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on the cover suggest crt views of 
the waveforms into and out of the 
ac-line regulator. Gray and black 
vertical bars represent uniformly 
spaced timing marks. Frequency of 
the waveforms has been exaggerated 
to show fast response of the regu
lator to line voltage changes despite 
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NEW DIMENSIONS

CLIFTON PRECISION PRODUCTS CO, INC

SIZE 23
Leads and terminals.

SIZE 37
Accuracy: ±4' max. errer.

SIZE 28
Tandem unit Transmitter and Resolver.

MOUNTING AND HOUSING DIMENSIONS TO ORDER. Here are a tew typical 
configurations obtainable in aluminum, stainless steel, beryllium or zirconium alloys.



ELECTRONIC DESIGN-ONE DAY SERVICE USE BEFORE JUNE 21st, 1961
Name

Company

StateZoneCompany Address

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
6 1« 26 36 46
7 17 27 37 47
B 18 28 38 43
9 19 29 39 49

50 60 70 80 90
51 61 71 B1 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 96
57 67 77 87 97
58 68 78 36 98
59 69 79 89 99

100 110 120 130 140
101 111 121 131 141
102 112 122 132 142
103 113 123 133 143
104 114 12« 134 144
105 115 125 135 145
106 116 126 136 146
107 117 127 137 147
108 118 128 138 148
109 119 129 139 149

150 160 170 180 190
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
158 168 178 188 198
159 169 179 189 199

200 210 220 230 240
201 211 221 231 241
202 212 222 232 242
203 213 223 233 243
204 214 224 234 24«
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

250 260 270 280 290
251 261 271 281 291
252 262 272 282 292
253 263 273 283 293
254 264 274 284 294
255 265 275 285 295
256 266 276 286 296
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
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
359 369 379 389 399

400 410 420 430 440
401 411 421 431 441
402 412 422 432 «42
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
452 462 472 482 492
453 463 473 483 493
454 464 474 484 494
455 465 475 485 495
456 466 476 486 496
457 467 477 487 497
458 468 478 488 498
459 469 479 489 499

500 510 520 530 540
501 511 521 531 541
502 j12 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 52B 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
554 564 574 584 594
555 565 575 585 595
556 566 576 586 596
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 63c 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 6S0 690
651 661 671 681 691
652 662 672 682 692
653 663 673 683 693
654 664 674 684 694
655 665 675 685 695
656 666 676 686 696
657 667 677 687 697
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

800 81C 820 830 840
801 811 821 831 841
802 812 822 832 842
803 813 823 833 843
804 814 824 834 844
805 815 825 835 845
806 816 826 836 846
807 817 827 837 847
808 8’8 828 838 848
809 819 829 839 849

350 860 970 980 890
851 861 871 881 891
852 862 872 882 892
853 863 873 883 893
854 864 874 884 894
855 865 875 885 895
856 866 876 886 896

,857 867 877 887 897
858 868 878 888 898
859 869 879 889 899

Zone Statefor employment brochures give home address 
Ham« Addrem

For Change of Addreu 
Old Company Name

Olt Company Addreu Gry

C.ty

Zone State

¡3 I Da Design Work
22 I Supervise Design Work
22 I Do No Design Work

ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE JUNE 21st, 1961
□

Company

Zone StateCompany Addreu City

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
6 16 26 36 46
7 17 27 37 47
8 18 28 38 48
9 19 29 39 49

53 60 70 8C PC
51 61 71 81 91
52 62 72 82 92
53 63 73 83 93
54 64 74 8« 94
55 65 75 85 95
56 66 76 86 96
57 67 77 87 97
58 68 78 89 98
59 69 79 89 99

100 no 120 130 140 
101 111 12) 131 141
102 112 122 132 142
103 113 123 133 143
104 114 124 134 144
105 115 125 135 ’45
106 116 126 136 ’46
107 117 127 137 147
108 118 128 138 148
109 119 129 139 14?

150 160 170 180 190
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
158 168 178 188 198
159 169 179 189 199

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
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

250 260 270 280 290
251 261 271 281 291
252 262 272 282 292
253 263 273 283 293
254 264 274 284 294
255 265 275 285 295
256 266 276 286 296
257 267 277 267 297
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
303 313 323 333 343
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
359 369 379 399 399

400 410 420 430 440
401 41’ 421 431 441
402 412 422 432 442
403 413 423 433 443
404 41 * 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
452 462 472 482 492
453 463 473 483 493
454 464 474 «84 «94
455 465 «75 485 495
456 466 «76 486 496
457 467 477 487 497
458 468 478 488 498
459 469 479 489 499

500 510 520 530 540
501 511 521 531 541
502 al2 522 532 542
503 513 523 533 543
504 514 524 534 544
505 515 525 535 545
506 516 526 5J6 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
554 564 574 584 594
555 565 575 585 595
556 566 576 586 596
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
600 618 628 638 648
609 619 629 639 649

650 660 670 6S0 690
651 661 671 661 691
652 662 672 682 692
653 663 673 683 693
654 664 674 684 694
655 665 675 685 695
656 666 676 686 696
657 667 677 687 697
658 668 678 688 698
659 669 679 689 699

700 710 720 730 740
7(H 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

800 810 820 830 840
801 811 821 831 841
802 812 822 832 842
803 813 823 833 843
804 814 824 834 844
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
851 861 871 881 891
852 862 872 882 892
853 863 873 883 893
854 864 874 884 894
855 865 875 885 895
856 866 876 886 896

,857 867 67? W7 897
858 868 878 888 898
859 869 879 889 899

cddruimt brochures give
Home Addreu______  
For Change of Address: 
Old Company Name

Old Company Address State

□ I Do Design Work 
¡22 I Superate Design Work 
□ I Da No Design Work



FIRST CLASS

ELECTRONIC DESIGN
ONE DAY READERS INQUIRY SERVICE

830 Third Avenue
New York 22, New York

FIRST CLASS

ELECTRONIC DESIGN
ONE DAY READERS INQUIRY SERVICE

830 Third Avenue
New York 22, New York



vantage

New Raytheon
fill the gap with outstanding Gm/lp/size

CHARACTERISTICS AND TYPICAL OPERATION
CK79M «7996

25 K Ohms
18,000 «mhos 13,000 «mhos

Franchised DistributorFor Small Order or Prototype Requirements See Your Local

RAYTHEON

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 ext emely compact tubes of 
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 «mhos 
at a plate current of 15 mA. The 
CK7995, a sharp cutoff pentode, 
features 13,000 «mhos at 8.0 mA. 
Both types are precisely fabricated 
with perfect pitch frame grids of

82 Ohms 

0 Volts
15 mA

6.3 Volts
0.3 Amps
150 Volts
150 Volts

6 3 Volts 

0.3 Amps 

100 Volts

Designers of air-traffic-control equip
ment, who have had their hands full 
trying to solve the many problems put 
to them by Federal Aviation Agency 
and military controllers, will soon be 
faced with new challenges.

Government planners are considering 
integration of the civil air-traffic control 
system with the SAGE network. The ob
ject is to improve control by taking ad-

160 Ohms 

0 Volts 

8 0 mA
2 0 mA
0.1 Meg Ohms

SAGE's data-processing

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.

HEATER VOLTAGE 

HEATER CURRENT 

PLATE VOLTAGE 

GRID #2 VOLTAGE 

CATHODE BIAS
RESISTANCE 

GRID «1 VOLTAGE 

PLATE CURRENT 

GRID #2 CURRENT 

PLATE RESISTANCE 

TRANSCONDUCTANCE 

AMPLIFICATION
FACTOR 

Eel for lb = 10« A

Highlights of This Issue 
The Jet-Age Challenge

6 Volts -6 Volts

equipment and surveillance radars.
With missiles replacing aircraft as the 

main threat from the air, some of the 
capacity of SAGE is becoming avail
able for other uses. FAA engineers in
form us that the more integration is 
studied, the more feasible it appears. 
Project Trailsmoke, conducted last year 
in the Chicago and Detroit area, showed 
that air-traffic-controllers operating Air 
Force equipment could provide radar 
advisory service for aircraft of the 
Strategic Air Command.

Another limited trial of air-traffic
control integration is getting underway 
m the Washington, D.C, area, where, 
as part of project Shape, military sur
veillance radars are being used by con
trollers to keep high-altitude jet traffic 
under positive control—the type of con
trol used by the military but only plan
ned for the civil system.

The most elaborate attempt at in
tegration will start next year, when a 
complete en-route high-altitude environ
ment will be controlled by SAGE equip
ment modified for the task.

The modifications—bright displays, 
input-output buffers and electrographic 
printers—typify the type of system re
design that may be necessary on a 
large scale if integration takes place.

The article on p 4 of this issue ex
plores some of the implications in the 
present air-traffic-control turmoil. The 
story originated at a recent FAA R&D 
Symposium in Atlantic City and was de
veloped on a long round of visits to 
FAA headquarters in Washington.

Diode Hi-Fi Amplifier

Don't miss the article on the hi-fi 
amplifier that uses no tubes, no transis
tors—just diodes. It's the lead story in 
the Design Decisions section, p 216.

CIRCLE 2 ON READER-SERVICE CARD ►



KAY VIDEO FREQUENCY SWEEPING 
OSCILLATOR AND FREQUENCY MARKERS CONTENTS FOR MAY IO, 1961 VOL. 9 NUMBER 10

All electronic
Stable
Balanced output
Ne phasing adjustment* 
Zero reference line 
"Crystal'' frequency-markers

The Marka-Sweep Model Video* are beat frequency 
oscillators, carefully ahielded and filtered to prevent 
spurious output aignals. They provide crystal-con
trolled, fixed frequency markers, built in attenuators, 
and carefully balanced, low-harmonic output.

The Marka-Sweep Model Video SO ■■ a wide range 
video sweeping oscillator which provides higher out- 
put voltage and sweeps lower in frequency than the 
usual wide range video sweeping oscillators. In pro* 
vides a linear swept-frequency output, ¡°r
constant output over the frequency band. The Marka- 
Sweep Model Video 50 includes a series of sharp 
pulse-type crystal markers. In addition, a calibrated 
frequency dial permits the use of the unit as an 
IF sweeping oscillator with continuously variable 
center frequency and sweep width.

50 kc to 50 me

KAY

M^-Sweep 
MODEL VIDEO 50

Catalog No. 153-8

Video & IF Coverage 

High Output, Wide Sweep 

Automatic Gain Control

SPECIFICATIONS
Frequency Bangs: Continuously vsrisble. 50 ke to 50 me 
Sweep Width: Linear, continuoualy variable. 4.0 me to 
50 me. . . . . ,Sweep Rate: Variable around 60 eps; locks to line 
frequency.
IF Ostyst. Continuously vsrisble. sero to . 0 V. peak- 
to-peak. into nom. 70 ohms (50 ohms upon request). 
Flat to within ±0.5 db over wide« sweep.
Attentaten: Switched 20 db, 20 db, 10 db. 8 db and 
3 db steps plus 3 db (approx.) variable.
Mwkers: Eight sharp, pulse-type, en«al-positioned 
markers; usable singly or collectively. Produced either 
ss positive pulses with sepsrate amplitude control and 
separate output or aa keying pulses in sweeping RF 
signal. Five markers, st 10, 20. 30, 40 and 50 me. 
are standard Substitute frequencies or (up to 3) ad
ditional frequencies on special order In the range of 
10 me to 50 me.
Marker Amglltsi*: A* positive pulse at separate output, 
continuously variable, sero to 5 V peek. A* ''nega
tive" keying pulses, same amplitude aa RF output.
Sweep Oatpet: Regulv sawtooth, synchronised with 
sweeping oscillator. Amplitude approx. 7.0 V.
Prlee: $845.00. f ob. factory. $930.00 F A S, New 
York. Substitute markers. $12.50. Additional markers. 
$20.00 each.

ELECTRONIC DESIGN News................................................
U. S. Faces Difficult Decision on Air-Traffic Control.............  
Industry Preparing for Push in FM Stereo ..............................  
Pyrolytic Graphite Investigated as Organic Semiconductor .. 
Frictionless Rotary Transformer Designed .............................. .
U. S. Space Man Relies on Advanced Systems Design.........  
Washington Report ...........................................................................  
Electronics Branching Out as New Clerk in Nation’s Offices 
Potentiometer That Uses Light Beam for Pick-Off
Is Headed for Production ..............................................................

Systems Engineers or Slick Salesmen?
An Editorial

What the Electronic Engineer Should Know About Epoxies........................
The various abilities of epoxy resins have opened the doors for many clever 
integrated packaging designs—C. A. Harper

Temperature Measurements in Crystal Oven Design....................................
Temperature measurements in crystal ovens can be as complex and critical as 
the oven design. Here is a methodical approach—H. Ryner

How to Evaluate Analog-to-Digital Converters................................................
The important terms the user must know and their significance—B. M. Gordon, 
B. K. Smith

Step-by-Step Design of Phantastrons................................................
A procedure to replace the popular but erratic cut-and-try method— 
M. J. Levin

High-Density Electronic Packaging—Module Design and Layout..............
Factors involved in the design of circuit modules and wiring modules used in 
welded packages—P. N. James

KAv Marka-Sweep 
Modal Vidoo 

Catalog No. 150-8

3 switthwd bande
6 lami uytlol marker«
Form, varioble pulew-typ, marker tram
•«tomai vide, frtqueney gerwrotor

kay Marka-Swccp 
Modal Video TTV 

Catalog No. 151-A

• High, m,fer,d output
• Barh cryataonlrolled and variable , , . 

markere and! or CH eignale

The Marka-Sweep Model Video TTV provide*

trolled, birdio-lype

SPECIFICATIONS ti nuotiti y variable over the frequency range.

FregHMY Umm: 50 he to 5 «e; 50 kc to 10

Sweep Rate: Variable around 80 eps; lock* ta line 
frequency.
IF Ostpet: O.t V me Into non. 70 ohm*. (50 
ohau upon request) Flat within ±0.5 db ever 
wide« «seep width.
Attsiaatsrs: Switched. 20, 20, 10 and 3-db, plua

SPECIFICATIONS
Frtqiency Rangée* Sweeping Mediator, 50 Ie to 
8 me. Crystal oscillator. Are awltched frequencies 
at 200 ke. 750 ke. 1.25 me, 4.0 me, and 8.0

AC Regulator Holds Voltage Despite Changes in Load, Line, or Frequency
AC line regulator obviates compromises formerly necessary

New Uses for Cold Cathode Tubes.................................................................
Technological improvements have taken cold cathode tubes out of the indicator 
light class and made possible their use in data processing and trigger circuits

MicroWaves ...........................................................................................................
This issue bi MicroWaves includes articles that should be likely candidates for 
the microwave designer’s reference file. Shortcuts in antenna simulation and 
coaxial cavity design

52

Markers: 8 sharp pulse type, ''cryrtil'' markers; 
provision for 1 variable.
Markir AmpIHifc; 5 V approx.
Sweep Batpit: Rawtooth. 7.0 V approx.
Prlee: $575.00, f ob. factory. $633.00 F AS.
Now Tort. Substitutiona for standard markers.
I It.50 each.

RF Oatpst: Swept RF, variable CW. or crystal- 
controlled CW signal*. 1.5 V nna into nom. 70 
ohm*. metered (50 ohms upon requett). Swept BF 
fist within ±0.5 db
Attenssten: Switched 20, 20, 10. and 3 db. 
plua continuoualy variable O-db (approx.).
Marker Amplltede: 5 0V peak.
Sweep Bet pet: Sawtooth. 7.0 V.
Prlee: $795.00. f o b factory. $875.00 FA S.
New York. Substitute markers. $12.50 each. Cab
inet $35.00.

Millimeter-Wave Generators Approaching Pay-off Stage...................................
Millimeter-wave sources for systems application are rapidly nearing 
realization. Plasma devices, fast-wave structures and the Tornadotron 
are featured.

How to Simulate Antennas in Systems with Waveguides................................
Design of resistance disks which can be inserted in waveguides to simu
late a rotating antenna is detailed—W. Krushinski, T. Watson

176

WRITE TOR COMPLETS CATALOG INf ORMA TION
Tunable Coaxial Cavity Nomograph...........................................................................

Chart aids selection of preliminary parameters and indicates range of 
possible compromises in design of cavities—H. H. Jenkins

180

Department ED-5 Maple A venne. Pine Brook, N. J.
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Canoga helical arrays now girdling the earth will be receiving 
data as well as commanding the Mercury capsule on its first 
flight through outer space. This is representative of Canoga’s 
long experience in the design, development WELL and manu

facture of antennas...and is only ^ef>r/»ni/rn beginning. 
Increased necessity for deep space KtvtlwtUui investi

gation has created new demands for telemetry techniques at high 
frequencies and, resultantly, new demands for Canoga’s abilities 
to fill existing needs, and to anticipate those of the future. 
Canoga has over 14 years of experience in meeting telemetry 
needs - from helical arrays to blade antennas, from pedestals 
to dishes, all with the advanced back-up electronics necessary 
for reliable operation. For telemetry antenna needs the world 
over, the ans wer is the same. Ask Canoga! CSnCXSB 

Canoga Electronic* Corporation • Van Nuy*, California • Fort Walton Beach, Florida
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U.S. Faces Difficult Decision on Air-Traffic Control
Plans for New Computer Centers Competing With Scheme
For Integrating Military's SAGE into Civil Flight System

Alan Corneretto
News Editor

THE UNITED STATES will have to decide 
soon on the type of air-traffic control it wants 

in a maturing jet age.
Under consideration are three possible ap

proaches:
■ The much publicized Data Processing Cen

tral (DPC) system, in which computers would 
handle much of the information flow now proc
essed manually.

■ Integration of the civil system with the 
military’s SAGE aircraft-surveillance network.

■ An integrated system for areas now covered 
by SAGE and a compatible data-processing 
central system in areas beyond the range of the 
military network.

A decision is important, because the Federal 

Control team station and equipment for Satin experiment, in which high-altitude 
air traffic over the New York-Boston area will be controlled by integrating facilities 
of the present FAA air-traffic network and the SAGE air-defense system.

Aviation Agency, investigating both the DPC 
and SAGE systems, is spending money on ex
pensive projects that are competitive. The 
longer the decision is delayed, the more money 
will be spent.

A clouded future looms for the Data Process
ing Central system. This results from the in
creasing obsolescence of the SAGE network as 
a military defense and its availability for other 
duties, the most obvious being civil air-traffic 
control. SAGE was designed originally for early 
detection of enemy aircraft but is considered 
unreliable for tracking the supersonic missiles 
that are now commonplace in the world’s mili
tary arsenals.

Before the availability of the SAGE system, 
DPC was considered the logical successor to the 
present manual system of civil air-traffic control.

Now Government planners are frankly unde
cided about the scope DPC will have.

SAGE-Civil Air System
Due for Experimental Test

To get the maximum value from SAGE, a 
special FAA division is supervising a Mitre Corp, 
test of a sample SAGE-civil integrated system. 
The form of the experimental system—in particu
lar, the degree of integration—will be known by 
July 1, when an FAA committee is scheduled to 
make recommendations on the subject.

To aid in the decision, the agency is making a 
study of 10-year costs of an integrated SAGE sys
tem and of the most likely alternative system that 
would be developed during the 10 years. This 
alternative, FAA spokesmen indicate, appears to 
be the Data Processing Central system—com
puter-dominated centers where much of the man
ual work of processing flight data strips and other 
air-trafBc-contro) functions would be done semi- 
automatically.

Preliminary results of the cost study suggest 
that close integration of the civil system with 
SAGE would be less costly initially but would 
entail higher recurring costs than the Data Proc
essing Central system. Included in the final eval
uation, however, must be such factors as the more 
severe dislocation anticipated with SAGE inte
gration and the greater flexibility expected with 
a newly designed DPC system. In addition the 
effects of varying degrees of integration have to 
be evaluated. FAA spokesmen indicate that the 
most likely arrangement will be to use the SAGE 
radars, some of which are now used jointly by 
the FAA and the Air Force, and much of the 
data-processing equipment at major SAGE sites. 
However, the standard SAGE computer, IBM’s 
AN/FSQ-7, would probably not be used, nor 
would the Air Force’s direction-center buildings.

But two important factors would have to be 
resolved before SAGE could be integrated. In 
SAGE, video information is digitized at radar 
sites and sent to processing centers over tele
phone links. In the present FAA system, raw 
video is sent over broadband microwave chan
nels. If integration is chosen, this discrepancy
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will probably be resolved on economic grounds.
Another point of difference is SAGE’s use of a 

Cartesian-coordinate system of area division. The 
FAA uses uneven geographical sectors. The 
agency has indicated that it will probably shift 
to a grid system, although one different from 
the present SAGE grid.

To test the feasibility of integration, the Air 
Force has turned over to the FAA the evaluation 
sector of the SAGE system for use in a sample 
integrated system. Project Satin. In this test, high- 
altitude, en-route aircraft in the New York-Bos
ton area will be controlled with the aid of a 
new program written for a SAGE computer. 
Most of the Satin system equipment is already 
available in SAGE; the rest—including brighter 
displays, and electrographic printers—is available 
off-the-shelf. The system is expected to be func
tioning by December.

Preliminary tests of some of the Satin con
cepts are under way in the Washington, D.C., 
area in a separate exercise. This is project Shape, 
in which surveillance radars are being used for 
positive control of high-altitude aircraft.

The Satin system differs from the present air
traffic control system in that it makes fuller use 
of computers to process flight plans, transfer con
trol of aircraft and detect potential collision 
courses aloft. It also uses more radar and beacon 
data to acquire position data, and it correlates 
these data automatically with the flight plans. 
In Satin, information is presented to controllers 
as situation displays rather than as tabular data 
in flight-strip form. Satin uses keyboard entry- 
devices to insert Hight plans, progress reports 
and weather data.

Data Processing Centrals Probable 
If Systems Are Not Integrated

If Satin proves unfeasible, or if integration is 
not decided on for other reasons, the FAA will 
probably go ahead with its long-range plan of 
installing data-processing centrals throughout 
the air-traffic control system. The first of these 
is scheduled ti) be commissioned in the Boston 
area next year. A complete DPC, Data Process
ing Central system, as planned by the FAA, con
sists of about 50 different subsystems. These 
serve nine basic functions, which may be in
cluded in the over-all system piecemeal as indi
vidual equipments are developed.

Essentially the DPC and Satin concepts are 
in competition as means of controlling en-route 
air traffic. If integration is decided on, the long- 
planned and elaborate DPC-based system may 
not be implemented on a large scale. The main 
design effort then will be in modifying the SACE 
system and in extending similar coverage to the 
areas of the country not now served by SAGE.
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BRIEF SPECIFICATIONS

OUTPUT VOLTAGE

OUTPUT CURRENT

STABILITY

OUTPUT VOLTAGE 
CALIBRATION

LOAD REGULATION

LINE REGULATION

METER ACCURACY

OUTPUT I

FLOATING OUTPUT

RESPONSE TIME

PRICE

1.000 to 502 110 volts, variable in 
100-, 10-, 1 -, 0.1 -, 0 01-, and 0 001-volt steps
Up to 20 ma

- 0.0025%

0.01% of setting 0.0002V

0 002% or 100 /¿V, no load.to full load 

0.002%, 10% change in line voltage 

4% of full scale

<0.01 ohm, DC

>1000 megohms resistance between 
chassis and either output terminal; 
current between either output terminal 
and chassis <0.5 //ampere DC, 
<4 //ampere at 60 cps'
0.2 millisecond

$1280.00

KIN TEL’s Model 302 DC Voltage Standard and Null Volt
meter is an extremely stable, accurate, and compact source of 
variable voltage low-impedance DC.
Standard cell stability is obtained by using KIN TEL’s 
chopper circuit which constantly compares the Model 302 out
put against an internal unsaturated mercury-cadmium cell. 
Short-term stability is better than 25 parts per million, and 
stability over a 30-day period is better than 50 parts per 
million. Both load and line regulation are maintained better 
than 0.002%, and ripple is less than 0.0001 volt.
Precision voltage adjustment is easy with six detented dials. 
Up to 20 milliamperes of current are available at any dialed 
output from 1.000 to 502.110 volts. Output voltage accuracy 
is within 0.1.01% of setting ±0.0002 volt.

Representatives in all major cities. 

5725 Kearny Villa Road, San Diego 11, California • Phone: BRowning 7-6700

CIRCLE 5 ON READER-SERVICE CARD

supply and 
measure

1 to 502 volts 
[with 0.01% 

accuracy!

Laboratory-accurate measurements are made by the self- 
contained null voltmeter which shows the difference between 
the 302 output and an unknown input voltage. The meter has 
four decaded ranges from 50 volts to 0.05 volt, full scale, and 
permits rapid measurement of DC voltage-with up to 6 digit 
resolution-to an absolute accuracy within 0.01% of the read
ing ±0.001 volt. The meter can also be used to indicate either 
the 302 voltage or an unknown input to a standard accuracy 
of 4% of full scale.
The floating output is isolated from chassis ground; resist
ance between chassis and either output lead is greater than 
1000 megohms. The effective output impedance is less than 
0.01 ohm for DC, less than 0.2 ohm at 1000 cps.
Write today for detailed technical literature or demonstration.



CHOOSE FROM THE INDUSTRY’S WIDEST SELECTION OF H GH-CURRENT (TO 600 AMP) TRANS ENT-SUPPRESSED DC POWER SUPPLIES
PERKIN SALES 

REPRESENTATIVES
NEWS

Response time adjustable to 20 milliseconds . . .
Excellent dynamic load regulation . . . low ripple

Proven in production 
use in the...

THOR ... BOMARC ... ATLAS ...

JUPITER ... POLARIS ...

VANGUARD AND LA CROSSE

MISSILE PROGRAMS

SPECIFICATIONS
A.C. INPUT: 208/230/460 volt ±10%, 
3 phase, 60 cycle.
RIPPLE: Lea* than 1% RMS.
RESPONSE TIME: A special control in
ternally mounted in the Power Supplies 
handle* adjustment of response time. 
The "loed on" response time is adjust- 
able from 20 to 200 milliseconds, and 
the “loed off” from 40 to 400 milli
seconds. An Important advantage of 
this adjustable response is when used 
with inductive loeds, such es inverters; 
recovery cen be edjusted to avoid 
interaction between inductive load and 
power supply.

RATINGS AVAILABLE:

* For Full Load Chars«
tIn 2 tangas
Write for literature or recommendetions based on your specifications. 
Representatives throughout the United Stetes.

Model
Numb»’

D.C. Output Regulation
Dimensions 

W" a H" a D"
Weight 

Lb*.Volt« Amp*
Static- 
Lino or Dynamit'

MRST28-100 24-32 too
Load 

±0.1%
Load* 
±6V 27”*17’*17" 230

MRST28-200 24-32 200 ±0.1% ±6V 22"*36"*22" 550
MRST28-300 24-32 300 ±0.1% ±6V 22"a 36’a 24’ 700
MRST28-400 24-32 400 ±0.1% ±6V 26’a66’a30’ 1250
MRST28-5OO 24-32 500 ±0.1% ±6V 22’a68%’x32’ 1650
MRST2R-6OO 24-32 600 ±0.1% ±6V 22’a68%’a32” 1650
MRST2440-250 24-401 250 ±0.1% ±2V 26’A*a69”x38' 1650

Representatives in Principal Cities

ELECTRONICS CORPORATION
345 Kansas Street, El Segundo, California □ SPring 2-2171

ALBUQUERQUE, N. M. 
Brooks-Feeger Assoc. 
5510 Domingo Rd N.E. 
AM 8-1724

ANGOLA, IND
Law Instrument Co.
Box 95 
217 & 8101-R

ATLANTA 5, GA.
E. G. Holmes & Assoc. 
4969 Roswell Rd., N.E. 
BL 5-6660

BALTIMORE, Mb 
Gawler-Knoop Co. 
807 E. Seminary Ave. 
Towson 4, Md 
EN 9 3151

CHICAGO 25, ILL.
Saffro & Assoc. 
5209 N. Kimball Ave. 
JU 8-0905

CLEVELAND, OHIO 
Electro Sales Assoc. 
281 E. 216th 
Euclid 23, Ohio 
RE 2-7444

DALLAS 20, TEXAS 
Wallace Assoc.
P.O. Box 13203 
FL 7-7080

DAYTON 20, OHIO
Electro Sales Assoc 
Dabel Station Box 143 
CH 4-5551

DENVER, COLO.
Brooks-Feeger Assoc. 
3041 S. Broadway 
Englewood, Colo.
SU 1-7375

DES MOINES, IOWA
Design & Sales Eng Co. 
2702 41st PI.
BL 5-4584

DETROIT 24, MICH.
Electro Sales Assoc. 
15324 Mack Ave.
TU 6-2280

GREENSBORO, N. C.
E. G. Holmes & Assoc. 
440 W. Market St.
Suite B-l 
BR 2 0855

INDIANAPOLIS, INO.
Law Instrument Co. 
P. 0. Box 27062 
ST 7-0009

KANSAS CITY 8, MO.
Design & Sales Eng. Co. 
2600 Grand Ave 
GR 1-1640

LAWRENCE, MASS.
Richard 0. Frink Assoc. 
46 Amesbury St. 
MU 3-3252

LOS ANGELES, CALIF.
Instruments for 
Measurements 
3455 Cahuenga Blvd., 
Suite F 
Hollywood, Calif 
HO 9-7294

MINNEAPOLIS, MINN.
Northport Eng., Inc. 
1729 Selby Ave 
St. Paul 4, Minn 
Ml 6-2621

NEW YORK CITY AND 
NORTHERN NEW JERSEY 
Gawler-Knoop Co.
178 Eagle Rock Ave. 
Roseland. N. J.
N.Y. Tele. DI 4-2997
Roseland Tele. CA 6-4545

ORLANDO, FLA.
E. G. Holmes & Assoc. 
1220 Edgewater Dr 
CH 1-2128

PHILADELPHIA. PA.
Gawler-Knoop Co. 
835 Glenside Ave 
Wyncote. Pa.
Phila. Tele WA 7-1820
Wyncote Tele TU 4-8805

PHOENIX. ARIZ.
Brooks-Feeger Assoc. 
34-A E First St.
Scottsdale. Ariz. 
WH 6-2111
SALT LAKE CITY, UTAH 
Brooks-Feeger Assoc. 
253 Rio Grande, 
Rm. No. 5
EL 9-2427
SAN DIEGO 4, CALIF 
Instruments for
Measurements 
2420 University Ave.
JU 3-1972
SAN FRANCISCO, CALIF.
Cerruti & Assoc.
P. 0 Box 509 
116 Cypress St. 
Redwood City, Calif. 
EM 9-3354
SEATTLE, WASH
Testco
Boeing Field Rm. 108 
PA 3-9000
ST. LOUIS 5, MO.
Design & Sales Eng. Co 
7603 Forsyth Blvd .
Rm. 304-06 
PA 1-6403
SYRACUSE, N. Y
D B Assoc.
P.O Box 284
DeWitt (Syracuse), N. Y. 
Gl 6-0220
WASHINGTON. D C. L 
MARYLAND
Gawler-Knoop Co. 
8732 Flower Ave. 
Silver Spring. Md 
JU 5-7550
WICHITA, KAN.
Design & Sales Eng Co. 
400 N. Emporia 
Wichita, Kan.
CANADA
Electromechanical 
Products 
Markham Rd.
Agincourt, Ont , Canada 
AX 3-7011

AUSTRALIA
Geo. H. Sample & Son 
(Electronics) Pty. Ltd 
Sample House 
17-19 Anthony St 
Melbourne C.l. Australia 
FJ 4138

DELGIUM
Belram Electronics 
43 Ch. De Charleroi 
Brussels. Belgium 
38.12.40

ISRAEL
Eastronics Ltd. 
48 W. 48th St. 
New York 36 N. Y. 
CO 5-8323
ISRAEL
Eastronics Ltd.
P.O Box 2554 
Tel Aviv. Israel 
66890
NEW ZEALAND
Geo. H. Sample & Son 
(Electronics) (N.Z.) Ltd. 
Box 3250 
431 Mount Albert Rd. 
Mount Roskill, S. 1. 
Auckland, New Zealand 
89-4 39
FRANCE
Megex
105, Quai Branly 
Paris 15, France 
Seg. 36 93
SPAIN
ATAIO Ingemeros
A. Aguilera No. 8 
Madrid, Spain 
23 27 42
SWEDEN
Enk Ferner AB 
Box 56 
Bromma Sweden 
87 01 40

Industry Preparing for 
Push in FM Stereo

Choice of GE-Zenith System by FCC 
Starts Drive by Manufacturers

TRIGGERED by the Federal Communication 
Commission's approval of suppressed-carrier- 

am as the multiplex standard for fm stereo 
broadcasts, manufacturers are preparing to pro
duce the special equipment needed for stereo 
transmitting and receiving.

In the system to be used, the main carrier is 
frequency modulated by the sum of the left 
and right microphone signals and by the side
bands of a suppressed subcarrier. The sulKarrier 
is amplitude modulated and suppressed by a left
minus-right difference signal. This suppressed 
subcarrier is restored at the receiver by a pilot 
signal transmitted lietween the subcarrier and 
the main carrier.

Transmission equipment required for the sys
tem includes an exciter, a subcarrier inserter cap
able of accepting a composite signal, a signal 
generator to generate the composite signal, and 
a monitor receiver adapted for stereo. Stations 
already equipped for storecasting or other multi
plex transmissions would only have to modify 
their present equipment.

adapter be added

FILTER and
l 0- PRE-EMPHASIS----  

CIRCUIT

L AUOIO

R
FILTER and 

D- pre-emphasis 
CIRCUITS 

R AUDIO I

CIRCLE 6 ON READER-SERVICE CARD CIRCLE 7 ON READER-SERVICE CARD

broadcasts requires that an 
to a standard fin tuner and

STEREO 
SUBEXCITER

MATRIX 
(COMBINED 

ADDER AND 
SUBTRACTER)

L + R TIME
AUOIO DELAY

AUOIO

STANDARD FM 
TRANSMITTER 

(WITH multiplex 
PROVISION)

CRYSTAL 
OSCILLATOR 

AND L-R 
SIDEBAND 

GENERATOR

_ time
DELAY

Transmitting system adopted as standard for stereo 
broadcasts is based on sum and difference matrixing, 
with the sum transmitted as the mam carrier frequency 
modulation and the difference signal transmitted as 
suppressed carrier amplitude modulation of a sub
carrier. Half-frequency pilot signal is transmitted to 
help restore suppressed signal.

ELECTRONIC DESIGN • May 10, 1961



L AUDIO R AUDIO

L + R AUDIO
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would not be heard monophonic receiver.

ignal for detection.sidebands to form normal
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l9kc 
FILTER 

DOUBLER ft 
AMPLIFIER

23-53 kc 
BANDPASS 

FILTER

STANDARD 
FM 

TUNER

ONE-TUBE STEREO 
ADAPTER DE-EM- 

PHASIS
DE-EM-
PHASIS

•en modified

ake possible good reception by

stereo sets they must be decoded to produce left-right 
signal. This happens when pilot signal is filtered and 
doubled to recover carrier, which is mixed with filtered
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FREQ.

Receiving equipment for stereo broadcasts could be 
a standard hi-fi set plus a relatively simple adapter. 
Left-plus-right signal transmitted as fm modulation of 
main carrier for stereo would be signal used by mono
phonic sets. The left-right sidebands and pilot signal

dual-channel 
Utica, N.Y., 
triode—adapte

AMPLIFIER 
standard dual 

CHANNEL 
AMPLIFIER

L-R 
DOUBLE SIDEBAND 

SIGNAL

Coast expect to be broadcasting stereo fm pro
grams.

The adopted system is said to be the same as

one-tube—double 
atisfactory results, 
a preamplifier as

Whatever the frequency you wish to 
“isolate”, Bulova experience with pro
totype and production quantities of ‘
precision filters assures maximum sen- S
sitivity and stability. The following 
examples show Bulova’a mastery of the 
most difficult problems in high-per- •
formance filter engineering.
BAND PASS FILTERS - In a band of 30 fil- HMI 

1" s variation between 
fillers, ami ever the temperature range 
25 (' t<> 75 held to ,3db between

2 X i 1 thru 30 i
SINGLE SIDE BAND FILTERS -Band ripple
held to ± '-db, both 1 and 3db points defined, over the 
temperature range 0° C to 85° C, and 300 to 2000cps

BULOVA
PRECISION 
CRYSTAL 
FILTERS

vibration at 30G level. Part #117B-FC- 
22-NU
DISCRIMINATOR-Center frequency held 
to within lOcps, frequencies equally 
spaced from center, held to 5.4v peak 

■ ± 5%. Part #186C-TN-22A-WD

BAND SUPPRESSION FILTERS-2kc wide 
• band attenuated 60db, right next to it a
^pasa band held flat to ± üdb for 150kc.

Part #158-TF15-6R
If you’re faced with tough filtering 
problems, need additional information 
or practical application assistance, con
tact Bulova for engineering specialists 
to assist in selection of filters best 

suited to your needs. Write Department 1820, Bulova 
Electronics, Woodside 77, N.Y.

would be minor compared to that of the com
plete stereo system.

The system is compatible with existing fm 
broadcasting standards. Monophonic receivers 
tuned to stereo transmissions would receive the 
left-plus-right signal and would produce sound 
only slightly reduced in quality.

Adapters, Some FM Stations 
To Be Ready by June 1st

General Electric says it has adapters in pro
duction and that they will be on the market by

to include the subharmonic carrier. Its phasing 
and frequency parameters have also been 
changed. Both GE and Zenith plan to product* 
complete high-fidelity systems capable of re
ceiving stereo broadcasts. ■■

x Bulova
ELECTRONICS 

DIVISION



NEWS

Pyrolytic Graphite Investigated as Organic Semiconductor
Researchers Are Hoping to Make Use of Highly Anisotropic Properties 

In Easily Made Material, If Appropriate Applications Can Be Found

p YROLYTic graphite, an organic semiconductor 
now used nonelectronically in industrial con-

trols and missile nose cones, may become an im
portant electronic material if suitable applications 
for its unusual properties can be found.

New research has established that the aniso
tropic conductivity of the relatively easy-to-make 
material is on the order of 1,000 to 2,000. Be
cause of this and its good carrier mobilities, pyro
lytic graphite (PG) appears to be one of the 
most promising organic semiconductors so far 
investigated, according to Dr. C. A. Klein of 
Raytheon Co., Waltham, Mass.

How’ever, says Dr. Klein, much more research 
is needed before the material can be considered 
a semiconductor suitable for electronic devices. 
Carrier lifetime has yet to be established; life
times are short for most known organic semi
conductors. Two applications understood to be 
under consideration for PG are in energy-con
version devices and in nonreciprocal networks. 
Another form of the material, pyrolized carbon, 
is reportedly being investigated as a resistor sub

Photo-induced Hall effect in an organic semiconductor is studied with flash tube apparatus at Armour Research 
Foundation. So far, 10 psec-single pulses focused on anthracene crystals to generate carriers have not resulted 
in measurable effects. Researchers are trying to detect these by noting the effects of magnetic fields on Hall cur
rents. Armour’s W. D. Brennan, shown here, reports apparatus is being modified.

stance. Resistance values would be controlled 
by heat treatment, which is said to be a sim
pler method than the present technique of ad
justing chemical content.

At the Inter-Industry Conference on Organic 
Semiconductors, held in Chicago, Dr. Klein re
ported that two of the three directional resistivi
ties of PG were strongly dependent on the tem
perature at which the graphite was deposited 
during manufacture. He said the room-tempera
ture resistivity of speciments deposited at 2,500 C 
had been measured at about 2 x 10 ~4 ohm-cm 
in the basal plane and about 0.5 ohm-cm in the 
perpendicular plane.

In both the basal plane and the perpendicular 
plane, resistance increases with decreasing tem
perature. But in the basal plane, Dr. Klein re
ported, resistivity first decreases as the tempera
ture drops from 1,500 K to 600 K, then rises as 
temperature nears cryogenic levels. In the per
pendicular direction, resistance rises evenly from 
high to room temperature, which is characteristic 
of semiconductors, then levels off at low temper

ature. As a function of temperature, electrical 
anisotropy was said to go through a maximum of 
about 1,000 at slightly above room temperature 
and to decrease sharply at high temperatures.

Carrier concentration in n-type pyrolytic 
graphite has been measured at about 1 x 10" 
cm-3 at 300 K. This increases linearly with tem
perature and is said to be equivalent to that of 
germanium.

The material is reportedly easily produced by 
pyrolyzing carbonaceous gases in either an in
duction furnace or a resistance-heated furnace 
at temperatures of about 1,000 to 2,000 C. The 
breakdown of hydrocarbons results in a poly
crystalline polymer that can be deposited on a 
substrate in considerable thickness.

Many Groups Are Studying 
Semiconduction in Organic Polymers

Other organic polymers exhibiting semicon
duction are under study in many organizations, 
including most of the major chemical companies, 
several electronic firms, and schools and research 
organizations. At Princeton University, Dr. II. A. 
Pohl reported, nearly 150 polymers have been 
created by pyrolysis and by direct synthesis. 
Carrier concentration in the created materials 
ranges from IO13 to 10" per cm-3 for pyrolyti- 
cally produced polymers and from 10" to 1017 
per cm-3 for directly synthesized polymers. Ger
manium, by comparison, has concentrations that 
may be varied from 1013 to 10", it was said.

The conductivities of the material produced 
at Princeton range from IO3 to 10" reciprocal 
ohm-cm for pyrolized polymers or pyropolymers, 
and 10 - to IO20 for synthesized organics. The 
corresponding figure for germanium is said to be 
about 10 ~B.

Ranges of other characteristics of the variety 
of polymers produced at Princeton were:

■ Temperature coefficient of resistance-from 
positive to zero to negative for pyropolymers, 
and negative for synthetics.

■ Form—from thermosetting to thermoplastic.
■ Mobilities—from about 10 8 to more than 

100 cm2 per v-sec for pyropolymers, and from 
10 5 to 300 cm2 per v-sec for synthetics.

■ Thermoelectric powers—from 3 to more than

8 ELECTRONIC DESIGN • May 10, 1961



MODEL FOR HOPPING THEORY

TO-18

LANSDALE DIVISION, LANSDALE, PENNSYLVANIA

‘Hopping* Model is Now Favored 
For Studying Organic Conductance

Immediately available in quantities 
1-999 from your Philco
Industrial Semiconductor Distributor

TO-9 TO-31

A "hopping" model for investigating con
duction in organic materials is now consid
ered better than a "drift" model based on 
band theory.

In the hopping model, excited electrons or 
holes, leaving the parent atom or molecule, 
tend to be drawn back by a mountain-like 
configuration of potential energy unless they 
can be excited over the potential mountain 
an* be drawn to a neighboring unit. Electrons 
or ho<es may also "hop" to a neighbor by tun
neling it the mountains of binding potential 
ore too high Transfer is limited to one neigh
bor at a time.

In the band theory model, the basic as
sumption is that electrons and holes are free 
to wander anywhere among basic units of mat
ter. If atoms or molecules are pocked closely 
together, energy variations are smoather, and 
the excited unit may travel easily through 
material until scattered by impurities. The 
general acceptance of the hopping model 
may speed understanding of conduction in or
ganics and so remove one ot the main bottle
necks to development of useful organic semi
condector materials for electronics.

In high-speed computers, control systems, guidance systems and many 
other critical military and industrial switching applications, Philco’s 
patented high-frequency Micro Alloy Diffused-base Transistors are 
used more widely than any other type. There are many reasons for this 
broad acceptance. Philco MADTs are available in a full range of types, 
each designed and produced to tight specifications for specific appli
cations. They are manufactured by Philco’s patented Precision-Etch* 
process on the world’s first fully-automatic transistor production lines 
. . . under rigid quality control. Philco MADTs have proved their 
outstanding performance capabilities and reliability in billions of 
transistor hours of actual field operation ... far more than any other 
type of transistor.

