Depl fWEC 127 Grace St. PUinview, N.Y,

CIRCLE 175 ON READER-SERVICE CARD
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NEW PRODUCTS
Photometers 622

Double-beam, ratio-recording Spectro-photometers 
DK-1A and DK-2A have a wavelength range of 185 
to 3,500 mu and a resolution of 2 A at 220 my. The 
DK-2A is for bench-top use. A unit for far ultra­
violet applications is also offered.

Beckman Instalments, Scientific and Process In­
struments Div., Dept. ED, 2500 Fullerton Rd.. Full­
erton, Calif.

Size 8 Synchro 619

A sector switch provides a closed circuit when the
I position of the synchro exceeds ±70 deg from EZ. 

Adding 0.5 in. to the over-all synchro length, the I 
unit can be used wherever switching is required in 
conjunction with synchro angular positions.

Clifton Precision Products Co., Dept. ED, 5050 
State Road, Drexel Hill, Pa.
PGA: 4 to 6 weeks.

Magnetic-Tape Plotter 621
Producing an X-Y plot of digital data, model 570 

plots calculated electron ballistics, reliability analyses 
and other computer outputs. The transport reads 
tapes with a linear density of 200 bits per in. The 
recorder uses a bi-directional, rotary step motor.

California Computer Products, Inc., Dept. ED, 
8711 Cleta St., Downey, Calif.
PGA: $24,500; 90 days.

SOLD
BY BRANSON

THE FIRST
4 POLE CRYSTAL 

CAN RELAY

PROVEN
IN 

CRITICAL 
MILITARY 
SYSTEMS

The Branson 
Type AR 4PDT re­
lay. 2 amp. contacts. 
Withstands 2000 cps at
20G. —65’C to 4-125 C. 
Hermetically sealed and dry nitrogen 
filled for high altitudes. Wt 15-20 gms. 
Dim. .384 x .784 x .882. Hook, plug-in or 
wire leads available. Std. 0.1 in. grid 
spacing. Suitable for dry circuit condi­
tions. Meets specs: MIL-R-25018, 
MIL-R-5757C, MIL-E-5272C.

Porous Alumina 513
Used in high-power arc applications, porous alu­

mina offers high impact strength and heat resistance. 
Material helps dissipate arc energy through outgas­
sing and by providing a rough surface. Uses include 
circuit breakers, lightning arresters, arc diffusion 
systems, and other insulation applications.

Electronic Mechanics, Inc., Dept. ED, 101 Clifton 
Blvd., Clifton, N.J.

Delivery from stock, special orders in 
4 weeks.

6^
41 South Jefferson Road 
Whippany, New Jersey 

TU 7-1 IOO
This is the time of our annual subscrip 
tion renewal; Return your card to us.
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Telemetering Transmitter 524

523Tape Reader

COMPACT 7" HIGH 8-CHANNEL UNITS ARE COMPLETELY TRANSISTORIZED. HAVE FLOATING INPUT ISOLATED FROM OUTPUTand
1,000 characters pe

525Life-Test Oven

Sensitivity

Output

±0.1% for 24 hours

CIRCLE 177 ON READER-SERVICE CARU ►

Noise
Gain

± 2 uv referred to input 
to 99.9% less than 25 ms

ind speed is 
c. The milita-

3 uv peak-to-peak
100 (10 mv in gives 1 v out) (Model 
860-1500PA with gain of 1000 also 
available)
±1 v across 300 ohms, DC-70 cps; ±1 5 
v to 40 cps. Output impedance 100 ohms. 
(10 v across 10K available on special 
order.)
±0.1% of full scale output (2 v)
120 db rejection at 60 cps, 160 db at 
DC, with 5000 ohms unbalance in source. 
Inphase tolerance 220VAC.
Greater than 200,000 ohms

± 10 mv input gives ± 400 ma output 
into 20 ohm load (max.). Eleven atten­
uator steps to X2000 in 1-2-5 ratio, 
smooth gain control.
± 500 volts, rnax; rejection 140 db min 
at DC.
Better than 1% to 50°C and for line 
voltage variation from 103-127 volts.
0 to 5 KC within 3 db; can accomodate 
wide range of galvanometers.
Output networks available for wide 
range of galvanometers.
125 watts for 8 channels.Linearity

Common Mode 
Performance

Common Mode 
Performance

Gain 
Stability 

Frequency 
Response 

Output

Your Sanborn Sales - Engineering Representative (offices 
throughout the U. S., Canada and overseas) will pro­
vide detailed information and application assistance. 
Call him or write plant in Waltham, Mass.

Power 
Consumption

Input 
Impedance 

Gain
Stability 

Drift
Rise Time

Optical Galvanometer Amplifier — Model 658-3400
Eight channels of amplification and common power supply. 
Each channel provides for sensitivity, compensation, 
damping and current limiting. Inputs floating and guarded, 
impedance 100,000 ohms on all ranges. All amplifier ele­
ments except output transistors are plug-in assemblies.

Data Preamplifier — Model 860-1500P
Designed for precise, economical amplification of signals 
with source impedance of zero to 10,000 ohms, such as 
thermocouples, strain gage bridges, etc. in presence of 
severe ground loop noise, and for driving digital voltmet­
ers, scopes, tape recorders and similar devices. Each 
plug-in unit is only 2' x 7' x 14’ 2’ deep; 64 channels with 
blower require only 60* of rack-panel space. Separate 
868-500 Power Supply required for every 8 preamplifiers. 
Power consumption 2.5 watts per channel.

Reading speed of 300 characters 
per sec is achieved by type 271 tape 
reader. Fully synchronous operation is 
possible up to 220 characters per sec.

SZXIMBO«M COIVIF»AIM’ 
INDUSTRIAL DIVISION

175 Wyman Street, Waltham 54, Massachusetts

Accurate, stable cw signal for track­
ing of missiles or vehicles is provided 
by the TT-1001 Mod 7 uhf telemeter­
ing transmitter. Frequency is 225 to 
245 me. Accuracy and stability are 
better than 0.01%; power output is 
260 mw. Silicon transistors are used 
throughout. Weight is 17 oz with bat­
tery, 6.5 oz without. Battery life is 
1 hour min.

Frontier Electronics Co., Dept ED, 
•4600 Memphis Ave., Cleveland 9, 
Ohio.

rized reader is designed for slide 01 
conventional mounting within a spe­
cial console or standard rack.

Ferranti Electric, Inc., Dept. ED. 
Industrial Park No. 1, Plainview, N.Y. 
Pi?A: quote on request; 120-day de­
livery.

Up to 2,500 test stations are pro­
vided by a life-test oven for semi­
conductors. Design ensures exact ex­
posure and balanced air velocity over 
all areas. Temperature range is 400 C; 
oven is equipped with temperature 
limiting and air flow alarm. Through 
ports are provided for connections.

Forma Scientific, Inc., Dept. ED, 
Box 649, Marietta, Ohio.

Model 860-1500P —handles low level DC data 
signals in the presence of high common mode

Model 658-3400 — drives high frequency optical 
galvanometers to 5 KC



NEW PRODUCTSDELAY RELAY? LOAD RELAY?
Timing Relay

The relay,

Shorting Switch 560

CETRON

558Magnetic Shifters

HEINEMANN ELECTRIC COMPANY
CTR

156 BRUNSWICK PIKE

CIRCLE 181 ON READER-SERVICE CARD
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2W-100-P-12, provide outputs in response to shift 
pulses on either of two shift lines at rates from 0 to

The Type A Silic-O-Netic 
Relay is a light, small time­
delay relay. It weighs a mere 
three ounces, gives you any 
delay you spec from 0.25 to 
120 seconds. Keeps at it, too, 
for several million opera­
tions; the time-delay element 
cannot stick, bind, or wear.

Here, then, is a time delay relay that doubles as a load-carrier. 
The Type A offers SPDT or DPDT switching, with contact capac­
ity up to three amps. Consumes, at most, two watts of AC power, 
three watts of DC. Available for use on one of twenty standard 
AC and DC operating voltages, and on request, for others. Costs 
far less than the two relays you would need to replace it; well 
worth a closer look. Write for Bulletin 5003.

Catron Photo Cells are used in:
■ Sound Reproduction
• Facsimile
• Counting jnd Sorting
- Burglar Alarms
• High Speed Color Registration
• Spectroscope Reproduction

Two-way magnetic shift elements, type

model TR-12-50-.050, operating from a 12 v de 
source, shuts off the load after 50 msec.

Curtiss-Wright Corp., Dept. ED. Inter Mountain 
Instruments Branch, P O. Box 8324, Albuquerque. 
N. M

CETRON^ 
ELECTRONIC 
CORPORATION
715 Hamilton Street • Geneva, Illinois

CIRCLE 182 ON READER-SERVICE CARD

HOW RED IS A 
BLUSH?

Solid-state timing relay, for pulse or squib applica­
tions, can turn on a 50-amp load within 10 ysec of 
the application of a short, low-energy, voltage trigger
having an amplitude of +17

The Type A Silic-O-Netic 
Relay is a light, small load 
relay. The continuous-duty 
coil does the trick. The Silic- 
O-Netic can be energized 
continuously, eliminating 
lock-in auxiliary circuits. 
Saves wire. Saves work. 
Saves space. Saves money.

ELECTRONIC DESIGN • April 26, 1961

TRENTON 2, NEW JERSEY
SA »77

Cetron Photo Tubes are available to meet 
requirements of JAN Specifications.

Cutro* or# always availably to Mp in
your tubo raqutramafWc— jutt writo, wiro or pbooo.

Progressive shorting-type switches have separate col­
lector-ring connection for complete or continuous 
programing. Switches, which can be ganged, come 
in a 1-3/4 in. sq for 20 and 24 portions, and in a 
2-1/4 in. sq for 24 and 32 positions.

Daven Co., Dept. ED, Livingston, N. J.

PHOTO CELLS DO 
HUNDREDS OF JOBS 
How red is red! How bright is a light! 
These answers, and hundreds of 
others are all possible—instantly with 
the use of Cetron Photo Cells.
For counting, color sorting, color reg­
istration. light intensity, Cetron Photo 
Cells du the job fast and accurately. 
Wherever circuitry fur automation 
requires energy from changing light 
or color . . . you can be certain with 
Cetron.

YOUR DEPENDABLE SOURCE FOR 

RECTIFIER THYRATRON AND PHOTO TUBES



reversible

Dian Controls, Dept. ED, 40 Leon St

Induction Motor 557

SELF-SHIELDED
DC MECHANISMS MICRO-MINIATURE

FOR GREATER
RELIABILITY SUB-MINIATURE

Battery Substitute 556
MECHANISMSELF-SHIELDED

MINIATURE

PRINTED CIRCUIT
where itaround the magnet

belong; and shields the entire

CIRCLE 184 ON READER-SERVICE CARD »

AMERICAS FASTEST GROWING LINE OF PRECISION CONNECTORS

used for bidirectional shift registers for 
ring counters or for matrix registers.

Boston 15, Mass.
Price: Approx. $34 in small quantities.
Availability: From stock to 30 days.

CONTINENTAL 
«CONNECTOR

d-c mechanism. This means that 
interaction is eliminated, even when 
meters are cluster-mounted. Also, 
stray magnetic effect is minimized!

For the complete AC and DC 
BIG LOOK panel meter story, just 
contact your nearby General Elec­
tric Apparatus Sales Office or dis­
tributor; or write for bulletin GEA- 
7034 direct to General Electric 
Company, Section 597 -02, Schenec­
tady 5, New York.

RIGHT ANGLE 
PIN A SOCKET

CENTER 
SCREWLOCK

100 kc The elements can be used in arrays having 
two different information paths; hence, they can be

New line of 400-cps induction motors, available 
in frame sizes up to NEMA 215, uses aluminum 
construction for frame and end shields to cut weight 
by as much as 75 per cent. Unit pictured is a 12.5-hp 
motor with 7,300-rpm full-load speed. It weighs less 
than 25 lb and has a 6-1/2-in. frame diameter.

Doerr Electric Corp., Dept. ED, 507 N. Fourth 
Ave., Cedarburg, Wis.

one of the big built-in features you 
get with General Electric d-c BIG 
LOOK panel meters. Self-shielding 
eliminates special calibration prob­
lems . . . allows more flexibility in 
locating meters on panelboards 
through minimizing interaction.

Here’s why: Unlike many other 
designs, the BIG LOOK’S core is

Constant voltage supply, model BS(TC)-2 can 
substitute for dry and wet cells for use with pre­
cision laboratory potentiometers such as the L&N 
types K2 and K3 and the Rubicon types B and S. 
Voltage stability is better than 0.01 per cent for 10 
per cent variations in 117 v line. Over 15 C to 35 C 
temperature range, stability is 0.001 per cent per 
deg C.

Dynage, Inc., Dept. ED, 75 Laurel St., Hartford, 
Conn.
Pi? A: $95.00; from stock

iPERES 
lUCTIIt

How CONTINENTAL 
CONNECTORS show 
they can "take it”

CIRCLE 18J ON READER SERVICE CARD 
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D-C A

Most of us think of connectors as merely an indifferent 
link in the assembly of modern electronic components. 
Today’s critical military and commercial requirements, 
however, place extra stress on the reliability of every 
part. Electronic connectors are vital to all missile, air­
craft, computer and communication applications.

The humidity test chamber (shown above) is one of 
many rigorous quality control test procedures Con­
tinental uses to make sure its connectors know how to 
“take it". Other key tests include salt spray, vibration, 
impact and endurance. Uncompromising quality con­
trol schedules with tests such as these assure proven 
reliability in dimensions, assembly, electrical specifi­
cations and dielectric properties.

Why not consult one of our Sales Engineers in the 
early stages of your next design problem. A condensed 
catalog of our complete line is available free on 
request. Write to:

Electronic Sales Division

DeJUR-AMSCO CORPORATION
Northern Boulevard at 45th Street, Long Island City 1, N. Y.

Exclusive Sales Agent

MODELS 'A SIZE



DIMENSIONLESS
INDUSTRIAL TRANSDUCER

for gage, absolute and differential pressure measurement

The P713’s unique 
“ I ) i m e n s i o n 1 e s s ” 
principle eliminates 
many of the critical 
aspects of finite dis­
tances and dimen­
sional stability in 
conventional gage 
configurations. For 
the first time, it offers 
industry a high per­
formance electrical 
transmitter for con­
trol, data logging and 
computer systems.
“ I )imensionless” principle 
is described in a free 28- 
page booklet, “Trans­
ducers for Industrial In­
strumentation."

Statham 
Instruments, Inc. 

12401 W. Olympic Blvd. 
Los Angeles 64, Calif. 

GRanite 8-0361/TWX. 
West Ix» Angeles CAI, 6602

Check these features 
of the P713 :

• Outstanding per­
formance in tempera­
ture stability and long 
term zero drift

Infinite resolution
• 1 n sens i t i v i t y to 
vibration and shock

150

NEW PRODUCTS

Trimmer Potentiometer 559
DYNATRAN
WIDE 

RANGE
DIODE 

TEST SET
• Compact size
• High accuracy cali­
bration accomplished 
electrically at the con­
trol room
• Ultimate in rugged­
ness, simplicity and 
reliability

CIRCLE 1RS ON READER-SERVICE CARD

Model 356 trimming potentiometer provides resist­
ance values from 10 ohms to 50 K in a 1/2 x 1/2 x 
0.195 in. package. The unit can operate from —55 
to +200 C. Circular mandrel design provides 0.086% 
resolution at 50 K. The trimmer can dissipate 1 w 
up to 50 C.

Daystrom, Inc., Dept. ED, Potentiometer Div., 
Archbald, Pa.
Availability: From stock.

Tachometer Indicators 553

Complete tachometer indicator systems use
permanent-magnet, instrument-type, de generators 
with precision indicating meters to show speed of 
motor rotation. Various circuit arrangements are 
available to provide for expanded or suppressed 
speed scales and automatic selection of speed scale 
for either direction of rotation.

Electro-Devices, Inc., Dept. ED, P.O. Box 2308, 
Paterson, N. J.

Transient Protection 562
The FS-101 switch is a fail-safe, solid-state device 

that protects sensitive components from transients. 
It will disconnect the power source from the device 
under test within 1 psec after safe current limit is 
exceeded. The device is for incoming inspection of 
electronic modules and transistors, for development 
laboratories, and for training classes.

Alpha-Tronics Corp., 1033 Engracia Ave., 
Torrance, Calif.

MODEL 1808

The Dynatran Model 1808 Wide 
Range Diode Test Set measures the 
d.c. characteristics of semiconduc­
tor diodes and rectifiers ... forward 
currents to 3 amperes ... reverse 
voltages to 2,000 volts ... reverse 
current from less than 1 mua to 3 
ma...

Complete self contained instru­
ment ideally suited for laboratory', 
production, quality control and in­
coming inspection.

Write for information about indus­
try's most complete line of stand­
ard and custom designed instru­
ments for semiconductor testing.

etechoicicd catyttaliim
178 HERRICKS ROAD 
MINEOLA, NEW YORK 

Pioneer 1-4141
CIRCLE 166 ON READER-SERVICE CARD
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555Low-Cost Magnet

Pi? A: $9.95; from stock.

Airborne Cooling Pack 552 SIZEACTUAL

THESE “WIRE-WOUNDS” ARE
CIRCUIT SHRINKERS newly

MODERN DESIGN
IMPROVES
END PRODUCT
APPEARANCE

Current Integrator 551

your

iterpolation WARD LEONARD

Get complete details in Supplement C to Catalog 15. Write for your copy and a 
list of stocking distributors today. Ward Leonard Electric Co., 77 South Street, 
Mount Vernon, New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.)

products or equipment.
For the complete AC and DC 

BIG LOOK panel meter story just 
contact your nearby General Elec­
tric Apparatus Sales Office or dis­
tributor; or write for bulletin GEA- 
7034 direct to General Electric 
Company, Section 597 04, Schenec­
tady, New York.

panel meter serving

Ward Leonard AXIOHM power resistors 
are now available in seven sizes —down 
to 2 watts, up to 12.5.

They’re ideal for miniaturization in 
printed-circuits, industrial instrumen­
tation and automation circuitry. But 
they’re recommended for any electrical 
or electronic application where the high­
est stability and maximum overload ca­
pacity are required.

The seven AXIOHM sizes come in a

ment the appearance

A 5-lb horseshoe magnet, rated at 2,000 gauss, 
can lift more than 125 lb The magnet features a high 
strength-to-weight-to-cost ratio.

Edmund Scientific Co., Dept. ED, Barrington,

complete range of resistance values (see 
table) from 0.1 to as high as 75,000 
ohms. Naturally, they feature the qual­
ities Ward Leonard has made famous in 
power resistors:

Vitrohm vitreous enamel; Ward 
Leonard’s specially made ceramic core; 
specially selected and matched resist­
ance wire; and strong, permanent, low- 
resistance, spot-welded, lead-to-end-cap 
junctions. os

"ORESSES-UP-’ your panels, switch­
boards, other products.

RESISTORS • RHEOSTATS . RELAYS • CONTROLS • DIMMERS 
CIRCLE 188 ON READER-SERVICE CARD

Model 1309A current indicator and integrator dis­
plays the integral of a wide range of input currents 
as well as the amplitude and polarity of these cur­
rents. For current amplitude, 12 switch settings pro­
vide full-scale meter deflections from 3 x IO"’ through 
1 x 10"’ amp on a 4-1/2-in. panel meter A five-digit 
counter shows the current integral (charge), with a

New heat-transfer system, type E/HT-200-214, 
can dissipate 3,400 w. Intended for equipment min­
iaturized to the point where neither convection 
cooling nor fan cooling is adequate, the 25-lb system 
maintains the coolant (ethylene glycol and water) 
between 150 and 170 F. The unit operates from 
—55 C to +55 C and from sea level to 50,000 ft. 
It requires 208-v, 3-phase, 400-cps power.

Eastern Industries, Inc., Dept. ED, 100 Skiff St., 
Hamden 14, Conn.

CIRCLE 187 ON READER-SERVICE CARD 
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Now, General Electric’s BIG LOOK 
panel meter styling can help im­
prove the ap|>earance of your 
switchboards, panels and other 
equipment. BIG LOOK styling is 
the result of careful planning, de­
velopment and field testing. It 
represents more than 28 years of 
General Electric leadership in crea­
tive panel meter design.

Now, BIG LOOK panel meters 
are available in your choice of seven 
attractive color windows to comple-

between successive least significant digits on the 
counter.

Elcor, Inc., Dept. ED, 1225 W. Broad St., Falls 
Church, Va.
Price: $1,674 plus $32 for cabinet.

ELECTRIC CO.““

*Less leads.

SIZES AND RATINGS
Rating Type Resistances (ohms) Dimensions (inches)

(in watts) Mtn Max. Length* Diam.

2 2X 01 5,000 % %
3 3X 0.1 10,000 % %
4 4X 0.1 15,000 ’X* K
5 5XM 0.1 20,000 %
7 7X 0.1 25,000 i %

10 10XM 0.1 50,000 i% %
12.5 12.5X 0.1 75,000 i% % 1



connect

PRODUCTION PRODUCTS
563

Vil

Dual-Purpose Fixture

glass for your diode 
packages... precision drawn 

to specifications

Crystal pulling and floating zone attachments 
used with model HCP-D dual-purpose unit can 
be changed from one application to the other 
with a minimum of time and effort. Model con­
sists of the basic unit with traverse mechanism 
and controls for operation of the induction heat­
ing generator. The same basic support, pro­
graming and control unit is used in each adapta-
tion.

Lepel High Frequency Laboratories, 
Dept. ED, Woodside, N.Y.

Inc.,

Cartridge Spindle 564

GARNER provides tighter tolerances 
improved roundness and concentricity. 
squarer and smoother end cuts.
Parts ultrasonically scrubbed, chemically cleaned, and rinsed in deionized 
water. Shipped ready for your production line.
Meeting your specifications is insured by continuous inspection, starting 
with raw material.
Fast dependable deliveries based on large stocks of redraw tubing . . . 
advanced production equipment, and the ability to move quickly.

Specializing in the unusual
The Garner company provides a wide variety of precision glass parts 
to the electronics industry. If your requirements are too precise or 
too unusual for conventional production techniques, Garner may well 
provide the solution to your problems.

Thinner, smaller diamond wheels usable with 
the type 2 cartridge spindle are said to speed 
production and reduce kerf loss. An accessory 
for automatic wafering machines, the device 
allows 40 to 100% more slices to be cut from a 
1-in. crystal, with kerf losses reduced by 28 to 
47%.

Micromech Manufacturing Corp., Dept. ED, 
1020 Commerce Ave., Union, N.J.

Marking Machine 565

T. H. GARNER CO.
Serving the semi-conductor industry since 1954 

177 S INDIAN HILL BLVD CLAREMONT, CALIF. • NAtional 6-3526

for the latest advances in 
design and performance 

always specify
Coaxial Connectors by 

Automatic 
METAL PRODUCTS CORPORATION 

323 Berry St.. B’klyn 11, N. Y. • EVergreen 8-6057

CIRCLE 189 ON READER-SERVICE CARD
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Compound concave or convex surfaces on 
molded plastic parts can be imprinted with 
trademarks and other information at production

CIRCLE 190 ON READER-SERVICE CARD 
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28%
^INCREASE IN SCALE LENGTH^

speeds by the model 25AE marking machine. A 
direct ink-marking method is used with con­
forming plates. The imprint can be quickly 
changed. Specialized inks are available.

Markem Machine Co., Dept. ED, Congress St., 
Keene, N.H

Wire Bonder 566

amps® 30

UP TO 28 PERCENT increase in scale 
length improves meter readability.

BIG
■ArwJIK panel meters

DESIGNED FOR 
AT-A-GLANCE 
READABILITY

Thermocompression wire bonder model 402 is 
capable of bonding a wire 0.0002 in. in diameter 
to a transistor stripe measuring 0.001 x 0.003 in. 
Developed for making mesa transistors, the 
bonder can be used in the production of other 
transistors and diodes. Precision controls allow 
manual positioning accuracy of 10 to 15 mil­
lionths of an inch.

Kulicke and Sofia Manufacturing Co., Inc., 
Dept. ED, 401 N. Broad St., Philadelphia 8, Pa.

. bO-VOLT. 300-WATT POWER SUPPLY uses a Raytheon 
Series-2020 open-style regulating transformer to 
power and protect its silicon rectifying element.

In designing the BIG LOOK panel 
meter, engineers placed particular 
emphasis on achieving an important 
balance between distinctive appear­
ance and excellent readability.

This balance of aesthetic and 
functional design values makes BIG 
LOOK panel meters easier to read, 
relieves eye tension and stress and 
reduces reading error.

Accurate, at-a-glance readability 
is a prime requisite for panel meters. 
To achieve it, G-E first eliminated 
the problem of shadows by designing 
a cover to admit light from top, sides 
and bottom. The color area of the 
window completely hides the dis­
traction of the moving internal 
mechanism. This gives you exactly 
what you want ... a clear un­
cluttered view of the scale and an 
accurate reading.

For the complete AC-DC BIG 
LOOK story just contact your near­
by G-E Apparatus Sales Office or 
distributor; or write for bulletin 
GEA-7034 direct to General Electric 
Company, Section 597-05, Schenec­
tady 5, New York.

INSTRUMENT DEPARTMENT

GENERALELECTRIC
CIRCLE 191 ON READER-SERVICE CARD
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Resistor Grinder 567
Fully automatic. A completely automatic spiral 

grinding machine for carbon and metal film re­
sistors, model SMA holds tolerance to ±0.05%. 
It will grind diameters from 1/16 to 3/8 in., 
lengths from 5 16 to 2 in. It will produce a re­
sistor with 15 ground spirals at the rate of 2,500 
units per day. Machine size is 24 x 12 x 14 in. 
over-all. A voltage-control unit and resistance 
bridge are furnished.