There is a Philco MADT to meet your requirements . .. offering 
the advantages of cadmium junctions for cooler operation . . . low 
collector capacitance . . . low saturation voltage ... high beta with good 
linearity . . . excellent frequency response . . . low' hole storage time . . . 
and excellent temperature stability.

Specify Philco MADTs with complete confidence. For full informa
tion On any Specific type write Dept. ED51061. «Trademark Philco Corp.

In TO-1 CASE:
2N501—Ultra high speed switch 
2N501A—Military version of 2N501
In TO-9 CASE:
2N1204—Ultra high speed, high 
current switch
2N1495—High voltage, high speed, 
high current switch
2N1499A—High speed, low cost 
switch (MIL version available) 
2N1500—Ultra high speed switch 
(MIL version available)
2N1754—Very low cost, high speed 
switch
In TO-31 CASE:
2N1494—High power version of 
the 2N1204
In TO-18 CASE:
2N768—Ultra high speed switch 
for very low power circuits 
2N769—World's fastest switch 
2N779A—Ultra high speed switch- 
very high beta
2N846A—Ultra high speed switch

300 pv per deg C for pyropolytners and from 
3 to 900 pv per deg C for synthetics.

■ Magnetic characteristics—diamagnetic to 
ferromagnetic for pyropolymers, and diamag
netic to paramagnetic for synthetics.

According to Dr. Pohl, the resistance tempera
ture coefficients of the pyropolymers may be re
garded as energy gaps, ranging in the materials

CIRCLE 9 ON READER-SERVICE CARD ►

The Industry's Strongest Record of 
PERFORMANCE and RELIABILITY
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Div.. American Cyanamid Co. 
have the following advantages

Electrically Reversible Units 
To Desalt Sea Water Seen

Dr. Pohl foresaw the possibility of material:

■ They offer an unlimited variety of charac
teristics. Synthetic chemists are able to tailor 
organic molecules to whatever atomic interrela
tionship is needed.

■ They are plentiful and relatively cheap, in 
contrast with many inorganic semiconductors.

• They have low thermal conductivity, char
acteristic of most large organic molecules, and 
might make better thermoelectric materials than 
do the inorganics—though not thermoelectric 
power generators.

■ They can be made to have plastic proper
ties, promising films, filaments and molded 
shapes, all produced without expensive machin
ing and metal-forming techniques.

ganics would be combined with the absorptive 
ion-exchange properties of polymers to create 
electrically reversible units that could desalt 
sea water. He envisioned organic semiconductors 
in use in flexible and transparent plates for panel 
lighting and heating, in ferroelectric devices, in 
hydromagnetic equipment, in cold-emission cath
odes, and in light amplifiers.

Organic semiconductors under study in the 
United States include, among the polymers, pyro

studied from about —0.0005 to -J-1.0 electron 
volts. This gap permits such high densities of 
carriers that the materials can be classified as 
degenerate semiconductors. Synthetics, however, 
show a considerably lower level of carrier con
centration, no degeneracy, and lower mobilities.

In general, it was stated, the carrier mobilities 
of most organic semiconductors are so low that 
none so far examined can be considered suitable 
for such devices as transistors, which require 
mobilities of about 1.000 cm2 per v-sec. However, 
some resistors, said Dr. Pohl, require only medi
um mobilities—of from about 5 to 1,000 cm2 per 
v-sec. Some organics show such mobilities.

For useful thermoelectric effects, materials 
capable of higher powers than those so far stud
ied are needed. At Princeton thermoelectric 
powers of up to 300 pv per deg C have been 
measured by’ pressing a polymer crystal between 
two platinum foil electrodes. One electrode was 
heated, and a measurement was taken of the 
voltage across the two electrodes and each ther
mocouple.

Organic semiconductors, according to J. F. 
Bourland, general manager, Central Research

Key Resistor eliminates any "chance” factor with their complete line of precision re i ators 
designed to exceed the operational demands of today’s complex circuitry — completely reliable 
and capable of performing under extreme environmental conditions.
The Key Resistor line includes hermetically sealed oil filled carbon and metal film resistors — 
the only Silicone Oil filled precision film resistors available today — epoxy and resin coated 
resistors m the carbon film series, and epoxy coated in the metal film line, plus encapsulated 
precision wire wound r< sisters In addition, a complete line of micro-miniature encapsulated 
wire wound resistors is available
Quality is the keynote with Key. For example. Key has developed a new, automatic flux-free 
sealing technique for their Silicone Oil filled series — no flux is used in soldering operations. 
All resistors in this series are also 100% X-ray inspected to assure absolute freedom from 
solder penetration.
Make Key your one source for the finest in precision resistors. Write today for technical data.

KEY RESISTOR CORPORATION

321 West Redondo Beach Boulevard, Gardena, California • TWX CPT 6007



Elegant method for measuring drift 
mobilities in anthracene, an organic 
semiconductor, opens the way for 
study of carrier drift and lifetirrles 
and of how a charge is transferred 
in organics. When light, in 1 to 2 psec 
pulses, is applied to a transparent, 
charged glass electrode acting as 
a capacitor plate, charge carriers 
move through the crystal of ultra- 
pure antracene. Current through the 
resistor is proportional to carriers. 
The method indicates anthracene
charge 
about 1

carriers have mobilities of 
cm2 per v-sec.

lytic graphite. py rolyzed polyacrylonitrile, and 
phenolphthalein; among simple molecules, phena
zine, imizole, benzimidazole, trans-butadiene, 
naphthalene, quinoline, and isoquinoline; among 
the charge-transfer complexes, which show high 
conductivities and paramagnetism, tetracyano- 
quinodimethan (TCNQ), pyrene-iodine, and 
phthalocyanine.

The most studied organic semiconductor is 
anthracene crystal, a simple molecule, which 
shows no promise of being a useful electronic 
material because of its low carrier mobilities, 
high activation energy and short charge-carrier 
lifetime. Anthracene is. however, relatively well 
understood and is proving a useful model for 
studying more complex organics.

Liquid, as well as solid-state organic semi
conductors, are under examination. Several ma
terials show better properties in their liquid form 
than they do as solids. It was predicted at the 
meeting that if organic semiconductor devices 
were developed, some might well be liquid-state.

Several specialists in organic semiconductors 
see possibilities for their technology that range 
far beyond electronic devices. W. (). Baker, vice 
president of research at Bell Telephone Labora
tories, Murray Hill, N.J., said that polarization 
and conduction appeared basic to organic living 
systems and that once their mechanisms were 
understood, scientists might be able to solve 
some of the most difficult and important prob
lems in medicine and biology. ■ ■
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new
additions
to the

SPRAGUE MADT transistor line!
High-speed switching transistors in TO-18 

cases are now being mass-produced by Sprague. 
These hermetically-sealed germanium Micro
Alloy Diffused-base Transistors are made by a 
controlled-etch process to insure extreme uni
formity. Maximum frequency capabilities have 
been improved by graded-base construction. 
Automated manufacturing techniques have 
brought about increased production efficiency, 
permitting favorable reductions in prices. This 
is why Sprague MADT Transistors can offer you 
greater performance per dollar than other high
speed devices in low-current switching circuits.

Trademarh of Philco Corporation

TRANSISTORS

CAPACITORS

RESISTORS

MAGNETIC COMPONENTS

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE FORMING NETWORKS

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 
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TYPE 2N768
Micro-energy switch—designed for low current, low volt
age, high speed applications
10 me pulse rates, collector currents as low as 1 ma, 
collector supply voltages as low as 1 volt

No reduction in switching speed, as with ordinary low cur
rent, low voltage devices. Permits higher density packaging

Typical DC beta of 40 fe VCE = —0.20 v, lc = —2 ma

TYPE 2N769
World's fastest switch—will operate reliably at speeds in 
excess of 100 me

Gain bandwidth product (f ) typically 900 me

Low capacitance, low saturation voltage, high beta—ideal 
for low-level, high-frequency logic circuits

Extremely low hole storage factor (K's) typically 18 nsec

TYPE 2N779A
Manufactured with tighter parameter control than any 
other transistor in the industry
Designed to meet rigid specifications of 16 electrical 
characteristics—ideal for NOR logic and other super
critical applications
Low saturation voltage—typically 0.09 volts
Higher in performance, lower in price than mesa tran
sistors with lesser specifications

Other Sprague Micro-Alloy Diffused-Base Transistors

__ ™__ APPLICATION

2N499 ! Amplifier, to 100 me

2N501 Ultra High Speed Switch 
(Storage Temperature, 85 C)

2N501A Ultra High Speed Switch 
(Storage Temperature, 100 C)

2N504 High Gain IF Amplifier

2N588 Oscillator, Amplifier, to 50 me

For complete engineering information on the types in 
which you are interested, u rite Technical Literature 
Section, Sprague Electric Company, 347 Marshall Street, 
North Adams, Massachusetts.

SPRAGUE
THE MARK OF RELIABILITY

"Soruut' and '®' ara raaistared tradamarks ni tha Soraaua Electric Cd



This circuit is presented primarily to show how feed-

ENGINEERED

I ompany

CIRCUIT DESCRIPTION — No reset inputs are required for this circuit I MC1A/C 
because all flip-flops are reset when an output level shift is generated I |)|lVVo 
and the circuit is ready for another cycle of operation. The first input I 
pulse triggers flip-flop FF1 to a set state and the voltage at FF1-8 drops I
to 11 volts. The second input pulse triggers FF1 back to a reset state 
and the voltage at FF1-8 rises toward —3 volts. This rising voltage 
triggers FF2 to a set state and the voltage at FF2-8 drops to —11 volts 
When the third input pulse is applied, FF1 is again set. The fourth input 
pulse triggers FF1 back to a reset state. At this time, the following 
events occur: (1) the rising voltage at FF1-8 triggers FF2 back to a reset 
state; (2) as FF2 resets, the rising voltage at FF2-8 triggers FF3 to a set 
state; and (3) as FF3 sets, the rising voltage at FF3-7 is fed back to FF1-5 
and sets that flip-flop. Each of the three events just described occurs 
after approximately 0.3-microsecond switching time at each flip-flop and, 
thus, the complete sequence of events following the fourth input pulse 
requires approximately 1.2 microseconds.

The fifth input pulse triggers FF1 back to a reset state and the rising 
voltage at FF1-8 triggers FF2 to a set state. The sixth input pulse triggers 
FF1 back to a set state. When the seventh input pulse is applied, the 
following events occur: (1) FF1 is reset, (2) the rising voltage at FF1-8 
triggers FF2 to a reset state, and (3) the rising voltage at FF2-8 triggers 
FF? back to a reset state. Again, approximately 1.2 microseconds of time 
are required to complete this sequence of events.

As FF3 is reset, the voltage at FF3-8 rises to provide an output d-c 
level shift signalling that seven input pulses have been received. The 
divider has now completed one cycle of operation and all flip-flops are 
in a reset state. Subsequent input pulses will cause the circuit to cycle 
as just described, thus providing an output level shift from —11 volts 
to —3 volts each time seven input pulses have been applied.

EECO 
CIRCUIT 

APPLICATIONS 
(No. 2 of a Series) 

N
DIVIDER

Axial arrangement of contactless 
rotary transformers along a shaft. Lower 
transformer, with larger diameter wind
ings, is of the power type, and the three 
units above are signal types. Bearings 
separate rotating and stationary ports.

back can be used in counting circuits to effect anv 
non binary count using binary circuits.

An N/7 divider is a circuit that generates one output 
pulse for each seven input pulses. If, for example, 
input pulses are applied at a 70 k-pps rate, the circuit 
provides outputs at a 10 k-pps rate. The EECO N/7 
divider circuit described here can operate at input 
pulse rates up to 150 k-pps.

EECO T-SERIES MODULES
The circuit employs the following three T-Series ger
manium plug-in circuits:

1 only T-101B Flip Flop (FF1)
2 each T-102A Flip Flops (FF2 and FF3)

In addition, a 470 ^f external capacitor (Ct) is used 
between the input source and pin 4 of FF1.

This is typical of the many practical applications of EECO 
T-Series Germanium plug-in circuit modules. We stand ready 
to furnish circuit modules and application data to meet the 
needs of your specific problems. Write or wire today.

ENGINEERED ELECTRONICS COMPANY
1441 EAST CHESTNUT AVENUE • SANTA ANA. CALIFORNIA

CIRCLE 12 ON READER-SERVICE CARD

Secondary windings for axial ar
rangement of power transformers along 
a shaft are shown. Epoxy resin holds 
ferrite rings to windings.

Frictionless Rotary Transformer Designed
Ferrite Rings Linked Magnetically Across Air Gap 
In Device That Eliminates Slip-Rings and Brushes

D OTARY transformers using frictionless mag- 
netic coupling rather than conventional 

slip-rings and brushes have been developed for 
use in inertial guidance systems.

The technique, however, is expected to find 
many applications in electrical and electronic 
equipment. It was developed by Randall L. Gib
son, research engineer with the Massachusetts 
Institute of Technology’s Instrumentation Labor
atory for inertial systems.

The concept was used previously in a signal 
transformer to couple an antenna to a receiver 
in a vlf direction finder developed by Stanford 
Research Institute, Menlo Park. Calif. The di
rection finder used a loop antenna to pick up 
signals in the 15- to 300-kc range.

Ferrite rings or cup cores are used in the pri
mary and secondary portions of the rotary trans
formers. The ferrite pieces are coupled magneti
cally across a narrow air gap. One portion can 
then be rotated with respect to the other without 
causing fluctuations in the magnetic circuit, be
cause the total dimensions of the air gap do not 
change with rotation. Slight fluctuations are 
caused at high speeds because of the inhomo
geneity of the ferrite material, according to Mr. 
Gibson, but this is not a serious problem. The 
high Q and low losses of ferrites at lower fre
quencies made them ideal for this application, 
according to SRI designer Leonard Orsak.

Use in Electromechanical Systems
And Electric Motors Envisioned

A major application of the technique will prob
ably be in taking signals from gimbals in elec
tromechanical reference systems, such as auto
pilots. Rotary transformers could also be used to 
eliminate slip-rings in synchronous electric mo
tors.

Chief advantages of the technique are long 
operating life, lower noise in low-level circuits, 
and a reduction in torque required to turn the 
rotating portion. The almost perfect power-trans-
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fer efficiency of coupling with slip-rings and 
brushes cannot be achieved, but a device that 
was more than 98 per cent efficient was built 
without difficulty by MIT researchers.

Rotary transformers have proved rugged in 
laboratory tests, according to MIT, even though 
the ferrites are somewhat brittle. It was found 
that cracking of the ferrites in a radial direction 
did not impair performance.

Epoxy resin is used to hold the ferrite rings or 
cup cores to primary and secondary windings. 
Precision finish grinding is done only on com
pletely assembled transformers to avoid eccen
tricities. Tests have shown less than 0.1 per cent 
amplitude variation with rotation due to eccen
tricities in the rings. Conventional surface and 
cylindrical grinders were used, with tolerances 
held at 0.0001-in. throughout.

HIGH PERFORMANCE MICROMINIATURIZED

MEMORY
Rotary Transformers Built by MIT
Use Both Axial and Radial Design

Rotary transformers arranged in both axial and 
radial configurations, as shown in the diagrams, 
have been built by MIT researchers. Where suf
ficient shaft length is available, different rotary 
transformers can be arranged one after the other 
along the shaft. If shaft length is limited, a radial 
design can be used with complete transformers 
arranged one outside of the other at one point 
on the shaft.

The development of the rotary transformer was 
undertaken by the Instrumentation Laboratory 
for use with pendulous integrating gyroscope ac
celerometers in inertial systems. It eliminates 
friction problems associated with the use of slip
rings and brushes to provide the accelerometers 
with wheel power, microsyn excitation current, 
torquing correct, and output signals proportional 
to angle and temperature. ■ ■

ACTUAL SIZE

1K3207
(formerly PD400)

HIGH CONDUCTANCE 
MICRO-DIODE

If 150mA (min) @ 1 VDC • trr 6 nanosec (max) @ 10mA 
to — 6V • Stored charge 20 pico coulombs per mA.

Radiol arrangement of power transformers, with 
three units, one outside of the other, around one point 
on the shaft. This configuration can be used where shaft 
length is limited.
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PMT012 TRANSISTOR
Vce (sat) 0.3 volts Æ 50mA • Hfe 30min/90 max @ 
150mA and 10V • Linear Beta • Pico configuration

These outstanding silicon devices...companions in size, performance, reliability 
and ease of assembly ...open the way to a whole new concept of computer design.
All PSI Micro Components are available now and in production quantities!
For detailed specifications, prices and delivery schedules call a PSI field office near 
you. Prototype quantities available at authorized PSI distributors everywhere.

Pacific Semiconductors. Inc.
12955 CHADRON AVENUE • HAWTHORNE 
A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC.
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ACTUAL SIZE

NEWS
Bell Building Antenna in Maine 
For Satellite Communication Test

A quiet, wooded site in Maine is being pre
pared for the harnessing of satellites for com
mercial uses.

On a mountain-encircled, 1,000-acre area near 
Rumford, Bell Telephone Laboratories is build
ing a high-directivity, low-noise horn antenna 
for communication to Europe via an experi
mental active repeater satellite. The isolated 
Maine valley was chosen to minimize the possi
bilities of interference from American Telephone 
& Telegraph's national microwave network. The 
frequencies approved by the Federal Communi
cations Commission for the experiments—6,325 
to 6.425 me for ground-to-air and 4.1(X) to 4,200 
me for air-to-ground—are in common carrier 
bands used for microwave links.

AT&T Wants Experimental Satellite 
In Operation by Next Spring

Bell Laboratories spokesmen say they hope to 
have an experimental satellite operating by the 
time the National Aeronautics and Space Admin
istration’s Relay satellite is in the air—probably 
about May. 1962.

Construction of the experimental ground sta
tion is expected to cost about 87 million. Satel
lite and launching costs are expected to add $15 
million more. If the experiment is successful. 
AT&T plans to build the ground equipment for 
a commercial satellite system between here and 
Europe. Four other antennas and a string of 
some 25 satellites in 5,000-to-6,000-mile orbits

Now available on a tool-of-the-month basis is a new
series of Utica pliers. These pliers, never before 
offered on an industry-wide basis, were developed 
especially for difficult and all-purpose jobs in elec
tronic wiring, assembly and sub-assembly.

Tools are finely finished, produced to the highest 
standards of Utica quality, thoroughly market tested 
and backed by Utica’s famous full guarantee. Your 
Utica Distributor will be calling on you soon to discuss 
the new program.

UTICA 265-5 TOOL FOR MONTHS MAY AND JUNE.
Electronic Wiring Plier with cutter designed to snap-cut, loop or twist solid or stranded 
wire. Ideal for printed circuit or subassembly work. Like all Utica electronic pliers, edges 
will not cut or mark wire and are electronically induction hardened for greater wear. 
Handles are prime coated and dipped in heavy plastisol for contour fit—maximum 
comfort—minimum fatigue.

UTICA DROP FORGE & TOOL DIVISION KELSEY-HAYES COMPANY, UTICA 4, NEW YORK

UTICA
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Commercial satellite communications station en
visioned by Bell Telephone Laboratories would use five 
horn antennas in secluded area near Rumford, Me. 
Plastic domes, inflated with warm air, would protect 
the sensitive sending and receiving antennas from snow 
and ice. The antennas would work in tandem, with one 
following a setting satellite and the other picking up 
a rising one. One of the antennas is being built by 
Bell for an experimental test of the system.
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would be sufficient to start commercial opera
tions, according to James E. Dingman, vice pres
ident and chief engineer of AT&T. The fore
cast is based on the assumption that similar 
ground equipment would be installed at the 
European end.

The first experimental satellite will be launched 
into an eccentric orbit, probably with an apogee 
of about 5,(XX) or 6,000 miles and a perigee of 
3(X) miles, Mr. Dingman said.

Wide-Deviation FM Planned
With Bandwidth Held to 40 Me

Only 40 me of the l(X)-mc bands will be uti
lized in the first tests, A. C. Dickieson, Bell Lab
oratories director of transmission development, 
reports. A wide-deviation, fm modulation method 
will be used with a baseband of about 5-mc and 
15-mc deviation. A 2-w traveling-wave tube will 
be used for signal amplification in the satellite 
after a frequency shift has been applied.

The antennas in the Maine valley will be pro
tected from snow and ice by an inflated plastic 
bubble containing warm air. The domes will be 
about 161 ft high and 210 ft in diameter.

Checkout Study Aims to Improve 
Complex AF Weapon Systems

A 14-month study of checkout equipment be
ing conducted by Battelle Memorial Institute, 
Columbus, Ohio, is expected to improve the effi
ciency of complex weapon systems.

The study is being made under a contract 
from the Wright Air Development Div., Air 
Force Air Research and Development Command.

Battelle specialists are considering the follow
ing questions:

■ What is the weapon system supposed to do?
■ When may it be considered ready for use?
■ How can you identify parts of the weapon 

that are not functioning properly?
■ To what extent will 

parts interfere with the 
formance?

■ What techniques are

these malfunctioning 
weapon’s basic per-

needed to communi-
cate information about these malfunctions?

■ Are there situations where the disadvantages 
of a checkout system outweigh its advantages?

■ Can checkout techniques be systematized 
and made automatic?

Since humans will always be the most impor
tant factor in determining the success or failure 
of these techniques, the research team includes 
psychologists concerned with the reliability of 
men working with complex weapons.

Where space is critical, you won’t find a smaller 100VA sinewave 
inverter than MRC’s new Model 90-156-0. It occupies only 63 cubic 
inches — considerably less space than other units in the same power 
range. Compact as it is, its performance not only equals, but surpasses 
many larger counterparts.
To achieve this, Magnetic Research Corporation had to develop a new 
set of techniques for extending the practical limits of size reduction as 
set by thermal considerations. Here are several of these techniques ...

MAGNETIC AMPLIFIER CIRCUITRY. To assure peak performance 
at all operating temperatures, MRC uses an advanced magnetic ampli
fier to control the pulse width of the transistor drive circuit. Better 
output voltage regulation and inherent drift stability are character
istics of this method of control.

REUSE OF REJECTED HARMONICS. An appreciable increase in 
efficiency is achieved by rectifying and returning rejected harmonic 
power to the input. In terms of smaller heat power loss, higher efficiency 
permits significant savings in size and weight.

FROM DOTO SINEWAVE...
MRCs new 63 cu. in. 100VA inverter

is industry’s smallest

M/R/C

CIRCLE

THERMAL DESIGN. To maintain operating temperatures of thermal
sensitive elements within tolerance, all components producing excessive 
heat are isolated. A thermal barrier consisting of two parallel plates, 
separated by dead air space, further retards heat transfer. All mechani
cal parts are designed for effective heat dissipation.

SPECIFICATIONS
Input
Output
Regulation (load)

Frequency Stability 
Efficiency 
Distortion 
Weight 
Size
Temperature Range 
MIL Specifications

22 to 32 VDC
115 V, 400 CPS, single phase sinewave
±1% full load to no load
±1% at full load with 28 VDC ±10% input
±V«% from -60°C to +71 °C, 28 VDC and full load
Approx. 80% at 100 VA output
Less than 4% at 22 VDC and full load
3.7 pounds
2%" x 3%" x 6"
—60°C to +71°C ambient
Designed to meet applicable aircraft missile specs

MRC Model 90-156-0 sinewave

inverter is immediately 

available from stock

Write today for descriptive literature

3160 WEST EL SEGUNDO BOULEVARD • HAWTHORNE, CALIFORNIA

15 ON READER-SERVICE CARD
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NEWS

U. S. Space Man Relies on Advanced Systems Design
Complex Electronics Guide Project Mercury Capsule

PITCH fir YAW 
CONTROL JET

HEAT 
SHIELD

Project Mercury capsule in
cludes a variety of advanced 
electronic equipment for con
trol and communications. Infra
red horizon scanners provide 
reference for stabilizing the 
space vehicle during re-entry. 
Not shown in this cutaway is 
a Minneapolis-Honeywell gyro- 
referenced attitude control sys
tem that maintains the capsule 
in its desired attitude in orbit. 
This system includes visual pre
sentation of roll, pitch and 
yaw to permit manual control 
by the astronaut. He can also 
monitor a globe that indicates 
the vehicle's position in rela
tion to the earth. The globe is 
controlled by o dead-reckon
ing computer.

COUCH

ROLL CONTROL JET

horizon'
SCANNERS

ATTITUDE 
CONTROLLER

ESCAPE
INITIATOR

ENVIRON
MENTAL 
CONTROL 
SYSTEM

RECOVERY 
AIDS

MAIN 6-RESERVE 
CHUTES

COMMUNICATIONS 
SYSTEM

ANTENNA HOUSING PERISCOPE — . 
(extended)--/

SIDE HATCH
INSTRUMENT WINDOW 

PANEL

Transistorized amplifiers help keep track of astronaut's 
physiological reactions during space flight. Ground sta
tions receive data on body temperature, oxygen con
sumption and heart rate from signals amplified by these 
units. The circuits, designed to operate up to 200 F, were 
developed by Thompson Ramo Wooldridge, Inc.

Infrared horizon-scanning sensors in nose of capsule furnish voltages for 
stabilization controls. Barnes Engineering Co.'s sensor package has three 
main parts. From left: front cover with germanium window; rotating 
prism assembly on metal base plate with synchronous choppers, drive 
motor, detector, power supply and signal-processing electronics; and 
rear electronics cover. The package is completely sealed and pressurized.

Logic panel containing over 3,000 connections 
gets extra careful check before installation in the 
Mercury capsule. This panel is used in the altitude 
stabilization and control system, along with gyro
scopes and reaction jets, to prevent tumbling and 
to position capsule during flight and re-entry. 
Minneapolis-Honeywell built the system.
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SOLID STATE

PORCELAIN

CAPACITORS

with NEW #155 "FRIT

ASSURE 10 TIMES BETTER PERFORMANCE

RIT 105 (350 VDC)

FRIT 155 750 VDC

3000'2000'

NOTE: Offered Exclusively For MIL-C-11272B Requirements
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VITRAMON, INC. Develops Dramatically 
Improved Dielectric Material

When tested at 125°C with more than twice previous test 
voltages applied (750 VDC vs 350 VDC and 450 VDC 
vs 200 VDC) and with the time extended to 2000 hours 
(more than 10 times as stringent a test) post-test 
dissipation factor is .002 max and insulation resistance 
is greater than )00,000 megohms (10 times better))

DISSIPATION FACTOR vs. TIME AT 25 C

Florida Area:
333 New Haven Av<- 
Melbourne, Fla.
PArkway 3 4461

SALES OFFICES
Washington D.C. Area:

Guardian Federal Bldg.
8605 Cameron St. 
Silver Spring, Md.
JUniper 5 7023

New England Area:
1191 Washington Street 
West Newton, Mass.
DEcatur 2 8500

Axial-Radial Series 
(Conforms with Mll-C-11272B)

Axial Series 
(Conforms with MIL-C-11272B)

* INCORPORATED
Box 544, Bridgeport 1, Conn

CIRCLE )6 ON READER-SERVICE CARD
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Three years of intensive product research, and the desire 
to impose a more exacting quality control during 
production, have resulted in the development of a new 
porcelain “frit.” Completely formulated and produced 
within our own plant, this high quality dielectric material, 
utilized for the improved “VY” Porcelain Capacitors, 
has produced dramatic results.

IME IN HOURS:

prices up to

pieces

per type

Your direct 
factory source 
in the East 
for all types



HIGHEST PERFORMING 
SILICON TRANSISTOR TYPE
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NEW PLANAR
• PROVEN RELIABILITY. STABILITY AND UNIFORMITY
• LOWEST GUARANTEED lCBO
• HIGHEST VOLTAGE RATINGS



PLANAR

Base contact
EPITAXIAL

Emitter contact

THE TWO COMBINED

EPITAXIAL
BY FAIR

Write for full specifications

SEMICONDUCTOR CORPORATION
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PLANAR CONSTRUCTION features an integral 
passivated surface of silicon oxide over the junctions, 
protecting them against contamination durmg 
manufacture and against change with time.
Leakage current is extremely low.

PLANAR and EPITAXIAL advantages are additive, satisfying the 
circuit designer who seeks the ultimate in device performance. 
The combination makes possible the design of improved circuits: 
faster computer logic circuits, faster high current drivers and 
more efficient high frequency oscillators and amplifiers. Planar 
and Epitaxial together also achieve usable current gain over a 
broader current range than either can achieve alone

For superior stability and reliability, PLANAR has proven the most 
successful of all transistor structures. An integral oxide surface 
on the silicon wafer protects the junctions throughout all fabnca 
tion steps. Surface dependent characteristics do not deteriorate 
with time. Leakage is extremely low, and gain is usable down to 
very low current levels.

Protected 
base-collector 

junction

545 WHISMAN ROAD, MOUNTAIN VIEW. CALIF.-YORKSHIRE 8-8161-TWX MN VW CAL853 
A wholly owned subsidiary of Fairchild Camera and Instrument Corporation

High soeed, low saturation resistance and high breakdown voltage 
rating are features of EPITAXIAL construction. The thin epitaxial 
layer contains the junctions. Of high purity, it provides low ca
pacitance and high breakdown voltage. The thicker, low resistivity 
supporting wafer provides a low resistance path to the header 
and collector lead

ELECTRICAL CHARACTERISTICS AT 25 C-2N914

Protected base-emitter 
। junction
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EPITAXIAL CONSTRUCTION consists 
of a very pure, high-resistivity sili
con layer grown on a low resist
ance wafer. Saturation resistance 
is typically 2 ohms. Breakdown 
voltage is high. . . . . . . . . . . . . . . . . . . . . . .

• LOWEST GUARANTEED Vce sat
• HIGHER MAXIMUM lc

• FASTER SWITCHING SPEEDS-lmA to 200mA

\7000000 000000.

Symbol Characteristic Mm Ijp Ma« Units Test Conditions

"fe DC Pulse Current Gain 30 120 lc 10 mA vce iov

Nr DC Pulse Current Gam 25 IC — 200 mA vc£ = 5.0 V

Collector Saturation Voltage .40 .70 Volts lc=200mA lg — 20 mA

VCE(s»U

Ne

Collector Saturation voltage

High Frequency Current Gam 
f — 100 me

30

2 volts *C — 10 mA

Iq — 20 mA

lg— 1 mA 

VC[=1OV

•CBO Collector Cutoff Current

BVfB0 Collector to Base Breakdown
Voltage

Vrcntsustj Collector to Emitter Sustaining 
Voltage

40

15

25 m>iA l£ = 0

Volts 1^ = 10

Volts 30 mA
(pulsed)

Vcg = 20V

•i= 0

<B= °
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ANOTHER ROUND ON PATENT POLICY

MAGNETIC SHIFT REGISTERS
NOW AVAILABLE

AT SENSIBLE PRICES!

"Spugue' and <P are egrJwd trademarks of the Sprague Electric Co.
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Sprague Electric Company 
Special Products Division 
North Adams, Mass.

J. J. Christie
Washington Editor

Sprague Electric Company’s SPECIAL PRODUCTS 
DIVISION has scored another first by breaking the 
"$5.OO-per-bit” barrier. Magnetic Shift Registers for in
dustrial control applications may now be obtained for 
less than the proverbial $5.00 figure!

Inherently more reliable, more stable than costlier 
semi-conductor alternates, these new encapsulated shift 
registers permit substantial savings in the design and 
production of your equipment without sacrificing quality, 
reliability, performance.

Available in single-bit and multi-bit assemblies with 
or without bit drivers to meet your individual packaging 
requirements, Sprague Magnetic Shift Registers may well 
be the answer to some of your design problems.

Sprague SPECIAL PRODUCTS DIVISION application 
engineers will help you without obligation. Call MOhawk 
3-5311, Extension 977 or 954, for speedy information.

ELECTRONIC DESIGN . May 10, 1961

The longer the controversy rages over whether the Government should 
take title to its R&D contractors’ inventions or simply require royalty- 
free licenses, the more it becomes apparent that no unified patent policy 
for all Government agencies is necessary or even practical.

Testimony at another series of hearings by the Senate Judiciary sub
committee on patents appears to have substantially lessened justification 
for legislation that would reverse the Defense Dept.’s policy of permit
ting the contractors to take title to their inventions.

The department’s position has been fortified by efforts of the National 
Aeronautics and Space Administration to get Congress to permit it to 
follow a similar policy. Indeed, legislation granting the NASA request 
got as far as House passage at the last session of Congress. Moreover 
other Government agencies, while not seeking a change in their practice 
of taking title, at least are recognizing special circumstances where a 
waiver of title is desirable.

The Federal Aviation Agency, on the other hand, can easily justify its 
policy under which rights to inventions are shared in proportion to the 
extent that development costs are shared by the agency and its contrac
tors. This is because patentable developments arising out of FAA-spon- 
sored research very often have a ready-made commercial aviation 
market: the agency can make adoption of the new equipment mandatory 
in the interest of air safety.

Although a strong case for a flexible patent policy has evolved, Con
gressional hearings also have underscored the desirability of a set of 
legislative criteria defining conditions under which the public interest 
requires vesting of the patent title in the Government The need for 
administrative machinery for making these determinations also has been 
brought out.

Tightening of Defense Dept. Policy by a recent armed services procure
ment regulation revision has gone part way in answering Congressional 
charges that the Pentagon is engaged in a colossal “give-away.” The re
vision notes certain conditions under which taking full title would be 
clearly in the public interest. One of these is when R&D is in a trail
blazing field, in which a patentable discovery of commercial value could 
give the contractor a monopolistic position.

The weakness in the procurement regulation revision, from a Con
gressional standpoint, is that determination of exceptions to basic policy 
are left to contracting officers. There should be some high-level review 
procedure, some Congressional critics contend.

The Defense Dept, also has shown a willingness to negotiate con
tracts with clauses vesting title in the Government when undertaking 
joint research projects with such agencies as the Atomic Energy Com
mission and FA A. The Senate subcommittee, however, wants a standard 
policy applicable to all agencies “in dealing with the same contractors 
in any given field of research.”

SPRAGUE
THE MARK OF RELIABILITY



A Federal Inventions Administration is called for in a bill introduced by Sen. 
Russell B. Long (D., La.). The bill would give the government title to all 
inventions arising out of any Government-financed R&D program, with 
provision for a waiver of title when it could be shown that the equity of 
the contractor predominates. A highly involved adminstrative procedure 
would be required to get a waiver.

The Defense Dept., in its testimony opposing this legislation, held that 
the prescribed administrative procedure was so cumbersome as to vir
tually nullify the concession of permitting pre-contract waivers. Noting 
that in fiscal 1960 the department let approximately 20,000 separate 
RDT&E contracts, officials warned that the procedures would preclude 
getting pre-contract waivers except in very rare instances.

Another aspect of the Long bill that has aroused the opposition of 
both the Defense Dept, and the Electronic Industries Association is a 
provision relating to Government ownership of technical information. As 
the department interprets it: “In the absence of clearance by the Federal 
Inventions Administration, we could not use the material for competitive 
procurement; scientists could not give papers at technical seminars nr 
publish in scientific journals; and manufacturers could not use the infor
mation for follow-on procurement.”

The chances for passage of legislation as drastic as the Long bill are 
extremely remote.

AUTOMATION IN THE SPOTLIGHT

••

OP b

9 fl

.Molata

The Administration’s economic policymakers are engaged in an all-out 
effort to get management, labor and appropriate Government agencies to 
focus on automation—both its positive and negative aspects.

The President’s recent tax message, proposing tax credits for increased 
capital outlays, represents one side of the coin—an encouragement to step 
up automation. On the other side is action by the Secretary of Labor in 
setting up an Office of Automation and Manpower—a move to deal with 
the negative side of automation.

Charged with considering both sides of the coin is the President’s 
Labor-Management Advisory Committee, which significantly had “auto
mation and unemployment” as the sole item on the agenda for its first 
working session May 1.

Managements Planning Automation Moves will be under increasing pressure 
to make provisions for job retraining, personnel transfers and special finan
cial benefits for unassignable and untrainable workers. Thus the elec
tronics industry, faced with the necessity of substantially increasing auto
mation in response to new techniques, particularly in componentry, will 
have a considerable stake in Government efforts to induce labor and man
agement to work out joint programs.

Labor Secretary Arthur Goldberg stated the Administration’s philoso
phy and objectives in these words: “If management must automate, and 
I believe it must, then it must also assume a larger role than it has in 
the past to ease transition . . . Retraining programs, allowance payments, 
vesting of pensions, care in location and relocation of plants, and a host 
of other schemes should receive management’s most serious attention . . .

“Labor, for its part, must meet management half way. It must abandon 
restrictive practices. Both sides must think out the operations of seniority 
systems. Both sides must concentrate on devices to increase labor mo
bility.”

The Labor Dept.’s new Office of Automation and Manpower will be 
charged with assisting management and labor toward these goals by de
veloping guidance programs, serving as a clearinghouse of information 
and by initiating Government-sponsored retraining programs.

Through the decades, historical documents have proved the durability of vellum as
indicated by the facsimiles of Civil War 
Post Blutex Tracing Vellum.

engineering drawings above, reproduced on

We’ll accept your test 
on which vellum is best
To judge a tracing medium thor
oughly, you must combine function
al tests and personal reactions to 
three characteristics.
Erasing and re-erasing
Post Blutex erases easily during in
itial drafting. More important, it 
erases readily even after repeated 
exposure to ultra-violet sources. Test 
this by taping a small sample to a 
sunlit window for several days.
Reproducing, again and again
Blutex is a blue-white sheet with 
excellent visual contrast. It main
tains close to its original degree of 
light transmission after many trips 
through the copy machine. There is 
no appreciable yellowing or ageing 
after months or years of alternating 
storage and reprint use. Blutex has 
faster, more consistent print-back 
qualities than many sheets which 
appear more transparent originally.
Drafting and re-drafting
With whatever pencils you normally 
use, test the Blutex sample. Its dry, 
semi-smooth surface encourages 
graphite adhesion, outstanding line 
density. Post transparentizing resins

prevent excessive smearing. Trans
lucency is achieved without loss of 
drafting quality.
Supplemental features
Blutex base stock is milled for Post 
by one of the world’s best-known 
makers of prestige papers; is proc
essed to rigidly controlled quality 
standards. Blutex Vellum is highly 
resistant to fracturing; its surface 
minimizes dirt pick-up and smudg
ing from in-file, out-file handling.
Free sample
For your personal, impartial analy
sis, we’ll be glad to mail, without 
obligation, a 17* x 22* sample of 
Post Blutex Vellum, 175H, when 
requested on a business letterhead.
Bonus offer
First, fill in and return the appraisal 
form furnished with the Post Blutex 
sample. In appreciation, a handsome 
portfolio of four Civil War Centen
nial ordnance prints, on Post Blutex 
Vellum, suitable for framing, will be 
sent to you. Write Frederick Post 
Company, 3644 North Avondale 
Avenue, Chicago 18, Illinois.

SENSITIZED PAPERS 4 CLOTHS • TRACING & DRAWING MEDIUMS • DRAWING INSTRUMENTS 4 SLIDE RULES 
' ENGINEERING EQUIPMENT 4 DRAFTING SUPPLIES • FIELD EQUIPMENT 4 DRAFTING FURNITURE
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NEWS

Desk-sized National Cash Register 390 Computer features fold out 
magnetic-core memory unit (lower left) and all-solid-state circuitry. In
put and output are by the company s photoelectric paper-tape reader, 
magnetic-tape ledger cards, punched cards or typewriter.

Patch panel programing is accomplished with plug-in jumper wires in this digital- 
to-digital code converter offered by Friden, Inc., at the Office Equipment Manufac
turers Institute Exhibition at New York's Coliseum. The code converter is set up here 
to convert eight-channel Flexowriter code into five-channel teletype code.

ELECTRONIC DESIGN • May 10, 1961

Punched-card reading a* 2,250 cards per minute, said to be the fastest rate in the 
industry, is claimed by Philco Corp, for this card reader now standard with the 2000 
series of computers. Bright violet lights are used for photoelectric reading in the 
machine, produced under license from Uptime Corp.

Airline ticket agent’s set used in Reming 
ton Rand Univac system is operated by 
Eastern Airlines salesgirl. Communications 
control unit, tying many agents' sets into 
a central computer, is shown in the back
ground Remington Rand will deliver a new 
Univac 490 Real-Time Computer to East
ern s facilities at New York International 
Airport before the end of this year for 
handling ticket data, sources at the exhi
bition disclosed. A Univac File Computer is 
being used with the present Eastern system.

Electronics Branching Out as New Clerk in Nation’s Offices
Computers and Peripheral Devices Stir Interest at Business Show



Doesn’t anyone

make a reliable

silicon rectifier

CIRCLE 21 ON READER-SERVICE CARD

Last-minute adjustments are made on A. B. Dick Co. s 
Videograph electrostatic address-label printer, which 
uses digital-pulse code input.

This series of “Trim

Teaching machine for language train
ing is tested by visitor to Dictaphone 
Corp.'s exhibit. Plug-in earphones are 
provided for listening and a microphone 
for recording.

ELECTRONIC DESIGN • May 10, 1961

Line drawings or diagrams can be sent over private 
telephone lines (schedule 2) using this Dictaphone Data- 
fax system. Light from fluorescent lamps is reflected 
from the drawing through a 0.01-in. sq. aperture, which 
is mechanically scanned. The light strikes a photomulti
plier tube, and the tube s output modulates a carrier. 
A helix printer at the receiving end marks electrostatic 
paper in synchronism with the scanning aperture. A 
seven-tone gray scale is provided. George Theofanis, 
service representative, adjusts receiver-printer.

45 Sea Cliff Avenue • Glen Cove, L.I., N Y 
ORiole 6-1100 • TWX Glen C 1567

Line” diffused junction 
silicon rectifiers replace 
many stud types in high 
current applications. 
Their unique design per
mits direct wiring into 
the circuit without 
employing a heat sink.

Rest easy friend... someone can — 
and has! Slater Electric applied the 
engineering know-how that has 
kept them a leader in the electrical 
industry and solved the problem 
of reliability with their new 
“Trim-Line” diffused junction 
silicon rectifiers.
This unique series directly replaces 
top hat types with features to 
spare — they require no heat sinks 
up to 1.5 amperes — they’re miniature 
in size, conservatively rated and... 
no bones about it, they’re reliable!
If silicon rectifiers have you barking 
up a tree — we’ve got the solution. 
Complete engineering data is 
available on request — simply write...

Industrial Division
Semiconductors & Electronic Products
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First Application of Versatile Device Will Be in Gyroscope, 
With Elimination of Conventional Wiper-Arm Drift Effect

Thomas E. Mount
West Coast Editor

Photoelectric potentiometer in the initial stages of as 
sembly is held by C A. Mounteer, project manager.

Electron bombardment of a Photopot's crystal sur
face is performed in tests at G annini s laboratories 
Modifications of the properties of the photoelectric 
potentiometer under bombardment are studied

tive pressure transducer in conjunction with a 
Bourdon tube, and—if the light intensity as well 
as position is varied—as a multiplier. Typical out
puts of a few volts, with high resolution over the 
entire range, are provided.

Other advantages of the Photopot are reported 
to include a wide range of resistance values and 
inherent infinite resolution in operation. Output 
resistance could run from 1 K to thousands of 
megohms since the potentiometer design is not 
limited to the composite materials that can with
stand a wiper’s abrasion. Production units to be 
marketed in September, however, will have

A POTENTIOMETER using a light beam 
rather than a conventional wiper arm as a 

pick-off element is moving from the research 
stage into production.

The light beam causes semiconductor mate
rial, bridging the gap between a conductor and 
a resistance element, to become conductive. As 
the light travels along the semiconductor ele
ment, the potentiometer’s output changes. Be
cause of the lack of friction, long life is expected 
for the device.

First application of the photoelectric poten
tiometer, developed at Giannini Controls Corp., 
Pasadena, Calif., is as a gyroscopic pick-off. The 
big advantage of the new device, called Photo
pot, is that it will have no loading effect on the 
gyroscope, because the light beam is the only 
connection between the gyro and the potentiome
ter. A mirror attached to the gyro directs the 
light beam onto the potentiometer.

Space vehicle gyroscopes and inertial plat
forms are required to have drift rates on the 
order of 0.1 degree per day or better; it is impor
tant that no torque be exerted on them, (airrent 
conventional pick-offs may contribute to gyro 
drifts of 0.5 deg per min, according to Carlyle A. 
Mounteer, prototype development manager of 
GCC’s laboratories.

Mr. Mounteer says the Photopot besides hav
ing no effect on drift can also be used to provide 
output and sensing to orient a space vehicle with 
respect to the sun or a star. It can be used as a 
long-lived analog computer element, as a sensi-

values of total resistance from 50 to 100 K. Speci
fications call for tolerance of any potentiometer 
resistance to be plus or minus 15 per cent of the 
specified total resistance.

Development of the Photopot results from 
basic research undertaken by Giannini Controls 
director of research Alex Moncrieff-Yeates. The 
potentiometer has as its basic element a compos
ite crystal mounted on a substrate with cement. 
The substrate is placed on a transistor header, 
making the device familiar to handle. A resistive 
material is deposited on crystal and substrate. 
Terminals come up through the substrate to con
tact the resistance material.

A conductor is then deposited on the crystal 
just 0.002 in. away from the resistance element. 
Then, when light is directed at a point on the 
gap, current flows between the conductor and 
the resistance element at that point

'The life of the Photopot,” Mr. Mounteer as
serts, “is unaffected by the wear normally asso
ciated with contact-type, brush-wiper potenti
ometers. It must therefore be described as an 
overload property.”

Not enough time has elapsed under test to pre
dict with any exactitude the lifetime of the Pho
topot, but Mr. Mounteer believes it to be in the 
neighborhood of a million million cycles.

Purity of the semiconductor crystals is critical 
to the operation of the Photopot. At present lab
oratory models of the device have exhibited a 
light resistance of 10,000 ohms. This is mainly 
the resistance of the bridge across the semicon
ductor gap. Depending on the type of semicon
ductor material used, production models may 
have 30 K light-path resistance instead of 10 K.
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Potentiometer That Uses Light Beam 
For Pick-Off Is Headed for Production



DALE

DALE'S space

THE ROOM WITHIN A ROOM

lint and other foreign materials.

DALE'S outstanding 
Series 1200 T-Pots 
give you interchange 
ability with three 
different terminal con
figurations available.

INSTRUMENTS
INC

saving, Series 5000 
square T-Pots round 
out a comprehensive 
line to meet every 
need.

Advanced Design plus Stringent Production 
Controls equal Unprecedented Reliability

A Dale worker 
dressed for the 
"room within a 

room" in spe 
cial smock and 

head covering

DALE ELECTRONICS, INC. PACIFIC DIVISION
P 9 Box 747, Burbank, Calif. Home Office Columbus Nebraska 

/. >b: J ary of HATHAWAY INSTRUMENTS INC

scene ot the modern production techniques by which Dale Elec
tronics absolutely controls temperature, humidity, dust, corrosive 
gases and all other environmental factors to assure the highest 
quality and reliability in Dale Trimmer Potentiometers.
Within this surgically clean room, temperature and humidity are 
maintained at a constant level. The air is electrostatically filtered 
and pressurized to maintain purity. The skilled workers who oper
ate the precision tools, fixtures and optical equipment necessary 
for sub-miniature and micro-miniature assembly, wear special 
smocks and head coverings as a further safeguard against dust,

kW



YES

NUMBER

100 Ohms to 20K Ohms
100 Ohms to 20K Ohms

POWER 
RATING

23% to 
23% to 
.23% t > 
.23% to 
.23% to

.6% to 
6% to

12% to 1 
12% to ] 
12% to ] 
.12% to : 
12% to :
12% to 
12% to 
12% to 
.12% to 
.12% to

697 and 750WL-1 
692 and 750W 
691 and 750WP 
690 and 750WT 
686 and 751WL

icyo 
10% 
io% 
io% 
io%

10 Ohms to 50K Ohms 
10 Ohms to 50K Ohms 
10 Ohms to 50K Ohms 
10 Ohms to 50K Ohms 
10 Ohms to 50K Ohms

10 Ohms to 30K Ohms 
10 Ohms to 30K Ohms 
10 Ohms to 30K Ohms 
10 Ohms to 30K Ohms 
10 Ohms to 30K Ohms

28 Awg Stranded Vinyl Leads 
Attached to 99 Style Solder Lugs

299 and B11W
298 and B11WPC
295 and B11WML
294 and B11WML-1
293 and Bl 1WL

10 Ohms to 50K Ohms 
10 Ohms to 50K Ohms 
10 Ohms to 50K Ohms 
10 Ohms to 50K Ohms
10 Ohms to 50K Ohms

HUMIDITY 
PROOF

RESOLU! 
DEPEND 
ON VAL

399 and C12W
398 and C12WPC

PART 
NUMBER

TOLER 
ANCE

.25 Watt 

.25 Watt

199 and A10W
198 and A10WPC
195 and A10WML
194 and A10WML 1
193 and A10WL

.8 Watt 
8 Watt 
.8 Watt 
.8 Watt 
.8 Watt
5 Watt 
.5 Watt 
.5 Watt 
.5 Watt 
.5 Watt

Molded Cap
28 Awg Stranded 
Vinyl Leads Emerging 
as a Group

1 Watt 
1 Watt
1 Watt 
1 Watt 
1 Watt

RESISTANCE 
RANGE

TERMINAL 
CONFIGURATIONS

1597 and 1000-WL-l

685 and 751W
684 and 751 WT
683

+1 +1 +1

10 Ohms to 30K Ohms 
10 Ohms te 30K Ohms
10 Ohms to 30K Ohms

1 Watt 
IWatt 
1 Watt

.23% to 

.23% to 

.23% to
997 
?9€ 
983

loiom
 

+1 +1 +1

10 Ohms to 30K Ohms 
10 Ohms to 30K Ohms 
10 Ohms to 30K Ohms

1 Watt
YES 1 Watt

IWatt

.23% to 

.23% to 

.23% to
1289
1288
1287 1+

 1+
 1+

 
U

I U
I U

I 10 Ohms to 50K Ohms 
10 Ohms to 5OK Ohms
10 Ohms to 50K Ohms

_____ IWatt
YES 1 Watt

1 Watt

.12% to 

.12% to 

.12% to
1 Watt10 Ohms to 50K Ohms

1592 and 1000W * 5% 10 Ohms to 50K Ohms 1 Watt .12% to
1591 and 1000WP * 5% 10 Ohms to 50K Ohms 1 Watt .12% to
1590 and 1000WÎ * 5 % 10 Ohms to 50K Ohms

YES
1 Watt 12% to

1586 and 1001WL ± 5% 10 Ohms to 50K Ohms 1 Watt .12% to
1585 and 1001W ± 5% 10 Ohms to 50K Ohms 1 Watt .12% to
1584 and 1001WT ± 5% 10 Ohms to 50K Ohms 1 Watt .12% to
1583 ± 5% 10 Ohms to 50K Ohms 1 Watt .12% to
1580 ± 5% 10 Ohms to 50K Ohms 1 Watt .12% to
5050 ± 5% 100 Ohms to 50K Ohms YES 1 Watt .10% to

Molded Cap
28 Awg Stranded 
Vinyl Leads Emerging 
Separately

99 Solder Lug

98 Printed Circuit
Solder Lug

97 28 Awg Stranded
Teflon Leads

- 96 30 Awg Stranded
Teflon Leads



PECIFICATION SUMMARY

NUMBER

OLUTION 
ENDING 
VALUE

MAXIMUM 
OPERATING 
TEMP (°C.) WIDTH

CASE DIMENSIONS

HEIGHT LENGTH
MOUNTING 

HOLE 
CENTERS

MECHANICAL 
ADJUSTMENT 

turns
i to 1.2% 
i to 1.2% 
i to 1.2% 
i to 1.2% 
o to 1.2%

135’ 
135' 
135' 
135’ 
135’

.310 

.310 

.310 

.310 

.310

.220 

.220 

.220 

.220 

.220

1.250
1.250
1.320
1.320
1.250

1.000
1.000
1.000
1.000
1.000

25
25
25
25
25

G to 1.2% 
!> to 1.2% 

to 1.2% 
'o to 1.2% 
G to 1.2%

105’ 
105’ 
105° 
105’ 
105’

.310 

.310 

.310 

.310 

.310

.220 

.220 

.220 

.220 

.220

1.250
1.250 
1.320
1.320 
1.250

1.000
1.000
1.000
1.000
1.000

25
25
25
25
25

G to 1.2%
4 to 1.2%

85’ 
85’

.310 

.310
.220
.220

1.250
1.250

1.000
1.000

25
25

(, to 1.82% 
4 to 1.82% 
4 to 1.82% 
4 to 1.82% 
4 to 1.82% 
/o to 1.82% 
'/0 to 1.82% 
4 to 1.82%

175° 
175' 
175’ 
175’ 
175“ 
175’ 
175’ 
175’

.300 

.300 

.300 

.300 

.300 

.300 

.300 

.300

.180 

.180 

.180 

.180 

.180 

.180 

.180 

.180

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

.750 

.750 
PC.

.750 
Panel 
Panel 
Panel 
P.C.

17
17
17
17
17
17
17
17

4 to 1.82%
4 to 1.82%
4 to 1.82%

175’ 
175’ 
175’

.300 

.300

.300

.180 

.180 

.180

1.000
1.000
1.000

.750 

.750 
P.C.

17
17
17

4 to 1.13%
4 to 1.13%
4 to 1.13%

150’ 
150’ 
150’

.280 

.280 

.280

.310 

.310 

.310

1.250
1.250
1.250

1.000 
1.000 
P.C.

25
25
25

4 to 1.13% 
4 to 1.13% 
4 to 1.13% 
4 to 1.13% 
4 to 1.13% 
% to 1.13% 
% to 1.13% 
% to 1.13% 
% to 1.13%

175’ 
175' 
175“ 
175’ 
175’ 
175’ 
175’ 
175’ 
175’

.300 

.300 

.300 

.300 

.300 

.300 

.300 

.300 

.300

.180 

.180 

.180 

.180 

.180 

.180 

.180 

.180 

.180

1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250

1.000 
1.000 
P.C.
1.000 
Panel 
Panel 
Panel 
P.C.
P.C.

25
25
25
25 
25
25
25
25
25

4 to .72% 150" .500 .190 .500 .520 25

NUMBER

92 26 Awg Solid Wire 
Leads

91 Printed Circuit Pins 
22 Awg

90 Hook Type Wire Solder 
Terminal

89 Solder Lug

88 30 Awg Stranded Teflon Leads

Printed Circuit Pins 21 Awg

86 Panel Mounted Style with 28 
Awg Stranded Teflon Leads

85 Panel Mounted Style with 26 
Awg Solid Wire Leads

84 Panel Mounted Style with 
Hook Type Wire Solder 
Terminal

83 Printed Circuit Pins 22 Awg

80 Printed Circuit Pins 22 Awg

50 30 Awg Stranded Teflon Leads
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Circle 98 on Reader Service or Inquiry CardInstruments

under vibration and shock 
against humidity, dust andENLARGED CUTAWAY

ILLUSTRATION
Four Times Actual Size

1. Welded termination
2. linger winding mandrel I ceramic) giving better resolution 

better heat dissipation, higher values and allows use of 
larger wire diameter

“O" ring seal provides protection 
salt spray
Thrust spring maintains constant 
inating lead screw backlash

DALE ELECTRONICS, INC. PACIFIC DIVISION
P 0. Dox 747, Burbank. Calif.

/. S..t^'cTary of HATHAWAY INSTRUMENTS INC.

Polished stainless steel lead screw is ultrasonically polished 
for smooth operation and long rotational life
Collector provides dual current path for improved reliability 
and low rotational noise level
Wide selection of terminal configurations is available to 
meet any requirements

ADVANCED DESIGN Illustrated by 
HIGH PERFORMANCE

two different terminal configurations for

for standard mounting; 10 to 50K ohms; 
0 at 105 C.

DALE SERIES 200 WIRE WOUND
A miniature T Pot offering dependable performance in normal circuits where economy is
important; five different terminal configurations 
10% tolerance; 0.5 watt up to 70 C. derating to

A miniature T Pot for commercial applications

WOUND
for computers and laboratory type applications; five 
standard mounting 10 to 50K ohms: 0 8 watt up to

standard mounting; 100 to 20K ohms; 15% tolerance; 0.25 watt up to 70 C, derating to 0 
at 85J C.

DALE SERIES 1OO WIRE
A miniature, precision T Pot, ideal 
different terminal configurations for 
70 C, derating to 0 at 135 ' C.

A miniature (.280'x .310 x 1.250 ), humidity proof, precision T Pot with welded construe 
tion throughout; three different terminal configurations for standard and printed circuit 
mounting; 10 to 50K ohms; 5% tolerance; 1 watt up to 85 C, derating to 0 at 150 C.

DALE SERIES 900 WIRE WOUND
A sub miniature ( 300"x.I80 x 1 ). humidity proof, precision T Pot with welded construe 
tion throughout; three different terminal configurations for standard and printed circuit 
mounting; 10 to 30K ohms. 5% tolerance; 1 watt up to 70 C, derating to 0 at 175 C

DALE SERIES 600 WIRE WOUND
A sub miniature (.300" x .180" x 1 ), humidity proof, precision T Pot with welded construe 
tion throughout; eight different terminal configurations for standard, panel and printed cir 
cuit mounting; 10 to 30K ohms; 5% tolerance; 1 watt up to 70 C, derating to 0 at 175 C.

DALE SERIES 1500 WIRE WOUND
A miniature (.300 " x . 180" x 1.250 ), humidity proof, precision T Pot with welded construe 
tion throughout; nine different terminal configurations for standard, panel and printed cir 
cuit mounting; 10 to 50K ohms; 5% tolerance; 1 watt up to 70 C, derating to 0 at 175 C.

DALE SERIES 5000 WIRE WOUND
A new, humidity proof, precision T Pot with new space saving square configuration (.500 x 
.190" x 500 ) and welded construction throughout; 100 to 50K ohms; 5% tolerance. 1 watt 
up to 70 C, derating to 0 at 150 C.



LIGHT SPOT

•TERMINALSTERMINAL

CONDUCTOR

good that

Write today for complete product information.

AMP Incorporated

RESISTIVE 
MATERIAL

Composite semiconductor crystal is cemented 
to transistor header in Giannini s Photopot Light 
spot makes the semiconductor material conduc
tive and connects the conductor qnd resistive 
material. As the light beam travels along the 
semiconductor material, it acts as a wiper arm, 
varying resistance of the pot.

POWER TRANSISTOR
HEADER-------- '

When you've got to attach a connector contact to the 
end of a coaxial wire, a single precise stroke of a crimping 
tool (one that crimps braid and inner conductor to the 
contact simultaneously) is the fastest way, the lowest- 
installed-cost way, the way that cuts human error in half 
... THE AMP WAY.

cable up to 0 D (see size numbers above). And AMP 
makes the tools — hand and automatic — that control 
the crimp

COAXICON consists of polarized, concentric male and 
female shells, made from drawn parts. The inner contacts, 
assembled in the shells, will attach equally to solid or 
stranded conductors. Where contact density is important, 
a miniature COAXICON fulfills the requirement.

COAXICON connectors will match cable impedances in 
the 50 100 ohm range, at frequencies as high as 150 
megacycles. Impedance mis match, incidentally, is only 
1.06 to 1.09, even at 500 megacycles.

toancon •« staad;
•titiphi aopi>a

WHEN 
ONE WILL

•O.OO2 in
y—COMPOSITE 
/ CRYSTAL

Dark resistance—when no light beam bridges the 
gap—is said to be 1012 ohms.

Other specifications for the production units 
call for a high-resolution threshold sensitivity. 
The Photopots will be required to sense a light 
spot motion of 1 micron. This is about 0.01 per 
cent of the entire 0.3-in. swept length.

Linearity—defined at Giannini as the deviation 
of the output voltage ratio from the best straight 
line through the calibration points—will not ex
ceed 1.5 per cent of full scale from 15 to 85 per 
cent of full scale, Mr. Mounteer predicts. Be
yond these limits, he says, deviation will not ex
ceed plus or minus 5 per cent of full scale.

“Linearity,” Mr. Mounteer admits, “is not as 
good as that specified for many other potenti-

it doesn’t matter.”
Production units will have a repeatability of 

the output voltage ratio within 0.05 per cent full 
scale, he says, with nothing changed except the 
location of the light spot on the Photopot’s sur
face. This tolerance would include any transient 
change in voltage ratio resulting from local heat
ing (from the light beam) of the semiconductor 
element.

With the use of one kind of semiconductor 
material, the time required for the light spot to 
cause the crystal to become conductive is said 
to be no greater than 0.001 sec. Specifications re
quire the crystal to become insulating within 0.01 
sec after the illumination ceases.

Another semiconductor crystal type should 
feature a 200-psec rise time and a Lpsec fall 
time.

By depositing a resistance layer on a glass 
-4 CIRCLE 98 ON READER-SERVICE CARD
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Our COAXICON contact is designed on this principle: 
two strokes here is one too many!

COAXICON is a one-piece contact. It can be attached, 
simultaneously, with a single crimping tool stroke, to the 
braid and inner conductor of 37 sizes of RG/U coaxial

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA
AMP prnducts «nd angmaartng asuitanca ara available through aubaidiary companies in Australia ■ Canada • England • Franca • Holland • Italy • Japan • Mexico • West Germany
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OGO—new advance in Space Technology Leadership
The National Aeronautics and Space Administration selected Space Technology Laboratories, Inc. to design and construct three 
Orbiting Geophysical Observatories for scientific experiments to be conducted under direction of the Goddard Space Flight Center. 
These, the free world's first production-line, multi-purpose satellites will bring new scope and economy to America’s investigations 
of the near earth and cislunar space environment. Each spacecraft in the OGO series will be capable of carrying up to 50 selected 
scientific experiments in a single flight. This versatility will permit newly-conceived experiments to be flown earlier than had been 
previously possible. Savings will result from NASA’s application of standardized model structure, basic power supply, attitude 
control, telemetry, and command systems to all OGO series spacecraft. Selection of STL to carry out the OGO program is new 
evidence of Space Technology Leadership, and exemplifies the continuing growth and diversification of STL. Planned STL expansion 
creates exceptional opportunity for the outstanding engineer and scientist, both in Southern California and in Central Florida. 
Resumes and inquiries directed to Dr. R. C. Potter, Manager of Professional Placement and Development, at either location, will 
receive careful attention.

SPACE TECHNOLOGY LABORATORIES, INC. P.O. box 95005k. LOS angeles 45, CALIFORNIA

a subsidiary of Thompson Ramo Wooldridg» Inc P.O. BOX 4277K, PATRICK AFB. FLORIDA

Los Angeles • Santa Maria • Cape Canaveral • Washington, D. C. iwi Boston • Dayton • Huntsville • Edwards AFB • Canoga Park • Hawaii

NEWS
substrate, a semiconductor layer on to the top of 
it and a rather transparent (4-micron-thick) layer 
of gold conductor on top of that, a thin-film 
photopotentiometer could be built, Mr. Mounteer 
says. The light beam would shine through the 
gold layer and make the semiconductor layer 
conductive. The length of the current path across 
the semiconductor material would be only 
0.00002 in., and light-path resistance “could be 
50 ohms,” according to Mr. Mounteer.

The Photopot is meant to be marketed exclu
sive of the light source and optics, Giannini re
ports. Spectral response could be specified, within 
limits, by the customer. But preliminary tests for 
gyroscopic pick-off and inertial-platform applica
tions show there may be problems in providing 
an artificial light source.

“We started out with the idea that there would 
be no light problem,” says Mr. Mounteer. “The 
customer would supply the light and optics and 
would encounter no real problems. But in missile 
and space applications the military specs call for 
vibration testing at 2,000 cycles while the bulb is 
hot. Tungsten filament lamps are delicate and 
burn out under these conditions.

The problem can be, and has been, solved for 
short flights, Mr. Mounteer reports. Difficulties 
remain for long-term applications.

As part of the research on Photopot, there
fore, Giannini scientists are investigating the use 
of tritium-filled bulbs coated with a phosphor 
that will glow in the presence of a radioactive 
material. Such a lamp—if the intensity could be 
raised to the proper level—would be useful for 
very long periods without requiring power. An
other possibility, which would increase the versa
tility of the device, would be the use of a phos
phor swept by an electron beam.

At least one other company in the Los Ange
les area is known to be working on a similar de
velopment. Dunean Electronics, Santa Ana, 
Calif., still has a photoelectric potentiometer in 
the research stages. The company declines to dis
close design details at present. ■ ■

Research version of Giannini's Photopot, left, and 
planned compact commercial version.
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Over 40,000

wound with Belden
Nylclad* Magnet Wire

single reject!

developed by John F. McCarthy

A well-known manufacturer of appliances 
excessive trouble with the magnet wire he

First Pennsyl’ 
Philadelphia.

The system.

using to wind his motor armatures. In an effort 
to cut down on rejectionst he switched to Belden 
Nylclad Magnet Wire. Result: Not a single rejec
tion out of a 30-day run of over 40,000 armatures. 
Such a record would not have been possible

without a shop using the most modern winding 
techniques and without operators who take a real 
pride in their work! Belden Nylclad Magnet Wire 
is ideal for motor stators and rotors, encapsulated 
control coils, relays, toroids, and random and 
deep windings. Nylclad gives the best windability 
. . has the toughest film coating.

one wire source for everything 
electrical and electronic-Belden Trademark 

Reg. U.S. Pat. OH.

believe . . but true!
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Ivania Banking and Trust Co. of

lead wire • power supply cords • cord sets • portable cordage 
electronic wire • control cables • automotive replacement 

wire and cable • aircraft wire

had 
was

Inc., Philadelphia, uses cameras and components 
furnished by Philco Corp.

The teller, using a one-piece telephone, dials 
the bank’s Signature Dept., identifies his num
bered station, and requests the specific account. 
The clerk at the other end pulls the card from 
its alphabetical file, places it face down on one 
of two cameras, and the reproduction appears 
on the monitor.

Closed-Circuit TV System Used
To Verify Check Signatures

A closed-circuit TV’ system used for verifica
tion of check signatures has been installed in the

Other Belden Magnet Wire: Beldenamel*, oleoresinous • RJdsol*, polyurethane-nylon • Beldure*, polyurethane • Beldbond*, 
polyurethane-bonding agent • Beldtherm*, polyester • Celenamel*, cellulose acetate • Formvar. vinyl acetal • Epoxy

Airborne Video Instruction 
Tested in Midwest Schools

Airborne television for classroom instruction 
is being demonstrated in rural elementary and 
secondary schools in six Midwest states.

The demonstration, designed to reach areas 
beyond the transmitting limits of ground-based 
educational TV stations, is giving teachers, school 
administrators, students and parents a chance to 
see how effective such instruction would be in 
the classroom. The tests of the system are in 
preparation for its use for a full academic year 
beginning in September. (ED, May 11, 1960, p4).

In the present experiment a DC-6, equipped 
by Westinghouse Electric Corp., cruises at 23,000 
ft, producing signals on classroom sets at least 
200 miles in every direction from Montpelier, 
Ind. This takes the programs into Indiana, Illi
nois, Wisconsin, Michigan, Ohio and Kentucky.

Four hours of instruction are being televised 
on two uhf channels four days a week. In the fall 
the schedule will be stepped up to six hours 
daily.

The planning body for the operation is the 
Midwest Program on Airborne TV Instruction, 
consisting of a 15-man council of industry repre
sentatives and educators, based at Purdue Uni
versity. The $7,775,000 program is being financed 
by the Ford Foundation and private industry.

Most of the schools have been equipped for 
the experiment without cost by nine manufac
turers of television equipment.* The equipment 
includes antennas, distribution systems and up 
to 12 receiving sets to each school.

The sponsoring manufacturers are Admiral 
Corp.; General Electric Co.; Motorola, Inc.; 
Philco Corp.; Radio Corp, of America; Westing
house; Zenith Radio Corp.; Jerrold Electronics 
Corp., and Blonder-Tongue Systems, Inc.

Belden
WIREMAKER FOR INDUSTRY 

SINCE 1902
CHICAGO .



HIGH TEMPERATURE GLASS

flexible leads

DIFFUSED JUNCTION'
TRUE HERMETIC SEAL

Chesapeake 3-3220

245-5640
004 MOIS* LEADS

WOodlawn 6 2877

Village 5-5556

A TRUE HERMETIC SEALWITH ACademy 1-9191Adusi size

FLeetwood 7-9448

BAIdwin 4-9651

MICRO AComa 2-1686

TRmity 5-2440

gunk' no degrading of characteristics with humidity .VAIentine 1-1819

HOIlywood 2-2381

ZENER MArket 3-3151

CHerry 1-4526

CRestwood 7 3366

Midway 6-1891

DIODES CYpress 7-3708

DAvenport 1 2064

MAin 4 0783

HOward 3-4502

PArk 3 0363

CIRCLE 25 ON READER-SERVICE CARD
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Absolute hermetic sealing make* this the most reliable and 
efficient micro-regulator ever developed, ideal for voltage 
regulating and reference service wherever space and weight 
« unomies are 'tqaired.

Micro Zener Diodes are produced exclusively by Transitron. 
The first series is available immediately; other diodes are 
under development and will be marketed shortly

For more information write for Bulletin PB-71E.

FOR TECHNICAL ASSISTANCE AND SERVICE 
CONTACT THE TRANSITRON UELI) OFFICE 
NEAREST YOU AS LISTED BELOW.

winston-salem. North Carolina 
Nissen Building
310 W. Fourth St..........................

MARKING I BODY ONE COLOR 
DOT QH CATHODE ENO -2nd COLOR

irancitron -
•lactrontc corporation U 
wakofloM, maoeashuaotta

6 [Mad

/'Leadership in 
semiconductors’*

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. Ill..................
CLEVELAND, Ohin 
14625 Detroit Ave.
Lakewood, Ohio.............
Dallas. Texas 
511 C-raniff Airways Bldg 
Dallas 35, Texas............
dayton. Ohio 
379 W. First St...............
Denver, Colorado
First National Bank Bldg. 
621 Seventeenth St.......
Detroit, Michigan 
2842 West Grand Blvd....
Kansas city. Missouri 
Wirtharq Bldg.
31st and Troost Sts................
LOS ANGELES, California 
6362 Hollywood Blvd.
Hollywood 28, Calif.................
Newark. New Jersey 
1060 Broad St.......................
orlando. Florida
#10 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......................
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NO COMPROMISE!
Development by Transitron scientisti and engineers of • 

new concept in glass packaging has now made it possible to 
introduce the industry’s first micro-diode with true hermetic 
sealing. This is the new micro voltage regulator (“zener") 
aeries... a series in which the glass is melted around the silicon 
body that forms the working pan of the device. Achieve
ment of a direct high-temperature glaas-to-meta! seal means 
that there are no plastics ... no multi-part packaging .. no
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EDITORIAL

engineers. One disturbing sign

FAST RESPONSE?

'MB

■adilv be confused if

CIRCLE 27 ON READER-SERVICE CARD

NO LOA 
CONTROL P

Wide variety of standard models plus supe
riorengineering and production capabilities. 
Write today for technical data and name of 
your Wright Motors representative.

If fast response is among the characteris
tics you want in servos and rotating com
ponents, here is the quality answer.

very image that the sys-

sinecures and that objectivity can
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interests of self-perpetuation arise.
We honor the fine brains that have given us the tremendous 

achievements in the scientific and technical realm. We applaud 
every manifestation of forthright self confidence. We are a bit 
shaken, however, by shades of self-serving salesmanship.

terns men are projecting of themselves. A bit too frequently we 
get the impression they are overselling themselves.

This “sell” is apparent in the system organization s company 
brochure. One expects to see impressive, smartly designed pub
lications particularly from successful industrial firms but when 
our nonprofit organizations formed (and paid) to serve the 
nation s best interests issue lavish editions with engraved cov
ers, tip-ins, fold-outs and cover overlays our suspicions are 
aroused. Why all the sizzle? Isn’t the steak sufficient?

One such brochure uses a fold-out to portray an organization 
chart that could have appeared in one column. Another giant 
fold-out was used to portray a life-sized face of a scientist. To 
be sure the blow-up got across the point that here was a serious 
thinker—one able to cope with the world’s greatest problems. 
But is such costly visual imagery superior to a paragraph de
scribing accomplishments?

We are also concerned about the elaborate format of the re
ports turned in by some of these systems organizations. As pub
lishers we turn green with envy when we see huge 4-color 
charts used to demonstrate fairly simple points. We can only 
conclude that either the Generals and Admirals reading these 
reports are tinsel-minded or that the systems people are subtly 
disguising a rather skimpy fare with garnishments of green ink 
(in six shades). If either of these conclusions are unwarranted 
we must be living in a more affluent society’ than many of us 
suspect.

We are also a bit skeptical of some of the lofty reasons glibly 
stated for the need for nonprofit brain trusts—to get true objec
tivity because of the removal of opportunity for private profit 
or gain. From where we sit, our vision is restricted, but we sus
pect some of our sacrosanct nonprofit organizations are nice

Systems Engineers or Slick Salesmen?
There are a few signs being left here and there to shake our 

confidence in some of the nation’s top systems scientists and

HIGH TORQUE HIGH WIDE FREQUENCY
ACCELERATION RESPONSE

Wright of Sperry Rand offers design engi- 
_gj— V*%/E IT I neers faced with new challenges an excep-
■ t K Wl tional source for meeting the most exacting

demands.

Mfa/G/tr 
Seri/os

1VK|7m7/ DIVISION OF SPERRY RAND 
■■ Iwlwin I / Durham, North Carolina

/ Tel. 682-8161



What the Electronic Engineer 
Should Know About Epoxies

Epoxy resins can do much more for electronic designers than 
they are now doing. The combined abilities of an epoxy resin which 
permit it at the same time to structurally support and fasten, to 
electrically insulate, and to thermally conduct heat away from 
electronic circuits have opened the doors for many clever integrated 
packaging designs. In addition, epoxies are about as easy to use 
on short production runs as they are on long. The catch is that 
epoxies are sold by chemists who talk a language of their own. 
Mr. Harper s intent in the series, of which this article is the first, 
is to quickly sketch in enough of the total “chemicar picture of
epoxies that an electronic engineer can begin 
with epoxy suppliers.

to talk intelligently

For what Applications are Epoxies Best?
If your application demands any of the follow

ing, epoxy resins may prove your best embedment 
selection:

1. Environmental resistance. In military systems, 
epoxy resin has become a standard and has re
placed lower cost resins (such as polyesters) 
for many uses.

2. Good packaging. Even in nonmilitary applica
tions where the cost of the rest of the pack
age is significantly greater than the embedment 
material, epoxies should be considered.

3. Close dimensional control. The low shrinkage 
of epoxy resins makes them an excellent choice. 
Diallyl phthalates are also good dimensionally 
but require much more elaborate tooling.

4. Adhesion. Its adhesive properties makes an 
epoxy resin good for mechanically joining and 
sealing applications. For example, in imbed
ding, the epoxy will adhere to the terminals 
and effectively seal out moisture.

However, once it is decided to use epoxy, the 
designers job has not ended. As author Harper ex
plains, there are many, many combinations possible 
in the epoxy family, and each of these has its own 
particular combination of properties. Without at 
least the basic understanding of the chemistry of 
epoxies presented in his article, Mr. Harper believes 
an engineer would be unable to take advantage of 
this versatile, important plastic.

Charles A. Harper
Air Arm Div.
Westinghouse Electric Corp.
Baltimore, Md.

THE ENGINEER who wishes to seriously ap
ply epoxy resins must sooner or later learn 

something of the “chemical” aspects of this ma
terial. Until he does, his ability to use epoxies in 
a design will be at the mercy of the seemingly 
endless “trade-name” jargon of this primarily 
chemically oriented field.

Therefore, this article will not skirt the basic 
problem; basic chemical terms and thinking will 
be used forthrightly. There is no other way.

The Nature of
Epoxy Resins

Chemically, most commercial epoxy resins are 
defined as special condensation products of epi
chlorohydrin and a polyhydric phenol. The lat
ter is usually diphenylol propane. A bisphenol A 
type epoxy is the short way of saying this.

Practically, this means that an epoxy resin, or 
epoxide as it is sometimes called, is the product 
of a reaction between two not-so-common chemi
cals known as epichlorohydrin and diphenylol 
propane. The product is called epoxy resin due 
to the existence of a carbon-oxygen chemical ar
rangement in the polymer known as an epoxide 

group or an oxirane ring. This is shown in Fig. 1.
The nature and advantages of the epoxy resin 

can be best explained by comparing it to the 
polyester polymer, which is shown in Fig. 2.

The epoxy resin polymer unit, like the poly
ester unit, is, in its uncured state, a thermoplastic 
material and is of limited usefulness until it is 
further reacted to form a hard thermosetting ma
terial. In the case of polyester, the reaction re
quired to produce a thermosetting cured mate
rial end product takes the form of a peroxide, or 
heat catalyzed reaction between a monomer such 
as styrene and the polyester resin polymer unit. 
The addition of the styrene to the polyester poly
mer unit is through an unsaturated double car- 
bon-to-carbon bond. See Fig. 2.

Epoxy’s Bonds are Reason 
Why it is Superior to Polyester

In the case of the epoxy resin, there are no 
unsaturated (double) bonds. Therefore, the 
epoxy resin curing reaction must proceed through 
some different type reactive point, and utilize 
a different curing agent system than is employed 
with a polyester. The epoxide group is suitable 
as a reactive point.

The absence of chemical unsaturation as a re
action mechanism provides one of the key advan
tages of epoxy resins. Shrinkage is due to a re
arrangement of the unsaturated double bonds and
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(a) Epoxy building block: the epoxide group.
240

200CH2CH2-0-C-HC«CH-C-0-CH;

160

(b) Bisphenol A type epoxy (typical). (b) Typical polyester polymer uni*

CHS

(c) Partially reacted amine epoxy resin system

points capable of reaction points capable of reaction

(c) Partially reacted, crosslinked styrene-polyestei 
copolymer unit.

Curing Temperature 
Depends on Resin, Catalyst, Fillers

CH2-CH-CH2-O-CeH5-C-CeHs-O-CH2-CH-CH2-NH-R-NH2

(a) Polyester's unsaturated double carbon-to-carbon
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120 160 200 240 280 320

1000 GRAM 
500 GRAM 
200 GRAM

50 GRAM

Fig. 1. Cross linking during cure is what ties an 
epoxy into a strong, solid end product. Chemical 
diagram for epoxy shows, (a) the epoxide group; 
(b) the resin before cure, and (c) partially reacted 
resin.

CASTING 
CASTING 
CASTING 
CASTING

pending on the curing agent, the cross-linking 
reaction may be through either the epoxide or 
hydroxyl group, or through both.

a corresponding readjustment of the bond forces. 
Since there are no double bonds in epoxy res
ins, there is less shrinkage.

In addition to cross-linking through the epox
ide group, the hydroxyl (—OH) group shown in 
the epoxy resin molecule is also a reactive point 
through which cross-linking can occur to form a 
solid thermosetting material (a material in 
which the molecules are both long and inter
locked for resistance to change). Although re
action with an amine curing agent is shown in 
Fig. 1, other curing agents are also used. De-

tial curing temperature, the mass of the curing 
resins, and (to a lesser degree) by the fillers and 
other modifiers used in the compound. Very high 
or very low’ thermal conductivity fillers will 
cause considerable variations in the temperature
time exotherm curve. An example of exotherm 
variation with mass of resin being cured is shown 
in Fig. 3. The curing temperature is important in 
electronics because of the effect it can have on 
temperature sensitive semiconductor components.

In the curing reaction, the resin gradually 
changes from a liquid gel to a final cured end

The curing reaction of epoxy resins, like that 
of polyesters and other thermosetting resins, is 
exothermic. That is, it gives off heat, causing the 
temperature to rise during the cure.

The actual exothermic temperature curve is 
controlled by the resin-catalyst system, the ini-

•CH2CH2-0-C - HC-CH-C-0-CH2CH2- 

ch2 styrene molecule 
CH portion of copolymer 

ch2ch2-o-c-hc-ch-c-o-ch2ch2- •

Fig. 3. Temperature rise of an epoxy during cure 
‘ exotherm'' indicates that the larger the casting, the 
sooner and higher the peak cure temperature will 
be reached. Since cure temperatures can exceed the 
limits of some electronic components, they are of 
practical interest in potting applications.

Fig. 2. Polyester s unsaturated bonds are what 
make it inferior io epoxies. Parts a, b, c of chemi- 
ical diagram correspond to those of Fig 1.



Resin Supplier

Value

14,000-21,000

400 500

5,000-15,000 
9,000-18,000 
Approx. 16,000 
11,000-16,000 
10,500-19,500

Viscosity 
25C

Shell Chemical Co. 
Jones-Dabney Co 
Ciba Products Corp. 
Dow Chemical Co. 
Union Carbide 

Plastics Co.

Epon 828
Epi-Rez 510
Araldite 6010
DER 331
ERL 2774
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3.5-5.0
3.5-4.5
3.3-4.0

0.002-0.010
0.002-0.02
0.030-0.050

45-120 
good

0.001-0.004
1.11-1.23 

4,000 13.000

4.5-6.5 x H 
250-600 
115-550 
10,2-10’7

Mold shrinkage, in./in.
Specific gravity
Tensile strength, psi
Modulous of elasticity in tension, psi
Flexural strength, psi
Thermal conductivity, 

cal/sec x cm2 x C x cm
Thermal expansion, 1 /C
Resistance to continuous heat, F 
Heat distortion temperature, F 
Volume resistivity, ohm-cm
Dielectric strength, ’/8-in thickness, 

volts/mil 
short time 
step-by-step

Dielectric constant, 60 cycles
103 cycles
106 cycles

Dissipation (power) factor, 60 cycles
103 cycles
106 cycles

A Few Basic Suppliers, 
Rut Many “Formulators"

The resins listed in Table I are marketed by 
a few basic resin processors and suppliers. They 
are usually light straw brown in color, but puri
fied grades are available as water-clear liquids. 
(See Fig. 4).

The “formulators,” however, are the ones the

Arc resistance, sec 
Machining qualities

product. The useful working life of the liquid 
resin and catalyst mixture is referred to vari
ously as “pot life,” “tank life” or “gel time ”

The bisphenol type epoxy resin described 
above is the more widely used epoxy. Some other 
types will be discussed briefly in later parts of 
this series. Some of the widely used bisphenol 
epoxy resins and their room-temperature viscosi
ties are listed in Table I. The viscosities are of 
course important in a potting operation as they 
would affect the flow of resin into and amongst 
the circuit components.

Fig. 4. Equipment cover cast 
from a nearly perfectly clear 
epoxy resin illustrates one ex
treme of the many forms which 
a cured epoxy can take This 
clear epoxy can also be had 
in varying degrees of flexibil
ity depending on how much 
curing agent was used. It 
was formulated by Marblette 
Corp., N.Y.

Table 1.—Basic Epoxy Resins and 
Their Suppliers

Table 2.—Properties of Epoxy Resins

Table 3.—Trade Names and 
SuDDliers of Enoxy Formulations

Trade 
names Suppliers

Trade Epolac Lawrence Adhesive nnd Chemical Co.,
names Suppliers

Epon
Inc., Lawrence, Mass.

Airtemp Aries Laboratories, Inc., 45-33 Davis St.,
Shell Chemical Corp., 380 Madison 
Ave., New York 17, N.Y.

Aliane
Long Island City 1, N.Y. Epoxylite Epoxylite Corp., 10829 E. Central Ave.,
Atlas Mineral Products Co., Wilmington El Monte, Calif.

Araldite
77, Del.
Ciba Products Corp., Fair Lawn, NJ. Helix Carl H. Biggs Co., 2255 Barry Ave., Los 

Angeles 64, Calif.
Bakelite Bakelite Co., Div. of Union Carbide & HysolCarbon Corp., 30 E. 42nd St., New York Hysol Corp., 322 Bush St., Olean, N.Y.

17, N.Y. Marblette Marblette Corp., 37-21 30th St., Long
Cadco Cadillac Plastic and Chemical Co., Island City 1, N.Y.

15111 Second Ave., Detroit 3, Mich. Nureco Nureco Inc., 1100 Pontiac Ave., Cran-
Cardolite Irvington Chemical Div., Minnesota Min- ston 10, R.l.

ing & Mfg. Co., 500 Doremus Ave., Oxiron Food Machinery and Chemical Corp

Cellobond
Newark, NJ.
British Resin Products, Ltd., London S W Polykast

161 E. 42nd St., New York 17, N.Y. 
Poly Resins, Sun Valley, Calif.

1, England. Polytool Reichhold Chemicals, Inc., 525 N
Cordopreg Cordo Molding Products, Inc., 230 Park Broadway, White Plains N.Y

Ave., New York 17, N.Y. Ren Ren Plastics, Inc 3179 S. Cedar Rd.,
Corrocate Chemical Coatings and Engineering Co., Lansing 4, Mich.

Inc., Brooke St., P O. Box 305, Media, RezolinPa. Rezolin, Inc., Santa Monica, Calif.

D.E.R. The Dow Chemical Co Midland, Mich. Scotchcast Minnesota Mining & Mfg. Co , 900 Bush
Devcon Chemical Development Corp., Endicott Ave., St. Paul 6, Minn.

St., Danvers, Mass. Stycast Emerson and Cuming, Inc., Canton,
Ecco Emerson and Cuming, Inc., Canton, Mass.

Mass. Tygofll United States Stoneware Co., Tallmadge
Epiphen The Borden Chemical Co., Div. of the Ave., Akron 9, Ohio.

Borden Co., 350 Madison Ave., New Tygoweld United States Stoneware Co , Tallmadge

Epi-Rez
York 17, N.Y.
Jones-Dabney Co., 1481 S. 11th St, Tylene

Ave., Akron 9, Ohio.
Tylene Plastics, Inc., Freyer Rd . Michi-

Epocast
Louisville 8, Ky.
Furane Plastics, Inc, 4516 Brazil St., Los 
Angeles 39, Calif. (Court

gan City, Ind.

esy Modern Plastics Encyclopedia)
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Harper, “Electronic Packaging with Resins,” scheduled by 
McGraw-Hill Book Co. for publication in May. Tables II 
and Ill are from the Modem Plastics Encyclopedia.
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Arnold C-type Alnico Magnets are available in a wide 
selection of gap densities ranging from 1,000 to over 7,500 
gausses. There are six different basic configurations with a 
wide range of stock sizes in each group.

The over-all size and gap density requirements of many 
prototype designs can be met with stock sizes of Arnold C 
Magnets, or readily supplied in production quantities.