Associated American W inding Machinery, Inc., 
Dept. ED, 750 St. Ann’s Ave., New York 56, N.Y.

Sealing Machine 568
Tube-to-wire. Hermetic sealing of tube to wire 

is done without heat, soldering, or welding by 
this automatic machine. It may be operated by 
unskilled labor, with an output as high as 2,000 
parts per hour. The standard model will seal 
terminals up to 0.10 in. OD, with larger capaci­
ties feasible. First use of the machine has been 
in the sealing of top-hat diodes.

Micromat Co., Dept. ED, 548 Piermont Ave., 
Hillsdale, N.J.
Price: About $2,600.

1961

POWER • PROTECTION • REGULATION
ALL THREE
KN ONE TRANSFORMER!

Does your power 

transformer protect 
semiconductor rectifiers?
How do you protect the silicon and germanium rectifiers in that 
advanced design power supply? Do you use elaborate circuitry or 
— like many power supply designers—are you using a Raytheon 
2020 Voltage Regulating Transformer?

These versatile units provide stabilized voltages within ±1% and 
are available in any of 2,020 standard models for solid-state and 
vacuum-tube rectifiers. You match your exact requirement from a 
full range of standard designs and ratings from 20 to 20,000 VA.

Write today for Catalog 4-265 with convenient Selection Guide 
and Power Supply Design Data. Raytheon Company, Commercial 
Apparatus & Systems Division, Keeler Avenue, South Norwalk, 
Connecticut.

RAYTHEON COMPANY
fRAYTH EONJ----------- -----—----------

commercial apparatus a systems division

Raytheon voltage regulators are also available from your local Raytheon distributor
CIRCLE 192 ON READER-SERVICE CARD 
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PRODUCTION PRODUCTS
Soldering Machine

For fuse ends

This machine soft-solders the ends of caps to 
fuse links at the rate of 3,000 fuses per hour. 
After soldering by induction heating, fuses are 
sized to uniform length and tested for continuity. 
A circuit is provided to feed all fuses on the belt 
after shut-off, so that no unsoldered fuses will 
leave the machine.

Induction Heating Corp., Dept. ED, 181 
Wythe Ave., Brooklyn 11, N.Y.

If you feel you must make your own pots to get exactly what you need, 
don t overlook quality control along the way! And this can be a messy 
business, what with special, elaborate techniques to quality-check 
every production stage! Oh, you II get involved in maddening bouts 
with visual comparitors, ratiometers, environmental testing labs — and 
when you’ve finished — and made a few hundred revisions — you 
might have the quality you want!

Commutator-Fusing Machine 570
Eliminates soldering operation

This machine, for fusing commutators on frac­
tional hp motors, eliminates the soldering oper­
ation. It is said to provide better quality work 
with savings in time and labor. Of the models 
available, 2 are automatic. All sizes of motor 
armatures can be accommodated. As many as 
550 units per day may be produced.

Joyal Products, Inc., Warner Equipment Co., 
Dept. ED, 250 McWhorter St., Newark 5, N.J.

Aluminum cans for

electronic applications

are cast accurate, smooth

So, before you go fly a kite — consider Ace. We ve been all through
this before, and have what is regarded to be the finest 
quality control system in the industry. It enables us to 
keep our final costs down, by rejecting sub-standards at 
each stage, without waiting for the final inspection. Al­
though it s more work this way, we can offer a higher 
degree of resolution and linearity at a lower price. So, 
for precision-at-price, see your ACErep!

¡CENI

9111
Here’s 0.3% linearity in a W pot: the Series 500 ACEPOT^ Single- 
turn, — 55° to 125°C range. As with all Ace components, tested in 
every stage of its manufacture!

Soldering Machine
Partially or fully automatic

Semi-automatic or completely automatic sol-

and

the

pressure tight by

unusual foundry methods

of Morris Bean & Company,

Yellow Springs 24, Ohio.

* ELECTRONICS ASSOCIATES, INC.
■W B MB 90 Dovar Sb««». SoM«rvilt« 44, Ma*»

SOatarMt 4 3130 TMX SMVl 111 WaM. UnlM WUX

AcapaXR Atalrlm* A<m«<R Acaaba^l Appl. <•

CIRCLE 193 ON READER-SERVICE CARD

dering may be done on a variety of components 
with the SD-4 model 1 soldering machine. Used 
with Solderforms, the machine passes parts 
through a heating chamber for a preset period, 
then cools and ejects them for flux removal. 
Speed and temperature are adjustable.

Kester Solder Co., Dept. ED, 4201 Wright­
wood Ave., Chicago 31, Ill.

alumlnuB

ductile iron

foundries

CIRCLE 194 ON READER-SERVICE CARD 
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For axial-lead parts
Magazine Loader

panel meters

NOW INCLUDE

Automatic Tray Loader
41A-INCH
DESIGN

EASY-TO-READ panel meter scale is 
nearly 4 inches long.

An accessory for the HD-3 remote spray 
coater, model ML-1 stacks 40 loaded trays of 
axial-lead components in a portable magazine, 
after the parts have passed through the painting 
station. The loader is 57-in. high and requires a 
floor space of 14 x 19 in.

Conforming Matrix Corp., Dept. ED, 841 New 
York Ave., Toledo 11, Ohio.

Designed with modern BIG LOOK 
styling, this new General Electric 
41 ¿-inch panel meter features a snap- 
on, snap-off cover for easy access to 
the scale face.

Improved readability, even at 
extreme distances, results from its 
expanded scale length . . . ideal for 
multi-scale applications on portable 
test instruments and panelboards. 
DC models of this new meter fea­
ture the same self-shielded mecha­
nism available on 2'2- and 31 ¿-inch 
designs.

For the complete AC and DC 
BIG LOOK panel meter story 
just contact your nearby General 
Electric Apparatus Sales Office or 
distributor; or write for bulletin 
GEA-7034 direct to General Electric 
Company, Section 597-10, Schenec­
tady 5, New York.

For axial-lead components

Model TL-1 tray loader facilitates handling of 
axial-lead components. The unit automatically 
takes empty trays from a magazine, a hopper 
feeds them with straightened components, and 
stacks the loaded trays into another magazine. 
Each tray holds 20 to 50 components and each 
magazine holds 40 trays, thus handling 800 to 
2.000 components as a complete unit.

Conforming Matrix Corp., Dept. ED, 476 To­
ledo Factories Bldg., Toledo 2, Ohio.
Price: $3,995 ea.
Availability: 2 to 3 weeks.

Lead Trimmer
For axial-lead parts

INSTRUMENT DEPARTMENT

GENERAL^ ELECTRIC
CIRCLE 195 ON READER-SERVICE CARD

The model II 101 interchangeably cuts, forms, 
or cuts and forms lead wires of axial-lead com­
ponents. It has a processing rate of up to 11,000 
pieces per hour, a set-up time of 30 sec, and can 
be run by unskilled personnel. Settings for lead 
length, bend length, and body size are made with 
micrometer-type lead screws. Right-angle bend 
is standard; special dies may be added.

Heller Industries, Inc., Dept. ED, 70 S. Munn 
Ave., East Orange, N.J.

what’s so different 
about these

(and how these 
AGASTAT 

differences benefit 
you!)

AGASI XTs are electrically actuated, but are pneumatically timed, so their 
accuracy and reliability are unaffected by voltage variations, and recycling 
is instantaneous. Adjustment is simple and stepless over 1-o-n-g time ranges. 
With moving parts held to a minimum, the life span of a typical unit is 
measured in millions of cycles.

Industrial models (left) are dial-adjusted for delays of .05 sec. to 15 min. 
in five ranges. Needle valve models are also available, covering the full range 
(.15 sec. to 5 min.) in one unit. The Miniature Agastat on the right weighs 
as little as 15 oz. Hermetically sealed or unsealed types for MIL Spec or 
other demanding applications. Saves weight, saves space.

Timing accuracy and reliability are what you would expect from 
AGASTAT, pioneers in the development of time delay instrumentation. 
Single- or double-pole versions, in all standard AC and DC coil voltages. 
Types to provide delay on pull-in or drop-out. Want complete specs, or 
further information? Just write Dept. 11-44.

ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION ■ ELIZABETH, NEW JERSEY 
IN CANADA: ESNA CANADA LTD., 12 GOWER ST., TORONTO 16 

CIRCLE 196 ON READER-SERVICE CARD

ELECTRONIC DESIGN • April 26, 1961 155



«2«XC,

156

IDEAS FOR DESIGN
The Most Valuable Ideas 

Need Your Votes
Be sure to vote for the Ideas which you think de­

serve the $50 Most Valuable of Issue Award. You 
may vote for one or more by circling the correspond­
ing number on the Reader-Service card. Choose the 
Ideas which suggest a solution to a problem of your 
own, or which stimulate your thinking. The Most 
Valuable of Issue Ideas will be eligible for the $1,000 
Idea of the Year Award, with each Idea published 
receiving a $20 honorarium.off

the
shelf!

Ungrounded Shield Reduces 749 
Effective Cable Capacitance

Often it is inconvenient to locate a cathode 
follower stage near the high impedance circuit 
which drives it. But, if a shielded connecting 
cable is used with its shield grounded, the cable’s

ULTRA-HIGH VACUUM SYSTEMS
Varian’s new Ultra-High Vacuum System is now available as catalog-item equipment. Provides base pressures to IO*9 mm 
Hg or lower. Eliminates necessity for custom design of complex systems. A completely integrated system, ready-to-operate. 
Optional power and electronic accessories are available for special installation requirements. Applications: hyper-altitude 
simulation, vacuum evaporation, vacuum firing and brazing, etc.
Varian's revolutionary Vaclon® pump is a major component. No necessity for liquid nitrogen traps or continuous me­
chanical pumping. Vaclon pumps are all-electronic: pumpdown cycles are automatically fail-safe.

Fig. 1. Effective cable-input capacitance can be re­
duced by connecting shield to the cathode follower 
input.

SYSTEM COMPONENTS1400 Litre/second Vaclon Pump I Ultra High 
Vacuum Chamber I Instrumentation I Cabinet and Controls I Bakeout Oven I Roughing Manifold for Mechanical Pump or VacSorb * Pump

A «STAGE GAIN

If your design or processing requirements demand integrated equipment producing extremely low pressures, Varian’s Ultra 
High Vacuum System may be just what you're looking for. For full technical data, write Vacuum Division.

VARIAN associates
A, A2A3-I

BOMAC LABORATORIES, INC. 
VARIAN ASSOCIATES OF CANADA, LTD 
S-F-D LABORATORIES, INC. 
SEMICON ASSOCIATES, INC. 
SEMICON OF CALIFORNIA, INC.
VARIAN A. G. (SWITZERLAND)

Fig. 2. Similar cable connections can be made for 
amplifiers of two or more stages.

CIRCLE 197 ON READER-SERVICE CARD
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input capacitance can affect the circuit frequency 
response.

This equivalent input capacitance, and the ef­
fect on frequency response, can be reduced by 
tying the cable shield to the cathode follower 
input, Fig. 1, instead of to ground. Very little 
voltage difference then exists between the inner 
and outer conductors. Reactive current is re­
duced to a small value.

If phase shift in the cathode-follower is negli­
gible, the voltage Ei on the inner conductor is in 
phase with the voltage E2 on the shield. Reactive 
current Ix is equal to the difference between these 
voltages divided by the capacitive reactance of 
the cable Xc:

Reactive current, I.

EEquivalent input reactance, Xe = —

E2 Cathode-follower gain, A = —.
Ei

These terms are substituted to yield the expres­
sion for the equivalent input capacitance, Cr.

E, - A E, = Ei (1 — A)

c, = ehi - .4) = j _ 4
C Ei

Figs. 2a and 2b show similar arrangements for 
amplifiers of two or more states. Resistance R2 is 
selected so that the voltage applied to the cable 
shield is equal to the voltage on the inner con­
ductor.

H. W. McCord, Electron Tube Div., Radio 
Corporation of America, Harrison, N.J.

Short Trigger Pulse Turns On 744 
SCR, Fires Flash Bulb

A photoflash lamp had to be activated by a 
trigger pulse whose width was only 2 psec—too 
narrow to fire the lamp directly. To effectively 
lengthen it, the pulse was applied to the gate of 
a silicon controlled rectifier as shown in the 
figure.

With no signal at the transistor input, the recti­
fier does not conduct. When the trigger pulse 
is applied, the rectifier’s gate lead falls toward 
ground, and the rectifier fires. It remains “on” 

(continued on page 158)

BE SURE TO VOTE for all of th« Ideas you consider valuable! 
Simply circle on the Reader-Service Card the numbers match­
ing those next to the Idea which appears valuable to you.