When used in transverse field isolators, Arnold C Mag
nets supply the magnetizing field to bias the ferrite into the 
region of resonance, thus preventing interaction between 
microwave networks and isolating the receiver from the 
transmitter. These magnets are also used in differential 
phase shifters and duplexers, and Arnold is prepared to 
design and supply tubular magnets to provide axial fields 
in circular wave guides

C TYPE MAGNETS in a wide range of sizes to meet your design needs in 
★Transverse Field Isolators * Differential Phase Shifters * Duplexers

Curing Agents Very Important
In Determining Final Epoxy Properties

The actual curing agent controls the end prop
erties of the final cured epoxy. This is in contrast 
to polyester resins. Referring to the chemical 
structure comparisons of Fig. 1, the reason for 
this can be seen. With polyester resins, the 
peroxide merely catalyzes the reaction between 
the polyester polymer and styrene. No matter 
what peroxide is used, the end-product is still 
the same styrene-cured polymer. The peroxide 
catalyst controls the rate and degree of reaction. 
It is not a part of the end product molecule.

In epoxies, however, the curing agent actually 
reacts with the polymer unit and both become 
part of the cured end product. Hence it is obvi
ous that a different curing agent will yield a dif
ferent end product.

This dependence of epoxies upon their curing 
agents is the main reason why there is a seem
ingly endless numbw of epoxy compounds. The 
many fillers, diluents and colorant modifications 
increase the possibilities for different epoxies still 
further.

The different curing agents for epoxies can be 
broadly divided into three classes:

■ Organic nitrogen compounds, usually amines 
or polyamines.

• Organic acids or acid anhydrides.
■ Resins such as polysulfides and polyamides.
Thus, it has been shown in this article that 

though most epoxy formulations are based on 
the same basic resin, bisphenol, the varied selec
tion available comes from different curing agents. 
The next article will indicate the relationship be
tween some of these curing agents and the prop
erties they produce in cured epoxies. This will 
help the electronic engineer as he searches for 
“his epoxy answer” amongst the myriad sales 
bulletins of the “formulators.” • ■

engineer usually comes into contact with. They 
take the basic resin and add fillers and other 
modifiers to the basic resin and market their 
mixed compounds along with curing agents un
der their own trade names as two- or three- 
package systems. A large portion of the com
pounds marketed by the “formulators” are based 
on the resins listed in Table 1, or similar resins 
produced by the basic resin suppliers.

A comprehensive list of properties of epoxy 
resins is given in Table 2 and a list of resin 
and formulated-compound suppliers is given in 
Table 3. The number of formulators is so large 
that this list is necessarily not complete.

A feature of all Arnold C Magnets is the excellent field 
uniformity along the length of the magnet. Versatility in 
design may be realized by using multiple lengths of the 
same size magnet stacked to accomplish the needs of your 
magnetic structure.

Let us work with you on any requirement for permanent 
magnets, tape cores or powder cores. • For information on 
Arnold C Magnets, write for Bulletin PM-115. Address 
The Arnold Engineering Company, Marengo, Illinois.



Temperature Measurements

oct

VTVM

Hal Ryner
Lenkurt Electric Co., Inc 
San Carlos, Calif.

Fig. L This circuit is used for calibrating a thermistor as well as for measuring temperature
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THE design of an oven to control the tem
perature of quartz oscillator-crystals requires 

three significant measurements:
1. The mean control temperature of the quartz 

crystal.
2. The maximum temperature excursion due 

to the on-off heat cycle of the oven.
3. The time required for the oven cavity tem-

Because of the relatively small mass of the 
bead, it responds quickly and contributes little 
thermal inertia to the object being measured. 
This characteristic is important if small and fre
quent temperature changes are to be recorded. 
Also, because of the small-diameter connecting 
leads, very little heat is drawn from the object 
or area being measured. This is an especially de
sirable feature if the actual temperature must 
be known.

Care must be taken not to heat the bead in
ternally with the current flow in the measure
ment circuit. Most thermistor specs specify the 
power required to raise the bead 1 C above its 
surroundings (dissipation constant). The power 
dissipation must be kept well below this point 
over the complete range of temperatures to be 
measured.

Bead-Type Thermistor
Satisfies All Requirements

The bead thermistor is a tiny metallic-oxide 
resistor which, unlike metals, has a high negative 
temperature coefficient of resistance. As tempera
ture rises, resistance of the bead decreases. Re
sistance plotted against temperature on a graph 
may be used to convert bead resistance measure
ments to temperatures.

perature to stabilize at the lowest ambient tem
perature requirement, following the initial power 
application.

Such measurements require a “thermometer” 
that is very small, one with negligible thermal 
inertia, and one which can be tucked conven
iently into any comer of the crystal oven.

A uniquely satisfactory element, the bead 
thermistor, will satisfy all of these conditions. It 
has the added advantage of permitting extremely 
precise temperature readings. However, if the 
thermistor is used improperly, the resulting 
measurements will be valueless and misleading.

Most uj the projects Hal Kynet ha^ 
worked on have .nvolved heal transfer anti 
temperature-measurement problems, Bu 
none of these projects has been as exacting 
as those in crystal-oven design. Mr. Ryner 
has had to meet requirements for lou 
power drain, long thermostat life, low cos' 
close temperature control over wtde am 
bient-temperature ranges, and limited 
space. As this article shows, the measure

Same Circuit Serves
For Measurement and Calibration

The circuit used in calibrating the thermistor 
and that used for actual measurements of tem
perature are the same (Fig. 1), except that, m 
calibration, the thermistor is in a constant tem
perature oil bath.

A 1.5-kc generator is set for an amplitude of 
0.1 vac which is applied across opposite corners 
of a wheatstone bridge. A low-frequency ac 
source is used in this circuit for four reasons:

1. The ac signal can pass through a step-up 
transformer to increase sensitivity of the bridge 
output.

2. At 1.5 kc, small distributed capacities have 
negligible detrimental effect.

3. A simple LC filter network can be used to 
eliminate unwanted harmonics and noise intro
duced in the bridge circuit.

4. Small ac voltages are easier to amplify and 
measure than equal de voltages.

When Rv (a resistance decade box with 1-ohm 
steps) equals the resistance of Rt (the thermistor 
bead), the bridge is balanced. The thermistor

HP-200

HP-450A 400

I.5KC 
O.IV



117 VAC

FIBER TUBE-
VAC

STYROFOAM LID
SOLDER (TYP)

CIRCULATOR

I QT CAN
EVACUATED ft SEAL

SEALFOAM *603

STYROFOAM

THERMISTOR DEVICE

uring circuit.

’In this example, the thermistor is in an evacuated glass 
tube. Sufficient time must be allowed to compensate for 
the thermal lag across the vacuum to the head.

VARIABLE 
XFP

I GAL. CAN

MEASUREMENT 
CIRCUIT

OIL BATH 
(CIRCULATING)
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Fig. 3. This packaging configuraban can help 
one evaluate and calibrate a thermistor under 
conditions most closely approximating those 
the thermistor will face in an evacuated crystal 
oven. Here, the gold is removed from one sur
face of a crystal nnd the thermistor bead is 
cemented Io that surface. The standard crysral- 
mounting assembly is mounted in a T-5-1 /? 
envelope.

400 KC 20% 
QUARTZXTAL

oil bath slightly, allow time to stabilize (about 
15 min), and locate another resistance-tempera
ture point on the graph. One should repeat this 
operation as many times as necessary to draw an 
accurate curve between the points. The com
pleted curve is valid for only this one thermistor.

MERCURY THERMOMETER
—CALIBRATED TO .PC

CAL-ROD HEATING 
ELEMENT

Controllable Oil Bath Needed 
For Fire Temperature Calibration

In the design or evaluation of a device such as 
a crystal oven, it is often necessary to sense tem
perature variations of 0.01 C or less. It is possible 
to calibrate a thermistor to this degree of accu
racy with the aid of the “temperature-control
lable oil bath” shown in Fig. 2.

Four items are suspended in the oil bath:
1. Cai-Rod heating element. The power of this 

heat source is controlled by a variable trans
former across the 117-v line. The oil can be held 
at a particular temperature within 0.01 C for 
lengths of time exceeding one-half hour with 
little difficulty. This is done by balancing the 
power input of the heat source, a variable,

Careful Thermistor Placement
Needed for Reliable Measurements

The thermistor bead must be located properly 
if dependable results are to be obtained. 
Throughout the development of a new “long life” 
crystal oven, the following observations were 
made concerning thermistor location:

A thermistor merely suspended in the oven 
cavity recorded greater variations due to thermo
stat cycling than the actual vacuum enclosed 
crystals would experience. The special assembly 
shown in Fig. 3 better simulated actual operat
ing conditions and gave results which accounted 
for heat losses through the crystal's tube pins 
and leads, and for the insulating effect of the 
evacuated glass envelope.

The evaluation of measurement data plays 
such an important part in any design that if care
less measurement techniques are employed, a de
sign that appears to be optimum may actually 
fall short of requirements, or conversely, may be 
expensively over-designed. ■ ■

Plotting the Curve
Requires Care and Time

The power input of the oil bath is set at a 
particular point and the temperature allowed to 
stabilize for a few hours. When the thermometer 
indicates no change for a period of not less than 
15 min, the resistance of the bead is measured 
and plotted against temperature on a graph.* 
One should raise or lower the power input to the

used in this circuit, similar to Fenwal GB34J2, 
has approximately 1,000-ohm resistance at the 
temperature to be measured. The ratio of this 
bridge allows the bead to draw only 2.5 gw 
under balance condition which is well below its 
dissipation constant.

After passing through the transformer, band
pass filter, and amplifier, the resultant output is 
fed directly to an ac vtvm that will measure at 
least 0.1-v full scale. It should be possible to see 
the result of 1-ohm changes of the thermistor at 
the meter as the bridge approaches balance.

against the heat loss of the insulation which is a 
constant.

2. Mercury thermometer. This thermometer 
should cover the temperature range to be sensed 
by the thermistor and be calibrated in 0.1 C in
crements. (Calibration of the thermistor produces 
a curve which can easily be interpolated to 
0.01 C).

3. Circulator. Any motor-driven impeller that 
keeps the oil circulating will do.

4. The thermistor device” (Fig. 3). In the ex
ample given, the thermistor, in an evacuated 
crystal enclosure, is suspended at the end of a 
fiber tube and completely immersed in the oil. 
The leads run up the tube and over to the meas-

Fig. 2. A temperature-con
trollable oil bath like this 
one is necessary for cali
brating a thermistor to with
in 0.01 C.



A NALOG-to-digital voltage converters have 
*• important characteristics that should be 
carefully investigated by electronic design engi
neers before they select one for a new system 
design. Some of these features are well known 
and well understood. Some are less well known 
and only poorly defined in the minds of many 
engineers.

For any given data-reduction application, a de
signer’s choice of an analog-digital converter 
will probably depend on a compromise between 
some of the properties defined here and a careful 
consideration of cost.

Conversion Speed
Conversion speed must be sufficient to take 

the required number of samples per second. It 
must also be high enough to allow for switching 
and transients which must take place to read 
in and out of the converter.

Frequently, even a medium-speed system mak
ing a total of only 1,000 measurements per sec 
requires an analog-to-digital converter capable 
of operating at several times that speed to allow 
for multiplexer switching, amplifier settling, and 
digital-code readout times.

Absolute Accuracy
Absolute accuracy relates to the accuracy of 

measurement which would be obtained with the 
primary voltage standards maintained by the 
National Bureau of Standards, with no restraints 
on the time allowed for each measurement. Un
fortunately, many applications of this term can 
be seriously misleading.

In defining the absolute accuracy of an analog- 
to-digital converter, one must consider the entire 
measurement scale or range of the unit. Further, 
one must distinguish between short-term abso
lute accuracies and long-term absolute accuracies. 
It is obviously possible to adjust the “accuracy”

36

Input

Kt)»01

.tlon Ttchnlq“« nPU‘ *ff, 
Coi** iUl.-Ri«« Rati® 

.nd *°ld

c.

How to Specify 
Anal ()g-to- Digi tai

Converters
of any single point on a converter range to any 
desired degree of accuracy over a short-term 
operating period.

However, in practice, the unavoidable molecu
lar action of resistors, aging of other electronic 
components, temperature variations, etc., make 
it impossible to obtain absolute accuracies in 
the over-all measuring device better than 0.01 
per cent with today’s state of the art. Achieving 

this accuracy level requires extreme quality con
trol, experience, and patience in manufacture.

It must be recognized that perfect absolute 
accuracy is impossible in an analog-to-digital 
converter. The reference-voltage source and the 
absolute transfer accuracies of the input-buffer 
unit, comparators, and digital-to-analog con
verters all contribute to total inaccuracy.

Also, in a high-speed converter, the dynamic 
characteristics of the various components must 
be considered as well as their static measure
ment characteristics. The first two major con
tributions to inaccuracy are the primary refer
ence-voltage source and the precision wirebound 
resistors which are used in the input devices 
and the digital-analog networks.

In practice, great design care can produce 
reference voltages with long-term stabilities of 
0.003 per cent and high-speed wirewound resis
tors which can maintain their absolute stability 
to about 0.003 per cent with temperature coeffi
cients of one to three parts per million degrees. 
Secondary contributing factors of importance 
are comparator offset and digital-analog network 
switching elements. However, the experienced 
designer can design around these variations.

Relative Accuracy
Relative accuracy, resolution, precision, mono

tonicity, and linearity are characteristics that 
are best considered as a group. Before defining 
these terms, one can consider the conversion of 
a continuously variable voltage into numbers:

Any voltage-to-digital converter can yield, at 
its output, only a finite set of numbers. For ex
ample, a 10-bit binary number can yield 1,024 
different output numbers; a three-decimal digit 
plus sign converter can yield 2,000 different 
numbers; and a four-decimal digit unit with 
sign, can yield 20,000 different numbers, etc.

The accuracy of each and every one of these 
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numbers relative to the corresponding voltage 
input must be considered. It is possible to build 
voltage-to-digital converters in such a way that 
not all of the numbers of the complete set are 
available. In considering the accuracy of a unit, 
it is first necessary to state that all integral num
bers of the complete set must be produced dur
ing a full-scale, input-voltage excursion.

For any condition, and for any degree of de
sign quality, there must always be some “dead 
band” at each quantization level. However small 
this “dead band” may be, there must be some 
voltage increment over which either one of two 
adjacent numbers can be obtained at the out
put. This necessarily presents an ambiguity of 
quantization decision. By quality and design, 
however, it is possible to make this “dead band” 
smaller and smaller, until it approaches zero. 
It can never be completely eliminated with the 
present state of the art.
Relative accuracy relates to nominal full-scale 
level, without reference to the absolute accuracy 
of that full-scale level. Thus, for example, if a 
50 per cent measurement code is produced in 
a converter at a voltage exactly equal to 50 per 
cent of the voltage which provides the full-scale 
quantization code, the unit has complete relative 
accuracy at that point.

However, relative accuracy must relate to all 
points over the complete range, and is usually 
defined as the maximum percentage of deviation 
from a perfect straight line passing through zero 
and the nominal full-scale measurement value. 
It should be clear, then, that an analog-to-digital 
converter always has a better relative accuracy 
than absolute accuracy, since the absolute-accu
racy contribution of the voltage-reference source 
is not considered in the definition of relative 
accuracy.
Resolution relates to the ability of the converter 
to distinguish between adjacent values. Nor
mally, in a properly designed converter, the reso
lution is considered limited only by the number 
of bits carried. In practice, however, the ultimate 
resolution of a given design is limited by the 
noise in the various analog and switching circuits 
and also by the linearity and monotonicity of 
the unit.

There is generally no point in carrying bits 
of less significance than the bit level correspond
ing to the total uncertainty caused by noise and 
component inaccuracies. Some designers, how
ever, have chosen to carry more bits in the 
equipment than the noise level would seem to 
justify and have rationalized these extra bits on 
the assumption that the noise is averaged out 
by repetitive measurements.

I lowever, in most system applications, particu
larly higher-speed systems, measurements are 
made on a one-shot basis, and averaging is not 
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always possible. It is the author’s opinion that 
the specification for resolution of a converter 
should be compatible with the number of bits 
and vice-versa. Otherwise, it is possible to imply 
falsely that the readings convey a higher degree 
of accuracy than actually exists. 
Precision relates to the repeatability of succes
sive measurements. Precision is limited in prac
tice by noise and also by the inescapable finite 
quantization error that always exists in some 
“dead band” at each successive numerical value.

When the unknown voltage lies within any of 
the dead bands around the possible values, the 
repeatability can never be greater than plus or 
minus one bit. One measure of the quality of 
design of a high-speed analog-to-digital con
verter is the ratio of the dead band to the full 
quantization level for each value across the entire 
range.
Monotonicity relates to an increasing output code 
for every’ increasing value. It is the lack of mono
tonicity that often show's up as codes missing 
from the set. A properly designed converter 
must be able to produce each integral value 
within the range defined by the number of bits 
carried.

A subtle point that has escaped many designers 
is that it is possible to force either nonuniform 
spacing of quantization carry points or totally 
missing codes. These can come about if the sum 
of the errors for any given number of succes
sive lesser significant bits is more than the error 
in the next most significant bit. The errors can 
be kept down by constraining the accuracies of 
the various resistors in the digital-to-analog con
verter network and the offset voltages in the 
switching electronics.

Another factor contributing to missing codes 
in the higher-speed converters is inadequate com
pensation for transient signals during major 
carries. Absolute requirements for monotonicity 
are that all codes be obtainable and that the 
quantization level of each code be within one- 
half a least significant bit of the ideal, linearly 
related, quantization level.
Linearity in a high-speed converter is governed 
primarily’ by the design of the digital-to-analog 
conversion network, the type of comparator em
ployed and the linearity of the input transfer 
devices. Linearity relates to the conformance of 
transfer accuracy; that is, the relationship of 
input voltage to linearly related, continuous, in
tegral codes in a perfect straight line between 
zero and full-scale levels. Quite clearly, equip
ment cannot have linearity w ithout having rela
tive accuracy and vice-versa.

Stability
Stability simply relates to the ability of a con

verter to maintain the aforementioned character-

Bemard M. Gordon, President 
Bruce K. Smith, Vice-President 
Epsco, Inc.
Cambridge, Mass.

Everybody seems to talk of analog- 
to-digital converters. But, too few engi
neers know all the characteristics that 
should be understood before making 
an intelligent purchase. Bernard Gordon 
(foreground) and Bruce Smith wrote 
this article to help eliminate some of 
the confusion. Their qualifications for 
writing a definite article on A/D con
verters are hard to match.

Mr. Gordon, with almost 100 pat
ents related to data reduction, con
trol, computation, and communications, 
invented the first high-speed, analog- 
to-digital converter. Mr. Smith, with 
extensive background in designing high
speed digital computers (Flac and 
Lore), was active in conceiving and de
signing Epsco's highspeed Videoverter 
and Transicon converters.

In a subsequent article, the authors 
imU show the bases for some of the 
converter limitations which are discussed 
in this article.



istics over a defined operating interval. Lack of
stability is brought about primarily by two major
factors—drift in the voltage reference and resis
tors and poorly designed conversion networks.

One should distinguish between short-term 
and long-term stability. In many control systems, 
particularly in controls involving rates of change, 
short-term instability can produce violent excur
sions in the control function, whereas longer- 
term instability will require recalibration in the 
equipment.

The instrumentation-system engineer should 
rightfully inquire into both the gross specifica
tions of the “black box” which he contemplates 
using and the specific stability specifications of 
the voltage-reference source and precision re
sistors. He should make sure that there is appro
priate derating to assure adequate safety within 
his system requirements.

He should make sure that the definition of 
accuracy involving stability covers the tempera
ture range that he anticipates encountering and, 
of particular importance, that it is valid over the 
range of primary powerline voltage to be sup
plied. In addition, he should check to see if the 
definitions of stability include the environmental 
conditions of shock, vibration, humidity, etc., 
which will be encountered.

Calibration Requirements
Consideration of stability naturally leads to an 

examination of calibration requirements. The 
properly designed analog-to-digital converter 
should have a minimum of calibration adjust
ments and, for most applications, it should re
quire no field calibration adjustments whatsoever.

In units containing a specification for absolute 
accuracy, it is always necessary to provide some 
sort of initial factory adjustment to relate the 
unit to the specific, absolute, reference-source 
value used. In the authors’ opinion, the number 
of potentiometers employed in an equipment 
of given functional capability is inversely pro
portional to the experience and capability of the 
designer.

It should be borne in mind that, very often, 
instrumentation engineers require and specify a 
converter with accuracy greater than that ob

tainable in rugged-environment voltage-reference 
sources. Further, experience has shown that most 
test-instrumentation departments do not main
tain equipments capable of making measure
ments much greater than perhaps 0.02 per cent.

Regardless of skill in design, manufacture, and 
component selection, the ultimate accuracy of 
a converter can always be “touched up” by some 
form of fine calibration. However, the designer 
must insure that these “touch-up” calibrations do 
not build in a source of instability.

Synchronous or Asynchronous
The programer of an analog-to-digital con

verter may be synchronous or asynchronous. If 
the timing that controls the successive approxi
mations is controlled by delay lines, or strings 
of cascaded, self-delay-determining blocking os
cillators, the equipment may be considered asyn
chronous, making it impossible for an external 
clock to control the serial-output bit rate.

If the successive approximations are controlled 
by magnetic shift registers, digital logic net
works, or similar devices, then the bit rate may 
be controlled by a clock external to the converter.

Input Impedance
The inputs available with a converter and 

their loading characteristics are often governing 
factors in determining whether it can be mated 
with other equipment with the desired over-all 
accuracy. First, input impedance must be suffi
ciently high to mask all variations in source im
pedance which will be encountered.

Second, the input impedance should be stable 
on both a long-term basis and, preferably, during 
the encoding cycle so as not to reflect variations 
and perturbations back into the source. Analog- 
to-digital converters that provide direct entry 
into the comparator at low impedance usually 
force the user to provide a buffering unit whose 
transfer accuracy may or may not be compatible 
with the over-all accuracy desired. This places 
the responsibility for system measurement ac
curacy on the user rather than on the manu
facturer.

In many applications, the signal to be meas
ured is floating with respect to system ground, or 
contains common-mode voltages which must be 
ignored. For these applications it is essential that 
a floating or differential front end, preferably 
with high common-mode rejection, be an in
tegral part of the analog-to-digital converter.

Absolute Value or Complementary Codes
Since, in most applications, both positive and 

negative voltages are encountered, it is neces
sary to be able to encode over the full range of 

bipolar values. One way of doing this is to con
sider the most significant digit to be a sign digit 
and to bias off the internal measuring range by 
an amount equal to one-half of full scale. This 
approach has the advantage of simplicity but 
the disadvantage of yielding complementary out
put codes for negative values and requiring spe
cial output-code usage.

Of still greater significance, it places the zero 
point of conversion at the most critical internal 
carry point. That is, the measurement of zero 
voltage, often a critical value point, is no longer 
referred to the ideal, equipment-zero-point 
ground. Instead, it relates the definition of zero 
point to the stability of the wirewound resistors 
and voltage-switching circuitry.

Another way to obtain absolute value is to use 
an absolute-value amplifier at the input to the 
converter. This technique has the disadvantage 
of additional cost, but in a properly designed 
unit it does not introduce additional error and it 
provides a true, zero-reference-based definition 
of zero volts.

W hen the accuracy of a given analog-to-digital 
converter design is obtained, a unit using an 
absolute-value amplifier should be able to pro
duce twice the ultimate range of one using the 
complementary code technique. This is because 
the total number of switching bits can be used 
over the positive range, and again, over the 
negative range. In contrast, in the complemen
tary-code technique, one of the bits—the most 
significant one—must be used to indicate sign.

A third method used is to switch reference volt
age from positive to negative, or to switch from 
one complete set of networks to another. This 
approach usually has an economic disadvantage 
and introduces discrepancies between positive 
and negative range control elements. However, 
it does yield absolute-value output coding.

Serial or Parallel Outputs
A converter that provides both serial and 

parallel code output offers the user a higher 
degree of flexibility than one with one or the 
other. Frequently a serial-code output, particu
larly when subject to synchronous clocking, can 
yield significant system design economies by 
eliminating buffers which might otherwise be re
quired for communication with serial computers 
or magnetic-tape recorders.

Available Output Power
If available output power is not adequate, one 

may have to use buffer units with a cost and 
space penalty. It is necessary to study the effect 
of the load impedance on the converter circuitry 
to insure that the static and dynamic accuracies 
are not affected. The analog-to-digital converter
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MAGNETIC CORE COMPONENTS 
CIRCLE 249 ON READER-SERVICE CARD

For a free sample to try on for size, (infinite 
impedance—ie., no windings), check No. 249

Pulse and Wide-Band coupling transformer types 
Designed for 20-year applications 
Completely enclosed in DURA-CLAD® cases 
2000 different standard catalog listings 
Miniature and Micro-Miniature sizes

should provide heavy code-power output, both 
to effect over-all system design economies, and 
to insure proper operation within specifications, 
regardless of loading.

Reversibility
In many systems that require both analog

digital and digital-analog conversion, it is pos
sible to time share a single unit for both func
tions inasmuch as nearly all analog-digital con
verters use an internal digital-analog converter. 
Equipment specifications should be reviewed to 
determine the ease and manner of reversibility, 
as well as the provision for low-impedance 
analog output in the digital-to-analog mode.

Visual Display
Since the human cannot assimilate information 

at rates much in excess of two numerical code 
sets per second, in actual system applications the 
numerical display of the high-speed converter 
is usually used for test or monitoring purposes 
only. The type of visual display is usually more 
a question of individual taste and judgment. ■ ■

Size, Weight, Power
These factors must be considered in the light 

of the system application and in some cases it 
may be necessary to realize that compromises are 
desirable to effect the best engineered system 
design. This may seem obvious but, frequently, 
the analog-to-digital-converter designer is faced 
with impossible demands for extreme accuracy 
and stability in equipments of minimal volume 
under extremes of shock, vibration, temperature, 
and humidity.

Aladdin DURA-CLADS are designed for reliability 
and made on automatic machinery.
For non-standard applications, special features are 
available—such as precise center-tap balance, frequency 
response ±0.1 db.

Normalization
In many systems, high-speed analog-to-digital 

converters are used to carry out functions that 
might otherwise be required of any accompany
ing computer. The ability to perform these func
tions is largely determined by the logical organi
zation and modular construction.

Coding Flexibility
By proper design, a converter can be built in 

modular form to provide a high degree of coding 
flexibility, either in terms of the number of bits 
carried or in bit definition; i.e., binary, 8-4-2-1 
decimal, two-star decimal, etc. To a large extent, 
this flexibility is governed by the manner in 
which the modules are organized, and the exact 
nature of the converter networks.

Settling Time of Input Buffer
The system designer should assure himself 

that his design takes into account the settling 
time of the input network when successive meas
urements are to be made of independent voltage 
sources. A high-speed converter, while capable 
of a given number of conversions per second, 
will usually be limited in the number of inde
pendent measurements which can be made per 
second with full-scale to full-scale deviations be
cause of the time required for the input buffer to 
settle. And, if a sample-and-hold unit is used, 
time must be allotted for the sampling unit to be 
activated.

Mean Time to Failure
It should be obvious that in a measurement 

device where precision and accuracy are prime 
operating specifications, the mean time to failure 
should be defined as the mean time to failure 
within prescribed accuracy specifications and not 
just the time to fail to function.

When sample and hold is required, the unit 
should preferably be an integral part of the ana
log-digital converter. A unique approach places 
the plug-in sample-and-hold module within the 
feedback loop of the input buffering system, 
so the sample-and-hold unit, for all practical 
purposes, does not introduce errors within the 
system.

Wide-Range Ratio Measurement
It is frequently desirable to make measure

ments relative to an external reference, i.e., to 
measure a voltage as a ratio. The nature of the 
digital-to-analog converter network which refers 
to the reference voltage may or may not make 
this possible. The voltage drops in the switching 
elements, relative to the magnitude of the ref
erence voltage, must be carefully considered.

The range of reference voltage over which an 
accurate ratio measurement is obtainable will 
be governed by the switching means employed. 
For example, if the network is switched through 
silicon diodes having 0.7 v drop, the range of 
voltages over which the reference voltage may 
be changed is clearly much less than if the 
switching were accomplished by a saturated 
transistor having a drop of about 1 mv.

Construction Technique
The construction technique used in a converter 

must be compatible with the system in which it 
is to be incorporated. In ground-system installa
tions, the construction should be compatible with 
whatever cooling system is available. For ex
ample, in a cabinet using vertical cooling, the 
converter should not present a major obstruction 
to the air path.

'hen reliability is 
-------------------- ------

designed into a component 
it costs no more!
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OHMITE
CAPACITOR
Calculator

Pocket Size 2V x 7"

One setting of the slide solves problems in capaci
tance. frequency, capacitative reactance, power fac
tor, dissipation factor, impedance and phase angle. 
Use it for all types of capacitors from 1 mmfd to 
1000 mfd. Also includes slide rule scales A, B, C, D; 
capacitance formulas; comparison table on different 
types of capacitors. Constructed of heavy, varnished 
cardboard......................................................... 264
OTHER OH MITE ENGINEERING AIDS

OHM’S LAW CALCULATOR

Solves Ohm’s Law and 
parallel resistance prob
lems. Includes A, B, C, D 
slide rule scales. . 264 
Vinylite model. *1.60

COLOR CODER FOR 
COMPOSITION RESISTORS

Set color wheels to match 
EIA color bands on re
sistors . .. read ohms di
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“Little Devil” and MIL 
values 104
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Step-by-Step
Design of 

Phantastrons
Dr. Morris Levin feels that 

a careful analysis of how cir
cuits work can provide logical 
design rules for selecting indi
vidual components to improve 
circuit performance ana im
prove reliability. In this article, 
he shows how to design phan
tastron circuits from just such a 
basic analysis.

Dr. Morris J. Levin
Radio Corp, of America
Missile Electronics and Controls Div.
Burlington, Mass.

rt ROPER design of a phantastron is far from 
* obvious. As a result, designers often resort 
to cut-and-try procedures with erratic results. The 
straightforward design procedure in this article 
should be very helpful to engineers who want to 
take advantage of this most useful circuit.

Simple and reliable, the phantastron produces 
an exceptionally linear sawtooth and a pulse time 
delay closely proportional to the applied control 
voltage.1’2 It can be used as a linear sweep gen
erator, a delayed pulse generator, a pulse-width 
or pulse-time modulator, or a stable frequency 
divider.

Two phantastrons triggering each other can 
form an oscillator whose frequency is a linear 
function of an applied control voltage.

Screen-Coupled Phantastron 
Operation:

The basic screen-coupled phantastron (Fig. 1), 
uses a pentode with a suppressor grid having 
good control over plate current. The control 
grid of this tube returns to Eb through a high re

sistance. Therefore in the stable quiescent state 
the grid voltage, e, i, remains at zero and a con
stant cathode current, ik, flows. Since the sup
pressor voltage, e,3, is sufficiently negative to cut 
off plate current, the cathode current flows to the 
screen.

A positive pulse triggers the suppressor at time 
h. Plate current begins to flow' and the plate 
voltage goes down. This voltage drop is coupled 
through capacitor C to the control grid, thus re
ducing cathode current. Since most of the 
cathode current flows to the screen, the screen 
voltage rises. This rise is coupled back to the 
suppressor by voltage divider Ri-R2. It further 
increases suppressor voltage and starts a regener
ative feedback-switching action.

This requires only a fraction of a microsecond 
and ends with the suppressor at a positive volt
age so now' the plate takes most of the cathode 
current. The plate potential drops by several 
volts and this drop, coupled to the control grid, 
drives it negative enough so that only a small 
cathode current flows. The screen current drops 
sharply so the screen voltage jumps to nearly the 
supply voltage, Eb-

After the switching is completed the circuit 
undergoes the well known Miller sweep genera-
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Fig. 1. The basic screen-coupled 
ntastron, showing waveforms ot 
plate and at the three grids.

tion. Among several ways of considering this, a 
simple one is as follows: The grid is several volts 
negative but since it returns to Eb through Rg its 
voltage must rise at a rate depending on how 
fast the voltage across C can change.

As the grid voltage goes more positive the 
plate potential drops. There is a large amount of 
negative feedback from plate to grid through C 
so the drop at the plate is very nearly linear. In 
practice the departure of the sawtooth from 
linearity is only about 0.1 per cent.

The linear decrease of plate voltage continues 
until the plate is only a few volts above ground. 
At this point the knee of the plate current curve 
is reached; the plate voltage is so low it can no 
longer conduct the additional cathode current 
resulting from the steadily rising grid voltage.

Therefore the screen starts to take the addi
tional current, causing a drop in screen voltage. 
This drop couples through divider Ri-R2 to the 
suppressor, making it more negative and reduc
ing plate current still further. This initiates a 
second regenerative switching action after which 
the tube elements return to their original quies
cent state.

Various refinements that improve performance 
are incorporated in the circuit of Fig. 2.

ELECTRONIC DESIGN • May 10, 1961

6
-IOOV

Fig. 2. A more sophisticated version of the screen-coupled phantastron with values taken from 
the design procedure in the text.

■ The length of the sawtooth can be adjusted 
by varying the voltage to which the plate of the 
pentode can rise. This is accomplished by V3o 
and potentiometer P,. As soon as the plate 
reaches the voltage set by Pi the diode conducts 
and prevents it from going higher.

■ TIle chief factor limiting the recovery of the 
phantastron after the second switching action is 
the time required to recharge C to its initial volt
age through Rp. This time is greatly shortened 
by the cathode follower, V2. A plate supply 
higher than Eb is needed for the cathode-follower 
because the grid of the cathode-follower reaches 
Eb when the circuit is quiescent.

■ A small capacitor from screen to suppressor 
couples the voltage transitions rapidly.

■ Diode V3b and voltage divider Ra-R4 stabi
lize the positive voltage to which the suppressor 
rises during sawtooth generation.

■ A desirable trigger uses V3c to prevent the 
changes in suppressor voltage from coupling back 
to the trigger source.

Screen-Coupled Phantastron
Design:

The basic steps in designing a screen-coupled 
phantastron follow, together with an example

for a circuit using a maximum delay of 1,000 
psec.
Step 1. First select Vj. The 6AS6 is often used 
but for very fast waveforms or low-impedance 
circuits a heavier current-carrying tube like the 
7AK7 is necessary.
Step 2. Choose Eb. A larger voltage increases the 
size of the waveforms. Since the screen voltage 
nearly reaches Eb during sawtooth generation, 
Eb should be limited to the maximum screen
voltage rating of the tube. Ec should be chosen 
as large as convenient.

The maximum screen voltage rating of the 
6AS6 is 140 v, so for conservative design Eb is 
set at 120 v. Ec is set at —100 v.
Step 3. Set an operating point for the screen 
when the circuit is quiescent. At this time the 
plate current is cut off and the grid voltage is 
zero. A large screen current is desirable for fast 
switching.

For e<2 = 60 v, ir2 = 7 ma (from tube curves). 
Screen dissipation is 60 x 0.007 = 0.42 w. This 
is safely within the rating of 0.75 w.
Step 4. Choose a value for eC3 during quiescence 
that is safely below cut-off. Then determine Rc2, 
Ri and R2.

(Continued on p 42)
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TRIGGER 
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-100V

Fig. 3 Voltage divider 
whose values must be 
determined before com
pleting the design shown 
in Fig. 2.

Set er3=—15 v. The Rt-R2 divider should 
draw enough current so small changes in tf3 will 
not affect er3. Choose this value as 2 ma and 
solve for the parameters of the voltage divider 
shown in Fig. 3. The results are indicated in Fig. 
2 after they are rounded off to standard values. 
Step 5. Check the resulting value of ec3 during 
the Miller-sweep period when el2 rises to Eb. It 
should be well into the region where the plate 
takes most of the cathode current.

Thus, eC3 = 4-21 v w'hich is well above the 
minimum necessary value.
Step 6*. The divider R,-Rc, should return the 
suppressor to a voltage well below its cut-off 
value so only an external trigger will allow the 
suppressor to begin plate conduction.

A value of — 20 v is used.
Step 7. Choose the components which determine 
the maximum duration of the sawtooth. The slope 
of the plate sawtooth is about Ec/(R,,C) v/sec 
and the maximum delay is slightly less than RC 
sec. C should be considerably larger than the 
stray capacities but an excessively large value 
will increase the recovery time. Rp should be 
large enough to prevent excessive grid current 
How but not so large as to produce too much im
pedance in the grid circuit.

For a maximum delay of 1,000 jisec choose 
R„ = 1 meg and C = 1,000 pf. A potentiometer 
in series with R9 can be used to adjust the maxi
mum delay exactly.
Step 8. Choose the plate load resistor. A high re
sistance improves sweep linearity but a low'er 
value shortens the recovery time and the mini
mum delay time.

Eb 

+ I20V

6AL5

470K

^9 

I meg <RC2
* 5 IK

V2o

II !600pf____________

C E*i----------------1

eC2

6AS6

f r2 
‘ 5.6K

V| eCI

i *K 
' 5 IK

El
Ri 
2.7K

Fig 4 
coupled
in the text.

The cathode-coupled phantastron is simpler than the screen
version though not quite so linear. Design procedure is given

This design has a recovery time of about 50 
usee. It could easily be shortened by reducing Rp 
or C or by using a different tube, carrying a 
larger current for V2.
Step 9. R3 and R4 fix the maximum value of ec2. 
This voltage should be sufficiently positive so the 
plate conducts most of the cathode current. For 
stable operation the suppressor should alw’ays 
reach this voltage. Hence, it is wise to set it 5 
or 10 v below' the value found in Step 5.

A value of 4-10 v is used.
Step 10. For fast waveforms make R? as small as 
possible. Its minimum size is determined by the 
condition that w'hen the phantastron is quiescent 
the grid of V2 is at Eb and the triode should be 
within its ratings.

If R? = 20 K then when ep = 120 v the cur
rent through R7 is approximately 6 ma and the 
plate dissipation for V2 is 0.48 w. This is within 
the ratings for the 12AT7.
Step II. Choose Pi and P2 so Pi covers the de
sired range of delays. For linearity of control the 
resistance of Pi should be less than about 1/10 
Rp.
Step 12. Rs drops the 200-v supply to 120 v for 
Vi. To determine the proper resistance one must 
know the average current taken by the circuit. 
The pentode draws appreciable current during 
the quiescent period but practically none during 
sawtooth generation. Changes in duty cycle will 
affect Eb and this may have a secondary effect 
on circuit operation. This effect can be reduced 
by drawing a relatively large fixed current 
through the resistive dividers. For very precise 
time delays w’ith a widely varying duty cycle a 

VR tube or a separate power supply is desirable.
The fixed current is 12 ma and the variable 

current 8 ma. For a 50 per cent duty cycle the 
average current is 16 ma so R* = 5.1 K. Experi
mentally it is found that changes in duty cycle 
have very little effect.

Cathode-Coupled Phantastron 
Operation:

This variation of the phantastron circuit has 
the advantages that it requires somewhat fewer 
components; it does not need a negative voltage 
supply; and it produces a negative as well as 
a positive rectangular output pulse. But it is not 
so linear as the screen-coupled circuit because 
the cathode resistor decreases the pentode gain.

The circuit, shown in Fig. 4, functions as fol
lows: In the quiescent state the grid is at the 
potential (Ei -+- E2) which is set by the divider 
Ri-R2-R3. The cathode voltage is slightly higher. 
The suppressor is at Ei, which is sufficiently 
negative with respect to the cathode to cut off 
the plate current. Therefore the screen takes 
all the cathode current.

At time ti a positive trigger to the suppressor 
allows the plate to conduct. This results in a 
drop in plate voltage which is coupled through 
C to the control grid. This reduces the total 
cathode current so the cathode voltage drops 
and the suppressor-to-cathode voltage e(3_& goes 
more positive, allowing still more plate current.

The regenerative switching action proceeds 
swiftly and ends when the drop in plate voltage 
coupled to the grid has driven the grid negative 
enough to nearly cut off the cathode current. The 
suppressor-to-cathode voltage is then sufficiently 
positive so the plate takes practically all the re
maining cathode current. The screen current is 
very small so the screen voltage rises practically 
to Eb.

A negative sawtooth is produced at the plate 
by Miller action as in the screen-coupled phan
tastron. When the plate voltage falls to the knee 
of the plate-voltage vs plate-current curve the 
plate can no longer take additional current. The 
grid voltage rises very rapidly, initiating a sec
ond switching action that returns the circuit to 
its quiescent state. As in the screen-coupled phan
tastron, the variation of the voltage to which the 
plate is allowed to rise controls the duration of 
the sawtooth.

Cuthode-Coupled Phantastron
Design:

This example will be worked out for a maxi
mum delay of 1,000 [isec. The fast cathode-fol
lower recharging is omitted so the recovery time 
is several times the maximum delay.
Step 1. Choose the supply voltage, Eb. Since er2 
approximately equals E, during generation of
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the plate will

appears adequate

be slightly negative. Thisdesirable that

This 17-inch printed circuit connector of

Name

Company

Address

CIRCLE 31 ON READER-SERVICE CARD

Dimensional stability of compounds based on DAPON V 
keeps this connector straight and true: contacts are always 
accurately positioned.

1 — Ei 4- E2 so eg 
■ - (Ei 4- E2) = — 
From tube curves -

Pleats und new brochure: "DAPON MOLDING MATERIALS’

Step 6. Determine

This long connector is home base for hundreds of 
terminals. By molding it of thermosetting com
pound based on Dapon M, Viking Industries Inc. 
solved a number of design problems .. .

Dapon M gives the connector outstanding elec
trical and mechanical qualities. The resin permits 
450°F continuous operating temperatures, has ex
cellent dimensional stability and resistance to 
moisture. Its electrical resistance (measured in 
millions of megohms) remains unaffected by weeks 
of exposure to 100% relative humidity.

The material is easily molded. It has good hot 
strength, the piece is strong when cured. Neither 
cooling jigs nor multiple ejector pins are needed 
in removing the connector from the mold. Fast 
cycles are possible. The resin’s high flex, tensile, 
and compressive strengths result in rugged mold
ings with high insert holding power and dependable 
performance.

> possible but 
be found.
= 6 ma. Then

sor-to-cathode voltage ec3

choose —20 v for reliability.
Step 4. Fix the grid-cathode voltage and the oper
ating point for the screen when the phantastron 
is quiescent. To compensate for tube aging it is
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vide the proper values of Ex and E2 These re
sistances should be small compared with Rg and 
Rp so the currents taken by the tube elements 
will not appreciably affect Ei and E2.

the sawtooth, Et> is limited by the maximum 
rated screen voltage.

The maximum rated screen voltage of the 6AS6 
is 140 v so for conservatism 120 v is used.
Step 2. Set a value Ei for the positive suppres-

and R2 so as to pro

dapon m is recommended for use wherever:
• high operating temperatures are encountered
• top electrical qualities are a must
• better strengths are desired
• molding conditions pose a problem.

take the major share of the cathode current. 
However, this must be compromised with the 
consideration that for best linearity the cathode 
resistor Rk, must be small. Consequently Ei and 
E2 (mentioned below) should be as small as pos
sible. During the Miller action ik is very small 
so ek ss 0 and ec3_k = 4-Ei-

For the 6AS6 choose Ei = 4-10 v.
Step 3. Choose a value —E2 for the negative sup
pressor-to-cathode vol|age during quiescence 
that reliably cuts off plate current. At this time

value should reduce the cathode current to roughly 
three-quarters of its zero-bias value. For fast

Putting laeas to Work 
FOOD MACHINERY AND CHEMICAL 

CORPORATION 
Dapon Department

Room 1458, 161 East 42nd St., N Y. 17, N Y

Rk - 30/0.006 s 5.1 K.
Step 6'. Choose Rg and C. For the cathode
coupled phantastron the slope of the sawtooth 
is also very close to Eb/RgC v/sec. Because of 
the initial drop in the plate voltage before the 
sawtooth begins, the maximum duration of the 
sawtooth is reduced to about 0.6 x RgC sec. The 
amplitude of the initial drop is approximately 
Ei 4“ Eg.

If Rg= 1 meg and C = 1,600 pf then 0.6 x 
RgC — 960 psec s 1,000 psec.
Step 7. Choose Rp from the same considerations.

FREE LITERATURE
SEND COUPON FOR NEW 32PAGE BROCHURE 
ANO THE NAMES OF COMPOUNDERS OF 
DAPON RESINS

waveforms i,2 should be as large a 
within tube ratings. Then R^ can

ert k = 60 v (from tube curves) and Prt — 60 x 
0.006 = 0.36 w which is satisfactory. Since Ei 4- 
E2 = 10 4- 20 = 30 v, ek — 30 v and ec2 = 
eC2-k 4“ ek — 69 4* 30 = 90 v. Therefore the 
screen resistor Rc2 must produce a drop of 30 v. 
Rc2 = 30/0.006 s 5.1 K.

Reference*
1. B. Chance, et al. Waveforms, Vol. 19, MIT Rad. Lab. 
Series, McGraw-Hill, 1949, pp 195-204.
2. J. Millman and H. Taub. Pulse and Digital Circuits, 
McGraw-Hill, 1956, pp 221-228.
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High Density Electronic Packaging
Module Layout and Design

The concept and basic description of High-Density Electronic Packaging 
were covered in the first article of this series (ED, April 12, 1961, p 40). 
In this article, the design of circuit modules and wiring modules is outlined 
in terms of module size, cost and efficient layout. Ground rules are pre
sented for various design approaches.

Alfred J. Coutu 
Paul N. James 
The Sippican Corp 
Marion, Mass.

H OW expensive should a “throw-away” mod
ule be? How large should a module be?

How can interconnections between modules be 
reduced? These are but a few of the challenging 
questions which face the design engineer con
fronted with a project involving microminiaturi
zation. The compromises and factors affecting 
the decision, as applied to High Density Pack
aging, are revealed as the layout and design 
procedures are outlined.

The High Density Electronic Packaging 
(HDEP) technique employs two basic modular 
electronic subassemblies: circuit modules and 
wiring modules. These modules, both encapsu
lated, are electrically united within a given sys
tem package by means of specially designed 
separable connectors, having the reliability of 
permanent connection techniques.

Connections between circuit module and wir
ing module terminal pins are made by the wire
wrap technique. Figs. 1 and 2 illustrate the cir
cuit module—wiring module relationship and 
show the wire-wrap connector method.

Hew Large Should
A “Throw-Away" Module Be?

The “throw-away” concept applies to circuit 
modules alone, in that replacement of a module 
can be expediently made on a "plug-in” basis 
should component failure occur. Component 
costs may indeed be higher, but system down
time and maintenance are reduced. These factors 
must be equated in the preparation of require
ments for a particular system. Oftentimes, expen
sive components can be located outside of the 
encapsulated circuit modules so as to be salvage
able should the module require replacement.

Reliability' is the most important consideration 
in subassembly size determination for packaging 

designs. It is generally assumed that the greater 
the number of connections that are permanently 
made, i.e. welded and encapsulated, the greater 
will be the over-all reliability of the system. This 
philosophy tends to keep the number of sepa
rable or nonencapsulated connections to a mini
mum. In order to achieve this end, more and 
more components are added to a circuit module 
and more of the logical wiring is done within 
the circuit module. The ideal functional unit 
would have only those logical input and output 
lines and power connections necessary to operate 
the unit at the external terminations. There are, 
of course, physical as well as economical limits 
to which this philosophy can be carried.

The second desirable feature gained in using a 
large circuit module is the high component den
sity which can be achieved.

An opposing factor is generally economic, i.e. 
the smaller the circuit module, the cheaper the 
throw-away package becomes.

Another desirable feature of small circuit mod
ules is the added flexibility of system design. 
Heat-producing components may make small 
module sizes a decided advantage, because these 
components may be placed near the surface of 
the module and closer to the conductive foils 
that are attached to the heat sinks.

Thus, the main factors to be considered in the 
determination of circuit module size and, ulti
mately, wiring module size are a compromise 
between the reliability' and component density of 
the system vs the economic considerations or the 
dollar value of the throw-away package and the 
flexibility desired for the system.

Circuit Module Assemblies
Size of Circuit Modules: Construction of cir

cuit modules for a given system package is based 
essentially on a determination of module size. 
This determination is made by means of me
chanical, electrical and thermal evaluations of 
the system schematics and block diagrams.

Lt is helpful, but not necessary, to have all cir
cuit modules in an electronic system package 
identical with respect to physical size. The mini
mum requirement is to hold two dimensions of 
all encapsulated circuit modules in the system 
constant. The approximate size of the over-all 
system and of the individual circuit modules is 
obtained by a mathematical analysis of all the 
components of the system circuits. From a pre
liminary breakdown of the system block diagram 
into individual circuits to be packaged, compo
nent size evaluations are made which include 
dimension and “squared area” determinations 
and calculation of volume. “Squared area” refers 
to the square of the diameter of the component.

By this mathematical analysis, and by adding 
certain constant dimensions to each circuit mod
ule for matrix wiring, encapsulation, terminal pin 
connections, wiring module volume and struc
ture, it is possible to accurately predict the vol
ume of a complete system.

The number of modules in a system helps to 
determine the size of each circuit module. For 
most digital computers, a greater number of 
modules of a few types are required if logic is 
not incorporated. Fewer modules are required if 
logic is involved, but each module becomes a 
specific type, increasing the number of spares 
required for most systems. An analog system will 
generally require a group of completely different 
circuit modules, except for multichannel equip
ment where advantage can be taken of identical 
circuits to reduce the number of module types 
in the system.

The number of interconnections required for 
each circuit module must also be determined, be
cause as modules are grouped together or func
tionally split, the pin count of the new circuit 
module will be different from that derived from 
the logical breakdown. The pin requirements of 
the system per circuit module are dictated by the 
circuit module with the greatest terminal pin 
requirement. Therefore, it is desirable to keep
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INSULATING MATERIAL TO BE INSERTED 
IF A CIRCUIT IS TO BE ISOLATED
DURING TEST air OUT. FT

INTER-FRAME 
STRIP CABLE

HINGE «RACKETS 
— FOR SERVICING

Fig. 2. Each frame of the 
above assembly contains 120 
circuit modules plus one wiring 
module. Tape cable is used to 
interconnect the two wiring 
modules.

Fig. 1. (left) Cutaway showing 
the relationship between the 
circuit and wiring module.

CIRCUIT MODULE 
INSERTED INTO ' 
WIRING MODULE

Fig. 3. (right) Typical analog 
circuit module, unpotted.

the pin count equal for all circuit modules.
If, for example, the wire-trap technique is used 

to interconnect circuit modules with a wiring 
module, the minimum spacing between the ter
minals is 0.150 in. on centers. From the height 
of the tallest component placed upright in the 
circuit module, it can be ascertained whether two, 
three or four rows of terminals are feasible. The 
number of terminals also determines the width 
of the circuit module for maximum pin density. 
With two dimensions of the circuit module fixed, 
a circuit module layout can be started. The sum 
of the component areas divided by the width 
results in the approximate length of the circuit 
module without encapsulation or circuit module 
connector provisions. A typical circuit module is 
shown in Fig. 3.

Layout Design Procedures: Once these me
chanical factors have been fixed, layout design 
of a circuit module can proceed. Components 
are located so that output lines are as short as 
possible and conductor paths are minimized. 
Density is increased by associating components 
of similar dimensions along the same centerlines 
and obtaining a repetitive grid pattern for a 
matrix that will allow components to be located 
in a regimented fashion (quite difficult with ana
log circuits).

Heat-producing components are located in 
proximity to the heat exchanger, if one is used. 
Heat-sensitive components must be kept away 
from heat-producing components. Power ter
minal locations for all modules must be stand
ardized, and input circuits must be kept separate 
from output circuits.

Another important step in layout design of a 
circuit module is refinement of wiring to obtain 
maximum functional simplicity, producibility and 
weld reliability. Components and wiring are 
“juggled” within the limits of the layout dimen
sions and within the limitations of the design 
mechanics until the wiring is made as simple as 
possible. The extra time spent in optimizing the 
design results in a circuit module which is sim
pler to assemble and fabricate.

Component Assembly: High density construc
tion is three-dimensional as opposed to a two- 
dimensional or standard printed-circuit approach. 
The three-dimensional approach allows the lay
out designer the freedom of aligning or stack
ing components of different dimensions. The two- 
dimensional approach has also been incorporated 
with the welded technique by using one matrix 
in place of a printed circuit board and welding 
to various component leads at the extremities of 
the matrix.

Components are laid out with their maximum 
dimensions tangent to insure that there will be 
no interference at assembly. This method pro
vides the best compromise between high density, 
i.e. a large number of components per unit area, 
and the ability of the component leads to move 
toward the rigidly supported matrix wires during 
the welding operation.

Thin (0.004 in.) Mylar or Cronaflex films, with 
the cross-sectional dimension of each component 
shown to scale, are used to arrange the compo
nents in proper order during assembly. Dots on 
these “positioning films” indicate where holes 
must be punched for passage of the component 
leads.

Matrix Design: The current approach to design 
of circuit modules uses the matrix wiring tech
nique developed by Francis Associates for the 
Polaris FBM Computer logic sticks. A matrix 
consists of tw’o layers of conductors at right 
angles to each other, separated by a Mylar insu
lating film. The films, photographically repro
duced and reduced to scale from an original 
drawing, depict the wiring paths and are coded 
to indicate where holes are to be made to accept 
component leads and weld intersections.

To fabricate a circuit matrix, a welding jig can 
be used to position the conductors and the film,
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Fig. 4. A circuit module header housed in an 
assembly jig.

or the matrix film itself can be used as a jig by 
providing loading holes to locate the position and 
the conductors for welding. Once the conductors 
are properly positioned on the matrix film, the 
intersections of the conductors to be electrically 
united are welded through prepunched holes in 
the matrix film. Intersections of conductors where 
no connection is required are insulated by the 
film between the conductor layers.

In this manner, a matrix can be programed for 
automatic welding: a weld is attempted at every 
matrix intersection, but will only be made where 
holes occurred in the film. After all the matrix 
intersections are welded, excess conductor mate
rial is clipped away, leaving a conductor pattern 
identical to the image on the matrix film.

An advantage of matrix use is the versatility 
that can be added to a matrix by fabricating it 
of different conductor materials or sizes to in
crease the welding compatibility of the compo
nent lead and conductor. Until more manufac
turers of basic electronic components provide 
their components with terminal leads that are 
more compatible to welding, matrix conductors 
must be chosen from different materials which 
are compatible to the various lead materials.

Experience in layout design of a circuit mod
ule teaches the designer the number and type 

of matrices that are required by a circuit module. 
In general, more than one matrix is required on 
each side of a module if the ratio of the number 
of components to the number of terminal pins is 
less than four to one. Another factor that con
tributes to additional matrices in a circuit module 
is a high percentage of components with a di
ameter of about 0.100 in., or transistors which 
are of the small hearing aid type.

Three general ground rules are followed in the 
layout design of matrices to assure maximum 
producibility and ease of fabrication:

1. Electrode Clearance: For pincer-type elec
trodes used to weld a matrix conductor to a 
component lead, a minimum of 0.040 in. clear
ance to another conductor on either side of the 
conductor or lead must be provided. This allows 
the electrodes to be positioned without interfer
ence from other conductors, and to be properly 
seated to avoid the loss of weld pressure.

2. Matrix Conductor Spacing: Part of this 
problem is recognized in electrode clearance, but 
the conductors on the first level of the matrix 
should allow a minimum of 0.050 in. edge-to- 
edge clearance from any component lead that is 
being bypassed. In the layout of the matrix, the 
designer must avoid parallel conductors having 
less than 0.025 in. clearance between them. This 
allows room for diagonal cutters to be used in 
clipping out the extra conductor material from 
the matrix.

3. Component Hole Sizes: If the component 
lead is rigidly fixed, the electrodes must force 
the lead and the matrix together for welding and 
some welding pressure is lost; therefore, the hole 
in the matrix film is made 0.010 to 0.015 in. over
size to allow the component lead to move freely. 
This procedure is based on the theory that it is 
easier to move the lead of a component (and pos
sibly the component) than it is to move a short 
length of conductor rigidly welded to the matrix.

A sound ground rule to follow in the layout 
of matrices is to place the conductors that go to 
the terminal pins on the first level beneath the 
matrix film, leaving the perpendicular conductors 
that are welded to the component leads on top. 
If more than one matrix is stacked on a circuit 
module, conductors going to terminal pins should 
be on the under-side of the outermost matrix. 
The lower-level matrix should make all the basic 
component connections, so that the module is a 
testable subassembly before the outer matrices 
are assembled and welded. The outer matrices 
should only connect with input-output and power 
connections. A component lead should never be 
welded to both matrices; however, the use of 
cross-through wires does allow welding to both 
matrices. Also, it is simpler to design the circuit 
module header, described next, if it is known 

that all conductors going to terminals are so 
located that connections to the header can easily 
be made.

Header Design: The circuit module header 
serves as a transition between the matrix wiring 
of the circuit module and the “outside world” 
back-panel wiring module.

A header is composed of terminal pins for 
connections to the wiring module, and “flags” 
which are transition connections between the ter
minal pins and the circuit module matrix con
ductors (Fig. 4). Because the terminals must be 
properly oriented and located within the header, 
the header is usually a fabricated part that will 
accept and position all the “flagged” terminals.

An alternate method is to individually position 
the “flagged” terminals in one side of the module 
encapsulating mold and weld the “flags” to the 
matrix conductors just prior to encapsulation. 
This method eliminates the need for a separate 
header.

Circuit headers are a necessary part of a cir
cuit module, since it is impractical to allow the 
matrix wires to come directly out of the encapsu
lation due to their close spacing. The use of 
headers makes it possible to design a wiring mod
ule that has terminal symmetry. The type of 
terminal pin required in the header is a function 
of the system back-panel wiring scheme of inter
connections. At the present time, most designs 
use a split wire-wrap terminal that mates with a 
similar terminal in the wiring module to achieve 
a reliable connection.

Very close tolerances are required in the posi
tioning and aligning of the header in relation to 
the matrices. At assembly, the flags must be lo
cated directly adjacent to the matrix wire, in 
order that welding pressure is not lost in bring
ing the flag and conductor together for welding. 
In extreme cases, it may be necessary to pre
bend the matrix wires in order to meet the flags. 
The majority of alignment problems are taken 
care of by the adequate design of positioning 
and holding jigs.

Wiring Module Assemblies

Design Concept: A wiring module is com
posed of several layers of ribbon matrices 
welded to wire-wrap terminals and encapsulated 
with an epoxy compound. At the present time a 
wiring module fabricated in this manner is the 
only electronic cabling system on the market that 
will interconnect High-Density encapsulated 
electronic circuitry and also offer the connector 
reliability, extreme compactness of back-panel 
wiring, and the ability to accept a tolerance
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build-up in the physical size of the circuit mod
ules without the requirement of floating pins.

High on the list of causes of failure of elec
tronic equipment is the use of a conventional 
connector, due to the number of pins required 
in the complex systems being built today. These 
connectors, of necessity, have floating pins with 
some sort of spring to add pressure for contact 
connections. The floating pins continually subject 
the attached wires to high stresses and ultimate 
breaks or open connections. These reasons for 
failure are virtually eliminated by using a wiring 
module and the wire-wrap technique for inter
connections.

Wire-Wrap Connector Design: The wire-wrap 
technique was originally developed by the Bell 
Telephone Laboratories. It has been modified to 
join two connector pins by wire-wrapping them 
together. One of the two pins originates from 
the circuit module, and the other from the wiring 
module. Internally, the wiring module pin is 
welded to a matrix signal path that interconnects 
with other wiring module terminal pins, and is 
connected via wire-wrap terminals to other cir
cuit modules. This system permits 50 or more 
connects and disconnects with little or no de
crease in reliability.

The wrapping or unwrapping of a connection 
is very easily performed by the use of inexpen
sive standard manual or power-driven wire-wrap 
tools. The wire-wrap technique demands that 
each connection be made individually, assuring 
positive visual evidence that each and every in
terconnection has been made.

The wire-wrap terminals are composed of 
hard, gold-plated beryllium copper, and the ac
tual wire-wrap is composed of soft copper. W hen 
the copper is wrapped around the sharp, hard 
corners of the terminals, the copper is physically 
deformed, creating a gas-tight connection with 
its inherent high reliability. With four to seven 
turns around the two wrapped terminals, mul
tiple conductive paths are created between the 
two terminals.

The use of wire-wrap terminals has two other 
unique features of interest to the designer. An 
outstanding feature is that every terminal of the 
system is accessible for probing and testing. The 
other equally important feature is that, by un
wrapping one or two connections and inserting 
an insulating material between the terminals, a 
circuit can be isolated from the system for test
ing or probing without physical removal of the 
circuit module. Fig. 5 shows an array of wire
wrap terminals.

Matrix Design: All wiring module matrices are 
custom-built for a particular system. The obvious 
reason for this is that all systems will have differ
ent locations for the various types of circuit 
modules and not all systems are composed of the 
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same number and types of modules. From out
side physical appearances, all wiring modules 
are the same, differing only in the number of 
circuit modules that they will interconnect. The 
difference between them is in their internal 
matrix design.

The ribbon matrix method of back-panel 
wiring is the core of the wiring module. The 
matrices enable the designer to perform many 
interconnections between circuit modules and 
to complete this in a thickness of only about 
0.025 in. per matrix. Several of these matrix 
layers stacked one above the other will contain 
all the intermodule signal and power connec
tions required by the system.

More specifically, a wiring module matrix is 
composed of a photosensitive film (usually 0.004 
in. Mylar) imprinted with lines that the signal 
conductors will overlay, plus other information 
necessary for fabrication. The conductors on 
either side of the film are welded to each other 
where indicated by the coding via holes pre
punched in the film.

The films are exactly reproduced from original 
drawings on which the logic interconnections 
are laid out. Practically all of the information 
necessary for the fabrication of the matrix is 
shown on the film. Mylar is used because it 
possesses excellent insulating qualities, high ten
sile strength, extreme resistance to tearing and, 
above all. dimensional stability even at extreme 
temperatures. The conductors are usually nickel 
ribbon, nickel wire, nickel-clad copper, or com
binations of these materials. A blank film sheet 
is inserted between each matrix layer to insulate 
one matrix wiring layer from another.

Layout Design Procedures: A wiring list is 
generated prior to design and layout of the mas
ter matrix film. It is easier to work with a wiring 
list than a multipage diagram.

This list is prepared from the master block 
diagram of the system, which indicates the logi
cal connections from one circuit module to any 
other module or modules. The block diagram, 
prex iously prepared from the system logical 
schmatic, identifies each circuit module and 
indicates module header pin numbers for each 
circuit entering or leaving the module. The main 
function of the list is to indicate a point in a 
circuit and list all other points in the system 
which are directly connected to that circuit. 
When this procedure has been completed for 
each circuit in the system, the list thus generated 
becomes a description of the complete system 
with respect to logical interconnections.

Other information pertinent to design and 
layout must be received either prior to or at the 
same time as receipt of the list. Some circuits, 
because of the type of signal involved, require 
shielding to prevent pickup due to capacitance

i

Fig. 5. A series of wire-wrap terminals illus
trating the technique.

effects from other nearby circuits. Generally, 
circuits known to require shielding are so in
dicated on the wiring list and are placed on 
special shielded layers. Circuits xvhich max- or 
may not require shielding, depending on their 
length, are listed as such; during layout, if their 
length exceeds a certain limit, these circuits are 
set aside to be included on shielded layers. 
Matrix layers requiring shielding are sand- 
wiched between planes of copper xvhich are 
ultimately connected to ground.

Cabling Technique: A unique method has 
been devised to provide for the few input-output 
and poxver cabling requirements required by an 
electronic system composed of circuit modules 
interconnected by a wiring module. The cabling 
is accomplished by means of connecting as many 
as sixteen wires of the cable directly to the 
header of a circuit module. This is then encap
sulated in a manner identical to a circuit module. 
As many of these “cable modules” as required 
by the system are connected into the xviring 
module. The cable modules are wire-wrapped 
into the wiring module in the same manner as 
other circuit modules. The xviring module 
matrices then perform the function of bringing 
the cable connections to the correct circuit 
module. ■ ■
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257Wide-Band DC Amplifier Is Single Ended

The unit contains tw

259

collector strip process enables conversion
13% for these silicon solar cells.efficiencies

Wirewound Resistor For Microminiature Circuits 258

Silicon Solar Cells 
Have Efficiency Of 13%
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ended amplifiers in one package using a common power supply. Choice of gain and band
width characteristics is by plug-in input modules. The unit is completely solid-state design

Packard Bell Computer Corp., Dept. ED, 1905 Armacost Ave., Los Angeles, Calif.
PGA: From $765 per channel; 60 days.

Adjustable gains from 10 to 1.000 and an adjustable bandwidth from 10 cps to 100 ke. are 
features of model 500 single-ended, wide-band, de amplifier. Input impedance is more than

A number of secondary collector strips protruding 
from the main or primary strip affords a better col
lection of current from the active cell area. The new 
cells are named gridded cells because the collectors 
form a grid network over the active area of the cell. 
An increase in cell output power of up to 20% over 
nongridded cells under given light and load con
ditions is claimed.

International Rectifier Corp., Dept ED, 1521 E. 
Grand Ave., El Segundo, Calif.
PGA: $2 to $6, depending on efficiency in 1 to 99 
lots; from stock.

1.000 megohms and output capability is ±10 v at 100

Wirewound resistor model TC-1 measures 1/16 x 1/16 in and is available in power 
ratings of 0.02 w. The units have tolerances of from 1 to 0.1% for resistive values from 
1 ohm to 50 K Resistance wire as small as 0.00045-in. diam is wound on a spindle and an 
epoxy bonding agent is applied for structural strength. The resistor can be secured directly to 
a printed wiring board with a bonding agent to become an integral part of the board.

Reon Resistor Corp. Dept. ED, 155 Saw Mill River Road, Yonkers, N.Y.
PGA: From $1 to $3 ea, 1 weeks.

Covering all new products generally specified by 
engineers designing electronic original equipment. 
Use the Reader’s Service Card for more information 
on any product. Merely circle number correspond
ing to that appearing at the top of each description.
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obtainable for

255

CIRCLE 32 ON READER-SERVICE CARD

Digital Logic Element 
Operates To 250 Kc

... and the conformity with military specifications 
you expect.

Perhaps this specialized skill and imagination can 
help solve your delay line problems? Call any one of 
the five JFD sales offices or one of the twenty-five sales 
representatives nearest you for complete technical data.

Write today for bulletins 212 or 213A covering our 
standard models of Lumped and Distributed Constant 
Delay Lines.

Tapped, Stepped Variable, Lumped Constant and 
Continuously Variable Lumped Constant Delay Lines 
can be custom designed to fit your needs, as well as 
filters and pulse forming networks of all types.
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Whether you need immediate delivery from stock or 
custom-built designs, JFD has the delay line that pays 
off in premium performance. Increasing industry-wide 
acceptance is the proof!

To start with, JFD designs, develops and delivers 
the delay line jou need, when you need ir. Highest 
reliability is assured, under your most critical condi
tions, because of JFD's advanced technological know
how. This capability results in high delay to rise time 
... wide variety of shapes, sizes and mountings ... 
superior temperature stability .. virtually linear phase 
shift over wide band width... minimum attenuation... 
maximum resistance to shock, vibration and humidity

JFD NEW ENGLAND 
Ruth Drivu, Murlboro, Mun. 

l-.n u HUntluy 9-7311

JFD MIDWESTERN 
C414W Higgins Art., Chkugo, Illinois 

Phono SPring 4-4761

6101 16th Avenue, Brooklyn, New York • Phone DEwey 1-1000 • 1WX-NY25040

JFD CANADA 
SI McCivinodi St, Toronto, Ontano Coralla 

Ptions ROgar 9-1129

duty cycle. Military versions

Three overlapping ranges cover a frequency range 
of 1 to 20 me. External sine wave trigger can be 
used to provide repetition rates down to zero. Speci
fications are: frequency accuracy, 3% of dial setting; 
output, positive or negative; rise and fall time, less 
than 6 nsec; pulse width, less than 20 nsec at 507 
amplitude min, 0.3 psec max; output impedance, 
93 ohms; max duty factor, 0.35. Weight is 60 lb and 
size is 17 x 17 x 7 in.

General Applied Science Laboratories, Inc., Dept. 
ED, Merrick and Stewart Aves., Westbury, N.Y. 
Pi? A: $1,250 fob Westbury; 90 to 120 days.

A single one of the CTL-250 series of core
transistor logic elements can perform the following 
functions: OR, Inhibit, Branch, AND, Transfer, 
Drive, Count, or Complement Combinations can 
perform any logical function in the digital equipment 
field. It is available with positive or negative input/- 
output pulse polarity. Minimum ONE to ZERO ratio 
is 15 to 1. Standard units operate to +65 C at 100*?

operating temperatures to +125 C.
Di An Controls, Inc., Dept. ED, 944 Dorcheste 

Ave., Boston 25, Mass.
Pi? A: $24 ca; 2 to 4 weeks.

Narrow Pulse Generator 
For High Repetition Rates

Model PG-10 pulse generator is 1
high repetition rates and narrow pulse

for use where 
■s are required.

Componenti Division

JFDWESTERN
• l< Bou 3416, 7311 Vun Nuys Bl, 1 

Vm Nini Culli , Phone STute 1 J>3m

Grow

Distributed Constant
Lumped Constant 

Continuously Variable 
Step-Variable Lumped Constant 

Adjustable Length Lumped Constant



NEW PRODUCTS
566Two-Coil DC Solenoid

565Paper-Tape Reader

8-hole perforatedelectric device reads any 5-

567Slide-Wire Potentiometer

560Regulated Power Supply

573Trimmer Potentiometers

AC-DC Digital System 572

divisit

Mallory

nothing goes with high vacuum like 
OFHC* copper forgings-from P B & B

Output is 117 v ac at 60 cps from an input of 
12 v de. Type IFA-1260-25 has a continuous power 
rating of 250 w and a maximum rating of 375 w. 
Output is regulated to ±1 cps over a load range of 
20% to 100% and an input range of 11 to 16 v.

Kupfrian Mfg. Corp., Dept. ED, 167 Prospect St., 
Binghamton, N. Y.
Price: $175.
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paper tape. Uses include process control, automatic 
checkout and telemeter data reduction. Dimensions 
are 6 x 4-5/8 x 4 in.

Invac Corp., Dept. ED, 14 Huron Drive, Natick, 
Mass.

With rates to 20 characters per sec, this photo-

Ac power converter, model AC-45 is for use with 
the V-45 de digital voltmeter. The converter has a 
floating input which may be utilized at 500 v de 
above ground. It permits measurement of 1 mv to 
1,099.9 v ac in three ranges at 0.25% accuracy.

Cubic Corp., Dept. ED, San Diego 11, Calif. 
Price: $1,500 (for system).

Only certified Oxygen Free High Conductivity copper gives 
you the critical properties you need for key parts in 
magnetrons, klystrons, power tubes and scores of other 
electronic and nucleonic devices. It’s free from hydrogen 
embrittlement and resulting sponginess. It’s readily brazed, 
welded and plated. It makes copper-to-glass seals that are 
permanently vacuum-tight. It has negligible volatile con
tent at out-gassing temperatures.
From Philadelphia Bronze & Brass, you're sure of getting 
OFHC copper forged accurately to your specifications, 
from certified grade material guaranteed at least 98% 
IACS conductivity. Recommended as a source of OFHC 
copper and related alloys by American Metal Climax, 
Inc., PB&B can give you expert service on forgings, 
both open and closed die. Our large stocks assure 
prompt delivery.
We can also supply forgings of AMZIRC*, a zirconium- 
OFHC copper alloy with excellent high temperature 
properties, and AMSULF*, a free-machining sulfur-OFHC 
alloy ... as well as copper castings of 90% conductivity 
electrolytic copper.
In over 30 years of specialized non-ferrous experience, we 
have served leading electronic manufacturers and labora
tories. Write or call us for a consultation.

Resistance is 100 ohms to 100 K ±20% in model 
50-T-l 0.5-in. pots. Resolution is the same in low 
and high-resistance units. Starting torque is 7.5 oz- 
in. Linearity is 3%; power rating is 0.25 w.

Computer Instruments Corp., Dept. ED, 92 Madi
son Ave., Hempstead, L. I., N. Y.

Linearity is to 0.25%, temperature constant is 20 
ppm and noise is less than 25 ohms per NAS 710 
in model 85176. For low-impedance use, the unit 
comes in complete or partial turns from 1 to 10 
with resistances from 1 to 10 ohms per turn.

Giannini Controls Corp., Dept. ED, 1600 S. 
Mountain Ave., Duarte, Calif.

Rated for 1.000.000 cycles of operation, model 
12SD535 can in some uses perforin 2,000,000 
cycles. Response time is 12 msec with a 1-lb force 
at 0.125 in. of stroke and at 60 v de. Able to operate 
over a temperature range of —65 to ±160 F, it 
meets MIL-S-4040C.

IMC Magnetics Corp., Western Div., Dept. ED, 
6058 Walker Ave., Maywood, Calif.

Non-Forrout Forgings, castings and Fabrications * Registered Trade Mark—American Metal Climax, Inc.
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Saturable Core Reactors 587
In 9 sizes. Ratings of 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 

5, 7.5 and 10 kva are available in saturable core 
reactors for use at 60 cps, 600 v and below. Reactor 
is used in series with a load of constant resistance to 
vary current, or in series with a load of variable im
pedance to maintain a constant current. Class B in
sulation is used throughout.

Westinghouse Electric Corp., Dept. ED, P. O. Box 
2099, Pittsburgh 30, Pa.

Silicon-Controlled Rectifiers 585
At 10 and 16 amp. silicon-controlled rectifiers 

2N681 through 2N689 are rated at 16 amp, types 
2N1842 through 2N1850 at 10 amp. Both have piv 
ratings to 500 v, low forward voltage drops and 
uniform gating characteristics. Package is double- 
ended stud configuration. Devices meet military re
quirements.

Tyco Semiconductor Corp,, Dept. ED, Hickory 
Lane, Bear Hill, Waltham, Mass.

Pressure Transducer 584
For low-pressure applications. Made for use where 

small size and accuracy are required, model 2-51 
transducer has operating ranges of 0 to 5 to 0 to 350 
psia, psig, or psid. Linearity is ±0.5%. Operating 
temperature is —65 to 4-165 F, with up to +300 F 
obtainable.

Edcliff Instruments, Dept. ED, 1711 S. Mountain 
Ave., Monrovia, Calif.
Pi? A: $400 ca, 1 to 10; 45 days.

Solid-Tantalum Capacitors 582
Capacitance is up to 330 pf and voltage ratings 

are to 35 v. Type CT units have working-voltage 
ratings of 6. 10 and 20 v de and surge-voltage rat
ings are 8, 12 and 23 v. Dimensions are 0.27 x 0.285 
x 0.06 in. Temperature range is —80 to -|-125 C.

Radio Corp, of America, Semiconductor and Ma
terials Div., Dept. ED, Somerville, N. J.

Time Delay Relay 583
Is inexpensive. Thermal time delay relay is avail

able with spst normally closed or open contacts, 
spdt, or 2 independent circuits. Rating is 100 ma to 
10 amp, up to 115 v ac. The relay has enclosed 
bakelite housing, 2 mounting styles, and quick
connect or solder terminals.

E-T-A Products Co., Dept. ED, 6285 N. Cicero 
Ave., Chicago 46, Ill.
Price: $0.90 ea, lots of 100.

Color-Striped Markers 854
Of transparent polyester film, no. 964 markers are 

for coding resistors and other components. They 
stand temperatures to 150 C. Stripe and spacing are 
0.03 or 0.015 in. wide. EIA and MIL STD 681 are 
met.

W. II Brady Co., Dept. ED, 727 W. Glendale 
Ave., Milwaukee 9, Wis.
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Now, with just one output from the data source, you 
can record information in reusable form two différ
èrent ways-on printed tape, and on punched tape. 
The secret of this simpler, faster, more economical 
recording method is Clary’s special printer-perforator 
combination. This versatile unit prints out informa
tion from a wide range of data sources and records 
it on a “common language” punched tape.
The taped data can be kept for permanent records... 
mailed or directly teletyped to distant points...used 
as language for computers, process control units, and 
in other industrial applications.»
For further information on this unit, or for help with 
any data-handling problem, just phone or write Clary.

print and 
punch from 

only one 
source!

now from Clary

Specification notes:
The printer used may be serial or parallel 
entry. The tape perforator will punch 
any number up to 8 transversely-spaced 
code hole channels, and the format 
is programmable.

©Clary ELECTRONICS
San Gabriel, California
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AC Regulator Holds Voltage Despite
Changes in Load, Line, or Frequency

cps.

or other inserts) are integrally molded

it’s the 
CONTACT 
that counts!

covering the wires forms a single 
tinuous, bonded insulation.

Output of the line-voltage regulator shows fast response to load transients from half load 
to full load to half load.

U positive contact surfaces on each 
Alden top-connected contact give you:
■ More reliable electrical contact
■ More secure mechanical grip
■ Minimum electrical resistance

PRODUCTS COMPANY
5139 North Main St , Brockton, Mass.
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if the load power factor

without damage. But it cannot maintain 
1 per cent regulation if the 60-cps line 
frequency should change by more than

ELECTRONIC DESIGN • May 10, 1961

Each lead has individual strain relief because wire is doubled back through 
contact tab. Punch press contact design permits rapid heat transfer — elimi
nates unreliable cold solder joints as in screw machine contacts. Danger of 
insulation pull back is eliminated by bringing wire insulation right into molded 
clip pocket.

These unique Alden molding techniques in connector design drastically 
reduce the number of parts required and make possible multi-contact con
nectors of amazing basic simplicity and reliability.

Resilient Alden contacts can be included in any type of molded insulation 
for any combination of contacts. Hundreds of standard off-the-shelf designs 
are quickly available — with or without leads — or as part of unit-molded cables.

Our Customer Department will work closely with you on any connecting or 
cabling problems. A letter with description or sketch will enable us to provide 
recommendations or samples at once.

Ntw, flamtpraaf, high valtaga First majar advance in cennecter 
canneeters new available in high- leiisei'ity since potting oilers fool
density. flame-retardant polyethylene proof, tapper-proof connections for 
Light, compact connectors for applies- trouble-free operation Alden "IMI 
tion* up to 30 KVDC and up to 250° F connectors and cables (wires, contacts, 
without distortion. '—• • -  --------- ■■ ‘

Standard assembled connectors 
in non-interchangeable layouts with from 
7 to 11 contacts: miniature connectors, 
plain or shielded, for carrying power or 
signal; miniature plugs and sockets;

should fall below about 0.98. And it can
not provide remote sensing or adjustable 
output.

The three other popular types, elec
tronic stabilizers, servo regulators, and 
magnetic-amplifier regulators can all hold 
good regulation over the 57- to 60-cps 
range, they can all regulate against 
power-factor changes, and they can all 
provide adjustable output with remote 
sensing; but none provides 2-cycle re
sponse, and none can be shorted safely.

The Twinco regulator provides an out
put that is adjustable from 110 to 120 v 
with local or remote voltage sensing. It

„ ____ ______ _______ ----------- signal connectors; and CRT connectors
in a single hot shot of insulation so that are all available for fast delivery, 
material forming the connectors and

bility, and tight, 1 per cent regulation 
with insensitivity to variations in fre
quency, power factor, or temperature. 
The regulator thus combines the most 
desirable features of saturable-transform
er-type resonant stabilizers, electronic 
stabilizers, servo regulators, and mag
netic-amplifier regulators.

In the past, it was necessary to make 
one type of compromise or another in 
selecting a regulator. According to the 
manufacturer of this one, Twinco Inc. 
of 10 Cheney St., Roxbury, Mass., each 
regulator had important draw-backs.

For example, the fastest type, the res
onant stabilizer, can provide 2-cycle re
sponse and its output can be shorted

¡¡Hi
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IN PRECISION CALIBRATION
EPSCO DELIVERS ITS SPECIFICATION

idilli

Regulator's output responds quickly to 10 per 
cent changes in line voltage.

holds the output voltage to the adjusted 
value despite changes in the load from 
no load to full load, changes in power 
factor (leading or lagging) from 1.0 to 
O.7, changes in the line from 95 to 135 
vac, changes in line frequency from 57 
to 63 cps, and changes in temperature 
from O to 50 C.

For line-voltage or resistive-load 
changes, the regulator responds, typi
cally, in two cycles. For frequency 
changes or reactive-load transients its 
response is slowed to no more than 12 
cycles.

Output distortion is never more than 
5 per cent. Typically it is 2 per cent; 
for most extremes it may reach 3 per 
cent. In fact, the regulator can often 
reduce the harmonic distortion found in 
the input waveform.

The regulator uses only' low-Q mag
netic elements and diodes, so it is highly 
reliable. It uses a doubler-type magnetic 
amplifier with feedback to serve as a 
controllable saturable transformer.

Models are available to deliver 250, 
500, 1,000, or 2,000 va, and they can be 
obtained with cabinet or rack mount
ing, with open or cased transformers, 
and with or without a panel meter.

Prices vary with model chosen. A 500- 
va unit with rack mounting, with the 
meter, and with open transformers costs 
$675 in small quantities and is available 
in 4 to 12 weeks.

For more information on this ac 
lator, turn to the Reader-Service 
and circle 251.

ELECTRONIC DESIGN • May 10,
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FEATURES:
Selectable Voltages, in 1 millivolt steps, from 0 to ±11.112 V
High Resolution and Selection Capability: 1 part in 10,000; 
with vernier adjustment, 1 in 100,000
Close Reference Control of Zener current and load maximiz
ing stability
Low Output Impedance: 0.05 ohms (50 milliohms) DC
Overload Proof
Vernier Control. Permits operator to vary output continu
ously over a ±2 millivolt range for any setting
Chopper-Stabilized, High Gain Amplifier
Predicted Mean Time to Failure: 15,000 hours

DECADE
VOLTAGE VERNIER
CONTROL

APPLICATIONS:

NEED A LOW-RANGE, 
LOW-COST VOLTAGE 
REFERENCE SOURCE?
Absolute accuracy of ±0.025%... selectable voltages from 0 to 
±11.112 V... make Epsco’s new VRS 611 the most accurate and 
flexible voltage reference source for the money!

Designed as a "Workhorse Cousin" to Epsco’s higher-range 
VR607, the portable "611” voltage reference source meets the 
needs of quality control departments, electric equipment manu
facturers, research laboratories, armed forces repair facilities 
and component manufacturers.

Available as a portable unit (shown above), in sturdy rack mount 
for fixed installation ... or with battery power for in-field cali
brations. All models ready for immediate delivery. Call or write 
for details. Price $625.00• Insert precisely known voltages of small magnitude for cali

bration of low level data gathering systems
• Calibrate precision amplifiers
• Calibrate voltmeters
• Working secondary standard for laboratories and quality 

control departments
• Make precision voltage measurements

CIRCLE

€psco^ I INSTRUMENTS

A division of Epsco, Incorporated, 225 Massachusetts Ave.. Cambridge 39. Mass., UNiversity 4-4950
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Barber-Colman unidirectional
shaded pole motors with

New Ilses forcirculating fans ratings
Cold Cathode Tubes

THE MARK OF QUALITY

a-c small motors

ELECTRONIC DESIGN • May 10, 19Ó1

Barber-Colman Company
Üept Q, 1283 Rock Street, Rockford, llinois 
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TYPICAL APPLICATIONS 

MR PURIFIERS 
DEODORIZERS 
HUMIDIFIERS 

REFRIGERATOR BLOWERS 
ELECTRIC HEATERS 

BOOSTER FANS 
VENTILATORS 
PROJECTORS 

DESK FANS

meg and 150 pf to 16 pf, depending on 
the amount of pulse stretching that is 
desired. The flip-flop circuit shown in 
Fig. (c) combines features of circuits 
shown in Figs, (a) and (b). It should be 
noted that the tube uses the “keep alive” 
anode for pre-ionization.

Another design feature that distin
guishes the above circuitry from those 
using thyratrons is the use of a capacitor 
in the trigger circuit. By plotting the 
breakdown voltage (anode -j- cathode) 
against the control current (starter to 
cathode) the current control characteris
tic is obtained. A relatively high value 
of starter current is needed if the tube 
is to break down at lower anode volt
ages. If a 100-pf capacitor is placed be
tween the starter and the cathode the 
tube will fire as soon as the control cur
rent has charged this capacitor to the 
starter breakdown voltage of 125 v. The 
capacitor then discharges from starter to 
cathode. For that instant the peak starter 
current is quite high and depends only 
on the value of the capacitor.

Miniature cold cathode tube, GR-21, 
type is so designed that the glow is 
visible when the tube is observed head
on. Two starters permit new uses as for
ward and backward counters for logic 
circuits. Fig (d) illustrates a counter 
circuit which can either add or subtract. 
Pulses coming in at the top line will 
add; pulses appearing on the next lower 
line will subtract. By picking off the 
cathode voltages of the individual tubes, 
predetermined counters can be designed. 
A counting speed up to 2,000 impulses 
per second is possible.

One of the tubes being offered, the 
Arcatron, is to be pegged at between 
$18 and $20 each for the 3-amp series.

For more information on this line of 
cold cathode tubes, turn to the Reader
Service Card and circle 252.

SWISS manufacturers have developed 
new uses for an old device. Cold 

cathode tubes have been around for 
30 years, but until recently, their ap
plications have been restricted in the 
main to voltage regulators and indicator 
lights. Now, because of technological 
improvements, these tubes merit recog
nition for their usefulness in trigger cir
cuits and data-processing applications.

Cerberus AG, of Mannedorf, Switzer
land regards the U.S. as a good poten
tial market for the line of cold cathode 
tubes they have developed. Their rep
resentative in this country, Electronic 
Engineers International, 156 N. Franklin 
St., Hempstead, N. Y., will offer several 
versions of the basic tube to original 
equipment manufacturers.

The use of pure-metal molybdenum 
cathodes has increased tube life sub
stantially. For continuous operation 
these tubes have a minimum life ex
pectancy of 25,000 hours. In actual op
eration the tube is “on” only a fraction 
of the time, so its operating life is prac
tically unlimited. Trigger tube charac
teristics of short firing time and stable 
control are the result of * pre-ionization.” 
This is achieved by a keep-alive current 
of a few microamperes to an auxiliary 
anode. Ionization time using this method 
is in the microsecond range. Thus the 
tubes have applications in multivibrator 
circuits up to 500 cps.

A multivibrator circuit using a Cer
berus GR-15 tube is illustrated in Fig. 
(a). The frequency of oscillation is deter
mined by the values of R (1 to 20 meg), 
and C (150 pf to 16 pf). The upper 
limit is 450 cps. The circuit goes into 
oscillation upon closure of switch S. The 
univibrator circuit shown in Fig (b) re
quires triggering pulses of 90-v ampli
tude with a rise time of 106 v per sec. 
Typical values of R and C are 1 to 20

As manufacturer of unidirectional small 
motors up to 1/20 hp, Barber-Colman of
fers various combinations of these motors 
and fans for applications such as listed at 
left. These high quality motors feature 
low noise level... high dielectric strength 
coils ... stainless steel shafts . .. long life 
lubrication. For complete information on 
Barber-Colman Motors with fans, write 
for bulletin F-l.

THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 
includes unidirectional, synchronous, and 
reversible types . . . with or without re
duction gearing . . . open or enclosed. 
Stator and rotor sets also available. 
Write for quick reference file.

BARBER
COLMAN
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Type HYLM (T diameter)
Barber-Colman quality
permanent magnet motor
for precision applications
meets military specifications

O.O2
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lOmeg
Ô*

□ meg

2 2meg
250«

Ío 25u*
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Multivibrator circuit (a) using a GR-15 tube has upper limit of 450 cps. (b) Univibrator 
circuit shown requires a triggering pulse of 90-v amplitude with a rise time of IO6 v per sec. 
(c) This flip-flop circut combines the features of circuits shown in Figs, (a) and (b). (d) A count
ing speed up to 2,000 impulses per second is possible with this add-subtract counter circuit.
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THS MARK OF QUALITY

d-c small motors
BARBER
COLMAN

typical applications

PROGRAM SWITCHES

TUNING MECHANISMS

ELECTROMECHANICAL ACTUATORS

C00LIN6 FANS AND BLOWERS

TIMING MECHANISMS

SWITCHING DEVICES

Type HYLM 1* diameter precision- 
made Barber-Colman motor is available 
in three lengths and can be supplied 
for use on any voltage from 6 to 115 
volts d-c. Square brushes, retained by 
a constant-pressure spring, ensure long 
brush life. Dynamic braking can be 
employed if desired. This motor is 
equipped with R2 ball bearings, has an 
explosion-proof housing, and meets en
vironmental requirements of MIL-M- 
8609 (ASG). A quality motor through
out . . . lightweight, compact, efficient. 
Ask for Bulletin F-10421.

WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman electrical 
components, a-c and d-c small motors, tach gen
erators, blowers, gearheads, relays.

Dept. Q, 1883 Rock St., Rockford, Illinois 
CIRCLE 38 ON READER-SERVICE CARD



NEW PRODUCTS

Trigger Tube Has Two Starters 319Universal Counter-Timer For De to 100 Me320

318Silicon Microdiode Modules

ELECTRONIC DESIGN . May 10, 1961

General purpose counter-timer 728B measures and displays fre
quencies directly without heterodyning techniques from de to 
100 me, measures time intervals and periods, and counts at rates 
to 100 me with self-contained time base. The solid-state unit 
uses derated components for reliability. Paired pulse resolution 
is 10 nsec; oscillator stability is —2 parts in 10s for short terms 
Output information from each of the decade counting units is 
available in binary-coded decimal form to operate accessory 
equipment. Sensitivity is 1.0 v rms, input impedance 50 ohms 
from 10 to 100 me and about 50 K from de to 10 me.

Computer Measurements Co., Dept ED, 12970 Bradley Ave., 
Sylmar, Calif.

A subminiature, gas-filled, cold-cathode trigger tube, 
type 7709/Z70W is designed for counting, timing, select
ing, automation and read-out applications. The tube is 
equipped with two starters which makes possible its use 
in forward-backward counters, gates and reset applica
tions. When used for reset, no additional tube is re
quired. A starter current of 30 pamp is sufficient to insure 
discharge. The cathode is of molybdenum and the tube is 
designed for over 30,000 hr of operation.

Amperex Electronic Corp., Dept. ED, 230 Duffy Ave., 
Hicksville, Long Island, N.Y.
Pi?A: $2.10 ca in production quantities; immediate.

Silicon micrologic circuits are made with 4, 6, or 
8 diodes in a package measuring 0.030 X 0.125 X 
0.250 in. Circuits can be designed per specification of 
lead arrangement, internal contacts and diode char
acteristics. Leads are gold-plated, suitable for welding 
and soldering. Individual diode parameters are avail
able in excess of 2 nsec recovery and 2 pf capaci
tance. The entire logic block can be subjected to all 
military environmental testing including thermal 
shock and temperature-humidity cycling without de
grading diode characteristics. Individual diodes are 
surface passivated so that in their uncased form they 
meet MIL-S-19500B and MIL-STD202 requirements. 
Microminiaturization techniques used increase reli
ability as size is reduced.

MicroSemiconductor Corp., Dept. ED, 11250 
Playa Court, Culver City, Calif. |



Standby Power System 545
withHas

Electrometer 317

Power Supply 316

the LA provides 0 to 34 v de at 20 amp. ¡COLLINS
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Collins also offers • full selection of 
rompaci crystal filtert which coter Ihr 
range of frequencies from below SOkc 
to as high as Mme._________________

switchover time. Made for

COLLINS RADIO COMPANY 
19700 San Joaquin Road 

Newport Beach. California
World’s Largest Producer of 

Mechanical Filters

Delivers 20 amp. Convection-cooled power supply

COLLINS RADIO COMPANY • NEWPORT BEACH. CALIFORNIA • DALLAS TEXAS • CEDAR RAPIDS. IOWA

Choose Collins filters, and you don’t 
have to choose between small size and 
selectivity. The steep, flat-topped curve 
above is the work of a few dime-size 
discs sealed in a case often smaller than 
a penlight battery. These resonant discs
have Q’s of 8,009-12,000, up to 150 times 
that of bulky electrical LC filter elements. 
Collins mechanical filters also offer you 
unprecedented stability. Frequency shift 
can be held between 1.5 and 2 parts per 
million per degree centigrade over the 
range —25°C to +85 °C, and there is no 
observable drift with age.
For carrier systems, single sideband 
equipment. bandpass filtering in high-

ELECTRONIC DESIGN • May 10, 1961

Has fast response. Electrometer model E-302 has 
full-scale ranges covering 10” to 10"* amp. Switching 
between ranges does not cause transients. Accuracy 
is +2%, drift 0.1% per day. Response is 0.3 to 30 
msec; output is 1 to 50 mv. Panel height is 3-1/2 in.

Gyra Electronics Corp., Dept. ED, Washington & 
Elm Sts., La Grange, Ill.
Pi?A: $495; stock.

Line regulation is 0.05% or 8 mv for input change 
from 100 to 130 v; load regulation is better than 
0.10% or 15 mv, zero to full load. Panel height is 
10-1/2 in.

Lambda Electronics Corp.. Dept. ED, 515 Broad 
Hollow Road, Huntington, L.I., N.Y.
Price: $795 less meters.

computer, telemeter, and control systems, the Electro
Pae A standby power system cuts in with zero switch
over time when ac line drops below a preset level. 
System provides ac from a battery source, with vol
tage regulated to ±7%, harmonic distortion 3%. In 
standby state, system regulates line voltage and har
monic distortion to ±3%.

Electro-Seal Corp., Dept. ED, 938 North Ave., 
Des Plaines, Ill.

performance receiver»—in fact, for any 
filtering job between 50 and 500kc, a 
Collins mechanical filter does a better 
job in less space.
Made to take it Collins mechanical fil
ters meet MIL-Spec requirements for 
humidity, corrosive environments, 
shock, vibration — the works. Literally 
hundreds of thousands now demonstrate 
their reliability throughout the world in 
communications equipment mude by 
major electronic companies. A Collins 
filter may be your best answer, too
Write for literature describing our line 
of more than 100 mechanical filters. Ask 
for Data File C-101.

YOU GET THIS MUCH MORE 
SELECTIVITY WITH A COLLINS MECHANICAL FILTER



MOTOROLA
MESA

TRANSISTORS

NOW... a mil-type Motorola Mesa for amplifier & oscillator applications to 1000 me

DISTRIBUTORS

lyette Ra 
Federal

820 W. Olympic Blvd.

MELBOURNE. FLA.

Gulf Semiconductor«, Inc

Lafayette Radio

Lafayette Radio

GAIN-BANDWIDTH PRODUCT TEmplebar 4-3311
Roseliwn Center Bid«1000

Alpine 2-5794

200 25 *C

Radio « Supply Co

COLLECTOR CURRENT (mA)

AC CURRENT GAIN VS FREQUENCY

CApitol 4-2663

MOTOROLA DISTRICT OFFICES

plications

4 SUBSIDIARY Of MOTOROLA INC

811 Boylston St. 
COpley 7-4700

2N741 
2N741A

2N1692 
2N1561

TYPICAL PERFORMANCE-MOTOROLA AMPLIFIER MESAS

For complete technical information — The above charts show typical per
formance of the Motorola Mesa amplifier transistors Detailed specifications 
on specific devices may be obtained by calling your Motorola District Office, 
Motorola Distributor or by writing: Motorola Semiconductor Products, Inc., 
Technical information Department, 5005 East McDowell Road. Phoenix 10. 
Arizona

For communications applications up to 100 me 
300 mW device dissipation. Power gain of 22 db 
at 30 me. Excellent for video amplifiers, RF 
and IF amplifiers, oscillator and multiplier ap-

MOTOROLA AMPLIFIER MESAS are available for a wide variety 
of UHF-VHF amplifier and oscillator applications.

For medium power transmitter applications 
Provides watt RF power output at 160 me 
with 8 db gain. Useful from below 70 me to 
350 me.

2N700 ................. For 40 to 1000 me communications applies
2N700A(SIG- C.) tions TO-17 package with fourth lead provid 

ing high-frequency shielding.

105 Bartley Drive 
Toronto 16. Ontario 
Plymouth 9-2222

Radio Specialties Co 
12775 Lyndon 
BRoadway 2-4200

BELMONT, MASS. ... IVanhoe 4-5070
CHICAGO, ILL.......................... AVenue 2-4300
DALLAS.TEX. L Ake side 6-8931
DAYTON, OHIO ... AXminster 3-4164
DETROIT, MICH BRoadway 3-7171
HOLLYWOOD, CALO Hollywood 2-0821
MINNEAPOLIS, MINN . Liberty 5-2198
CLIFTON, NJ...............................GRegory 2-5300

from NEW YORK Wisconsin 7-2980
WINTER PARK, FLA. Midway 7-2507
GLENSIOE, PA. . TUrner 7-702C

from PHILADELPHIA WAverly 7-6144
BURLIHGAME, CALIF. Diamond 2-3228
SYRACUSE. N.Y. . GRanite 4-3321
SILVER SPRING, MD . JUmper 5-4485

2NISM (ZNISO) 
---- (vc,.iov)

JAMAICA. H t 
Lafayette Radio 
165 08 liberty Ave

2*700 (2NT00A SIG C)
(VcB'-**> i----------

CLEVELAND
Pioneer Electronic 

Supply Co.
2115 Prospect Ave 
Superior 1-9411

are available 
from these

The new Motorola 2N700A (SIG. C.) is the highest- 
frequency amplifier transistor yet available to mil-specs. 
Supplied to meet MIL-S-19500/123 requirements, this 
device is ideal for use in communications equipment, 
radar IF strips in the 60 me range, fixed IF strips, wide
band amplifiers, precision oscillators and telemetering 
applications in the 200 me band.
The 2N700A (SIG. C.) offers excellent high-frequency 
performance (ft to above 1000 me, 25 db power gain at 
70 me) and the mechanical ruggedness and extreme 
parameter uniformity of the Motorola Mesa structure. 
Units are rated for operation to 100°C.

Allied Radio Corp 
100 N Western Ave 
TAylor 9-9100
Newark Electronics Corp.

Aimac Electronics Corp 
6301 Maynard Ave. 
PArkway 3-7310

WASH INC TON, B.C.



NEW PRODUCTS

Plug-In Regulator 310
With 5% regulation. Designed for 

applications where close regulation is 
not required, the E-1014 provides eco
nomical regulation for transistor circuits. 
A typical model provides 6 or 12 v at 
1 amp.

Baker Manufacturing Co., Dept. ED, 
5660 N. River Road, Marine City, Mich.

Electric Furnace 309
Heats to 2,300 F. The compact Dyna-Trol electric furnace heats 

to 2,000 F in 1 hr, to 2,300 F in 1-1/2 hr. Constant temperature 
can be maintained from 300 to 2,300 deg. Gradients are indicated 
by thermocouples and a pyrometer. Model P76 measures 6x6x6 
in.

L & L Manufacturing Co., Dept. ED, 804 Mulberry St., Upland, 
Chester, Pa.

ONE
INCH
CUBE

Axial Accelerometer 307
With gas damping. Model 24163 accelerometer is available in standard ranges of ±1 to ±15 

g and standard resistances of 2 to 10 K. Crosstalk is 0.01 g per g plus resolution; gas damping 
minimizes variation over temperature extremes. Linearity, hysteresis and repeatability are 1% 
max each. Undamped natural frequency is 16 cps to 54 cps; damping is 0.6 ±0.1 of critical 
at room temperature wtih 0.15 maximum variation from —54 to +100 C.

Giannini Controls Corp., Dept. ED, 1600 S. Mountain Ave., Duarte, Calif.

< FOR COMPLETE TECHNICAL INFORMATION,
CIRCLE 40 ON READER-SERVICE CARD

End Caps 308
Made of Teflon. End caps are made for use in capacitors and 

other electronic components. The Teflon parts are made in a wide 
range of sizes and shapes. The caps are useful in electronic appli
cations due to their outstanding electrical, thermal, chemical and 
sealing characteristics.

Tri-Point Industries, Inc., Dept. ED, Albertson, L.I., N.Y.

59



NEW PRODUCTS
861AC Regulator

* All Solid State 10 MC Counter Section
* All Solid State Time Interval Plug-in

542UHF Tubes Except for Converter Tubes

Electronic Voltmeter 867

Model 
737AN 
with 
inline 
readout.

* Rugged Unitized 
Construction

Response is 0.05 sec. Model MTLR- 
1000 provides a regulated ac output 
that is adjustable from 110 to 120 v 
with an accuracy of ±0.1%. The unit 
uses a silicon Zener diode reference 
circuit and has harmonic distortion of 
3% max. The static device will handle 
1 kva.

Perkin Electronics Corp., Dept. ED, 
El Segundo, Calif.

For missile applications as well as 
use in mobile and fixed communica
tions equipment, types 7801 and 7870 
Cennolox tubes have an over-all 
length of 1-1/4 in. At 3,000 me, they 
provide 3.2 w of cw output with 1-w 
driver power. They can provide 9-db 
gain with 50-mw driver power.

Radio Corp, of America, Dept. ED, 
30 Rockefeller Plaza, New York 20, 
N. Y.

Calibrated in rms voltage of a pure 
sine wave. Model V-10O has the volt
age scale calibrated in rms voltage of 
a pure sine wave. It is designed for 
measurements of ac voltages from 
audio frequency level to rf level as 
well as hum and noise measurement. 
Measurements include direct reading 
of —72 to +52 db in 12 ranges and 
from 0.001 to 300 v ac over a fre
quency range of 10 cps to 4 me. In
ternal impedance is 50 ohms.

Orion Electronic Corp., Dept. ED, 
108 Columbus Ave., Tuckahoe, N. Y. 
Pi?A: $198 ea; three to four weeks.

Move it anywhere you want with ease. Rack Mounting simpler, too.



859Silicon Rectifiers

Period Meter

max.
encapsulated for humid

Low-Radiation Glass 841

Model 727A Universal Counter-Timer

851

Model 726A Universal Counter-Timer

North Tonawanda

852Phase Shifter

is 0.375 in. 
Rectifiers a

Measure frequency de to 220 me
Measure period to 0.1 microsecond 50 to 600 v. Length 

diameter 0.220 max.

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.

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 
751A, is an all solid state 0.1 micro
second to 10’ second time interval 
section.

Measure time Interval 0.1 microsecond 
to 107 seconds

Electrostatic Charge 
Amplifier

Linearity and gain stability

verse voltage

With axial leads. Series A rectifiers 
have current ratings up to 0.5 amp at 
100 C. Maximum allowable peak re-

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 me, 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.

Using only 50 watts, Model 727A -neasures de 
to 1< megacycles and 0.1 »sec to 10’ seconds, 
three input channels Decade count-down time 
base Price 92450.

FOR MORE INFORMATION 
contact your CMC representative 

for a demonstration, or write 
for new technical bulletins. 

Please address Dept. 36

ity protection Ambient operating tem
perature is —55 to +125 C, with 
storage to 150 C.

Mallory Semiconductor Co., Dept. 
ED, Du Quoin, Ill.
Price: $0.39 to $0.69 ea, 1,000 to 
4,999.

Computer 
I Me asurements 
I Company

A DIVISION OF PACIFIC INDUSTRIES, INC. 

12970 Bradley Avenue * Sy I mar, California 
Phana EMpir» 7 »161

For photomultiplier tubes. Lorad 
glass 7285, developed for use in radia
tion measuring equipment, has radio
activity of less than 10 counts per min 
per kg. The material also has good yv 
transmittance. It may be formed into 
bulbs up to 16 in. diameter and sealed 
to metals such as Dumet alloys and 
Sylvania #4.

Coming Glass Works, Industrial 
Bulb Sales Dept.. Dept. ED, Coming.

Only 51/4 inches high and weighing just 25 
pounds, Model 726A measures de to 2 me 
and 1.0 Msec to 10* sec. Three input channels. 
Decade count-down time base. Power consump 
tion 40 watts; price, $1550

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.

0.5% or better. The unit is designed 
for use with the firm’s natural-quartz 
acclerometer for oscilloscopes, re
corders and telemetry devices. Called 
model 560, it is line powered and oc
cupies 5-1/4 in. of panel space.

Kistler Instrument Corp , Dept. ED,

Accuracy is 1 deg; readability is 
0.5 deg. Designed for applications re
quiring a known phase angle or the 
measurement of an unknown phase 
angle, it provides a constant output 
voltage continuously variable in phase 
from 0 to 360 deg. Designation is 
C03 721 018.

Kearfott Div., General Precision, 
Inc., Dept. ED, Little Falls, N. J.

< CIRCLE 41 ON READER-SERVICE CARD

Now- See how 
the CMC 737A 
compares with 
its two closest 

competitors

CMC 
Medel 737A

Company A 
220 me unit

Company B 
220 me unit

CIRCUITRY All solid state 
counter section 100% vacuum tube 100% vacuum tube

TOTAL NUMBER 
OF VACUUM TUBES 13 91 75

WEIGHT Net 48 lbs. Net 118 lbs. Net 115 lbs.

SIZE
14"Hxl7”W 

xl3"D 
(1.8 cu. ft.)

21K"Hx2(TW 
x 23%~ D 
(5.8 cu. ft.)

20"Hx20"W 
xl9’D 

(4.4 cu. ft.)
POWER 125 watts 600 watts 380 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



NEW PRODUCTS

Synchro Tester
Recording Amplifier 311

For low-level transducers. Model 114 is a chopper-stabilized ampli
fier used with recorders. Input impedance is 100 K. Sensitivity is 9 mv 
full scale, with variable gain. Output impedance is 0 to 5 K. Drift and 
linearity are better than 1/2%.

Rustrak Instrument Co., Dept. ED, 130 Silver St., Manchester, N. H. 
Price: $110.

Pressure Transducer 315
Measures to 200 psi. Built to 

withstand high acceleration and 
vibration, model 183 transducer 
measures fluid and gas pressures up 
to 200 psia or psig with accuracy 
of 0.25%. The device will handle 
corrosive substances, and with
stands 3 times full-scale pressure 
without damage.

Taber Instrument Corp., Dept. 
ED, 107 Goundry St., North Tona
wanda, N. Y.

314
Accurate to 3 min. Portable synchro tester model TE-2B is made for 

laboratory and shop testing of synchro transmitter and indicator systems. 
Accuracy is 3 min of angle, or 1 min after correction. A self-checking 
electrical zero transformer is used to adjust for temperature changes. 
Weight of the tester is 12 lb.

United States Gauge Div., American Machine & Metals, Inc., Dept. 
ED, Sellersville, Pa.

ELECTRONIC DESIGN • May 10, 1961



yesterday?

Angle Counter 312

Zener Diodes 313

13 12
20 19
27 26

Electronic Components Division • Municipal Airport • Banning, California

Quick delivery...a specialty at Deutsch! Naturally, we 
can't make delivery on the 1st if you order on the 7th 
... unless you let us use the calendar shown above. But 
we can promise delivery of catalog items in a week, or 
less from either our eastern or western stock locations. 
As a matter of fact, we usually ship on receipt of your 
advance order, without waiting for confirmation. And 
this goes for our entire line of standard environmental 
miniature electrical connectors: solder or snap-in 
types, self-aligning cylindrical and rectangular rack- 
and-panel models, and hermetics that never leak. 
If you have a tight production schedule staring you in 
the face, contact your local Deutschman today. He’ll 
do his best to make delivery yesterday. For location 
of your nearest Deutschman write for Data FilelC-5.

In small package. Counter model 
11646 provides readings from 000.0 
to 359.9 deg with characters 1/8 
in. high. Package size is 1-1/3 in. 
long, 3/4 in. high, and 1 in. deep. 
One revolution of input shaft gives 
1 revolution of tenths wheel and 1 
deg of angular change. Counter is 
for 200-rpm continuous operation.

Bowmar Instrument Corp.. Dept. 
ED, 8000 Bluffton Road, Fort 
Wayne, Ind.

ELECTRONIC DESIGN • May 10, 1961

In wide voltage range. Subminiature Zener glass 
diodes have a voltage range of 3.3 to 30 v and are 
rated at 250 mw dissipation. Types QZ3.3T10 
through QZ30T5 are made in 5% and 10% voltage 
tolerances. Zener impedance is 5 to 70 ohms. Size 
is 0.265x0.110 in. in diameter.

International Rectifier Corp. Dept. ED, 1521 E. 
Grand Ave., El Segundo, Calif.
Pi? A: $2.60 to $4.00 in 1 to 99 quantities; from 
stock.

NEED ’EM



adapters extend 
strip transmission line 

applications

Impodonco-mofchad Gremar RF 
adapter» combining small «lie, and 
lew VSWR provide reliable, aWIciant 
bwasHiea« from strip transmissien 
Hee component* te ceexiel ceble. 
Typical Is Iba Senders Assecietes T*l* 
PLATE® hybrid mixer shewn ebeve.

Infrared Radiometer

Strip transmission line may now be a practical 
solution to your equipment weight and size 
reduction programs with added reliability . . .

Miniaturization of microwave circuitry is now ad
vancing rapidly with the successful mating of strip 
transmission line components to coaxial cable . . . 
another breakthrough by Gremar connecironie*®.
A wide variety of configuration in all connector 
series including in-line and right angle mountings 
are available for such components as crystal holders, 
disc resistors, and other strip transmission line 
components. Over 50 types are normally carried in 
stock for off the shelf delivery.
Add Gremar connectronic»® to your R&D team!

By concentrating engineering, production 
and quality control on RF connectors and 

□ components only, Gremar is first in new 
developments. That’s why, if you’re working 
with strip transmission line, you should be 
working with Gremar. . .
Write for bulletin #13
® Gremar Mfg. Co., Inc. ® Sanders Associates, Inc.

AH GRE MUR T A \ MANUFACTURING COMPANY, INC.
\ \ \ SUABILITY through quality control

Wakefield, Man., Tel. 245-4580
CIRCLE 43 ON READER-SERVICE CARD

CREMAR

NEW PRODUCTS
Silicon Rectifiers 548

Rated at 1 ma. Double-diffused silicon rectifiers 
are rated for 1 ma continuous duty from 400 to 1,000 
piv. They can be supplied with single-ended leads 
or axial leads. Case measures 1/4 x 5/16 in. Package 
is metal and epoxy, or hermetically sealed glass and 
metal.

Electronic Devices, Inc., Dept. ED, New Rochelle, 
N. Y.

578
Accuracy is 0.05% in this miniature unit designed 

for rocket use. Ratings are: spectral band with re
sponse of 4 to 40 microns and a linearity of 5%; 
radiation input range of 1.75 x IO 5 to 3.5 x IO’2 w 
per cm2; signal input of 2.5 x 10‘3 to 5 v de. Output 
impedance is 100 ohms max.

Radio Corp, of America, Missile Electronics and 
Controls Div., Dept. ED, 30 Rockefeller Plaza, New' 
York 20, N. Y.

Semiconductor Load Cells 562

Output is 1 v min at capacity load. Standard cells 
come in ranges from ±0.5 to ±100 lb. Repeatability 
is better than 0.1%. Temperature compensation is 
about 0.01% per deg F for thermal coefficient of sen
sitivity.

Kulite-Bytrex Corp., Dept. ED, 50 Hunt St., New
ton 58, Mass.
Pi? A: $275; 30 days.

Telemetry Receiver 586
For satellite tracking. Type 1440 fm telemetry 

receiver has a noise figure of 6 db. Tuning range is 
130 to 140 mc. Panel meters show tuning, output 
level, deviation, and signal strength. Outputs are 
provided for spectrum display unit, frequency moni
tor, and signal-strength recorder.

Vitro Electronics Div., Vitro Corp, of America, 
Dept. ED, 919 Jesup-Blair Drive, Silver Spring, Md.

DOG-GONE... here's a
CLEANING PROBLEM 

that even

Circosonics
can't

Canine cleaning, to bo candid, is one of the few jobs that stump 
Circosonics — the amazing equipment that bombards dirt with sound, 
yet never harms your product. Circa ultrasonic units, however, dean 
almost everything else and clean them absolutely in mere minutes 
or leu!
Yes, the list of proven Circoionic applications is vast and varied and 
grows longer each day. They star in swift, sure removable solder flux, 
fingerprints, polishing compounds, rust or oxides, lubricants, salts and 
many other contaminants from lenses, relays, ceramics, printed circuits, 
glass, gears and gyro components — to name but a few.
In a nut shell, wherever absolute cleanliness is a must, or where the 
problem of cleanliness creates a production bottleneck — there's a 
need for Circosonics.
Remember, you'll clean-up with Circo in every way — in precision 
cleaning, quality and economy)

"White 
Room" Wizard! 

Specifically designed for indus
trial "white rooms," hospital, 
dental, or other critical work 
areas, CircOsonic Model US- 
WR-20 it q star performer where 
absolute cleanliness is a prime 
consideration. This compact, 
self-contained unit has auto- 
matia wash and rinse as weU

Putt more 
"get" in a ¡etl 
Thit Agitating Washer — an
other Circo flrctl—rumova* car
bon, grease and oil from Pan 
American Airways ¡et engines 
in their overhaul, cleaning and 
inspection system. Pint of ¡ft 
kind, if zuper-eieans while it 
slashes time and labor cdtf*

_________ ______

Clean Up with ■ rc w kj 
CIRCO CORPORATION 

\ ULTRASONICS < WASHER^ • DEGREASERS

51 TERMINAL AVENUE
Solvents

CLARK, NEW JERSEY

CIRCLE 44 ON READER-SERVICE CARD

ELECTRONIC DESIGN • Moy 10, 1961



Heat Radiator 574

lower t 25 nsec mar.

The mate aluminum per QQ-A-268
per MIL-A-8625. The 8-fin base

745 S. Monterey Pass Road, Monterey Park, Calif

Synchronous Motor 552

Weight ambient terntorque of 0.70

Sequency Timing Switches 569

VCE (Volt»)

SYLVANIA
GENERAL

Sylvania 2N1958,2N1959- 
TO-5 Package- Vi Actual Size

and anodiz 
tapped for

Curves compare storage time (t and saturation voltage Vqe (sat) of 
2N696,2N697 and Sylvania-originated 2N1958 and 2N1959. Note 

significant improvements offered by Sylvania epitaxial mesas 2N1958,2N1959

horizontal mounting.
Industrial Div., Dept. ED

«»»•c
Storage Temperature, Trtg - 
Junction Temperature, Tj 
Collector to Base Voltage, »CB 
Emitter to Base Voltage, Veb 
Collector-Emitter Voltags, VcER 
Collector Current, Iq

with new Sylvania ...SILICON

perature range 0 to 140 F.
Thomas A. Edison Industries McGraw-Edison Co., 

Instrument Div., Dept. ED, 61 Alden St., West 
Orange, N.J.

. INCH .21 .
For TO-18 transistors, model 3AL-724 increases 

transistor efficiency 25% to 27% and prevents thermal

ELECTRONIC DESIGN • May 10, 1961

Sylvania 2N1958 and 2N1959 . .. first 2-watt tran
sistors to handle 500 mA of collector current in a total 
switching time of 110 nsec.
Exclusively epitaxial! Now ALL Sylvania Silicon Mesa transistors are 
produced by the epitaxial process Exceptional Sylvania knowledge of 
solid state physics combined with extraordinarily automated process
ing and testing techniques continue to advance the state of the art The 
new Sylvania 2N1958 and 2N1959—improved 2N696 and 2N697 con
ventional Silicon Mesa types—are dynamic evidence of the benefits 
offered design engineers by ( 1 ) epitaxial techniques and (2) transistors 
quantity-produced by Sylvania for switching and amplifier circuitry 
operating in the nsec range.

Sylvania 2N1958 and 2N1959 Epitaxial Silicon Mesa transistors are 
now available from your Sylvania Franchised Semiconductor Distribu
tor and your Sylvania Sales Engineer. For tech data write to Semi
conductor Division, Sylvania Electric Products Inc., Dept. 185, 1100 
Main Street, Buffalo 9, New' York

Torque is 0.70 oz-in. Precision synchronous motor 
is 1-3/8 in. in diameter by 2-1/8 in. long. Made for 
operation at 24 v, 60 cps, motor can be supplied for 
other voltages to 300 v, 60 cps. At synchronous speed 
of 1,800 rpm, motor has starting and synchronous

VCClwU - tTP 150 m*
MCtIMU - l>u MV«lt>aiWirA

Periods «are 0 to 30 sec. Series 7000 switches 
have an accuracy of 0.3%. Power requirement is 1.5 
w from 28 v de. Reset is automatic. Complete cir
cuitry for up to three times sequences is available 
in a single unit occupying 10.6 cu in.

Donner Scientific Co.. Systron-Donner Corp., 
Dept. ED, Concord, Calif.

«5-C to +300*C 
+175-C

»VCM«C=- 100 .Me = 01 60 -
•Vite de = ioo,Mc = o) 5 -
>VCER(IC= 1 mA. Ib = 0, RflE = 10a) 40 -
lt»0»CB= 3« v. - 500

VOB — 30V.T — 1WI. - 100
«FÉ Oc = 150m*.VCE=10V) 20 «0
*RE0f~ISOirA1B- 15m* - 1.
VcE<Mt)dC-'SOr-MB = 15mA - 0.
Rto(VcB=10V.!c = 25mA.F=100MC) 1 -
C.R(Vca =U’1E - 0,F - 1MC - IR
ter5iBl = i5m*.lB2=15mA - £5

1CISO ««A,Vcc =7 V. Ri. _ 4(1 <n 
t«»dBl-15m*102= - 25

¡C- 150-A ,7, RL-40n)
^»«UBl = 15mA,lB2=15mA, - 45

IC = 150 mA, Vcc = 7V,RL = 40 M 
*1« »ut, and t, maaaurnd Imm 50% point c* input pulir

Electrical Characteristics et 25*C: 2N195» 2N1959 Unit

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRON ICS
CIRCLE 45 ON READER-SERVICE CARD

e p Lt axi a L nq e s a s
* 2N1958 * 2N1959 (compared with conventional mesa types 2N696,2N697)



NEW PRODUCTS

Cadmium Sulphide Cell 575

cell current of 6 ma

Semiconductor and Breakthrough!
PHELPS DODGE550Servo Motor

555Crystal Discriminator

Type ORP for large relays has 
avg and a dissipation of 0.2 w.

Amperex Electronic Corp.,
Special Purpose Tube Div., Dept ED. 230 Duffy 
Ave., Hicksville, L. I., N. Y.

ELECTRONIC DESIGN • May 10, 1961

T! poly- / Thermaleze 
has replaced six 

ormore 
film wires!

Dark current is 2.5 na and average cell current is 
10 ma with 5 ft-c illumination. Type ORP90 min
iature photoconductive cell actuates relays without 
an amplifier and has a 7-pin base. Dissipation is 1 w.

Center frequency is 10.7 me and peak-to-peak 
bandwidth is 15 kc in model D-1020. Linearity is 
±5 kc within 5% of a straight line, stability is 
±0.005% of center frequency from —20 to +80 C, 
input impedance is 10 K and output impedance is 
500 K. The unit occupies less than 1 cu in.

The Keystone Electronics Co., Dept. ED, 65 
Seventh Ave., Newark 4, N. J.

POLY-THERMALEZE, a Phelps Dodge Applied 
Research development, is answering a 
long-awaited need of the electrical equip
ment industry for a universal magnet wire.

With integral brake. Size 11 servo motor has 
integral friction brake controlled by an electromagnet. 
The brake stops and holds the rotor at a desired 
position. Braking time is 8 revolutions max measured 
from a no-load speed of 6,200 rpm Motor operates 
on 115 v, 400 cps.

Thomas A. Edison Industries, McGraw Edison 
Co., Instrument Div., Dept. ED, 61 Alden St., West 
Orange, N. J.

Industry's only multi
purpose magnet wire



Property for property,
POLY-THERMALEZE
matches or exceeds
all these s
wires! O / £

£

£
S P

£

£

I FORMVAR 105*C 60+ 1300 20%-lX 20%3X 
OK

Good Fair 8 lbs 205“C 20%3X 
OK

3000 200,000

NY FORM 105“C 20+ 1600 20% IX 20%-3X 
OK

.Good - 10 lbs. 230°C 20%-3X 
OK

2500 100,000

POLY- 
THERMALEZE 155°C 60 + 1400 20K-1X 2O%-3X 

OK
Excallant Good 30 Iba. 305»C 20%-3X

OK
4000

500.000^

1^^ EPOXY 120*C 20+ 1400 20%-lX 20% 3X 
OK

Fair Fair 4 lbs. 2OO’C 20%-3X 
OK

3000 200,000

NYLEZE* 13O°C 30+ 1700 20%-lX 20%3X 
OK

Good - 16 lbs. 250*0 20% 3X 
OK

2500 200,000

I THERMALEZE B* 130"C 20+ 1500 10%-lX 10%3X 
OK

Good — 16 lbs. 325X 10%-3X 
OK 

20%3X 
Fails

3000 500.000

L THERMALEZE F* 155’C 50+ 1300 20%-lX 0%3X 
OK

10% 3X 
Fails

Good — 17 lbs 290°C 0%-3X 
OK

10%-3X 
Fails

3000 500,000

For the first time, poly-thermaleze per
mits standardization to one all-around film 
within Class F (1550, Class B (130C) 
and Class A (1050 temperature ranges.

Any time your problem is magnet wire. 
Consult Phelps Dodge for the quickest, surest answer!

FIRST FOR 
LASTING OUALITY- 

FROM 
MINE TO MARKET I

PHELPS DODGE COPPER PRODUCTS
CORPORATION 
INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA

Computer Relay 564

For 100,000,000 operations, these transistor circuit 
relays operate in less than 750 psec and have polar
ized driving systems with center-tapped driving coils. 
Driving voltage is 20 v. Models include dpdt and 
spdt.

James Electronics Inc., Dept. ED, 4050 N. Rock
well St., Chicago 18, Ill.
PUA: $25 up; from stock.

Transistor Test Equipment 576
For 8-parameter tests, the Virtue-201 records 

findings on punch cards in 12.5 sec. About 275 
transistors can be processed and recorded per hour. 
The unit is designed in accordance with advanced 
computer techniques. A 20-socket magazine and 
life-test racks are also available.

Philco Co., Lansdale Div., Dept. ED, Lansdale, 
Pa.

Bonding Machine 549

Is fully automatic. Model SP-2 thermal- 
compression, nail-head bonding machine is complete 
with microscope, illuminator and temperature con
trol unit. An automatic cutting torch assures gold 
ball uniformity. Wire sizes down to 0.0005 in. have 
been bonded to silicon and metallized surfaces.

Electroglas Inc., Dept. ED, 841 Warrington Ave., 
Redwood City, Calif.

Motor Generator 554

Range is 400 to 500 cps. This revolving-field unit 
has ±1% regulation. It is rated at 2.5 kva with an 
80% pf, has 14 poles and develops a top frequency 
of 3,428 rpm. The motor is 5 hp, three phase, 220 v. 
The unit measures 56 x 26 x 22 in.

Kato Engineering Co., Dept. ED, Mankato, Minn.
CIRCLE 46 ON READER-SERVICE CARD
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NEW PRODUCTS

Edgewise Meters 863

electrical characteristics at minus 196rC

Model MJ 20-10 diameter,less than 1 microsecond Spectral Response 2 to 5 microns
dependent on area (minimum 4 x 10* at optimum bias)

Texas Instruments
M-9000

edgewise
MDE-3, i

De and ac types. Long-scale, 3
Take advantage of Texas Instruments volume produc
tion experience and achieve the high performance 
standards your IR systems demand with TI high- 
sensitivity indium antimonide infrared detectors! The 
high reliability of these photovoltaic detectors has been 
proved by many months of actual service in our nation’s 
most advanced weapon systems ... you can be confident 
of electrical, mechanical and performance uniformity. 
Ideal for use with transistorized circuits, both the 
M-2000 and M-3000 series are designed to operate at

meters, m<xlel 
control console

Operational Amplifier 862

and equipment applications under se
vere environmental conditions. The 
unit, hermetically sealed, is available 
in a broad selection of de current and 
voltage ranges and rectifier-type ac 
styles. Case size of 3.7 x 6.1 x 1.3 in. 
allows in-line read-out mounting.

M inneapolis- H oney well R egul at or 
Co., Dept. ED, Grenier Field, Man
chester, N. H.
Availability: 60 days.

Less than 2 mv drift. Model 1701 
transistorized de operational amplifier 
has a range of de to 250 kc. Drift 
is less than 2 mv from 0 to 50 C. 
The unit delivers 10 v into a 1-K load 
with gains of —1 to —100. Plug-in 
construction provides simple installa
tion.

Melcor Electronics Corp., Dept. 
ED, 48 Toledo St., South Farming- 
dale, L. I., N. Y.
PGA: $375 to $450; 30 days.

liquid nitrogen temperature, and within the two to five 
micron range. Both detectors feature low noise/high 
responsivity and utilize painted lead and kovar pin con
struction to assure high electrical circuit reliability. 
Compactly packaged, the M-3000 series weighs only five 
grams and is especially designed to withstand strong 
vibrational stresses. The laboratory-sized M-2000 
weighs 38 grams. Specify these cooled indium antimo
nide IR detectors today for your volume production, 
high reliability infrared systems.
•Test data on large quantity production lots is available on request.

model MJ 30-10 is 3 in. Both accom
modate taps in any location.

Litton Industries Potentiometer 
Div., Dept. ED, 200 E. Third St., Mt. 
Vernon, N. Y.

< CIRCLE 47 ON READER-SERVICE CARD

Multiturn Potentiometer 840
With infinite resolution. Precision 

multitum potentiometer has linearity 
of ±0.005% and infinite resolution.

TI INFRARED DETECTORS WILL IMPROVE YOUR IR SYSTEMS
With Detectivities Through 15x109/Excellent Detector Stability/High Reliability*

Time Constant

Parameter Detectivity and Impedance Ranges Available
Detectivity (D*) >4 x 10* >6 x 10’ >9 x 10’ >12 x 10’ >15 x 10’

Small Signal AC 
Impedance (ohms) >500 >1K >2K >3K >4K



Crystal Oscillator 865

Specificati input, 28

849
Adjustable from 0 to 11.400 deg.

BUORD

Power Supply 866

Founded

CTSfó

Formerly manufactured by Trolex Corporation, now a part of CTS. 1%’ diameter 12-position indexed 
rotary switches are designed primarily for low power exacting mttitary and commercial RF, VHF and UHF 
circuit applications. Series 212 surpasses MIL standards.

limar • laaiaaa
of Berne, Berne, Indiane; C. C. Meredith A Ce., Ltd., Streets ville. Ontario, Canada. Sales 
Offices and Reprssantolivss conveniently located throuehout the world.

Range is 1 kc to 100 mc. Model K3 
crystal oscillator is designed for fre
quency requirements from 1 kc to 100 
mc. Temperature range is —55 to +95 
C. The case measures 1-1/2 x 1-3/4 x

de; output, 1 v peak-to-peak into 100 
ohms to 1 mc, 1 v peak-to-peak into 
50 ohms to 100 mc.

Monitor Products Co., Dept. ED, 
815 Fremont Ave., South Pasadena, 
Calif.
Availability: 3 to 4 weeks.

OTHER FEATURES
• Series 212 is available in numerous combinations with CTS variable resistors and power snap switches
• Condensed assembly. Wafers can be stacked adjacent to each other No spacers required.
■ Non-toxic combust.on fumes—an important advantage in submarine or similar closed space applications

exact duplication
PRODUCES TOTAL RELIABILITY

sizes 5 and 8. Repeatability is within 
3 min of are. Torque rating is 80 oz-in. 
on the size 5 and 160 oz-in. on the 
size 8. They meet MIL-E-5272C.

Northfield Precision Instrument 
Corp., Dept. ED, 4400 Austin Blvd.. 
Island Park, L. I., N. Y.

Transistorized. D< power supply, 
model TR-18-3 has a power output 
of 0 to 18 v, 0 to 3 amp. Specifica
tions include: load regulation, ±0.03%; 
ripple, 2-mv peak-to-peak; response 
time for full load step, 50 psec; auto
matic load removal for sustained over
loads. Either positive or negative out
put terminal may be grounded, or the 
entire output may be floated 500 v 
above or below ground.

NJE Corp., Dept. ED, 20 Boright 
Ave., Kenilworth, N. J.
Price: $249 ea.

CIRCLE 4F ON READER-SERVICE CARD

Infinitesimal Mechanical Variation due to Exclusive Automation Processes 

Exclusive Glass Alkyd Molded Permanence 

Exclusive Full Silver Coverage on Contact Surface 

eytMA NEW CTS NON-DRIFT COMPACT SELECTOR SWITCHES

LONGER LIFE CONTACTS

SAFER, QUICKER
NOW! NEWLY TOOLED CLUSTER

EASIER HANDLING
AND 3-FINGER CONTACTS

IN YOUR PRODUCTION LINE

Molded glass alkyd stator won't break or crush during ordinary 
handling or if accidentally dropped. Terminals cannot be dis
lodged or moved Both stationary and movable contacts are en
closed for additional safety and handling convenience

Drift virtually eliminated by molding ter
minals into exact, immovable, perma- ‘5^/^ 
nent position in stator, entirely by ma
chine . . making all switches identical IjLuM 
in each production run Machine exacti
tude replaces human error and varia- j^B
tions, eliminating the wider tolerances 
characteristic of hand assembly
Delicate switch parts are not exposed to v Aw^v 
breakage; many parts are not even han- U
died
Superior insulation due to repetitive ex
actness >n terminal spacing and molded glass alkyd material. 

■ Heat from soldering cannot loosen terminals.
> Natural design barrier prevents solder from flowing into circuit 
elements during soldering.



NEW PRODUCTSCAPACITORS—Reliability is our first ingredientELECTROLYTIC

Magnetic Regulator 869

868

But it offers superior reliability be-

43OU4

855

4 CIRCLE 49 ON READER-SERVICE CARD

circuit. 
ED, 7

anee or voltage in the control 
Ortho Filter Corp., Dept.

Paterson St., Paterson, N. J.

------- rrw--------
Actual size 50V (1 uf)

The “space saver”

Placentia Ave., Costa Mesa, Calif.“•O. Trade mark of General Electric Co.