SEVENTH ANNIVERSARY AWARDS

IDEAS-FOR-DESIGN Entry Blank
To: Ideas-for-Design Editor 

Electronic Design 
830 Third Ave.
New York 22, N. Y.

Idea (State the problem and then give your solution. Include sketches or photos that will help get the idea across.)

(Utt taparatt theet if necettary)

Here is my Idea for Design for possible publication in Electronic Design. I understand that it will be eligible 
for the Seventh Anniversary Awards—$20 if published, $50 if chosen Most Valuable of Issue, $1,000 if chosen Idea 
of the Year.

I have not submitted my Idea for Dirigu for publication elsewhere. It is entirely original with me and does not violate or infringe any copyrights, 
patents or trademarks or Ute property rights of any other person, firm or corporation.

Hayden Publishing Company, Inc. shall have the exclusive publication rights to these Ideas for Design selected for publication in Eurcnosnc 
Dssign. This right extends to the subsequent use of the Idea for Design by Hayden in any of its other publications. Honorariums, if any, for subse­
quent publication shall be solely in the discretion of Hayden Publishing Company, Inc.

Name Title

Company Name

Address
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MINIATURE 5 times actual size to better show

IDEAS FOR DESIGN
(Continued from page 157)

PHOTO FLASH 
LAMP

Narrow 2-psec trigger pulse fires silicon controlled 
rectifier which stays "on" long enough to fire flash 
bulb.

even after the 2-psec input pulse has been ter­
minated.

In less than a millisecond, the photoflash bulb 
is fired by the current i, and its filament opens. 
The current i is now zero and the silicon con­
trolled rectifier is reset for the next cycle.

Note that when the bulb filament is opened, 
the battery voltage is removed from the transistor 
as well as from the rectifier. W hen a new bulb 
is inserted, the rectifier will remain “off-’ until 
the next trigger pulse.

Alfred W. Zinn, Engineer, Farrand Optical 
Co., Inc., New fork, N.Y.

BUILDING the 28 standard-sized components

Transistor Trigger Pulses Fire 747 
Tube & Blocking Oscillator

Trigger sources of limited voltage swing and 
current capabilities are often regenerated by 
blocking oscillators. A vacuum-tube blocking 
oscillator can be triggered by a transistor as 
shown in the circuit diagram.

Transistor Qi is turned on by negative pulses 
applied to its base. Collector voltage rises from 
—Ecc to ground potential. The grid of Vi follows 
through CRi. The tube is soon driven from cut-off 
into conduction and regeneration occurs through

Delco Radio's high density packaging of reliable standard components utilizes the unique

BLOCK three-dimensional welded wiring technique. These miniature modules are available off the shelf in 
16 basic types. Or with them, Delco Radio can quickly build for you a compact, reliable digital 
computer for airborne guidance and control or any other military application. Vacuum encapsu-

Ebb" + 150

MODULES lated with epoxy resin, the modules perform all the standard logic functions. They meet 
or exceed all MIL-E-5272D (ASG) environmental requirements, and operate over a 
temperature range of —55°C to +71 °C. Too, these same reliable digital circuits are

available packaged on plug-in circuit cards. And we can also supply circuits to meet your specific needs. For complete details, 
just write our Sales Department. Physicists and electronics engineers: Join Delco Radio’s search for new and better products through

Solid State Physics.

PIONEERING ELECTRONIC PRODUCTS THROUGH SOLID STATE PHYSICS

Division oj General Motors • Kokomo, h liana
CIRCLE 193 ON READER-SERVICE CARD

DELCO 
RADIO

RI *2.2K

R2 "22K 
R3 >1000

CRI «IN277

CR2XN277 
T > PCA 101-2

1200

VI >1/2 I2BH7

0I-2N404

Pulses applied to the transistor stage trigger the 
vacuum-tube blocking oscillator.
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the action of T. As the grid potential of Vi rises 
above ground, Q\ is disconnected by CRy. R2 and 
CR2 provide a load for the backswing of T. Re­
sistor fl., is selected so that the collector potential 
of Qi does not exceed its rating. Resistor R2 pro­
vides a return for CRX and the collector of Qi. 
Typical values for the circuit are given in the 
figure.

Karl Springer, Member Technical Staff, 
Hughes Aircraft Co., Culver City, Calif.

Standard Joints Used In 742 
Improved Dual-Channel Antenna

Dual-channel conical scanning antennas have 
two major weaknesses. One channel is invariably 
a low’ power channel, while the other has a high 
vswr or a high phase shift which cycles with 
each rotation of the scanner. Consequently, the 
dual transmitter or dual receiver channels found 
in monopulse systems, cannot be accommodated.

These difficulties may be overcome by using 
standard commercial components in the antenna 
shown in the figure. The dual-channel scanner 
consists of a parabolic reflector and two rotary 
joints. One of the rotary joints is a standard 
type, while the other is an “in line” or L-type 
joint.

The standard rotary joint, located near the 
focal plane of the antenna, is fed by a trans­
mission line in an outboard fashion. The L-type 
rotary joint, mounted in the center of the dish, 
is fed near the optical axis of the parabolic sys­
tem. Each joint has a radiating element in the 
focal plane of the dish and is mechanically 
joined near the radiating elements.

A drive motor and gear arrangement on the 
L-type joint causes both radiating elements to 
rotate about the optical axis of the antenna. This 
produces two conical scanning beams. The out­
board feed line provides good mechanical stabili­
zation for the outboard rotary joint, thus mini­
mizing dynamic unbalance affects.

X-Band Antena Has 35 Db
Decoupling 900-Mc Bandwidth

For best decoupling the radiating elements are 
placed on opposite sides of the optical axis. An 
X-band antenna has been constructed that had 
a decoupling figure in excess of 35 db over a 900- 
mc bandwidth. The vswr of each channel was 
less than 1.2:1 over the same band. Because the 
rotary joints are conventional, the power han­
dling capabilities of the scanner depend upon 

(Continued on page 160)
BE SURE TO VOTE for all of tho Ideas you consider valuable! 
Simply circle on the Reader-Service Card the numbers match­
ing those next to the Idea which appears valuable to you.
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an entirely new concept produces the most significant ad­
vance in semiconductors since the invention of the transistor

MicroSemiconductor 
announces the 
industry's smallest, most 
reliable diode

MicroSemiconductor Corporation has perfected aiviivi uuci i iivwi luubiui vui pui a11i nao pvi a

revolutionary surface passivation concept making
possible unprecedented size reduction resulting 
in virtually unlimited reliability in semiconductor 
devices. Success in stabilizing erratic surface 
properties of semiconductors has enabled Micro- 
Semiconductor to eliminate more than 90% of 
device failure mechanisms together with elabo­
rate, bulky packaging and failure due to device­
package interaction. In MicroSemiconductor pro­
ducts, circuit designers and packaging engineers 
now have available discrete, active, micro-size 
components suited to the ever more critical re­
quirements of advanced electronics.

SPECIFICATIONS
11 SILICON MICRO MINIATURE RECTIFIERS

MSC PEAK INVERSE 
TYPE VOLTAGE (•)

MM. AVERAGE RECT. MM. REVERSE CURRENT
CURRENT (mA)' 0 piv

MICRO DIODE PACKAGES SMALLER
AND MORE RELIABLE THAN EVER!

To fit your particular component requirement*, MicroSemiconductor 
Corporation offer* micro-miniature rectifier* and diodes in smaller- 
than ever packages . . in a variety of configurations These 
complete, encapsulated circuits and packaged assemblies combine 
exceptional reliability . . . compactness . . extremely rugged 
construction. Detailed specifications are available to meet individuel 
requirements.

icroSemiconductor corporation
11250 PLAYA COURT. CULVER CITY. CALIFORNIA

ACTIVE Silicon diode micro-matrices —
fully-passivated — designed to 
customer ■ specified geometry, SUBSTRATES* size, electrical and contact re- jwuwinmihw. quirements.

200
200
200
200
200

0 150 C
50 15

15
25
30
50

MAX TEST CURRENT 
(mA)

0 FWO DROP 1 VOLT

„„ FORWARD BREAKDOWN riliriT«
EQUIV CURRENT VOLTAGE

TYPE 0 1 VDC 0 100 mi • ° vnc

INVERSE CURRENT
25 C 1M°C

REV.
RECOV. 

(NANOSEC)

MC914 1N914

IB. SILICON ULTRA-FAST COMPUTER MICRO DIODES

400
400
401
200
200

MC9I6 1N916

.0254—20V) 
5.04—75V) 
0254—20V) 
5 0(—75V)

50(—20V)

50(—20V)

MSC FORWARD BREAKDOWN CAPACITY INVERSE CURRENT REV.
TYPE EQUIV. CURRENT VOLTAGE 0 0 VDC 25’C 150’C RECOV.

0 1 VDC Ml Ml (NANOSEC)
MC001 FD100
MC002 F0200

10 75 0 5 mi 2 K—50V) 100(—50V)
100 200 0 100 mi 5 K—150V) l00(—150V)

1. Resistive or inductive load

UA. PARTIAL LISTING OF MICRO DIODES TO ESTABLISHED SPECIFICATIONS

MINIMUM 
SATURATION

MSC VOLTAGE
TYPE 0 100 mi 

(VOLTS)

(Type* for Fart Recovery)

MCM3 
(1N643)
MC658 
(1N658)
MC659 

(1NS59)
MC663 ,00

UNM3) ,W

MC459A 
(1N459A)
MC488A 

(1N488A)

MINIMUM 
SATURATION 

VOLTAGE 
0 100 M* 
0 25’C 

VOLTS

■IB. SILICON GENERAL PURPOSE DIODES
MINIMUM 
FORWARD

CURRENT 0

0 25’C 
(mA)

MM. INVERSE CURRENT MAXIMUM AVERAGE
AT MM. DC OPERATING
VOLTAGE (ms 0 VOLTS)

RECTIFIED CURRENT
(mA)

25’C 0 150C

.025 0 175 5 @ 175

100 ® —3S0V 25 @ 380

MINIMUM 
FORWARD 
CURRENT 

0 + 1.0 VOLT 
<mA)

MMIMUM REVERSE 
CURRENT (V4)

025(10V) 5(10V)
K100V) 151100V)

REVERSE 
100’C RESISTANCE 

(OHMS)

REVERSE RECOVERY 
CHARACTERISTICS

MMIMUM 
RECOVERY 
TIME (m«1

PHYSICAL CHARACTERISTICS 
■ Hermetic Seel Stable Surface Film* integrally Bonded to the Device Crystal

05150V) 25150V) •

5150V)

5(75V)

25(50V)

50475V)

200K
■ Terminals .003 x 018 gold plated lead*, lead length W minimum

Marking-Type number dwignited by color of body and color stripes on pointed 
(cathode) lead

- Encapsulation - not required
■ Operating Temperature Range: —65 C to 4 200 C
■ Storage Temperature: 300 C
- Thermal Shock: —65 C to 4-200’C (no delay in transfer)

Power Dissipation: 300 mw @ 25 C
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IDEAS FOR DESIGN
(Continued from page 159)and look at the variety 

WRIGHT MOTORS offer... CHANNEL I

■e TYPE / 
ROTARY JOINT /
V j------/channel 2

OUTBOARD 
^FEED

CONVENTIONAL 
ROTARY JOINT

' channelJ- 
--beam 

optical----/x
AXIS X.

__ CHANNEL 2 
beam----

HIGHEST PURITY 
PRECISELY DEFINED 

to meet critical 
electronic manufacturing 

needs

J. T. Baker 
ELECTRONIC 
CHEMICALS

SPIN — 
MOTOR

RADIATING 
ELEMENTS

FOCAL PLANE

PARABOLIC
DISH-----

Standard rotary and L-type rotary joints are used in 
dual-channel conical scanning antenna.

quality Servos and
Rotating Components

Wright of Sperry Rand offers design engineers faced with new 

challenges an exceptional source for meeting the most exacting 

demands. A wide variety of standard models plus superior en­

gineering and production capabilities bring you assured quality.

Write today for technical data and the name and address of 

your nearest Wright Motors representative.

the design of the radiating elements. However, 
it is not difficult to achieve a 200-kw handling 
capability at X-band.

An open waveguide provides an excellent ra­
diating element from the point of view of dish 
illumination, power handling and simplicity. The 
outboard waveguide and rotary joint produces 
very little shadowing if the diameter at the dish 
is more than 10 times the diameter of the rotary 
joint.

Made with conventional rotary joints, the 
dual channel scanner can be rotated at speeds 
up to 3,000 rpm. It can provide either broadband 
single or dual frequency operation for either 
transmitters or receivers, or both.

Robert B. MacAskill, Project Engineer, The 
Hallicrafters Co., Chicago, 111.

CIRCLE 200 ON READER-SERVICE CARD
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Predetermined Input Level 741 
Cuts Off Transistor, Sets Output

A simple circuit was required that would 
recognize a predetermined voltage level. An or­
dinary cathode-coupled binary could not be 
used because a positive output signal was de­
sired during the time the chosen level existed, 
while at any other level the output had to be 
nearly zero. The circuit shown accomplishes this 
easily.