A CASE
lAhiALIllC
CAPACITORS

Bulletin
GEA-7226

HIGH-VOLTAGE
TANTALYTIC
CAPACITORS

Bulletin
GEA-7065

125C CYLINDRICAL
TANTALYTIC
CAPACITORS

Bulletin
GEA-7085

HIGH RELIABILITY
FOIL AND SOLID

CAPACITORS
Bulletin

GEA-7227

125C HSR ’
TANTALYTIC
CAPACITORS

Bullet.n
GEA-6258

photographed or an X-Y recorder may
be used.

Products EngineeringDielectric

Because it packs the most uf into the 
smallest package, the General Electric 
62F510 Porous Anode Tantalytic Ca
pacitor frees up valuable circuit space. 
It’s the smallest (.075” x .250"), lightest 
(15 grams) 85C tantalum capacitor.

Though small, it provides more V-uf 
than larger units. In fact, it has almost 
four times greater volumetric efficiency 
than the smallest solid type.

General Electric also offers these reliable Tantalytic capacitors

of Tantalytic* Capacitors

cause of these special features:
1. Non-acid electrolyte No free liquids 
are used. “Gel” electrolyte eliminates 
acid-attack problems.
2. Paper spacer between case and 
anode prevents impurity migration and 
scintillation at the anode.
3. Re-healing capability contributes to 
long life in rugged applications includ

Progress /s Our Most Important Product Impedance Plotter

ing high rippie and low impedance. And 
it’s used at full-rated voltage at 85C!

Yet, this G-E unit is lower in price 
than other tantalum types, and the low 
price includes insulated sleeving.

Ask your G-E Sales Engineer about 
the five case sizes rated from 60V 
(2.5uf) to 6V (325uf). Or write for 
bulletin GEA-7008 to General Electric 
Co., Schenectady, N. Y. Capacitor
Dept., Irmo, S. C.

Control power in kw. The “Ortho
Trig” magnetic regulator series is for 
the control of silicon controlled recti
fiers. They are capable of firing and 
controlling pomer in kw. The circuit 
controls the leading edge of the silicon 
controlled rectifier gate voltage wave 
over a range of 0 to 180 deg. Control 
is accomplished by varying an imped-

Miniature Push-Switch

Over-all length is 1-3 4 in. This 
push-switch can be used individually 
or in interlocked, ganged groups. The 
individual unit measures 1-3/4 in. in 
length and occupies less than 1 in. 
behind the panel. Silver alloy contacts 
provide operation of over 100,000 
cycles at rated load. Rated at 5-amp 
resistive or 3-amp inductive, the 
switch is a snap-action type. Versions 
available are: spdt; dpdt and 6pdt.

Pepco, Inc., Dept. ED, 2080

Range is 10 to 3,000 me. The Smith 
chart plotter displays impedance as a 
continuous function of frequency with 
a high degree of accuracy. The vswr 
uncertainty is as low as 1.01. The 
oscilloscope trace may be directly

Co., Dept. ED, Raymond, Me.



858Latch-In Relay

Raytheon Trans ormer Talk

AIRBORNE PULSE
TRANSFORMER
to only .45 cu. ft

New techniques reduce 
size of 2.5 megawatt

For ac and de. Latch-in relay class 
88L has 2 complete class 88 relays, 
with interlocking latch-in levers, 
mounted on a common base. When 
the armature on one relay is pulled 
in it is latched by the interlocking 
levers while the other armature drops 
out. The independent relays may be 
equipped with contact combinations 
to 3pdt and contacts rated to 10 amp.

Magnecraft Electric Co., Dept. ED, 
3350D W. Grand Ave., Chicago 51, 
Ill.
Price: $9.50 to $13.50 ea, 1 to 9.

Tachometer 860

Measures to 2,500 rpm. Electronic 
tachometers model 101, for speeds 0 
to 60 rpm, and model 102, for speeds 
to 2,500 rpm, provide fast response 
for read-out of shaft speeds. Standard 
panel measures 4-3/4 x 6-1/2 and has 
a 3-in. meter.

Rampe Manufacturing Co., Dept. 
ED, 14915 Woodworth Ave., Cleve
land 10, Ohio.

Bead-Chain Timer 844

A high-voltage pulse transformer 
tested at 180kv and rated for pulsed 
operation at 90kv that measures just 
9% x 9*4 x 8% inches!
This ruggedized unit —typical of 
Raytheon’s new compact pulse trans
formers — is designed to operate under 
the extreme environmental conditions 
encountered by high-speed aircraft. It 
contains an insulated DC filament 
supply and internal provision for —50* 
to 4-100° centigrade operation. For 
flexibility in mounting, it features a 
space-saving, bifilar-type, epoxy ter
minal that is eight inches shorter than 
previous models. Overall, the new .45 
cubic-foot unit is 60% smaller than its 
predecessors.
Raytheon pulse transformers are de
signed to work with specific microwave 
tubes. Standard designs include open, 
resin encapsulated, enclosed, and oil- 
filled types.

For complex sequencing problems, 
this electromechanical device uses a 
bead chain, not unlike a simple key 
chain. To establish the cam action 
which actuates the switch at a certain 
time, large beads are applied to the 
chain. It accurately handles microsec
ond timing.

Eagle Signal Co., Div. of the Game- 
well Co., Dept. ED, 202-20th St., 
Moline, 111.
Availability: Available on a custom 
basis.

FEATURES of new Raytheon high-power pulse transformer include: (1) 2- 
inch-high, truncated, bifilar-type klystron high-voltage terminal operating 
under external and internal liquid environment, (2) high-voltage primary 
input connector, double shielded to eliminate cable interference, and 
(3) 30kv traveling-wave-tube high-voltage output.

WRITE FOR 16-PAGE 
BOOKLET on Raytheon 
transformers or for spe
cific help on your partic
ular requirements to Mag
netics Operations, Micro
wave and Power Tube 
Division, Raytheon Com
pany, Foundry Avenue, 
Waltham 54, Mass.

CIRCLE SO ON READER-SERVICE CARD RAYTHEO
MICROWAVE AND POWER TUBE DIVISION



ORIGINAL QUALITY NEW PRODUCTS
DC Power Supply 546

Output is 12 v. Model PS-30 power supply pro
vides 12 v at 30 amp with less than 1% ripple. Input 
is 115 v, 50 to 60 cps. Up to 50 amp may be sup
plied intermittently. Otuput impedance is low.

Electro Products Laboratories, Dept. ED, 4500 X. 
Ravenswood Ave., Chicago 40, Ill.

Crystal Discriminator 547

Has high linearity. Crystal discriminator CD-106B 
has a center frequency of 10.7 me and excellent 
linearity over a range of ±5.0 kc. Distortion is less 
than 1.5%. Output is 2 v peak-to-peak over ±5.0 kc; 
ambient temperature range is —55 to +85 C.

Electronic Laboratories Corp., Dept. ED, 4221 
Spencer St., Torrance, Calif.

Corner Reflector 553

Cat. No. FT-SM-1-TUR

Simple? No. In spite of their appearance, Sealectro “Press-Fit” Teflon* terminals represent thousands 
of hours of engineering design and research, ultra-critical inspections of materials and finished prod
ucts, precise workmanship, and customer services beyond that of many complex electronic assemblies. 
A Sealectro “Press-Fit” terminal is more than a component. It is a symbol of dependability. When speci
fying Teflon terminals, always specify the original quality—Sealectro “Press-Fit” Teflon terminals, 
and be sure of every single one. Write for Complete catalog...

•Re< T.M. of E. I. DuPont do Nemours t Co., Inc.

MAKES "PRESS-FIT’1 TEFLON TERMINALS
SEALECTRO CORPORATION. 139 HOYT STREET, MAMARONECK, N. Y. 
British Branch: Sealectro Corporation, Hersham Factory Estate, Lyon Road, Walton-on-Thanes, Surrey, England.

CIRCLE 51 ON READER SERVICE CARD

Is balun-fed. Wide-band 80-deg corner reflector, 
model XCR108/216 is balun-fed for maximum dipole 
efficiency and balance pattern. Electrical charac
teristics are: frequency range, 108 to 216 me; gain, 
9 to 11 db over a tuned half wave dipole; power 
rating, 500 w, vswr less than 2 to 1; polarization, 
horizontal or vertical.

Telrex Laboratories, Dept. ED, Asbury Park, X.J.
CIRCLE 916 ON CAREER INQUIRY FORM, PAGE 253 ►
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important

Scientists and

Engineers

SCIENTISTS AND ENGINEERS
Follow-On Atlas Programs Mean

please contact

CONVAIR/ASTRONAUTICS llllllllllllllllll

You'll find most of the details on this and the following 
page, plus a convenient inquiry card. If the card has 
been removed, or if you wish to furnish or request more 
detailed information, write to Mr. R M. Smith, Industrial 
Relations Administrator-Engineering, Mail Zone 130-90, 
Convair Astronautics, 5659 Kearny Villa Road San Diego

divis?onA¿f GENERAL DYNAMICS

Mr. J. J Tannone, Jr., manager of our New York Plact 
meni Office, 1 Rockefeller Plaza, Circle 5-5034.)

Now operational, the Atlas weapon system stands as a 
unique symbol of scientific, engineering and military 
achievement. The design, development and testing of this 
reliable missile was an undertaking of immense complexity. 
Scientists and engineers at Convair/ Astronautics worked con
stantly at the most advanced state of the various arts involved. 
Boldly, they introduced and proved entirely new concepts of 
rocketry, and in record time they developed the Atlas.
The same depth of imagination and technical daring is now 
at work modifying and adapting this sophisticated machine 
for a variety of civilian and military space missions. Dozens 
of specialized orbiting and inter-planetary vehicles will de
pend upon the power of Atlas to thrust them into space

These programs reach far into the future and require the 
skills of highly resourceful engineers and scientists in many 
technical disciplines.
Atla«- is the free world's first intercontinental ballistic mis
sile; the first missile to travel more than 9,000 miles across

New, Long-Range Opportunities.
the earth's surface; the only one to lift itself into orbit. 
Atlas marked the first use of swivel engines for directional 
control and it was the first to use airframe skins as fuel cells.

Many more “firsts" lie ahead for this reliable rocket. If you 
are the sort of inventive engineer or scientist who can con
tribute ideas and solutions to the problems surrounding the 
mastery of space, you and Convair/Astronautics have a 
common interest.



York placement office, Circle 5-5034.)

CONVAIR / ASTRONAUTICS

Convair Astronautics is located in San Diego, Cali
fornia, the third fastest growing community in the 
United States. It is situated 10 miles north of the 
Mexican border and a little over 100 miles south 
of Los Angeles.
Immediate openings exist in the following areas:
SCIENTISTS & ANALYTICAL ENGINEERS with Ph D 
or Sc.D for electronics and physical research; com
puter analysis and application; and instrumentation 
development.
ELECTRONIC DESIGN & TEST: communication sys
tems and data transmission design, logical circuitry; 
automatic control systems; and electronic packaging. 
BSEE plus appropriate experience required.
MECHANICAL DESIGN: BSME or AE for pneumat
ics, hydraulics, and fluid systems design and test. Also 
missile GSE and missile structures designers.
RELIABILITY: BSEE. ME, or AE to perform relia
bility analyses and test both in San Diego and offsite 
bases.
ENGINEERING PSYCHOLOGISTS & INDUSTRIAL 
ENGINEERS with a hardware background to develop 
manning documents, perform task analysis, and de
velop tables of organization and equipment for the 
Atlas Weapons system.

ENGINEERING WRITERS with 2 years college and 3 
years experience in preparation of TCTO's; Opera
tions, Maintenance, and Overhaul manuals.
BASE ACTIVATION: Design or liaison engineers with 
BS in ME or EE and experience in electrical or me
chanical systems are required for liaison work at 
missile launching complexes, or design support work 
on launch control equipment, propulsion systems, 
automatic programming and missile checkout equip
ment operations. Assignments are at Salina. Kansas; 
Lincoln. Nebraska; Altus. Oklahoma; and Abilene, 
Texas. Also some openings in San Diego.
FLIGHT TEST: BS in AE, ME or EE for analysis of 
flight test data, and systems performance analysis 
leading to flight test reports. Background in instru
mentation and testing desired.
If you desire to become part of this great team, we 
urge your prompt inquiry on the attached Engineering 
Placement Inquiry.
Technical openings also exist in other specialties. 
Write Mr. R M. Smith, Industrial Relations Adminis
trator-Engineering, Dept. 130-90, Convair Astro
nautics, 5659 Kearny Villa Road, San Diego 12, 
California. (If you live in the New York area, please 
contact Mr J J Tannone, Jr., manager of our New

divis?onAof GENERAL DYNAMICS



413Resistivity Tester

METERS

separate tenso*

407Waveform Monitor

waveformFor TV broadcast. The model
monitor

Punched Card Switch 408

CIRCLE 53 ON READER-SERVICE CARD

design meter movement and sensor element are housed in o 
compact cylindrical unit. Or, if preferred, AMF can provide o 
separate sensor element independent of the meter indicator.

FREO.
-PS

monopole separat» sensormonopak separate sensor

Provides 1.000 automatic switches. The model 
K-1000 punched card switch has a separate switch 
for each of 1,000 hole positions. A card is inserted, 
operating lever pushed, and punched holes close 
switches. Volume of unit is less than 0.5 cu ft Highly 
applicable to automatic machine control.

The Taurus Corp., Dept. ED, Academy Hill, Lam
bertville, N.J
< CIRCLE 916 ON CAREER INQUIRY FORM, PAGE 253 
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For semiconductors. The Crystal Resistivity Meter, 
an ac instrument, measures bulk and slice resistivity 
of semiconductors. Bulk or slice modes can be se
lected by a switch. An adapter is available for meas
uring 0.007 to 0.37 in. slice resistivities. Ten full-scale 
ranges from 0.01 to 300 ohm per cm are covered 
with one switch.

Texas Instruments, Incorporated. Dept. ED, Hous
ton 6, Tex.

ailable in rack-mount and portable Wherever reliability is a requirement in portable equipment or 
fixed power installations — AMF Precision Meters are the 
answer — for commercial or military applications. In the Monopak'

*An AMF Fradamnrk
Write today for further information 
and tpociflcatiom on the complete 
AMF lino of Precition Meters

rugged! permanent calibration! temperature compensated! 
high readability • expanded scale • accurate • fail safe • linear scale

types. It provides three calibrated time-base rates. 
0.125 h per cm, 0.025 h per cm with 5X magnifier, 
and 0.005 h per cm with 25X magnifier. A 4-kv ac
celerating potential over a full 6-cm by 10-cm view
ing area assures bright displays.

Tektronix, Inc., Dept. ED, Box 500, Beaverton 
Ore.
Price: $1,000, portable; $1,075, rack mount.

One of the most complete lines of Expanded Seale Meters.

RffiF) PRECISION METERS WITH 0.1% ACCURACY

AMERICAN MACHINE * FOUNDRY COMPANY 
1101-D North Royal Street • Alexandria, Virginia

COKPOtATE HEADQUAtTEKS 261 Madinn Annu*. • N.w York 16, N.Y.

250° panel style

LISTCENTER SCALE ACCURACY METER

CENTER SCALE ACCURACY LISTMODEL NO.

Model PFM 400B - 90 Sco/e Model PVM 120A-250 Scale

Model PFM 400E4 - 250 J Scale

INPUT RANGE INDICATOR SCALEMODEL NO. SCALE RANGE resolution

INPUT Range INDICATOR SCALE

MODEL NO.
Monopak Separate Sensor cp. cp* Volts RMS Style Siza Price

PPM 5060 M PFM 5060 s| 48- 53
57- 62 .1 0.2% at 25°C 0.5% from —55*C ro +55°C 105-135 Panel 250* 3H' $220.00

PFM 608 M PFM 608 S 58 62 .1 0.1% 5t 25°C 0.25% from—55°C t * +55°C 105-135 Panel 90° 3'A" 100.00
PFM 600 M PFM 600 S 57- 63 .2 0.1% it 25°C 0.25% from 0°C to +65°C 105-135 Panel 90° 314' 180.00
PFM 60E M PFM 60E S 55- 65 .2 0.2% at 25°C 0.5% from —55°C to r55 C 105-135 Panel 90* 3'A* 1180.00

PFM 400AK s| 390-410
300-500

.5
5.0

0 1% at 25°C 0,25% from—55°C to +55°C
1.0% at 25°C 2.50% from -55°C to +55°C

105-135 Panel 3S 3'A* 24500

PFM 4008 M PFM 4008 S 388-412 .5 0.1% at 25°C 0.25% from—55°C to +55°C 105-135 Panel 90° 314' 170.00
PFM 40082 S 388-412 .5 1’1% at 25°C ’ 50% from —55°C to -1-55°C 105-135 Panel 90* 214* 185.00

PFM 4000 M PFM 4000 S 380-420 1.0 0.1% at 25°C n.25% from —55°C to +55°C 105-135 Panel 90' 3'A* 170.00
PFM 400E M N 395-405 .2 0.05% at 45°C C.1% from 0°C to +65°C 105-135 Panel 90* 3'A* 235.00
PFM 400EI M PFM 400 El S 395-405 .2 0.1% at 25°C 3.25% from —55°C to +55°C 105-135 Panel 90 ‘ 314' 215.00

PFM 400E4 S 395-405 .1 0.05%ot25°C 0.1% from 0°C to +65°C 105-135 Switchboard 250* 414' 5200t-
PFM 400H S 380-420 1.0 0.2% at 25°C 105-135 Comm, rectangular 100* 414' osa
PFM 400HRS 380-420 1.0 0.2% at 25°C 105-135 Comm, round 1 90* 314' 115.00

MODEL NO. SCALE RANGE RESOLUTION

Monopak Separat« Sensor Vol»* RMS VoH» cps Style Size Frit»
PVM 115AM N 110-120 0.1 0.1% of 45®C 0.2% from 0°C to +65°C 395-405 Panel 250° VA* $250.00
PVM 115AI M PVM 115AI S 110-120 0.1 0.1% o* 25 °C 0.2% from —55°C to +55°C 395-405 Panel 250° 3'A' 230.00

PVM I15A4S 110-120 0.1 u.1% ot 45°C 0.2% from 0*C to +65°C 395-405 Switchboard 250° *¥>’ 335.00
PVM 120AM N 115-125 0.1 0.1% at 45°C 0.2% from C°C to +65°C 395-405 Panel 250- 3'A’ 250.00
PVM 120AI M PVM 120AI S 115-125 0.1 0 1% ot 25°C 0.2% from —55*C to +55°C 395-405 Panel 250° 3'A’ 230.00

PVM 12OA4S 115-125 0.1 0.1% ot 45°C 0.2% from 0°C to +65°C 395-405 Switchboard 250° 414' 335.00



NEW PRODUCTSBALLANTINE VOLTMETER
model 
305A
Price $415.

Time Switch

Nonpolarized Capacitors 411

425

Can provide bell signal. Series 45,000 and 46,000 
“Mark-Time” switches have a maximum circuit ca
pacity of dpdt. They use a 15-amp 125 v ac switch. If 
the knob is turned left, the switch is off-on. If turned 
right, a timing function is supplied. The bell is op
tional. Timing ranges from 60 sec to 12 hr.

M. H. Rhodes, Inc., Dept. ED, Hartford, Conn.

Get the Facts About 
These Cost-Saving 
Terminals and 
Components

STANDOFF AND
FEED THROUGH
Low cost and high 
electrical specs, 
have made these 
the most popular 
in the industry.
Choice of fork, 
single and double 
turret, post . . . 
standard, minia

TERMINALS

ture, sub-miniature... 
molded or metal base ... 
wide variety of body ma
terials, including diallyl 
phthalate and melamine, 
and plating combinations.

Request Catalog SFT-1

PUSHLOCK NYLON TIP JACKS

MEASURES 
PEAK

OR PEAK-TO-PEAK PULSES 
AS SHORT AS 0.5 ps 

... at pulse rates as low as 5 pps... voltages 
of 1 mV to 1000 V

Also measures COMPLEX WAVEFORMS having fundamental 
of 5 cps to 500 kc with harmonics to 2 Me.
ACCURACY is 2% to 5% OF INDICATED VOLTAGE, de
pending upon waveform and frequency.
SCALE is the usual Ballantine log-voltage and linear db, indi
vidually hand-calibrated for optimum precision.
INPUT IMPEDANCE is 2 meg, shunted by 10 pF to 25 pF.

Write for brochure giving many more details

> b "V — Since ion —

<!» BALLANTINE LABORATORIES inc.
Boonton, Now Jersey

CHECK WITH BALLANTINE FIRST FOR LABOBATOBY AC VACUUM TUBE VOLTMETERS. REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE. WITH ADDITIONS EACH YEAR. ALSO AC 0C ANO DC AC 
INVERTERS. CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES. 

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO 1.000 MC.
CIRCLE 54 ON READER-SERVICE CARD

Offered in complete line. The type 151D Tanta
lex capacitors are solid-electrolyte tantalum units of 
nonpolar design. They can be used full rated up to 
85 C. Many ratings are available in voltages from 6 
to 35 v de. Small unit in illustration is 0.11-uf 35-v 
de type, measuring 9/64-in. in diameter by 9/16 in.

Sprague Electric Co., Dept. ED, North Adams, 
Mass.

Single Sideband Receivers 469
Airborne hi units. Model HC-130 is for air-to- 

ground transmissions on LSB, USB and compatible 
AM; model HC-150 is for fixed point-to-point com
munications. The first unit receives six frequencies in 
1-kc steps simultaneously in the range of 2 to 30 me. 
The other offers selection of 10 channels in the same
range.

Hughes Aircraft Co., Dept. ED, P. O. Box 90-902, 
Los Angeles 45, Calif.
Pi?A: $80,000 and $40,000; 90 days.

Etched Circuits 454
Replace wire harnesses. Flexible etched circuits 

are useful in replacing wire harnesses in curved or 
bent areas. Circuits are backed by Teflon, Kel-F, or 
polyester materials. The smaller, lighter circuits re
duce assembly time and chance of error. Materials 
used resist chemical action.

U. S. Engineering Co., Dept. ED, 13536 Saticoy 
St., Van Nuys, Calif.

Save time and money regardless 
of installation method. Just push 
into cabinet or chassis hole and 
the one-piece Pushlocks align and 
self-anchor. Eliminate threads, 
nuts, lockwashers and vibration 
problems.

Request literature

MELAMINE 
JACKS

Very economical, 
yet designed elec
trically and mechan
ically for long, relia
ble service. Supplied 
in a wide range of 
code colors.

Request details

POINTER KNOBS
A military and in
dustrial favorite by 
reason of price and 
practicability. Sup
plied in attractive 
black, satin-finished 
phenolic.

Request details

4^MWHITS0fiNC
9326 Byron Street, Schiller Park, Illinois 

(Chicago Suburb)
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510Servomotors

513Solid-State Converter

SMA Module

the Newest and Best!

486Phenolic Laminate

INSTRUMENTS 
INC.

Long life, highest reliability—contact rating 10 million 
operations at 100 milliampere, 115 volts 60 cps, resistive 
load; 1 billion operations at low signal levels.

The NEW Hathaway DRIREED Electronic Commutator, designed to utilize Hathaway’s DRIREED contact, 
is illustrated above in a typical rack mounted unit. Applications include telemetry, thermocouple scanning, com
puter inputs, strain gage scanning, transducer scanning, and PDM coding.
The unit can be packaged and tailored to fit your particular requirements.

DRIREED) ELECTRONIC COMMUTATORS

Size 8, 6-pole, 400-cps units have a 
moment of inertia of 0.147 g-cm*. 
Time constant is 0.00613 sec, tem
perature range is —55 to +125 C 
and stall torque is 0.22 oz-in. Weight 
is 1.25 oz and diameter is 0.75 in. 
Units meet MIL-E-5272.

Wright Machinery Co., Div. of 
Sperry Rand Corp., Dept. ED, Dur
ham, N. C.
Pi?A: $40 up; 30 to 60 days.

HATHAWAY DENVER 
5804 EAST JEWELL AVE.
DENVER 22, COLORADO

Analog-digital-analog converter 
model 430 A-D-A makes 14-bit con
versions at rates to 35 kc. Digital out
puts are available in parallel form at 
the end of the cycle. Basic speed is 
1.5 usee per bit plus 4.5 psec per con
version. Accuracy is ± 1% of input volt
age. Dynamic range is above 80 db.

Texas Instruments, Incorporated, 
Dept. ED, P. O. Box 6027, Hous
ton 6, Tex.

Has high punching stability. Insurok 
T-755 is a paper base, phenolic lami
nate which has stable punching prop
erties over a wide range of low tern- I 
peratures. Other features: long shelf I 
life; high solvent resistance; good re
producibility. It has many applications I 
for printed circuits, components parts, I 
terminal boards. Standard sheet sizes I 
36 x 42 in. unclad. Also 37 x 37 and 
37 x 42 in. copper clad.

The Richardson Co., Dept. ED, I 
2724 Lake St., Melrose Park, Ill. I

CIRCLE 56 ON READER-SERVICE CARD ►

FEATURES:
• Eliminates the transfer gain problem—closed circuit 

resistance less than 100 milliohms.
• No back current or channel to channel crosstalk—open 

circuit resistance greater than 3 x 10” ohms.
• Output isolated from power ground and needs no “com

mon”— isolated dual ended contacts.
• Solid state drive circuit—transistor logic control of me

chanical contact operation.
• Up to 1,000 sequential data points per second—DRI

REED has resonant frequency of above 2700 cps.

PRICE AND PERFORMANCE of this commutator make it worth 
considering in your application. Please address your inquiries to 
the address below.

a new

HATHAWAY CONCEPT

ACTUAL SIZE

IoTiM 4?.' 1



NEW PRODUCTS
Pulse Height Analyzer 415

Switch Tube 405

150 kv collector current 20 amp peak, collector

Limit Switch 406

BOSTON INSULATED WIRE t CABLE CO.

CIRCLE 57 ON READER-SERVICE CARD

THIS GRAPH shows voltage-life 
tests of Teflon film 0.005“ in 
thickness. Note the comparative 
long life of Teflon protected with 
oil. BIW process for manufactur
ing Teflon insulated cables pro
tects with dielectric oil.

Efficiency is 95%. The L-3408 is made for high- 
voltage, high-switch-rate floating deck modulator ap
plications. With current characteristics similar to a 
pentode, the switch tube has collector voltage of

IN SMALL DIAMETER, 
FLEXIBLE HIGH VOLTAGE CABLES

Canillan Hilar»
BOSTON INSULATES WIRE * CABLE CO., LTD.
Nmiltae. Ontario, Canada JAcllMn wu

Provides 400 channels. The model 404 analyzer 
uses a magnetic-core-memory system and stores data 
in parallel binary-coded-decimal form. Data can be 
read out directly into a printer. It accommodates four 
detectors at the same time. A companion unit, model 
500, permits high-speed paper tape printing. The 
units operate from 110 v ac.

Technical Measurement Corp., Dept. ED, 441 
Washington Ave., North Haven, Conn.

ESSEX ELECTRONICS DIVISION. BERKELEY HEIGHTS, A J. 
AUTOMATION PRODUCTS DIVISION, LEXINGTON, KY

ESSEX ELECTRONICS OF CANADA LTD., TRENTON. ONT.
CIRCLE SB ON READER-SERVICE CARD
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Minneapolis-Honeywell Regulator Co., Micro 
Switch Div., Dept. ED, Freeport, III.
Pi? A: $20 stock.

Has neon indicator lamp. A built-in indicating 
lamp in model 1LS501 flashes when switch is oper
ated. Lamp can be installed to make contact with 
either the normally open or normally closed contacts. 
Switch is rated at 10 amp, 1/2 hp, at 120 v ac. 
Replaceable element has 2-circuit, double-break con
tact arrangement.

dissipation 10 kw max. Length is 20 in., OD 8 in., 
weight about 45 lb.

Litton Industries, Electron Tube Div., Dept. ED. 
960 Industrial Road, San Carlos, Calif.

ER LINE PERFORMANCE IN HOOK-UP WIRE SIZE*
Now a patented process of laminating Teflon tape with a high 
dielectric oil reduces the incidence of corona by excluding air from 
the dielectric and protects the Teflon from damaging effects should 
corona occur. The graph below illustrates the long life of Teflon 
film in oil vs. that in air.
Corona is the result when a void (between the conductor and tne 
insulating material or within the insulation) is subject to an 
ionizing potential. Extruded Teflon is susceptible to separation 
from the conductor when flexed because of its rigidity and solid 
mass. Solid Teflon by the very nature of its fabrication contains 
minute voids within its cross-section. These voids and separations 
are corona forming points, and without protection the Teflor is 

t subject to deterioration, which degrades the cable.
’ BIW uses thin Teflon tapes, so that any void within the tape is
• extremely limited in size. In addition, the tape is surrounded with

a viscous high temperature — high dielectric oil which fills these 
: voids. Through these techniques, BIW offers a flexible cable with
i the highest corona threshold in the smallest size.
; Braided or extruded jackets are available. FEP 100X extruded
! Teflon jackets are resistant to acids, alkalies, solvents, abrasion,
: ozone, ultra-violet, water absorption, oils, fluids, temperatures to
: 200°C and will not flow at temperatures up to 250°C. With this
J type jacket, the cable strips easily. It has no braids to leak at high
I voltage or fray when cut and prevents unravelling of taped
• dielectric.
. BIW laminated Teflon tape and oil constructions demonstrate great 

reliability over a wide temperature range and are light in weight 
Solid colors are available for color coding. These cables are par
ticularly suited to high voltage, high altitude applications where 
corona is more prevalent. They are ideal for use in shielded cables 
where small diameter, high voltage leads must run next to ground. 
Other uses include power plant ignition, high temperature trans
formers, ignition wires for continuously operating internal combus-

• tion engines and chemical processing apparatus. They find wide 
application in missiles and rockets, electronic equipment, as well 
as for high temperature, high voltage generator leads and tube 
cap leads.
Send for the complete brochure — BIW Type HP (High Perform
ance Cable). Your BIW representative will be happy to discuss 
this and any other wire and cable constructions with you.

Amazing, New, 
' High Inductance 

mm 
with Inductance Range from 

0.10-180,000 |iH
The R.F. Choke that's so small 

you can pack 200,000 
to a cubic foot

Tiny, new, WEE-DUCTOR covers a full range of 
inductances from 0.10 mH to 180,000 mH yet 
it measures only 0.157" x 0.375".
Unique ferrite sleeve and core construction 
provides 1,800,000 to 1 inductance range in 
a tiny package ... and yet when assembled 
side-by-side, exhibit less than 2% coupling. 
Essex WEE-DUCTORS are available immediately 
from stock WEE-DUCTORS are the latest ad
dition to Essex's broad line of Standard R.F. 
Choke Coils.
Essex Electronics Standard Line if R.F Chokes

HIGH IMP
VOLTAGE 
CORONA BARRIER BROKEN

WRITE TODAY .
Free Descriptive Literature SfSS 

Available y-

ESSEX 
PART NO.

WEE
DUCTOR

RFC- 
5

RFC— 
M

RFC— 
L

1 mH 0.1-180K .1-100 1.0-1,000 1.0-10,000

Mu Ret n .035-880 .02-6.0 .04-21 .03-80

1 Max mA 3000-18 4000 220 2700-125 4000 8C

Dil .157 188 .250 .310

Langth .375 440 .600 900

SSO Springfield Ave., Berkeley Heights, N. J.
Phene 464 9300 . TWX NJ 533



Variable Transformer

aHBi

CLAREED Sealed Contact Relays provide fast, sure switching

Proximity Limit Switch 500

Relays and Related
Control Components

CLAREED switch capsule consists of a pair of 
magnetically operated contacts, hermetically 
sealed in an atmosphere of inert gas

Div., 
Dept 
N. ï

NLP.
Comell-Dubilier Electronics 

Federal Pacific Electric Co., 
ED, 50 Paris St., Newark 1,

inductance change in the operating coil at 
each operation, limit the transients 
produced.

These relays may be mounted to meet the 
requirements of almost any application or 
environment. Consult your nearby CLARE 
sales engineer.. .or write: C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, Illinois. In 
Canada: C. P. Clare Canada Ltd., 840 Cale
donia Road, Toronto 19, Ontario. Cable 
Address: CLARELAY. Ask for Bulletin CPC-10.

252 relays (each consisting of 12 Clareed 
sealed contact reed switches—3,024 switches in 

all) make up this “matrix relay,” used in the 
model 547-6 switching unit of the RCA 501.

Contributing to the efficiency, speed and 
compact structure of the RCA 501 are 
252 CLAREED sealed contact reed relays. 
Mounted on printed circuit boards, these 
relays, their contacts hermetically sealed in 
contaminant-free inert gas, assure millions 
of perfect operations...hundreds of mil
lions when operated at up to rated load.

CLAREED relays are ideal components for 
transistor-drive applications such as the 
RCA 501. Their low inductance, and the lowOperating remotely, the CR115 D 

switch senses nonferrous materials up 
to 1/2 in. and ferrous material up to 
1 in. away. All transistorized circuitry 
is self-contained in the operating head 
Rating is 30 v de. input; 30 v de at 
250 rna, output. Repetitive accuracy 
is 0.005 in.

General Electric Co., Dept. ED, 
Schenectady 5, N. Y.

CIRCLE 59 ON READER-SERVICE CARD ►

Magnetic Tape Heads 485
Offered in R&D kit. The DD-6-1 kit 

contains sixteen 1/4 and 1/2 track 
heads, both in stereo and mono types. 
Electronics and mountings are varied. 
These M/M tape recording heads are 
enclosed in a 20-drawer cabinet, 9 x 
10 x 6 in.

Robins Industries Corp., Dept. ED, 
Flushing, N.Y.
PUA: $309; from distributors.

Ratings are 0.28 to 4.8 kva. Series 
IV units are built for a 120-v, 50-cps 
input and provide an isolated output 
of 0 to 140 v ac. For electrical under
and over-voltage testing, units come 
in 3 sizes, all portable, cased and 
metered

Standard Electrical Products Co., 
Dept ED, 2240 E. Third St., Dayton, 
Ohio.

Electrolytic Capacitors 505
Cases are very small, ranging from 

3/16 to 1/2 in. in diameter and from 
1/2 to 1-1/2 in. in length. Range is 
1 to 450 pf. Uses are in electronic 
timing and tracking devices, missiles 
and computers telemetry and radio 
receivers. Units are type NLW and

RCA uses 252 CLARE 
Printed Circuit Relays 

in the 501 electronic 
data processing 

system
RCA’s 501 incorporates many advanced features which 

significantly increase reliability as well as economy. It takes 
up less space, weighs less and operates on less 

electrical power than previous models.



NEW PRODUCTS
Pressure Transducer 526

Mylar Capacitors 460

WHY

Delay Line 519TRIMMERS

syntronic

Magnetic Head 456

Boston-New Eng . 
New York Area: 
Phils Area: 
Wash.-Balt. Area: 
Indianapolis: 
Los Angeles:

555 Main Street, Acton, Massathusetts • COlonial 3-7711

Is completely encapsulated. Type 1580 magnetic 
recording and reproducing head is a compact, en
capsulated unit with smooth response and low hum 
pickup. Inductance is 3 mh, impedance 20 ohms at 
1 kc. Head is available with 1/2-mil or 1/4-mil gap.

Westrex Corp., Recording Equipment Dept., Dept. 
ED, 6601 Romaine Ave., Hollywood 38, Calif.

Norwood 7-3164
OXford 5-0255

MOhawk 4-4200
APpleton 7-1023

Victor 6-0359
Cumberland 3-1201

4re thoroughly tested. All units in this line of 
Mylar capacitors are checked during manufacture for 
dielectric strength, insulation resistance, capacitance, 
and dissipation factor. Tape-wrap units from 0.001 
to 1 pf are made in ratings of 100, 200, 400 and 600 
wvdc, tolerances from 1% to 20%; epoxy-dipped, 
flattened units range from 0.01 to 0.33 pf, 50 wvdc.

Midwec Corp., Dept ED, 601 S Jason St., Denver 
23, Colo.
Availability: 3 weeks.

Has high resolution. Magnetostrictive delay line 
model 165 has fixed delay time of 5 to 6 msec. In
put pulse width is 0.5 usee, prf 1 mc. Signal-to-noise 
ratio is 10:1 min, insertion loss about 60 db. Input 
impedance can vary from 50 to 1,500 ohms while 
output impedance is fixed at 1 K.

Deitime, Inc., Dept. ED, 139 Hoyt St, Mamaro
neck, N.Y.

Every TIC trimmer is bubble tested at 90°C to be certain it is sealed, meeting 
or exceeding MIL STD-202 for moisture resistance.

The inherent quality construction withstands temperatures to 225°C and shock 
at 150 G’s for 11 milliseconds — vibration 5-3000 cps at 50 G’s. Resistances to 
100 K ohms are provided without sacrificing reliability as the unique design of the 
resistance element eliminates the need for using extremely fine resistance wire. 
Dual wipers on winding and take-off bar provide positive electrical contact and 
maximum reliability.

A choice of four types of leads are available on all stock trimmers — flexible 
insulated w ire, printed circuit pins or solder lugs on end or bottom of housing.

These twenty-five turn precise trimmers offerall the plus features—not just a few. 
Compare — features — price — reliability. Specify TIC Trimmers.
Available from stock for immediate delivery.

Ranges are 0 to 5 through 0 to 5,000 psi, for meas
uring absolute and gage pressures. Type P707TC is 
for aircraft, space probes and ballistic missiles. The 
gage model requires 5-v excitation and the absolute 
model, 7 v. They have outputs of 25 and 35 mv. 
Combined error is less than ±0.75% full scale.

Stathan Instruments, Inc., Dept. ED, 12401 W. 
Olympic Blvd., Los Angeles 64, Calif.

Th* Industry's broadest yoke Una . already tooled 
tor quantity production. Or, yokes can be custom de
signed to your precise requirement

You get all the important 
features in stock TIC Trimmers — you don’t pay 

more for a lot of extras.

CIRCLE 61 ON READER-SERVICE CARD 
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NATIONALLY BY AVNET CORPORATION 
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MAJOR C. R. TUBE MFGRS. 
RECOMMEND VillfrQ 
SYNTRONIC YUKtu
Syntronic yoke procedure originated the 
industry standard for specification cor
relation between yoke, c. r. tube and 
circuitry. For a helpful, time-saving 
checklist covering all physical and 
electrical yoke parameters and their 
determining conditions, request 
ELECTRONICS reprint #12-59. Thor
ough correlation enables Syntronic to 
guarantee accepted specifications.

Call your nearest SYNTRONIC REP today

MANY
TRIMMERS HAVE

ONE OR MORE
OF THESE
FEATURES

l\NTRr.\iE\'TS, l\f
00 l"djst’Hl Road, Addison. I

Phone Klngswood 3-6444



Events Counter 527

For data processing, missile range applications and 
other sequential series of events, the EMC-1 indi
cates from —999 min, 60 sec through 000:00 to 
—999 min and 60 sec. It can be expanded to hours, 
days, etc. Outputs are available for remote recorders.

Telemetries, Inc., Dept. ED, 12927 S. Budlong 
Ave., Gardena, Calif.
Availability: 60 days.

Dip-Solder Machine 416

WHAT ELSE 
CAN YOU 
ASK FOR IN 
HOOK-UP 
WIRE?

WHEN YOU CAN get wire in sizes from 
No. 24 to No. 6 from Rome Cable 
WHEN YOU CAN specify either rubber 
or thermoplastic insulation from Rome 
Cable
WHEN YOU CAN order wire to meet 
either commercial or military specs 
from Rome Cable
WHEN YOU CAN select outer covers of 
nylon, cotton, rayon or glass from 
Rome Cable
WHEN YOU CAN be sure of fast de
livery from Rome Cable, why look 
elsewhere for hook-up wire?

Whatever your requirements, Rome 
Cable can fill them. For the full story 
on types, sizes and specs, write for Bul
letin TR-3. Direct inquiries to Rome 
Cable Division of Alcoa, Department 
11-51, Rome, New York.

ALCOA

One printed circuit every 17 sec. This automated 
straight-line machine dip-solders printed circuit 
boards at a cycle rate of one each 17 sec. It avoids 
hand or semimanual fluxing operations as well as 
bridging and dross problems.

Snyder Corp., Dept. ED, 3400 E. Lafayette, De
troit 7, Mich.

RF Chokes 520

In 26 types. Video peaking coils of the 1300 series 
range in inductance from 20 ph to 950 uh. All but 3 
are wound on phenolic forms; Nos. 1307 and 1313 
are on 22-K resistors, No. 1310 on a 30-K resistor. 
Solid wire leads are 1-1/2 in. long.

Delta Coils, Inc., Dept. ED, 1128 Madison Ave., 
Paterson 3, N.J.
Availability: From stock.

If you want ELECTRONIC DESIGN 
to reach you without interruption 
mail your renewal form now!

tiny/' k i

but ohl 
s° w 

talented ..^

The versatile transistor servo amplifier 
by DIEHL

Designed for operation with any DIEHL 1, 5 or 10 watt 
servomotor at 60 and 400 cycle carrier frequencies, this new 
series of Transistor Servo Amplifiers is also capable of driving 
any DIEHL size 11 or 15 servomotors, or equivalent.
Superior electrical performance is typified by near-perfect 
linearity over a wide range of input voltage and by the 
absence of measurable phase shift over a 20 cps. passband.
The use of advanced packaging techniques in 2 inch diameter 
modules produces continuous power outputs of 6 watts in a 
1 % inch long can or 35 watts in a 3 inch long can. Units 
are not potted, for accessibility and ease of maintenance; 
air-tight cases are filled with inert aluminum oxide particles 
for maximum heat transfer.
Also available is DIEHL TP 3-100 solid state power supply 
which accommodates either 6 or 35 watt units by means of 
direct plug-in.
Please write for additional information. «17«

SPECIFICATIONS
Cat No.
Output

Gain 
Input Imp. 

Phase Shift

Power Req.

TA006 OA 100
Continuous, 10 waits. max (unmounted, m free air at 25 c ambient, no

71 c ambient, with ]14 heat fins}
1000 volts volt, nominal
30K minimum
a। No measurable phase shift in 20 cps passband for 60 cps earner 
b) Less than 10 phase shift in 100 cps passband for 400 cps earner 
.013 volts, input shorted
— 28 x 2 volts DC at 600 amp.: -9 + 1 volts DC at .015 amp

t* TndMWk of THE DIEHL MANUFACTURING COMPANY

DIEHL MANUFACTURING COMPANY 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY

Somerville, New Jersey 
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NEW PRODUCTS
Digital Conversion Switch 518

SILICONE NEWS from Dow Corning

When Going Is Rough

Offers additional codes. New models in the series 
7300 and 7500 line of Digiswitches expand con
version capabilities. Digital input fingerwheels with 
8, 10, 12, or 16 positions can now convert to one 
of 18 different coded electrical outputs.

The Digitran Co., Dept. ED, 660 S. Arroyo Park
way, Pasadena, Calif.

Turret Terminal Riveter 508
Speed is 2,000 per hr for inserting and setting all 

makes of terminals and base pins. Called model 900, 
the unit is suitable for setting terminals in printed- 
circuit boards. It has a 1/3-hp, 110-v ac motor and 
is operated by an electric footswitch.

Eyelet Tool Co., Dept. ED, 31 Carleton St., Cam
bridge 42, Mass.

Digital Modules 516

For Environmental Engineering... 
Select Silicone-Glass Laminates

Operate at 300 kc. Solid-state digital modules cap
able of operating at 300 kc include flip-flops, in
verters, clock pulse shapers and clock amplifiers. 
Modules are 2.75 x 2.175 in. and can be spaced on 
0.375 in. centers.