The reference is the negative of the level to 
be recognized. Thus the voltage at A becomes 
zero when the input and reference are equal. 
When these voltages are unequal, the line is 
either positive or negative.

A net positive voltage causes the transistor

'Baker Analyzed’

UMI CONDKTOt CMUIIUIS

fatJTf MO

TNSN6TM OKMKALS

M1SSKM OKMKJUS

J. T. Baker electronic chemicals offer 
you the highest standards of purity in 
the industry —proved by the Actual Lot 
Analysis and Actual Lot Assay on the 
label. Your variables are minimized... 
rejections are fewer ... product per­
formance is improved.

IMPORTANT Baker Analyzed’ Reagents 
have consistently met or exceeded the 
requirements of the electronics indus­
try. Through a continuing program of 
establishing additional and more strin­
gent specifications, the'Baker Analyzed' 
label consistently defines a degree of 
purity so high that special electronic 
labeling is unnecessary.

YOURS FOR THE ASKING-
Important Guida to Electronic Chemical!

Describes J T. Baker chemicals of excep­
tional purity for semi-conductors, vacuum 
tubes, ferrites, thermistors, etc. Also in­
cludes specification sheets that define the 
high standards for ‘Baker 
Analyzed’ Reagents. Write 
for your copy today.

J. T. Baker Chemical Co. 
Phillipsburg. N«w Jersey
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39K 39K

INPUT REF

IN459 IN459

953

OUTPUT

33K 33OK 39K

+60 OIL-FILLED

No 3065

loop” was used to phas<incoming signal. An
• reduced equipment

KOH-INOOR RAPIOOGUIDE
CONTROLLED

Accuracy is extremely important when you're specifying resistors and the

FREQUENCY OUTPUTPHASE

guida.

603 West 130th St., New York 27,N Y
CIRCLE 203 ON READER-SERVICE CARD

rejected after 
amplifier was •

8% rejected after 
100-hour compiete

31% rejected 
after assembly

Ac loop phase modulates crystal frequency outside 
of its deviation range, but does not affect oscillator 
stability.

BE SURE TO VOTE for all of the Ideal you consider valuable! 
Simply circle on the Reader-Service card the number* matching 
those next to the Ideas which appear valuable to you

When input voltage is ait the reference level, voltage 
at A is at zero, transistor is cut off and output rises to 
the supply voltage level.

PHASE 
D'SCRIMiNATOR

Template* Precision 
engineered for use 
with Rapidograph 
Pan, Koh-I-Noor Draw 
Ing Penan. Lead* and 
Holders.

Write for JRL short form catalog, showing complete line 
of Precision/Stable resistors, 0.0015% to 0 05% 
and Precision/Stable laboratory standard*.

MEET MIL 
SPECS

FAILURE ANALYSIS 
OF REJECTED 

PRECISION" RESISTORS'

J A. Webb, Aircraft Development Engineer 
Specialist, Lockheed Aircraft Corp., Marietta,

AND TEMPLATES 
las use with carvaiponding 
Rapidograph fountain Pon 
RapMagalde: High quality let­
tering guide* with elevating 
metal rails, developed to fit 
the seven different point sizes 
of Rapidograph Technical Foun­
tain Pens. Each has upper and 
lower case letters, numerals, 
and characters all on one

MOOLI MO 3065 A new 

model with 7 interchange­

able drawing point sechons, 
each color-coded to indicate 
a different line width Best 

buy for the professional who 

requires frequent change of 
line widths. Each drawing 

point section complete with 

airtight refillable ink car­
tridge. Interchange is ac­
complished quickly, cleanly. 
Comes in handy desk top 

container.

Documented failure -analysis a* recorded by 
conventional "Precision" Resistor, despite ac 
ceptable initial accuracy for production-model 
analog computer

MADE BEST VALUE by 
• savings from shorter 

lead time

rejects
reduced customer rejects

Stability cf that accuracy is as important for your customers. Rejections due to lack 
of stability at assembly stage and at final test are intolerably costly in time, money 
and customer satisfaction. Julie Research has successfully developed another 
first — a new standard in practical resistor manufacture, “Precision Stable" wire 
wound resistors with 0.0025% absolute accuracy and 0.0025% stability per year. 
This CH-1 resistor is a miniaturized production-model of larger laboratory-type 
resistors. Does reliability cost more — or do failures?

MOOLI MO 3069 The regu­
lar Koh-I-Noor Rapidograph 

"Technical” Fountain Pen 

with self-contained auto­
matic tilling *y*tem. and 

pocket dip i* a standard 

drafting room tool.

to conduct by raising the base voltage. A net 
negative voltage lowers the emitter voltage so 
that the output voltage is nearly zero. When in­
put is at the reference level, the transistor is cut 
off. anti the output voltage rises to the desired 
positive voltage level.

Lloyd E. Weberg, Senior Engineer, Military 
Electronics Div., Motorola, Inc., Phoenix, Ariz.

modulate the oscillator output. The phase modu­
lator can provide a modulation index of about 
1.0 for virtually any modulating frequency. How­
ever, it does not affect the crystal oscillator sta­
bility. A frequency multiplier follows the phase 
modulator only when it is desired to obtain a 
modulation index greater than 1.0. — be pound wise 

and penny foolish
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b HERMETICALLY
► SEALED

Servo Loop Frequency Modulates 746 
Oscillator Outside Deviation Range

A cross-correlation servo loop using a high-sta­
bility crystal-controlled oscillator, had to be de­
signed to allow frequency modulation outside 
the range of maximum oscillator deviation.

The technique employed used a “de loop” to 
keep the crystal oscillator phase-locked to the

Koh-I-Noor offers draftsmen an important 
new dimension in a comprehensive line of 
instruments and accessories meticulously 
matched to provide new high levels of pro 
fessional performance, efficiency and con­
venience.

"PRECISION/STABLE 
RESISTORS

NOW,..
TWO KOH-I-NOOR 

RAPIDOGRAPH 
TECHNICAL 
FOUNTAIN PENS
In 7 "color-coded" preci­
sion line width* 00 'J, 1, 

2, 24, 3 4. Uses India (or 

regular) ink for ruling, let­
tering, tracing or writing 

with equal facility.

I 8% rejected in first 
15% rejected after 50-hour 6 months at computer 
"burn-in” al amplifier use after installation.

U rite for Descriptive l iterature 

KOH-I-NOOR
INCORPORATED

Bloomsbury 24, New Jersey

0.0025%ACCURACY STABILITY

JULIE RESEARCH LABORATORIES INC

NEW
Miniaturized 
PRECISION/STABLE 
Wire Wound 
Resistors

KOH-I-NOOR
PRECISION MATCHED 

INSTRUMENTS
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COMMERCIAL EXPANSION AT 
NCR CREATES OPENINGS 
IN LOS ANGELES FOR : 

< OMPl I EK ENGINEER!" 
Seniors & Intermediates

nd stopping uivtantaneiui 
it hunt tearing the tape wa 
liano al problem ol the tir-f

Get an advanced Degree and inarry a home 
economics major. This is the advice given to 
June graduates by Lon D. Barton of the em­
ployment counselling firm, Cadillac Associates, 
Inc., Chicago. Mr. Barton believes that within 
five years the BA or BS degree will become as 
common as a high school diploma was 35 years

In solving it. Nt R I ¡citron ii- Division engi­
neers developed a unique direct drive which 
lias independent "hang-bang’ servo motors 
tor feed anil lake up reels. Conventional 
clutching is eliminated. A 3-foot section of 
tape remains slack for safe, low-inertia starts, 
and a photoelec tric system reads and checks

I ioni c require! 
h spoi jhi atiori' 
I buffer sturagi

hard Sanfordized aluminum brake sto| 
tape x ithout permitting overshoot to thi 
■ !iata< let.

Company matching of employe gifts to col­
leges has been announced by Whirlpool Corp., 
St. Joseph, Mich. Whirlpool said it will match 
all gifts in cash or securities from $10-$l,000 a 
year made by its employees to colleges of their 
choice.

ago.
On marriage, Mr. Barton says he has seen 

more problems among young men attributable 
to a wife making more money in a competitive- 
type job. He also advises delaying marriage for 
a while so as not to be restrained in job mobility 
at the start of one’s career.

I he National « a-h Regi-ter ' nmpanv 
EI E) 1 HOMI ■" DIA ISION 

1101 E. El Segundn Blvd.
Hawthorne < I o» Angele-. >.< alifornia

"EMOR "Ol ID "I Al 1 
DF A H E EM.INEER 

\>i important position entailing in 
id -emu "inbu tot d< v n i - for pm po-

To create adv am ed digital systems, Nl R 
scientists and engineers probe every promi-­
ing area of technology. If you can make 
imaginative contributions in any of the 
pertinent fields, it may well he to your advan­
tage to investigate the expanding opportun­
ities at The National Cash Register Company 
Electronics Division now.
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Key to Persuasion
Next time you have to sell somebody on 

an idea, remember: spotlight the benefits.
Why? Because people don't buy an idea. 

They buy what an idea will do for them. 
1 hey buy enjoyment, satisfaction, pleas­
ure, solutions to problems, advantages—in 
short, benefits. People never accept an idea 
just because it is new or different. They 
accept it for what it will do for them.

Want your boss to install a new com­
puter? Don’t describe the operation of the 
special commands. Explain how the com­
puter will eliminate errors, speed up proj­
ects, boost engineering department output.

Want a technician to be more workman­
like on your breadboards? Don't tell him 
how poor breadboard appearance can ruin 
the impression “your” project makes on 
your supervisors. Explain how “his” work­
manship will create a good reputation for 
‘him”

A reminder: people are most interested 
in profits (money, time, energy), safety, 
prestige and approval. Put your ideas in 
terms of any of these basic areas of self­
interest and watch your powers of persua-

"liu t dr-ign analy-i- and tei hnii al 
develop a piudlb ddc pruiliu t.
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Advancement
Your Goal?

Use

CONFIDENTIAL
Action Form

ELECTRONIC DESIGN s Confidential Career 
Inquiry Service helps engineers sell" them­
selves to employers—as confidentially and 
discreetly as they would do in person. The 
service is fast. It is the first of its kind in the 
electronics field and is receiving high praise 
from personnel managers.

To present your job qualifications immedi­
ately to companies, simply fill in the attached 
resume.

Study the employment opportunity ads in 
this section. Then circle the numbers at the 
bottom of the form that correspond to the 
numbers of the ads that interest you.

ELECTRONIC DESIGN will act as your sec­
retary, type neat duplicates of your applica­
tion and send them to all companies you 
select—the same day the resume is received.

The standardized form permits personnel 
managers to inspect your qualifications rapid 
ly. If they are interested, they will get in touch

I with you.
Painstaking procedures have been set up to 

ensure that your application receives com­
plete, confidential protection. We take the 

I following precautions:

■ All forms are delivered unopened to one 
reliable specialist at ELECTRONIC DESIGN.

■ Your form is kept confidential and is proc­
essed only by this specialist.

■ The circle number" portion of the form is 
detached before the application is sent to an 
employer, so that no company will know how 
many numbers you have circled.

■ All original applications are placed in con­
fidential files at ELECTRONIC DESIGN, and 
after a reasonable lapse of time, they are 
destroyed.

If you are seeking a new job, act now1

ELECTRONIC DESIGN Q^^|{ INQUIRY SERVICE USE BEFORE JUNE 7,1961 l
i 9'

After completing, mail career form tn ELECTRONIC DESIGN 830 Third Avenue, New York, x_ '
N. Y. Our Reader Service Department will forward copies to the companies you select below.

(Please print with a soft pencil or type.) [

Name--------------------------------------------------------------------------------------------Telephone___________________________

Home Address_____________________________  City_________________  Zone ______  State_______________

Date of Birth______________________  Place of Birth_______________________ Citizenship ___________________

Position Desired_________________________________________________________________  1
Educational History

College Dates Degree Major Honors

liecent Special Training ___________________________________________________________________ _________ ___ ।

Employment History 1
Company City and State Dates Title Engineering Specialty

Outstanding Engineering and Administrative Experience__________________________________________________

Professional Societies_____________________________________________________________ ______________________

Published Articles______________________________________________________________________________________

Minimum Salary Requirements (Optional)_________________________________________________ __________ ____ _
Use section below instead of Header Service Card Do not write personal 
data below this line. This section will be detached before processing.

Circle Career Inquiry numbers of companies that interest you
MU 001 902 003 904 905 906 907 908 JU9 910 911 912 913 914 915 916 917 918 919 920 921 922 92J 924

»25 926 927 928 »29 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 »46 947 948 »4»



¡AREER NEWS

The freedom-of-association

The Gentle Art of Criticism
There definite art to criticizing

EUREKA” IS HARDLY THE WORD FOR IT, ARCHIMEDES!
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“Astounding” is more like it. because we use your principle to buoy the “heart” of our 
precision gyroscopic instruments. Floatation eliminates frictional forces on pivots and thereby 
reduces drift rates. Consequently, we are able to develop precise gyros and pendulous 
accelerometers for missile guidance and ship navigation.
If you are interested in putting ancient laws to work in the missile age, and if you have 
a BS, MS or PhD in EE, ME, Physics or Math, contact Mr. G. F. Raasch, Director of j

Revision of the Taft-Hartley Act through 
adoption of a “Freedom-of-Association” bill is 
supported by the National Society of Profes­
sional Engineers. At present, the society says, 
engineering-management informal sounding­
board conferences violate the labor law restric­
tions on nonbargaining discussions.

In fact, says Paul H. Robbins, executive direc­
tor of the 54,000-member society, which has 
many engineers in supervisory positions, any in­
formal management-engineer meeting violates 
the Taft-Hartley Act. The problem, he says, lies 
in the vagueness of the Taft-Hartley definition 
of a “labor organization.”

which has already been proposed five times by 
Representative Carroll 1). Kearns (R-Pa.). would 
distinguish engineers and professional groups 
from labor groups.

others. If you want your criticism to yield 
positive results, observe these rules:

Get all the facts. Only then are you pre­
pared to appraise the situation fairly. The 
best way to get a man to give you the 
facts is to ask, “What happened?” It boils 
down the whole issue to what went wrong 
rather than who is to blame.

Stay calm. Youll create a climate of 
“let’s-find-the-solution-together,” in which 
you ally yourself with the other fellow 
against the common enemy—a mistake. 
Hell respond in kind.

Criticize in private. Test after test has 
proved this gets better results than criti­
cism in public.

Commend before you criticize. That w ay 
you take the sting out of what is to follow. 
You provide assurances that you still have 
great regard for the person you are criticiz­
ing. And you subtly suggest that you recog­
nize his error as merely a departure from 
the norm—his customary high-calibre per­
formance. In short, you help him “save 
face.”

Keep your criticism constructive. Ihc 
purpose of criticism is to “teach better 
ways.'* Collaborate with the other fellow 
to discover “what happened” and indicate 
ways to prevent the mistake from happen­
ing again. That’s positive, purposeful, criti­
cism—the only kind that gets lasting re­
sults.AC SPARK PLUG & THE ELECTRONICS DIVISION OF GENERAL MOTORS 

MILWAUKEE • LOS ANGELES • BOSTON
CIRCLE 90? ON CAREER INQUIRY FORM



oPAPER DEADLINES
Convention Program Chairmen 

have issued the following deadlines 
to authors wishing to have their 
papers considered for presentation.

May 1; Deadline for 100-200 word abstracts and 
500-1,000 word summaries for the 1961 WES- 
CON show, Aug. 22-25, San Francisco. In addi­
tion to regular IRE professional group topics, 
special sessions on radio astronomy and coherent 
and infrared electromagnetic radiation are 
planned. Send papers to E. W. Herold, WESCON 
Northern California Office, 701 Welch Road, 
Palo Alto, Calif.

May 1: Deadline for papers for 17th National 
Electronics Conference, to be held Oct. 9, 10, 11 
at the International Amphitheatre, Chicago, 111. 
Papers covering any subject in the entire range 
of interests of electronic engineers will be con­
sidered. Submit 12 copies of a 150-word abstract, 
and send two copies of either the completed 
paper, or a 500-700 word summary to W. L. 
Firestone, Motorola, Inc., 4501 W. Augusta Blvd., 
Chicago 51, III.

July 1: Deadline for 100-word abstract and 500- 
word informal summary on “Kilomegacycle Com­
puting Systems” for presentation at the AIEE 
1962 Winter General Meeting, New York, Jan. 28- 
Feb. 2.

The papers should be oriented toward the 
entire system but may deal specifically with such 
system aspects as:

1. Applications for kmc computing systems; 
replacement of several machines by one 
ultra-fast machine; attacks on entirely new 
classes of problems.

1. Components for kmc computing systems, 
and effects of their particular characteris­
tics on configuration of the system.

3. Over-all systems aspects; problems of in­
formation rate mismatch with external 
equipment and with people; hierarchies of 
memories; use of complex programing tech­
nique to replace hardware (fixed wiring).

4. Methods of fabricating ultra-fast systems; 
problems of reliability, circuit modules and 
interconnections, propagation delays; de­
scription of complete computer designs.

Deadline for full text is Oct. 30 for those 
papers that will also appear in the transactions 
and Nov. 25 for papers which will only appear 
as conference reprints. Address papers to C. E. 
Day, Assistant Secretary for Technical Papers, 
AIEE, 33 W. 39th St., New York 18, N.Y. Other 
correspondence should be addressed to J II. 
Wright, papers chairman, Div. 12, U.S. National 
Bureau of Standards, Wash. 25, D.C.

1ECHNICAL QUIZ ON LOGIC 
CIRCUITS AND DIGITAL
COM PUTER Snow available
In May, 1960 General Electric’s Light Military 
Electronics Department announced a new concept 
in professional job selection... in the form of a series 
of self-appraising technical tests covering the sub­
jects of Radar, Microwaves, Electronic Packaging, 
Communications, and Administrative Engineering 
(a self-scoring psychological questionnaire).

To date, more than 7,000 scientists and engineers 
have written for and received one or more of these tests.

Now, LMED is pleased to announce the comple­
tion and immediate availability of a special new 
test devoted exclusively to the computer field. Devel­
oped with the same care and pre-testing as Light

76-MD
Mr. R. Bach
Light Military Electronics Department
General Electric Company, French Road, Utica, New York

Current Areas off Activity at The 
Light Military Electronics Department

Space Communications and Telemetry • Missile and Satellite 
Computers • Space Vehicle Guidance • Undersea Warfare 
Systems • Thermoplastic Data Storage • Space Detection and 
Surveillance • Command Guidance and Instrumentation • 
Infrared Missile Applications.

LIGHT MILITARY ELECTRONICS DEPARTMENT

GENERAL ELECTRIC
FRENCH ROAD, UTICA,NEW YORK

Military’s other quizzes, the Computers test is also 
designed to be taken and scored for your self-ap­
praisal only. The results need never be divulged to 
anyone — including LMED.

So, whether you’re thinking about a change, or 
simply interested in finding out how you stack up 
against ether engineers in your field, any of these 
tests should give you a sound, objective means for 
appraising your abilities—in about an hour, at home.

Mail this coupon for your tests, 
answer sheets & evaluation guides

Please send me tests (limited to 2 subjects per individual) 
answer and self-evaluation sheets covering the areas checked:

□ 
□ 
n 
□

LOGIC CIRCUITS & DIGITAL COMPUTERS
RADAR □ MICROWAVE

I ELECTRONIC PACKAGING (ME)
COMMUNICATIONS □ ADMINISTRATIVE ENGINEERING

J “Have already received other LMED quizzes, but would like to
* get the tcst(s) 1 have checked above.“

Name________

Home Address

City_________

Home Phone.

Degree(s)____

Zone_______ State

.Year(s) Received

CIRCLE 903 ON CAREER INQUIRY FORM
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TRANSFORMER
EltGINEER

CIRCLE 905 ON CAREER INQUIRY FORM

ASSISTANT EDITOR WANTED
To Write New Products and Product Features

with M.S., Ph. D. and magazine

When: Immediately

Salary Based on experience

Los Angeles 45, Cali ft Phoenix, Arizona

CIRCLE 904 ON CARcSR INQUIRY FORM
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Principal duty will be to work on New Products, 

one of the most important and exciting aspects of 

the fast-growing electronics field Ample opportu­

nity for advancement to greater technical respon­

sibility with America’s largest electronic engineering WRITE 
TODAY

SATURABLE 
REACTOR 
POWER 

CONTROL

MAGNETIC 
AMPLIFIER 
CONTROL 
DEVICES

They may be your lines 
to a successful future.

Engineers at The Garrett Corporation’s AiResearch Manufacturing Divisions 
are dealing with challenging problems in fast-moving fields.

Diversification of effort and vigorous leadership have made Garrett the 
world’s largest manufacturer of aircraft components and systems and a 
leader in specialized missile and spacecraft systems.

Electronic Design is eager to add a capable 

young man with some writing and electronic or 

science background to its editorial staff

in the engineering challenge 
of creating magnetic and 
electronic products and 
your future in a growth 
company then this may be 
your opportunity of a life 
time.

Acme Electric is inter­
ested in men who can apply 
their engineering talent to 
the design of

AC and DC 
REGULATED 

POWER 
SUPPLIES

-IE YOU'RE 
INTERESTED

Two years minimum experi­
ence MIL & industrial power 
& audio transformers. Sub­
urban Long Island. Relo­
cation expenses paid. Full 
benefits plus pension & 
profit sharing plan.

These are fast growing 
product lines 

in which we have 
a wealth of experience.

Major fields of interest are:
• Environmental Control Systems—Pioneer, leading devel­

oper and supplier of air conditioning and pressurization 
systems for commercial and military aircraft, and life 
support systems for satellites and space vehicles.

• Aircraft Flight and Electronic Systems—Largest supplier 
of airborne centralized flight data systems; also working 
with other electronic controls and instruments including 
missile and submarine applications.

• Missile Systems—Largest supplier of accessory power 
units, AiResearch is also working with hydraulic, hot gas 
and hydrogen systems for missiles, liquid and gas cryo­
genic valves and controls for ground support.

• Gas Turbine Engines—World’s largest producer of small 
gas turbine engines, with more than 9000 delivered in the 
30—850 hp class. Studies include industrial and nuclear 
applications.

Contact Miss Neumann at Electronic Design.
PLaza 1-5530

ithout regard to race, creed, color or national origin.

Send resume to: Hr. R. K. Richardsor

• Advanced hydrogen systems being developed by The Garrett Corporation 
solve the problem of keeping men alive and equipment operating for long 
periods of time in future satellites and space capsules.

CIRCLE 906 ON CAREER INQUIRY FORM
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Excellent positions are available for qualified men 
Sc. D. degrees for work in these areas.

All qualified applicant* will receive consideration f<

ACME ELECTRIC CORP. 
PERSONNEL DEPARTMENT

904 Water St. Cuba. N Y.
SAA3»02/l»S7

MICROTRAN, CO. INC
VALLEY STREAM, N.Y.

LOcust 1-6050

THERE IS NO CEILING 
ON IDEAS
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AMP, Incorporated................................... 10
Ace Electronics Associates, Inc............... 154
Acme Electric Corp. ...................................... 166

•Alden Products Company................. ........... 123
Allen-Bradley Co......................................... 30
Alloys Unlimited Chemicals Inc................ 144

•Alpha Wire Corporation............................... 131
American Molded Products Company ... 135
Ampex Instrumentation Products Co. . . . 109

•Amperex Electronic Corporation .......... 32
•Assembly Products, Inc............................. 127
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Avnet System, The................................... 25

Babcock Relays, Inc........................   119
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•Baker Chemical Co., J. T..........................   . 160
Bean Company, Morris................................. 154
Beckman/Helipot ..................   114
Belden Mfg. Co................................................. 82
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Inc.......... .. ................................................... 6
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Bliley Electric Co.............................   138

•Boonton Electronics Corp.............................. 128
•Boums. Inc..............................   61

Brady Co., W. H............................................ 123
•Branson Corp. ...................   146
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Burton-Rogers Company............................... 131
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Operations ............................................. 105
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•Cannon Electric Company................ 100, 101
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Clary Corporation ........................................ 26
•Clevite Transistor, A Div. of Clevite 

Corp................................................. 98 A-B
Communication Measurements 
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Components Corporation............................  . 135

•Computer Instruments Corporation .......... 34
Computer-Measurements Company . . 86, 87
Consolidated Reactive Metals, Inc..............141
Continental Connector Corporation.......... 149
Control Data Corporation .......................... 137
Convair-Astronautics, Convair Div. of

General Dynamics ...........................   74 A-B
Corning Glass Works .................................... 74

•Daven Co., The ................     120
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Corp....................   158
Del Electronics Corporation............ ........... 134
De Jur-Amsco Corporation ........................ 22
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Highly Reliable
HITACHI "SEMI-CONDUC

For Industrial Use

I of HIT AC 103.

CIRCLE 204 ON READER-SERVICE CARD

Switching Transistors and Diodes
2SA18
2SA41
2SA42
2SA86
2SA208 
2SA209 
2SA210
2SB6 6
2SB67
2SB68
2SB81
2SB82
2SC89
2SC90
2SC91

Hitachi semi-conductors provide the 
basis for the excellent capacity 
of the Hitachi Electronic Computer 
HITAC 103.

ORS

1 N34A 
1 N35
1 N38A 
1N56A 
1 N60 
1S77 
1S78
I S 7 9 
1 S84

Coble Address : HITACHY” TOKYO



looking for a special potentiometer?

°*.

Í

reach for \ EDC 4 Your copy of EDC lists 157 
different types of potenti­
ometers in its PRODUCT 
LOCATOR. 27 categories 
from “AC” to “Wire­
wound” are included. Each 

sub-listing such as “Clutch,” “Linear 
Motion,” “Microminiature,” “Preci­
sion,” or “Self-trimming” gives 
manufacturers’ name and thumb­
nail specs to aid in rapid selection. 
52 items are further described by 
special literature bound in sections 
2 or 3 of EDC.

This is only one example of the 
more than 7,000 products from 2,212 
companies which are displayed.

Handy Inquiry Cards or Applica­
tion Data Forms are bound in to 
make it easier for you to obtain ad­
ditional data — and manufacturers’ 
reps are also listed if you wish to 
phone for quick price and delivery 
information.

Electronic Designers’ Catalog is 
one more service provided by the 
publishers of Electronic Design.
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DuPont de Nemours & Co., E. 1.............45, 117
Dynacor, Inc..................................................... 142
Dynatran Electronics Corp.......................... 150

ESI/Electro Scientific Industries ................. 33
Eitel-McCullough, Inc....................................... 15
Elastic Stop Nut Corp, of America.......... 155
Elco Corporation ............................................. 54

•Elcor Incorporated ........................................... 79
Eldorado Electronics........................................ 41
Electro Instruments, Inc.................... Cover III
Electronic Design............ .................... 142, 166
Electronic Designer’s Catalog..................... 168
Ellis & Watts Products. Inc........................... 71
Emcor Ingersoll Products Div...................... 88
Epsco, Incorporated .................................... 124
Erie Resistor Corp............................................. 118
Escon, Inc. .................................................... 92

Faber-Castell Pencil Co., A. W.......................140
Fafnir Bearing Co., The............................... 27
Fairchild Camera and Instrument Corp. . 134

•Fairchild Controls Corporation ................. 70
•Fairchild Semiconductor Corp..................... 13

Fork Standards, Inc....................................... 116

•G-V Controls. Inc............................................ 109
Gamer Co.. T. H ........................................ 152
Garrett Corporation, The ............................ 166
General Electric Company, Capacitor 

Dept............................................................ 85
General Electric Company, Instrument

General Electric Company, Light Military 
Electronics Dept..................................... 165

General Electric Company, Rectifier 
Components Dept........................... 21, 112

General Electric Company, Silicone 
Products Dept. .... ................................ 169

General Electric Company, Semiconductor 
Products Dept......................................... 18

General Instrument Corporation................. 97
General Motors Corporation, A. C. Spark 

Plug Div................................................... 164
General Radio Company............................ 121
Genisco, Inc...............................................  89
Glideline Corp..................   122
Globe Industries, Inc....................................... 136
Good-AH Electric Mfg. Co........................... 12
Gore Associates, Inc. W. L......................... 108
Gould National Batteries. Inc....................... 116
Grace Electronic Chemicals Co.................... 102
Gries Beproducer Corp.................................. 140

Heath Company..................................... ».. 136
Heinemann Electric Company................... 148
Hewlett Packard Company ... 1, 1A, IB, 63
Hill Electronics, Inc....................................... 126
Hitachi, Ltd. .................................................... 167
Hitemp Wires Co............................................ 170
Hoffman Electronics Corp. .......................... 16
Hoskins Manufacturing Company .............. 60
Hughes Aircraft Company.......... 26 A-B-C-D

ITT Components Division .......................... 106
Illinois Condenser Company .....................  . 108
Illinois Tool Work*..................................  104
Illumitronic Engineering ............................ 138

•Industrial Timer Corporation ..................... 145
International Electronics Industries, Inc. . 127

•International Rectifier Corporation............ 90
Itek Electro Products Co............................... 20

•Manufacturers’ catalog appears in 1960-1961 
Electronic Designers’ Catalog
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Advertiser Page

Johnson Co., E. F........................................... 122
Julie Research Laboratories, Inc................ 161

•Kay Electric Company................................. 2
Keithley Instruments ................................... 104
Kemet Company............................................. 55

•Kepco, Inc......................................................... 65
Kester Solder Company ............................... 136
Kintel, Div. of Cohu Electronics, Inc. .. 14

•Knights Co., The James.............................. 135
Koh-i-noor Pencil Co..................................... 161

Laboratory for Electronics, Inc.................... 70
Leeds & Northrup.......................................... 130
Leaner Plastics, Inc..........................   123
Little Falls Alloys, Inc.................................. 142
Linde Company ............................................ 92
Lockheed. California Div.............................. 103
Lord Manufacturing Co.................................. 75

Machlett Laboratories, Inc., The.............. 57
Magnetic Metals Company.......................... 76

•Magnetics, Inc.................................................. 125
Mallory & Co., Inc., P. R..........................72, 73
Micro Switch, A Division of Honeywell . 139
Micro Systems. Inc......................................... 116
MicroSemiconductor Corporation.............. 159
Microtran Company, Inc. . ..................... 166
Microwave Associates, Inc............................ 28

•Mid-Eastern Electronics, Inc....................... 108
•Minneapolis Honeywell Regulator Co. . . 143

Motorola Semiconductor Products. Inc. . . 83

National Cash Register Co............................. 162
National Radio Co.. Inc................................ 119
National Semiconductor Corporation Cover II
New Departure Div., General Motors 

Corporation............................................ 113
•Non-Linear Systems. Inc............................80, 81

A door, solventless liquid. General Electric 
clear LTV-602* cures at 75-80*C to form 
a resilient compound with excellent elec­
trical properties. Even thick sections are 
perfectly transparent. Useful from —65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 
and other hazards.
•Low Temperature Vulcanizing

General Electric eDoat? W 
for potting and embedding

Transparent, resilient, self-supporting and easy to repair

Ohmite Manufacturing Company..............  19
Ortho Filter Corporation ............................ 118

Pacific Semiconductors, Inc.......................94, 95
Paktron Packaged Electronics ................... 104
Paramount Paper Tube Corp....................... 134
Pennsylvania Fluorocarbon Co., Inc........... 128

•Philco, Lansdale Division.......................... 9
Potter & Brumfield......... ............................. 91
Power Designs, Inc......................................... 137
Princeton Electronics Corporation ............ 67
Pyramid Electric Company ....................... 133

Radio Corporation of America, 
Electron Tube Div.......................Cover IV

Radio Corporation of America, 
Semiconductor & Material* Div......129

Raytheon Co.. Commercial Apparatus . . 153
•Raytheon Co.. Industrial Component* 

Div....................................................... 5. 89
Reeve* Hoffman Div. Dynamics Corp, 

of America ............................................. 130
Rohde A Schwarz..................................... 99
Royal Electric Corp.................................... 88
Rutherford Electronics, Inc...................... 3

LTV-602 is easily applied, flows freely in-and- 
around complicated parts. Having a low vis­
cosity in the uncured state, 800-1500 centi­
poise, LTV is ideal for potting and embedding 
of electronic assemblies. Unlike “gel-like” 
potting materials. LTV-602 cures to n flex­
ible solid. Oven cure is overnight, or from 
6 to 8 hours at 75 to 80°C.

I.TV-602 is the newest addition to the broad line of G-E silicone potting and encapsulating materials 
which also include the RTV silicone rubbers. For more information, write to General Electric 
Company, Silicone Products Department, Section L414. Waterford, New York.

LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV. merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 
added, is approximately 8 hours and may be 
extended with refrigeration. When desirable, 
LTV may also be cured at room temperature.

Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de­
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
aging at ]75°C. Other tests confirm LTV’s 
resistance to moisture and water immersion.

•Manufacturer!’ catalog appear» fn 1960-1961 
Electronic Designers' Catalog
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Sanborn Company ........................................ 147
“Sarkes Tarzian, Inc......................................... 9®
Schweber Electronics ................. 69, 100, 101
Sei-Rex Corporation ...................................... 131

•Shockley Transistor, Div. of Clevite Corp. 23
Silicon Transistor Corporation ................. 59
Spectrol Electronics Corporation.............. 107

•Sperry Semiconductor Div. of Sperry Rand 
Corp.......................................................... 115

Sprague Electric Company ........................ 11
Standard Press Steel...................................... 127
Star Stainless Screw Co................................ 122

•Stathem Instruments, Inc.............................. 150
Stevens Mfg. Co., Inc. ................................. Ill
Swenson Co., Inc., V. H.............................. 144

•Sylvania Electric Products, Inc., 
Semiconductor Div.............................. 31

•Sylvania Electric Products, Inc. 
Special Products ................................. 98

Synthane Corp................................................... 141

Taber Instrument Corp.................................... 145
Technology Instrument Corp, of America 81
Texas Instruments Incorporated..........66, 84
Therm-O-Disc, Inc.......................................... 132
Trans Electronics, Inc...........................  132

•Transitron Electronic Corporation ............ 77
Trio Laboratories, Inc..................................... 146

Valcor Engineering Corp.
Varian Associates ............
Victoreen Instrument Co.

145
156
62

Ward Leonard Electric Co......................... 151
Weldmatic Div./Unitek ....................  2
Western Devices. Inc..................................... 130

•Westinghouse Electric Corp. .. . 68, 69. 126
Wright Div. of Sperry Rand...................... 160

9 Manufacturers* catalog appears tn 1960-1961 
Electronic Designers* Catalog

At Hitemp-Quality is not an illusion

The illustration above is a clever 
art illusion. The illusion of com-
parable quality that different brands of wire and cable 
give is also clever To the naked eye, they seem identical.

Most brands of wire and cable may be produced with 
similar materials and equipment. One brand, however, will 
outlast, outperform the others — Hitemp.

The reason? Because Hitemp has the greatest store of 
experience in the industry—two modern production facili­
ties that are second to none—and more than one-fourth

CIRCLE 207 ON

of its entire work force devoted solely to inspection and 
quality control.

Hitemp products are for you, the wire and cable user 
who requires quality and reliability that is fact, not illusion.

Hitemp is a Division of Simplex Wire & Cable Co.

HITEMP WIRES CO
1200 SHAMES DRIVE, WESTBURY, NEW YORK
1532 S. CALIFORNIA AVE., MONROVIA. CALIF. 

READER-SERVICE CARD

Advertising Representatives
Adv. Sales Manager: Bryce Gray, Jr.
Sales Service Super.: Alvin D. Ross 
New York: Robert W. Gascoigne, 
Richard Parker, Blair McClenachan, 
James P. Quinn, Donald J. Liska. 
Charles J. Stillman, Jr., 
Kenneth M. George, John N. Weber, 
830 Third Avenue, Plaza 1-5530
Chicago: Thomas P. Kavooras, 
Berry Conner, Jr., Fred T. Bruce, 664 N. 
Michigan Avenue, Superior 7-8054
Los Angeles: John V. Quillman, 
Wayne Stoops, 3275 Wilshire Blvd., 
Dunkirk 2-7337
San Francisco: Stanley I. Ehrenclou, 
292 Walter Hayes Drive, Palo Alto, 
Davenport 1-7646
Southeastern: Pimie & Brown, Morgan 
Pimie, Harold V. Brown, G. H. Krimsier, 
1722 Rhodes-Haverty Bldg., Atlanta, 
Ga, Jackson 2-8113
London EC4: Brad Nichols, 151 Fleet 
Street
Tokyo: Karl H. Bachmeyer Associates, 
27 Morimoto-cho, 1-chome, 
Azabu, Minato-ku
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ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE JUNE 7th, 1961
ri«*

Q ! Do Design Work 
O I Supervise Design Work 
Q I Do No Cetign Work

Q I Do Design Work 
Q I Supervise Design Work 
□ I Do No Design Work

ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE JUNE 7th, 1961
Nams Title

For employment brochure» give home address 
Hore Addre *
For Change of Address:
Old Zempony Name

10 20 » 40 
1 11 21 31 41
I 12 22 32 42
3 13 23 33 43
4 14 24 34 44
2 13 25 35 43
6 16 26 36 46
7 17 27 37 47
« 13 23 33 43
9 19 29 39 4*

50 SO 70 00 9C
51 61 71 01 91
52 62 72 02 92
53 63 73 03 93
54 64 74 04 94
55 65 75 05 95
36 60 76 BÔ 96
57 67 77 07 97
58 68 78 88 98
59 es 79 09 99

100 110 120 130 140
101 111 121 131 141
102 112 122 132 142
103 113 123 133 143
104 114 124 134 144
105 115 125 135 145
106 116 126 136 146
107 117 127 137 147
100 110 120 130 140
109 119 129 139 149

150 '60 17U 100 1««
151 161 171 101 191
152 162 172 102 192
153 163 173 103 193
154 164 174 104 194
155 165 175 105 195
156 160 176 186 196
157 167 177 107 197
150 160 170 100 190
159 169 179 109 199

200 210 220 230 240
201 211 221 231 241
202 212 222 232 242
203 213 223 233 243
204 214 224 234 244
205 215 225 235 245
206 216 226 236 246
207 217 227 237 247
208 210 220 238 248
209 219 229 239 249

250 26C 27C Í80 29C
251 261 271 281 291
252 262 272 282 292
251 263 273 281 291
254 264 274 284 294
255 265 275 285 295
256 26« 276 280 296
257 267 277 287 297
258 268 278 288 298
259 269 279 289 299

300 310 320 330 340
301 311 321 331 341
302 312 322 332 342
301 313 3» 333 343
304 314 324 334 344
305 315 325 335 345
306 316 326 336 346
307 317 327 337 347 
30« 318 32« 331 34«
309 319 329 339 349

350 360 370 300 390
351 361 371 301 391
352 362 372 302 392
353 363 371 383 393
354 364 374 384 394
355 365 375 305 395
356 366 376 306 396
357 367 377 387 397
360 360 370 388 390
359 369 379 309 399

400 410 420 430 440
401 411 421 431 441
402 412 422 432 442
403 413 423 433 443
404 414 424 434 444
405 415 425 435 445
406 416 426 436 446
407 417 427 437 447
400 410 420 430 440
409 41V 429 439 449

45C 46b 470 480 490 
451 461 471 401 491 
452 462 472 402 492 
4M 463 473 «03 «93 
454 464 474 404 494 
455 465 475 405 495 
456 466 476 486 496 
457 467 477 407 497 
450 «60 470 480 490 
459 461 47» 489 495

500 «10 520 530 540
501 511 521 531 541
502 312 522 532 542
503 513 523 533 543
504 514 524 534 544
505 515 525 535 545
506 516 526 536 346
507 517 527 537 547
508 518 528 538 548
509 519 529 »Í 541

55b 36C 570 58C 590
551 561 571 581 591
352 562 572 582 592
553 563 573 583 593
554 564 574 584 594
353 565 575 583 595
55« 566 576 586 596
557 567 577 587 597
558 568 578 588 598
559 569 579 589 599

600 610 620 630 640
601 611 621 631 641
602 612 622 632 642
603 613 623 633 643
604 614 624 634 644
605 615 625 635 645
606 616 626 636 646
607 617 627 637 647
600 610 620 630 640
609 619 629 639 649

65U 660 670 MC 690 
651 661 671 601 691 
652 662 672 602 692 
653 663 673 603 693 
654 66« 67« U4 69« 
655 665 675 685 693 
656 366 576 686 59ft 
657 667 677 607 697 
650 660 670 600 690 
65» 6i9 479 Mt 6M

700 710 720 730 740
701 711 721 731 741
702 712 722 732 742
703 713 723 733 743
704 714 724 734 744
705 715 725 735 745
706 716 726 736 746
707 717 727 737 747
700 710 720 730 740
709 719 729 739 749

750 260 770 78C 790
751 761 771 701 791
752 762 772 702 792
751 763 773 703 793
754 764 774 704 794
755 765 775 705 795
756 766 776 706 796
757 767 777 707 797
758 »68 »70 781 790
759 76« »79 709 799

800 810 820 830 840
801 811 821 831 841
802 «12 822 832 842
803 813 823 833 843
•04 «14 824 834 844
•05 «15 825 835 845
806 816 826 836 846
807 «17 «27 837 847
80« 818 828 838 848
809 819 «29 «39 849

850 860 870 880 890 
851 861 871 88' 891 
852 862 872 882 892 
853 863 873 183 993 
854 1'A4 m >8« 194 
155 865 875 885 895 
85 & 66 til 886 896 
85T 567 “77 8» 97 
15U t68 878 888 897 
65« 169 879 ?89 1 W

10 20 30 40
1 11 21 31 41
2 12 22 32 42
3 13 23 33 43
4 14 24 34 44
5 15 25 35 45
ft 16 26 36 46
7 17 27 37 47
• 18 28 38 48
• 19 29 39 49

SO 60 70 BO 90
51 61 71 81 91
52 62 72 82 92
53 63 73 83 93
54 64 74 84 94
55 65 75 85 95
56 66 76 86 94
57 67 77 87 97
58 68 78 88 98
59 69 79 89 99

108 110 120 130 140
101 111 121 131 141
102 112 122 132 142
103 113 123 133 143
104 114 124 134 144
105 115 125 135 145
106 116 126 136 146
107 117 127 137 147
IOS ii* 128 138 148
109 119 129 139 149

150 160 170 180 ’90
151 161 171 181 191
152 162 172 182 192
153 163 173 183 193
154 164 174 184 194
155 165 175 185 195
156 166 176 186 196
157 167 177 187 197
158 168 178 '88 198
15V 169 -79 ’8« »99

200 210 220 230 240
201 211 221 231 241
202 212 222 232 242
203 213 223 133 243
204 214 224 234 244
205 215 225 235 245
206 216 226 236 246
207 217 227 237 247
208 218 228 238 248
209 219 229 239 249

250 260 270 283 290
251 261 271 281 291
252 262 272 282 292
253 261 273 283 293
254 26« 274 28« 294
255 265 275 285 295
256 266 276 286 296
257 267 277 287 297
258 268 278 288 298
259 26V 37V 289 299

300 310 320 330 340
301 311 321 331 341
302 312 322 332 342
303 313 323 333 343
304 314 324 334 344
305 315 325 335 345
306 316 326 336 346
307 317 327 337 347
308 318 328 338 348
309 319 329 339 349

350 360 370 380 390
351 361 371 381 391
352 362 372 382 392
353 363 373 383 393
354 364 374 384 394
355 365 375 385 395
356 366 376 386 396
357 367 377 387 397
358 368 378 388 398
359 369 379 3B9 19»

40C 410 .20 «30 440
401 411 421 431 441
402 412 422 432 442
403 413 423 433 443
404 414 424 434 444
405 415 425 435 445
406 416 426 436 446
407 417 427 437 447
408 418 428 438 448
409 419 429 439 449

450 460 470 480 490
451 461 471 481 491
452 467 472 482 492
451 463 473 483 493
454 464 474 484 494
455 465 475 485 495
456 466 «76 480 496
457 467 477 487 497
458 468 478 488 498
459 469 479 489 499

500 MC 520 530 540
501 511 521 531 541
502 312 522 532 542
503 513 523 533 543
504 514 524 534 544
505 515 525 535 545
506 516 526 536 546
507 517 527 537 547
508 518 528 538 548
509 519 529 539 549

550 560 570 580 590
551 561 571 581 591
552 562 572 582 592
553 563 573 583 593
554 564 574 58« 594
555 565 575 585 595
550 566 576 586 59t
557 567 577 51 7 597
558 568 578 588 598
55» 56» 579 589 599

600 610 620 630 640
601 611 621 631 641
602 612 622 632 642
603 613 623 633 643
604 614 624 634 644
605 615 625 635 645
606 616 626 636 646
607 617 627 637 647
608 618 628 638 648
609 619 629 639 649

650 660 670 680 690
651 661 671 681 691 
hii 662 671 582 692
653 663 673 683 693
654 664 674 684 694
65! 665 «71 683 693
656 666 676 686 696
652 667 171 587 697
658 668 678 688 698
659 669 679 689 699

700 710 720 730 740
701 711 721 731 741
702 712 722 732 742
703 713 723 733 743
704 714 724 734 744
705 715 725 735 745
706 716 726 736 746
707 717 727 737 747
708 718 728 738 748
709 719 729 739 749

750 760 770 780 790
751 761 771 781 791
752 762 772 782 792
753 763 773 783 793
754 764 774 784 794
755 765 775 785 795
756 766 776 786 796
757 767 777 787 797
758 768 778 788 798
759 769 779 789 799

•00 BIC «20 «30 34C 
•01 «11 «21 «31 »41 
802 «12 «22 132 «42 
•03 «13 «23 833 843
•04 «14 «24 834 844 
805 815 825 835 845 
806 816 826 836 846 
807 817 827 837 847
808 818 828 838 848
809 819 829 839 849

850 860’870 880 890
851 861 871 881 8^1
852 862 872 882 892
853 063 873 883 893 
85« 154 «74 884 894
855 865 875 885 895
856 866 876 886 896 
,85/ 267 8 »7 881 « A
858 868 878 888 898
859 869 879 88« 899

Far employment brochure* give homo address 
Home Addre*.

City Zone State
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FIRST CLASS

New York 22, New York
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an 80 db input filter
enables measurements of millivolts of DC in presence of volts of AC,

a unique, 3-position, tilting
readout with 10,000 hour readout life

Hayden Publishing Company. In
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T. Richard Gascoigne
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Ask for a demonstration
The high accuracies, simple oper­
ation, versatility and exceptional 
reliability of the 3000 Series 
instalments result from the un­
equalled experience of more than 
10,000 El digital instruments 
now in use. Your EI field engineer 
will be pleased to demonstrate 
their superior features. Call him

30 to 10,000 cps —most stable AC digital 
voltmeter commercially available.
Easily floated—accomplished from front panel. 
0.0001 volt sensitivity on both AC and DC. 
Pre-Amp module increases sensitivity to 
one microvolt.
Automatic ranging on AC
Automatic polarity and ranging on DC
Remote operation—complete control of the in­
stalment can be accomplished from remote 
locations.
direct printer operation —no auxiliary equip­
ment needed.

4 and 5 digit instruments to meet every applica­
tion for precisely measuring AC/DC volt­
age. AC DC ratios, and resistance. A variety 
of input-output modules are also available 
to give system capabilities to the basic 
measuring instruments.
Transistorized circuitry —gives exceptional reli­
ability.
New temperature controlled, twin-bridge, Zener diode 
reference—0.005% stability for months.
1000 megohm input impedance
'IC accuracy 0.01% of reading plus 1 digit.
AC accuracy 0.1% of reading plus 2 digits, from

Subscription Policy
Electronic Design is circulated only to qual­
ified design engineers of U S manufactur­
ing companies, industrial consultants and 
government agencies If design for manu­
facturing is your responsibility, you qualify 
for subscription without charge provided you 
send us the following information on your 
company's letterhead. Your name and engi­
neering title, your company's main products 
and description of your design duties The 
letter must be signed by you personally.

ANY ADDRESS CHANGES FOR OLD 
SUBSCRIBERS NECESSITATE A RE­
STATEMENT OF THESE QUALIFICATIONS 
Subscription rate for nonqualified sub­
scribers—$25 00 per year U S A., $35 00 per 
year all other countries Single copy $1 50.

Engineers: Challengng opportunities now available. Contact Mr. Harvey Fleming.

Electro Instruments, Inc.

Accuracy Policy
Recognizing the power of the printed 
word to influence, it is Electronic 
Design’s policy:

To make all reasonable efforts to 
insure accuracy of editorial matter.

To publish promptly corrections 
brought to our attention.

To not knowingly publish mislead-

EI 3ÖOO SERI



INDUSTRIAL TRIODE

RCA FIELD OFFICES
Newark 1. New Jersey. 744 Broad Street. NUmboldt 5 3900 • Detroit 2. Mich . 714 New Center Bldg . TRimty 5-5600 
Chicago 54, Hhnois, Suite 1154, Merchandise Mart Maia, Whitehall 4-2900 • los Angeles 22, California, 6401 E. 
Washington Blvd., RAymond 3-B361 • Burlingame, Calif., 1B3B El Camino Real. Oxford 7-1620

l he Most I rusted Naine in Electronics 
R \DIO CORPORATION OF AMERICA

For Critical Industrial Applications—Tiny, new nuvistor triode with amplification factor of 64 provides high 
gain with low noise in a wide variety ot amplifier applications, and has excellent stability as an oscillator 
from very low audio frequencies up into the UHF region.

When compactness, low drain, freedom from interface resistance, exceptional uniformity of charac­
teristics from tube to tube, and ability to withstand vibration and mechanical shock are decisive industrial 
equipment design factors, RCA-7895 is the triode for you.
RCA-7895 Nuvistor Design Features:
Mechanical ruggedness: Ceramic-and-metal construction withstands impact acceleration of 1000 g; and 
48 hours of 2.5 g vibrational acceleration at 60 cps. High-temperature processing: Special high-tem­
perature brazing, exhaust and seal-off operations minimize structural strain and distortion. Low heater 
power: Only 0.85 watt ( 135 ma at 6.3 volts). High transconductance at low plate current and voltage: 
9400 micromhos at 7 ma and 110 volts. Very high interelectrode resistance: 1000 megohms minimum. 
Aery low reverse grid current: 0.1 microampere maximum. Operation at full ratings at any altitude. 
RCA-7895 for: COMMUNICATIONS EQUIPMENT • CONTROL AND INSTRUMENTATION 
EQUIPMENT • TV CAMERAS • MEDICAL DIAGNOSTIC EQUIPMENT • TEST AND MEASUR­
ING EQUIPMENT • OTHER CRITICAL INDUSTRIAL APPLICATIONS
For additional information, contact your RCA Field Representative. For 7895 Technical Bulletin, write 
Commercial Engineering, RCA Electron Tube Division. Harrison, N.J.
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