Dynamic System Electronics Corp., Dept. ED, 
2001 N. Scottsdale Road, Scottsdale, Ariz.

Dynamic Servo Analyzers 492

LOX cold . . . high Mach heat . . . corona . . . ozone . . . launching and 
sonic shock — more and more environmental challenges are being met by 
Dow Corning Silicones.

Take glass laminates bonded with Dow Corning silicone resins, as 
examples. Silicone glass laminates have good mechanical strength, low 
loss factor, low moisture absorption, excellent resistance to arcing, corona, 
corrosive atmospheres, fungus and contaminants. What’s even more 
important, they retain these properties despite elevated temperatures, 
storage, environmental aging, rapidly changing ambients, vibration and 
shock. Heat resistance of silicone-glass laminates is exceptional ... up to 
250 C continuous for years . . . much higher for short time periods. 
Lastly, silicone-glass laminates, even in thin sections, have fine machin
ability and resist creep under pressure of terminal fasteners.

Lear, Inc., Grand Rapids. Michigan mounts 
the mica capacitors of their Model 2013J 
Stable Platform on this formed silicone- 
glass laminate terminal board. Lear 
engineers chose glass laminates after an 
intermediate material had been tried. 
Tolerance requirements, plus assembler 
variations, dictated a material that could 
be formed . . . would withstand soldering 
temperatures . . . would hold its form 
despite environmental extremes. Environ
mental conditions are: —40 to 160 F; 
shocks of 30 G’s for about 11 milliseconds 
each; complex wave vibration for 20 min
utes in each plane as follows — 30-100 cps: 
0.46 g"/cps and 100-2000 cps: 0.015g-/cps. 
Silicone-glass laminates made with Dow 
Corning resins are available from leading 
laminators. Write for a list.

For missile and aircraft systems, the DSA series 
combines functions of signal generation, dynamic 
servo-response analysis and data presentation. Fre
quency-response test time is the time required for 
one cycle plus 1/2 sec.

Giannini Controls Corp., Dept. ED, 1600 
S. Mountain Ave., Duarte, Calif. CIRCLE 800 ON READER SERVICE CARD

For 12-page manual 
‘Silicones for the Electronic Engineer” 

Write Dept. 3317 Corning
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Specify Silicones
Flexible from -1OO to 300F
Silastic®, the Dow Corning silicone rubber, is specified 
by Airtron, a division of Litton Industries, for the jacket of 
their silver-plated brass, and all-aluminum flexible wave
guide designed to resist operating temperatures from —100 
to 300 F. With its Silastic jacket, Airtron’s Flexaguide is 
particularly suited for applications in the missile field 
where environmental operating conditions are severe. In 
addition, the jacket supports the waveguide during flexure, 
insures airtightness for pressurized applications. Silastic 
resists a long list of environments including: cold, heat, 
ozone, oxygen, voltage stress, thermal cycling, corona, 
corrosive atmospheres, and weathering.

CIRCLE 801 ON READER SERVICE CARD

Rigid, Void-Free Protection
This induction heating coil is used to keep metal molten. 
Metal splatter caused frequent insulation and coil failure 
until the decision was made to encapsulate the unit in 
Dow Corning solventless silicone resin. The resin — with 
zirconium orthosilicate filler — forms a tough, rigid armor 
that withstands temperatures as high as 300 C indefinitely 
... much higher for short time periods. With no solvents to 
evaporate, the resin cures without voids. Note the excellent 
fill between plates of an encapsulated test capacitor.

CIRCLE 802 ON READER SERVICE CARD

For Rapid Heat Dissipation
Dow Corning silicone fluids are used as dielectric coolants 
for rapid heat dissipation because of their thermal stability 
and relatively flat viscosity-temperature curves. They can 
be pumped at high speeds without breakdown due to 
shear; maintain consistency from —65 to 250 C; and they 
will not oxidize or act as corrosives to metals even at high 
temperature. For these reasons and because of low vapor 
pressure, Sierra Electronics, Menlo Park. California speci
fies Dow Corning 200 Fluid as the heat transfer medium in 
their 100 and 500 watt, 60 ohm coaxial RF loads.

CIRCLE 803 ON READER SERVICE CARD

CORPORATION MIDLAND, MICHIGAN

CIRCLE 800, 801, 802, 803 ON READER-SERVICE CARD
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Multiplier Package 517

For analog computers. Miniature, solid-state elec
tronic multiplier is packaged in a plug-in unit for 
3/4-in. terminal spacing. Unit offers 4-quadrant mul
tiplication, 2-quadrant division, or 2-channel squar
ing. Case size is 3 x 2-1/2 x 2 in. Designation is 
model 3732P.

Donner Scientific Co., Dept. ED, Concord, Calif. 
Pi?A: $350; 30-day delivery.

Frequency-Standard Amplifier 478
Rf outputs are 3.25 to 283.5 me. Model 500 has 

a nominal rf output level of 1 w into 50 ohms. Con
tinuous coverage of useful harmonics is 42 to 10,- 
000 me. Frequency stability is 0.0001% for 1 min 
and 0.002% for 2 hr or per deg C.

PRD Electronics, Inc., Dept. ED, 202 Tillary St., 
Brooklyn 1, N. Y.

Silicon-Oxide Capacitors 525

Operating temperature to 300 F. The OXSIL units 
are for use in digital computers and other applica
tions requiring stable capacitance. Features include 
high insulation resistance, low dissipation factor and 
low self-inductance.

Sprague Electric Co., Dept. ED, North Adams.

Time-Standard System 474
With vlf receiver, model 399 permits calibration 

and measurement of local frequency sources to an 
accuracy of a few parts in 10,000,000. The equip
ment is for phase-locked detection of WWVL, NBA 
and GBR signals. Any station in the range of 14 to 
25 kc can be selected.

Textran Corp., Dept. ED, P. O. Box 9207, Austin 
17, Tex.
Pi? A: $4,750; 60 to 90 days.

81



NEW PRODUCTS

592Filters

Raythe< Panel Wires Inc.

Machine Monitors 593

Test Jack 594

Dept. ED, 213 E. Grand Ave., South 
San Francisco, Calif.

For data-processing uses, these fil
ters eliminate electrical feedback or 
back circuits and prevent interference 
with adjacent circuits. The Delta type 
has a load rating of 2. The Gamma 
has a load rating of 12.

A few typical aero-space Vickers control units: 
voltage and frequency comparators, missile autopilot 
amplifier assemblies, closely regulated transistorized 
power supplies.

Put Vickers design-development-engineering capa
bilities behind your control needs ... a letter or phone 
call, CEntral 1-5830, is all we need.

Range is 2 cps to 10 kc in series 
18 monitors. They can l>e used with 
any machine or process in which off- 
normal conditions can be detected in 
frequency changes or changes in am
plitude of signals. The unit is powered 
by 12 v de.

RayData Corp., Dept. ED, Co
lumbus, Ohio.

Keep it small. Keep it light. Make it rugged. Make it 
reliable . . . These were the tough specs for the Vickers 
two-stage, dual channel servo magnetic amplifier 
ordered for the airborne radio antenna tuning system 
of the 707 and B-58. Vickers engineers developed a 
unit that was compact, lightweight, yet rugged 
enough to stay on the job with no maintenance under 
extreme service conditions. It’s typical of the reliability 
and engineering competence behind all Vickers control 
products and systems.

Leakage path is 0.187 in. The SKT- 
27 is rated at 2,000 v rms at sea level; 
it accepts test probes 0.45 in. long 
and 0.093 in. in diameter. Tempera
ture range is —55 to +200 C.

Sealectro Corp., Dept. ED, 610 
Fayette Ave., Mamaroneck, N. Y.
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512Running Time Meter

488DC Microammeter

595Inertial Switch

ALL TRIMMERS SHOWN ACTUAL SIZE

»AOVE

SPECTROL'S FULL LINE of trimming potentiometers 
features 10 of the smallest square trimmers ever made, 
plus the only transistor-size units for solid state circuitry. 
This selection covers almost every conceivable 
application—a sure way to avoid checkmate when 
you need reliable trimmers.

ITS <0^

MORE DA TA A VAILABLE. Contact your Spectrol 
engineering representative or drop us a line at the factory. 
Please address Dept. 36.

IMMEDIATE DELIVERY. Your nearby Spectrol 
distributor stocks standard models of trimmers and 
miniature potentiometers as well as other standard Spectrol 
precision potentiometers and turns indicating dials.
Prices are $6 to $8 in quantities of 1 - 9 for 
most styles and resistances.

Esteriine Angus Instrument Co. 
Inc., Dept. ED. 1201 Main St., Speed 
way, Ind.

SQUARE TRIMMER DATA. Models 50 and 60 
measure and Vi" square respectively • humidity 
proofing a standard feature • available in resistances 
to 100K • greater surface contact between mandrel and 
aluminum case for better heat dissipation, no external 
heat sinks needed • dual wiper for positive contact 
under all conditions of shock and vibration.

1704 South Del Mar Avenue • San Gabriel, California 
Phone: ATIantic 7-9761

For use with radar and other 
ground-support equipment, this 120-v, 
400-cps unit meets applicable military 
specifications. It is claimed to provide 
high accuracy and long life.

Stewart-Warner Corp., Dept. ED, 
1826 Diversity Parkway, Chicago 14,

Rating is 50 ua. The unit can be 
supplier! to operate from 120 v ac at 
50 to 400 cps or from a 12-v battery. 
It can be used with photoelectric cells, 
vibration pick-ups, thermocouples, 
phototronic devices and audiometers. 
It stands temperatures of —20 to +120

SINGLE TURN TRIMMER DATA. Model 80 built 
into TO-9 transistor type case • measures less than VS ” 
in diameter, weighs 1 gram—smallest trimmer on the 
market • completely sealed against moisture and 
humidity • resistance element twice as long as ordinary 
trimmers • designed for complete package encapsulation 
with other printed circuit components • available in 
3 case styles with resistance range to 20K.

Adams Court • Plainview, L. I., New York 
Phone: WEIIs 8-4000

Subminiature self-locking, resettable 
device performs from 5 to 25 g’s, 
from 25 to 200 msec. Factory preset, 
model 1056 is designed for missiles, 
space vehicles, etc. It is impervious 
to salt, spray, sand, dust and humid
ity, and has a minimum life of 25,000 
cycles.

Sanders Assoc., Inc., Instrument 
and Controls Div., Dept. ED, 95 
Canal St., Nashua, N. H.
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MODEL 60 MODEL 50

Printed circuit pins, top adjust Teflon insulated lead

MODEL 60 MODEL 80
TOTAL hours

Transistor size caseTeflon insulated leads

MODEL 80 MODEL 50

Printed circuit pins from base

MODEL 50MODEL 60

Bushing panel mountPrinted circuit pins, side adjust

MODEL 50 MODEL 80

Printed circuit pins, top adjust Transistor size threaded case

MODEL 50 MODEL 60

SPECTROL
Printed circuit pins from base

MODEL 60

Bushing panel mount

Transistor size case, 
bushing mount

Printed circuit pins 
side adjust





Magnetic Reed Switches 528

Modular Switch 484

8pdt or
amp

Dept ED

Device to Secure Wires 529

MTF

TAH
and

TNT

TAM'Solid Electrolyte

Vertical Sensing Element 497

ELECTRONIC DESIGN

Mallory Tantdum Capacitors 
Stocked by these distributors

For use on harness boards of all types, Wiretainers 
can be made to hold each wire with a single motion 
until the wires are ready for lacing. A narrow gage

Permits 96-hutton array. The modular construc
tion of the General-Purpose Pushbutton Switch per-

available. Rating is 0.5 amp at 24 v de or 1 
at 120 v ac.

mits the use of two

type is offered for wires of 0.01 to 0.04

4dpdt switch; other combinations are

more pushbuttons in any

broad gage for wires of 0.045 to 0.08 in.
Holtronics, Div. of Holister Spring Coil Co., Inc., 

Dept. ED, 7100 Avalon Blvd., Los Angeles 3, Calif.

Special Products Div., Telex.
1633 Eustis St., St. Paul 1, Minn.

Composta linn of aluminum and tantalum 
tloclrolytin, motar Itati and run capacitar!

Ratings arc 12 va max, up to 1/2 amp resistive, up 
to 250 v ac. Contact resistance is 40 to 60 milliohms; 
lead resistance is 40 milliohms, Body diameter is 1/8 
in., body length is 3/4 in. and over-all length is 1-1/2 
in. Rated for 5,000,000 operations, the unit is desig
nated type MRG-1.

Hamlin, Inc., Dept. ED, Lake Mills, Wis.

Arlington, Va.
Rucker Electronic Product« 

Baltimore, Md.
Radio Electric Service

Binghamton, N.Y.
Federal Electronics

Boston, Mass.
Cramer Electronics, Inc.
DeMainbro Radio Supply Co 
Lafayette Radio

Bridgeport, Conn.
Westconn Electronics

Buffalo, N.Y.
Wehle Electronics

Chicego, III.
Allied Radio Corp.
Newark Electronics Corp.

Cincinnati, Ohio 
United Radio

Cleveland, Ohio
Pioneer Electronics

Dallas, Texas
Engineering Supply Co.

Dayton, Ohio 
Allied Supply Co.

Denver, Colo.
Denver Electronics

Houston, Texas
Harrison Equipment Co., Inc.
Lenert Company

Indianapolis, Ind.
Graham Electronics

Lo« Angeles, Calif.
California Electronics 
Kierulff Electronics, Inc. 
Electronic Supply Corp. 
Radio Product Sales

Minneapolis, Minn. 
Northwest Radio

Montreal, Que.
Canadian Electrical Supply Co 

Mountainside, NJ.
Federated Purchaser, Inc.

Nashville, Tenn.
Electra Dist. Co.

Newark, NJ.
Lafayette Radio 

New York, N.Y.
Harrison Radio Corp.
Harvey Radio Co., Inc.
Lafayette Radio
Terminal Hudson Electronics

Oakland, Calif.
Elmar Electronics, Inc.

Orlando, Fla.
East Coast Radio

Ottawa, Ont.
Wackid Radio TV Lab.

Palo Alto, Calif.
Zack Electronics

Perth Amboy, NJ.
Atlas Electronics

Philadelphia, Pa.
Herbach & Rademan
Philadelphia Electronics

Pittsburgh, Pa.
Radio Parts Co.

St. Louis, Me.
Olive Electronics

Seattle, Wash.
F. B Connelly Co.

Tampa, Florida
Thurow Distributors, Inc.

Toronto, Ont.
Alpha Aracon Radio Co.
Electro Sonic Supply
Wholesale Radio & Electronics

Tucson, Ariz.
Standard Radio Parts

Tulsa, Okla.
Engineering Supply Co 

Washington, D.C.
Capitol Radio Wholesalers 
Electronic Industrial Sales

White Plains, N.Y.
Westchester Electronic Supply Co., Inc, 

Winston-Salem, N.C.
Dalton-Hege Radio

Sensitivity is 20 ±3 mv at 1 arc min. Linearity 
is within ±10m\ up to 3 arc min. Excitation is 3 v 
at 400 cps, single phase Voltage output is 150 mv 
at 30 arc. The unit can be used to initiate self
alignment of a gyro platform. Type is C70 1806 002.

Kearfott Div. of General Precision, Inc., Dept. ED, 
1150 McBride Ave., Little Falls, N. J

array. The switch is momentary or interlocked and 
can be remotely cleared. Each button represents an
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NEW PRODUCTS

522Compression Accelerometer

Planar-Epitaxial Transistor 507

VHF Receiver 523

Switchboard Instruments 502

ALLEN B. DUMONT LABORATORIES, Clifton, N.J.

DIVISIONS OFTUBE SALES DEPARTMENT CaMEIta HMD IMSTMMEMT

ELECTRONIC DESIGN . May 10, 1961

Accuracy is 1%. Type AB-30 and DB-30 instru
ments have a face scale spanning a 5.1-in. arc over 
180 deg. Readability is possible at a 120-deg angle 
Voltmeters, ammeters, frequency meters, power factor 
meters and other instruments are offered.

General Electric Co., Instrument Dept., Dept. ED, 
West Lynn, Mass.

Sensitivity is 50 mv per g. Compression acceler
ometer model 304 is made for general shock and 
vibration work under severe environments. Frequency 
response is flat within ±5% from 0.09 cps to 10 kc; 
resonant frequency is 55 kc. Range is 0.02 g to 
40,000 g. Amplitude linearity is ± 1%, operating tem
perature ranges are from —65 F to 4-350 F and 
4-500 F.

Columbia Research Laboratories, Dept. ED, Mac- 
Dade Blvd. & Bullens Lane, Woodlyn, Pa.
Pi?A: $150 00 to $127.50; 2-week delivery.

Range is 30 to 300 me. Type 901 receiver pro
vides am, fm and cw reception from 30 to 300 me. 
Ceramic and nuvistor tubes are used along with 
transistors. Noise figure is 3 to 6.5 db; age is applied 
to rf and if amplifiers. Audio output is available. 
Panel height is 3-1/2 in. Receiver weighs 20 lb.

Communication Electronics, Inc., Dept ED, 4900 
Hampden Lane, Bethesda 14, Md.

Collector saturation voltage is 0.18 v max at 10-ma 
collector and 1-ma base current At 200-ma collector 
and 20-ma base, it has a saturation voltage of 0.7 v. 
Designated type 2N914, it is a logic transistor and 
is somewhat similar to type 2N708.

Fairchild Semiconductor Corp., Dept ED, 545 
Whisman Road, Mountain View, Calif.
Pi?A; $15.35 to $23; from stock.

for lightning-fast 
indications 

with controllable 
retention

DU MONT INTERNATIONAL DIVISION, 515 MADISON AVENUE, NEW.YORK 22, N.Y. CABLE: ALBEEDU
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An extensive, comprehensive line of Direct-View Storage 
Tubes »n sizes ranging from 2H" to 21 diameters, du Mont 
makes the right size D.V.S.T. for every purpose from large 
ground control nd radar types to miniature airborne-radar 
sizes. Among the most popular ID Mont D.V.SJ.'s are 5 
electrostatic jnd electromagnetic types for ground and 
marine applications, particularly for airborne applications 
such as airborne weather navigation radars and airborne 
weapons systems. Also, 10" electrostatic types for missile
tracking radars, air traffic control radars, anti-submarine 
warfare displays and many other special ?nd general displays.

Whatever your D.V.S.T. application neeos are, first consult 
the Laboratory most experienced in tube engtoeering, deve! 
opment and manufacturing... look to Du Mont

ADVANTAGES OF DIRECT VIEW STORAGE TUBE CONCEPT
• ¿right, continuous, store« display
• Flicker-fret» display through retention
• Ability to plot phenomenon—such as continuous tracking 

of a moving bod* to indicate direction attitude
• Ability to superimpose information on other information 

—such as comparing scope traces—or aircraft 
position in reference to airport

• Controlled and variable persistans
• Brightness permits excellent read-out even under 

high ambient conditions—such is in aircraft 
cockpit or control center

DU MONT DIRECT-VIEW STORAGE TUBES



CANNON PLUGS

CANNON 
“¿PLUGS

ACTUAL SIZE

ScWeber

ELECTRONICS
SO HERRICKS ROAt, MINEOLA L I N V.
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ELECTRONIC DESIGN . May 10, 1961

SCALED TO YOUR MINIATURE REQUIREMENTS...Cannon's 
full line of miniature and subminiature plugs are engineered to 
provide safe electrical connection in the smallest space! Whatever 
your requirements—from industrial applications to extreme envi
ronmental conditions—Cannon can solve a critical space problem. 
Another reason why you should always consult the world's most 
experienced plug manufacturer...why you should consult Cannon 
for all your plug requirements. Write for literature to:
CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif.
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NEW PRODUCTS

Random-Noise Generator 596

Range is 2 cps to 1.5 mc on 81 IB 
generator. A source of white noise for 
laboratory applications, unit has pink 
noise filter for equal noise power per 
octave from 20 cps to 100 kc. Ampli
tude distribution is gaussian.

H. H. Scott, Inc., Instruments Div., 
Dept. ED, 111 Powdermill Road, 
Maynard, Mass.
Price: $240.

Casting Resin 489
For components and circuits. Sty- 

cast 3180M is particularly suitable for 
embedment of coils and transformers. 
It bonds well to most materials and 
can cure at room temperature. It is 
two-part, with a mixing ratio of 1:1 by 
weight or volume.

Emerson & Cuming, Inc., Dept. ED, 
Canton, Mass.
Pi? A: $0.55 to $0.66 per Ih.

Temperature Probe 600

Range is —100 to +400 F with a 
calibration accuracy of ±5 F. Model 
R146 is for industrial control and mili
tary use. A continuous-resistance out
put unit, it has a nominal resistance of 
5,000 ohms, ±200 ohms at 77 F. Time 
constant is less than 4 sec from 100 
to 0 C to reach 63.2% of total change.

Quantatron, Inc., Instrumentation 
Div., Dept. ED, 4201 Redwood Ave., 
Los Angeles, Calif.

CONVECTION 
COOLED 
No Blowers or Filters 
Maintenance Free
Highly efficient, 
radiator type heat sinks 
eliminate internal blowers, 
maintenance problems, 
risk of failure, moving parts, 
noise and magnetic fields. 
Units are rated for 
continuous duty at 50°C 
ambient.

Dual-deck, swing-out 
back construction provides 
simple and fast service 
access without the need 
to remove unit from rack. 
All major component 
terminals are accessible 
from rear.

Lambda’s design 
prevents output voltage 
overshoot on “turn on, 
turn off,” or power 
failure.

Hermetically-sealed 
magnetic shielded 
transformer designed to 
MIL-T-27A quality and 
performance. Special, 
high-purity foil, 
hermetically-sealed 
long life electrolytic 
capacitors. —

REGULATED 
POWER SUPPLIES

NO 
VOLTAGE 
SPIKES 
OR 
OVERSHOOT

SHORT 
CIRCUIT 
PROOF
All models ore 
completely protected 
with magnetic 
circuit breakers, 
fuses, and thermal
overload.

REMOTE
SENSING
Minimizes effect of 
power output leads 
on DC regulation, 
output impedance 
and transient

MIL QUALITY

LA 50 ■ 03 A 
LA100 - 03A 
LA200 • 03A 
LA 20 -05A 
LA 40 05A 
LA 80 - 05A 
LA 8 - 08A 
LA 15-09A 
LA 30 ■ 08A

EASY 
SERVICE 
ACCESS

GUARANTEED 
FOR 

FIVE YEARS

For metered model« add the suffix “M” to the 
model number and add S30.00 to the price.

0- 34VDC 
0- 34 VDC
0- 34 VDC 

20-105VDC 
20- 105 VDC 
20 - 105 VDC 
75 - 330 VDC 
75 - 330 VDC 
75 - 330 VDC

0- 
0- 
0-
0- 
0- 
0-
0- 
0- 
0-

5 A 
10 A 
20 A

2 A 
4 A
8 A 
0.8 A
1.5 A 
3 A

$395 
510 
795 
350 
495 
780
395 
560
860

0- 34 VDC 5, 10 and 20 Amp 
20-105 VDC 2, 4 and 8 Amp 
75-330 VDC 0.8,1.5 and 3 Amp



Temperature Transducers 598

MODEL t

DC OUTPUT (Regulated for line and load)

780 599HF Resistor

Regulation (line)

Regulation (load)

Transient Response

(line)
Thermal digital(load)

METERSInternal Impedance

Straight Cable Plug 597Power

Remote DC Vernier
Ripple and Noise

Remote Sensing
Polarity

output leads DC regulation,

AC INPUT Standard 19" Rack Mounting

Panel Finish

Send for complete Lambda Catalog.

55 lb Net 85 lb Ship. Wt.
100 lb Net 130 lb Ship. Wt.
1401b Net 170 lb Ship. Wt.

I00-03A 
40 05A 
I5-08A

Top Viaw 
of All Modal*

560 
8f>0

Temperature 
Coefficient .

360 watts4
680 watts4

1225 watts4
390 watts4
710 watts4

1350 watts4
415 watts4
760 watts4

1450 watts4

0.8 AMP 
1.5 AMP 
3 AMP

15, 30, 60, 120, and 0-30 volt vernier
15, 30, 60, 120, and 0-30 volt vernier
15, 30, 60, 120, and 0-30 volt vernier

Black ripple enamel (standard). 
Special finishes available to cus
tomers’ specifications at moderate 
surcharge. Quotation upon request.

0- 5 
0-10 
0-20

5, 10, 20,
5, 10, 20,
5, 10, 20,

Voltage Step«

16, and 0- 4 volt vernier 
16, and 0- 4 volt vernier 
16, and 0- 4 volt vernier 
40, and 0-10 volt vernier 
40, and 0-10 volt vernier
40, and 0-10 volt vernier

output impedance and transient 
response.

H x 19" W x 14% "D 
7" H x 19" W x 14%"D 

10%" H x 19" W' x 16%"D

computers.
Reon Resistor Corp., Dept. ED, 

155 Saw Mill River Road, Yonkers, 
N. Y.

Voltage Range 1 

0- 34 VDC 
0- 34 VDC 
0- 34 VDC

20-105 VDC 
20-105 VDC 
20-105 VDC 
75-330 VDC 
75-330 VDC 
75-330 VDC

AMP 
AMP 
AMP
AMP 
AMP 
AMP

* The« model! notched per RETMA Standords 
t Includes metered models with suffix "M"

LA 50-03A
LA 2O-O5A
LA 808A

Applications include use

Price® 
$ 395

510
795

350

Voltage selector switches und ad
justable vernier-control rear of 
chassis.
Magnetic circuit breaker, front 
panel.
Provision for remote operation of 
DC vernier.
Provision is made for remote sens
ing to minimize effect of power

T8»Z,‘

LA 50-03A 
LA 100-03A 
LA200-03A 
LA 2O-05A 
LA 40-05A 
LA 80-05A 
LA 8-08A 
LA 15-08A 
LA 30-08A

(2) Prices are for unmetered models. For metered model« add the suffix “M” 
and add $10 00 to the price.

AMBIENT TEMPERATURE
AND DUTY CYCLE Continuous duty at full load up to 

50°C (122’F) ambient.
OVERLOAD PROTECTION:

Electrical ......................... Magnetic circuit breaker front
panel mounted. Special transistor 
circuitry provides independent 
protection against transistor com
plement overload. Fuses provide 
internal failure protection. Unit 
cannot be injured by short circuit 
or overload.

Size
LA 50-03A, LA20-05A, LA 8-08A 
LA100-03A, LA40-05A, LA15-08A 
LA200-03A, LA80-05A, LA30-08A
Weight
LA 50-03A, LA20-05A, LA 8-08A 
LA100-03A, LA4O-O5A, LA15-08A 
LA200-03A, LA80-05A, LA30-08A

18M»'
14%’

CONTROLS:
DC Output Controls

Offered in values to 1 meg, these 
wirewound units have an accuracy of 
0.005%. Rise time is less than 0.2 usee 
and capacitance is less than 0.1 pf.

PHYSICAL DATA
Mounting........

LA 200-03A
LA 80-05A
LA 30-08A

10%"

Less than 0.05 per cent or 8 milli
volts (whichever is greater). For 
input variations from 100-130 VAC. 
Less than 0.10 per cent or 15 milli
volts (whichever is greater). For 
load variations from 0 to full load. 
Output voltage is constant within 
regulation specifications for step 
function:
line voltage change from 100-130 
VAC or 130-100 VAC.
load change from 0 to full load or 
full load to 0 within 50 microsec
onds after application.
I.A 50-03A less than .008 ohms 
LA100-03A less than .004 ohms 
LA200-03A less than .002 ohms 
LA 20-05A less than .06 ohms 
LA 40-05A less than .03 ohms 
LA 80-05A less than .015 ohms 
LA 8-08A less than .5 ohms 
LA 15-08A less than .25 ohms 
LA 30-08A less than .15 ohms 
Less than 1 millivolt rms with either 
terminal grounded.

. Either positive or negative terminal 
may be grounded.

For 50-ohrn cables, type 6000 pro
vides screw-on connection with cable 
and bulkhead jacks, bulkhead recep
tacles, cable feedthroughs and printed 
wiring receptacles. Crimping of con
nection is done with standard crimp
ing tool.

Sealectro Corp., Dept. ED, 610 
Fayette Ave., Mamaroneck, N. Y.
< CIRCLE 70 ON READER-SERVICE CARD

Model

LA 50-03A 
LA 100-03A 
LA200-03A
LA 20-05A 
LA 40-05A 
LA 80-05A
LA 8-08A 
LA 15-08A 
LA 30-08A

Less than 0.025 %/°C 
100-130 VAC, 60 ± 0.3 cycle3

Thermostat, manual reset, rear of 
chassis. Thermal overload indica
tor light front panel.

Voltmeter and ammeter on metered 
models.

(1) The DC output voltage for each model it completely covered by four aelec* 
tor switches plus vernier eontrol. The DC output voltsge is the summation of 
the minimum voltage plus the voltage steps and the continuously variable 
DC vernier.

*This frequency band amply covers standard 
commercial power lines in the United Slates 
and Canada.
With output loaded to full rating and input 
at 130 VAC.

Range is —50 to +250 F with 
calibrations of 5 points and standard 
accuracies of ±0.5 F. For solid and 
liquid temperature measurement in 
telemetering and computer uses, the 
R157 units weigh 2.5 g. Time con
stant is 2 sec nominal. Excitation is 
5 ma.

Quantatron, Inc., Instrumentation 
Div., Dept. ED, Los Angeles, Calif.



NEW PRODUCTS

Linear Amplifier 524

EXCLUSIVE
SUP-CLUTCH PROTECTION

Magnetic Reed Switch 498

High-Temperature Probes

set IRC’s new square Circuitrim

Frequency Meters 481STOCKED BY IRC MAJOR INDUSTRIAL DISTRIBUTORSCOMPLETE LINE OF PRECISION POTENTIOMETERS

Dept ED, 202 TillaryLeading supplier to manufacturers of electronic equipment

CIRCLE 71 ON READER-SERVICE CARD

traveling off end of winding and prevent mechanical abuse. 
10 ohms to 50K ohms, 1 watt. Teflon leads standard 
printed circuit terminals available.

Standard Single and Multi-Turn • Muisture-Sealed and High Temperature • Hermetically Sealed • Servu Potentiometer • REVODEX 10 turn Dials

PRD Electronics, 
St.. Brooklyn 1, N. Y

EXPOSED...a reliable square trimmer desig

Superior shock and wibration characteristics 
. . . made possible by an exclusive self
locking, anti-backlash gear. Once you

ELECTRONIC DESIGN • May 10, 1961

PRECISION
WIREWOUND ELEMENT

Output is 500 w. Linear amplifier model 30L-1 
provides 500-w output for single sideband and cw 
from 3.4 to 30 me. It may be used with any exciter 
having a 70-w nominal output. The portable set 
weighs 38 lb. Size is 7-3/4 x 14-3/4 x 13-1/4 in.

Collins Radio Co., Dept. ED, P O. Box 1891, 
Dallas 21, Tex.
PGA: $520; July 1961.

TEFLON 
SEAL

Direct reading models 555 to 579 are for labora
tory and production-line testing or use as secondary 
standards. Ranges are from 0.925 to 1.65 through 
32 to 39 kmc. Accuracies are 0.015% to 0.075%.

Thermocouples measure temperatures from 3,000 
to 6,000 F. The series 4500 probes, for use on 
missile and aircraft problems, are available in sizes 
from 3/16 in. diameter by 2 in. long, through 1 in. 
diameter by 3 ft long.

Propulsion Development Labs., Inc., Press-Temp 
Products Div., Dept. ED, 1120 E. El Segundo Blvd , 
El Segundo, Calif.

EXCLUSIVE 
ANTI-BACKLASH 

DRIVE

• REW TRIMMtO WITH INCREASED RELIABILITY A ACHIEVED THROUGH SIMPLIFIED DESIGN.

Possesses the same quality electrical assem
bly as the 12* square Circuitrim. This unique 
design has eliminated the complex mechan

ical linkage used for adjustment, thereby giving a quality 
reliable trimmer for your highly competitive applications. 
10 ohms to 50K ohms, 1 watt. «¿' diameter.
Write for technical bulletins. International Resistance 
Company, 401 North Broad Street, Philadelphia 8, Pa.

Life is 3,000,000 cycles. Model MR-400 permits 
the use of relays and cross-points in circuit boards or 
modules based on a 0.1-in. center. Class length is 
7/8 in. Over-all length is 2-3 4 in. Leads can be 
welded, soldered or bent.

Gordos Corp., Dept. ED, 250 Glenwood Ave., 
Bloomfield, N.J.

ITER TERMINAL
CONTACT

forget it. The square trimmer remains at 
its set position even under conditions as 
severe as MIL-E-5272A, Procedure 1 

vibration and MIL Standard 202 Method 202 shock test.
Superior humidity choroctoristico . . . pressure seals around 
leads and the drive screw make a lasting moisture barrier. 
Potting compound won’t get in, silicone lubricant can’t 
ooze out, even at the temperature extremes of dip soldering.
Superior mechanical design ... fewer parts and inherently 
less noise. Rotation stops and slip clutch keep wiper from

ANODIZED ALUMINUM 
HOUSING



Only 1 Failure in 7, Unit-Hours for 0.1 MFD Capacitors

Setting A New High Standard Of Performance I
★ Life tests have proved that El-Meneo

testedMylar-Paper Dipped Capacitors

FLORIO*: Elect. Supply, 1301 Hibiscus Blvd., Mel-

222

•♦THE NUMBER OF UNIT-HOURS IS INVERSELY103 W. 43rd
IE CAPACITY IN MFD

JURE

<0W 10,000 00010.000 100.000 1.000.000
1914 UNIT-HOURS FOR ONE FAILURE

Dallas 35,

543

COLLINS «IECTRONKT
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Paisano Dr 
S. Flores St

1021 
Sup-

Company, Inc., 
30; Kaun-Ellert

NEW MEXICO: Electronics Ports Co.

NEW JERSEY: Federeted Purchaser Inc. 
U S Rte. 22, Mountainside; general Rad

El Paso. The Perry Shankit Co , 1801 
, San Antonio.

513 Cooper St., Camden 2

Midland Specialty Co., 500 W.

600 Penn St., Camden 2; Radio Elec.

TEXAS: All-State Oist. Co., 2411 Ross Ave., Dallas 
1. Busacker Elect. Equip. Co. Inc., 1216 W Clay, 
Houston 19, Engineering Supply Co., 6000 uenton

CANAO* Electro Sonic Supply Ce 
Yonge Street, Toronto 5, Ont.

Arco Elettroni« 
EmcMsìv* Suppli

105 C TEMPERATURE 
125°C TEMPERATURE

TENNESSEE Electro Distributing
West End Ave., Nashville 4

Electronics, Inc., 2050 Rock Rose Avenue, Balti
more; Wholesale Radie Parts Co lee., 308 W. 
Redwood St., Baltimore 1.
MASSACHUSETTS: Cremer Electronics Inc., 811 
Boylston St, Boston 16; Radio Shack Carp, 
730 Commonwealth Ave., Boston 17.

Truman St. N E., Albuquerque; Midland Specialty 
Ce., 1712 Lomas BI. N.E., Albuquerque; Radio 
Specialties Co., Inc., 209 Penn Ave ., Alamogordo.
NEW YORK Arrow Elect. Inc., 525 Jerlcno Turn
pike, Mineola, L. I.. Elect. Center Inc.,211 W 19th

bourne; Elect. Supply, 61 N. E. 
ILLINOIS Newark Elactrenics 
Madison St., Chicago 6.
MARYLAND: DIN Distributing 
2025 Worcester St., Baltimore

at 105GC with rated voltage applied — 
have yielded a failure rate of only 1 per 
1,433,600 unit-hours for 1.0 MFD. Since 
the number of unit-hours of these capaci
tors is inversely proportional to the capac
itance, O.1 MFD El-Menco Mylar-Paper 
Dipped Capacitors will yield ONLY 1 
FAILURE IN 14,336,000 UNIT-HOURS.

ARIZONA: Radin Specialties t *ppl. Carp. 917 
N. 7th St. Phoenix
CALIFORNIA: Brill Elect., 610 I 10th St., Oakland 
Elect. Supply Carp., 2085 E Foothill Blvd., Pasa
dena, Federated Purchaser Inc , 11275 W. Olympic 
Blvd . L. A. 64; Hollywood Radio Supply Inc , 5606 
Hollywood Blvd., Hollywood 28; Newark Elec
tronics Corp., 4747 W. Century Blvd., Inglewood 
Pacific Wholesale Co., 1850 Mission St, San 
Francisco 3; Peninsula Elect., 656 S 1st St 
ban Jose; Shanks L Wright Inc., 2045 Kettne' 
Blvd., San Diegi Shelley Radia Co. Inc., 2008 
Westwood Blvd i A 25; R V Weatherford Co., 
6921 San Fernando Rd Glendale 1 Zack Elec 
tronics, 654 High St., Pah Alto.
COLORADO Denver Electronics Supply Co.. 1254 
Arapahoe St., Denver 4
DISTRICT OF COLUMBIA: Capitol Radio Whole 
talers Inc.. 2120 14 St., N.W , Wash , D. C

• TOLERANCES 10% and 70%. Closer tolerances 
available on request.

• INSULATION: Durez phenolic, epoxy vacuum 
impregnated.

• LEADS No. 20 B & S (.032") annealed copper 
clad steel wire crimped leads for printed circuit 
application.

• DIELECTRIC STRENGTH: 2 or 2% times rated 
voltage, depending upon working voltage.

• INSULATION RESISTANCE AT 25 C: For .05MFD 
or less, 100,000 megohms minimum. Greater 
than .05MFD, 5000 megohm-microfarads.

e INSULATION RESISTANCE AT 105 C: For .05MFD 
or less, 1400 megohms minimum. Greater than 
.05MFD, 70 megohm-microfarads.

• POWER FACTOR AT 25 C 1.0% maximum at 
I KC

These capacitors will exceed all the electrical

UTAH Carter Supply Ca. 3214 Washington 
Blvd., Ogden.
WASHINGTON C * G Radie Supply Ce.. 2221 
Third Ave., Seattle

St N.Y. 36. Lafayette Radie, 100 Sixth Ave . N T 
13; Steck Industrial Electronics, Inc., 45 Wash
ington Street, Binghamton Terminal Elect. Inc , 
236 W. 17 St., N Y. 17
NORTH CAROLIN* Dalton-Hege Radie Supply 
Ce., Inc., 938 Burke St., Winston-Salem
PENNSYLVANIA: Aime Radio Co., 913 Arch St 
Philadelphia; George 0. Barbey Co Inc., 622 
Columbio Ave., Lancaster; George 0. Barbey Co. 
Inc , 2nd & Penn Sts., Reading; 0 * H Distribut
ing Co., Inc., 2535 N. 7th St., Harrisburg; Philo. 
Elect, tnt , 1225 Vine St.. Phila 7; Radie Elec. 
Service Co., Inc., 701 Arch St., Phila. 6; *. Stein
berg 8 Co., 2520 N Broad St., Phila.; Wholesale 
Radio Parts Co., Inc, 1650 Whiteford Rd , York

9th St., Miami. 
Corp., 223 W

ElJUenco

THE ELECTRO MOTIVE MFG. CO., INC

LOS ANGELESDALLASNEW YORK
¿«elusive Supplier ct ELMENCO Capacitors to 
Distributors and Jobbers in U S A and Canada

IN QUANTITIES UP TO
500 Per Item

CONTACT THESE AUTHORIZED 
ELMENCO INDUSTRIAL DISTRIBUTORS

Military specifications MIL-C-91 B and MU-C-25C 
Write for Technical Brochure

TOO WVDC — .018 to .5 MFD
400 WVDC — 008? to .33 MFD
M WVDC - .0018 to .25 MFD

1000 WvDC — .001 to .1 MFD
>600 WVDC — .001 to .03 MFD



Probing new dimensions in Electronics 
through Stackpole Research . . .

NEW PRODUCTS

Plastic Tubing 602

A MAJOR
NEW
FERRITE
FOR TELE-COMMUNICATIONS
Permeability: 1800
Temperature Constant: 1.8 x 10^ per °C (—20° to 120° C)
Avg. Temperature Coefficient (un-gapped cores):

0.29% per °C (—20° to 85°O 
pQ (merit factor): Greater than 200,000 at 100 kc
. . . these in brief are the salient electrical characteris
tics of Stackpole Ceramag 501—a remarkable new low- 
loss ferrite grade for the 10 kc to 250 kc range. Already 
revolutionizing the design of carrier-current communi
cations filters, the material shows considerable promise 
for electronic switching circuits and others as well.

Cup cores of Ceramag 501 no larger than a quarter 
enable the design of filters with such narrow pass bands 
that message-handling capacities of communications 
systems can be incleased from 2 to over 90 messages 
per channel. The extraordinary high gain of filters 
using Ceramag 501 combine with other inlier ent advan
tages—smaller size, no aging or life problems—for a 
significant contribution to system reliability.

But equally significant is the extremely close tolerances to which these cores are made. 
To achieve the exact air gap required, Ceramag 501 cups are supplied in matched pairs. 
Special Stackpole-designed mounting hardware and tuning slugs can also be supplied to 
assure easy assembly and maximum electrical performance with your own coil designs.

Almost four years in development, Ceramag 501 represents another basic contribution 
baaed on magnetic ceramic research and engineering by the oldest commercial ferrite 

Flexible or rigid vinyls, polyethylene, polypro
pylene and other tubing up to 3 in. O.D. are manu
factured on spools, coils or pieces cut in lengths 
from 1/32 in. to 250 ft. Tubing may be extruded 
to exact wall thickness, inside diameter, etc.

Petro Plastics Co., Dept. ED, 16 Quine St., Cran
ford, N. J.

Display Scanner 472
A plug-in unit, model 166C provides an output 

to duplicate, on an X-Y recorder, any repetitive 
waveform appearing on the crt trace. It converts 
high-speed signals to slower signals with the same 
shape. The scanning speed keeps the Y output within 
the bandwidth of most recorders.

Hewlett-Packard Co., Dept. ED, 1501 Page Mill 
Road, Palo Alto, Calif.

Servo Analyzer 603

producer in the United States.
Complete details on Ceramag 501 

possible are available upon request 
Carbon Company, St Marys, Pa.

and the remarkable research facilities that made it 
to the Electronic Components Division, Stackpole

Having no moving parts, model 900 provides 
phase and amplitude measurement vs frequency. 
Units have ranges of 0.1 to 100 cps; 0.01 to 100 cps 
and 0.001 to 100 cps, sine or square wave, modulated 
or unmodulated.

Remanco, Inc., Dept. ED, 1805 Colorado Ave., 
Santa Monica, Calif.

CERAMAG» FERRITE CORES • VARIABLE COMPOSITION RESISTORS * SLIDE I SNAP 
SWITCHES - CERAMAGNET» CERAMIC MAGNETS * FIXED COMPOSITION CAPACITORS 
»RUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT - ELECTRICAL CONTACTS 
GRAPHITE BEARINGS SEAL RINGS ANODES « HUNDREDS OF RELATED CARBON » 

GRAPHITE PRODUCTS.

UHF Frequency Meter 482
Range is 250 to 1,000 me. Model 587-A has an 

accuracy of ±0.2% above 400 me and ±0.5% below 
400 me. Nominal insertion loss is 0 db. Dip is 20% 
min and dial resolution is 0.5 me or better. Type N 
connectors are used. Spiral scale length is 60 in.

PRD Electronics, Inc., Dept. ED, 202 Tillary St., 
Brooklyn 1, N. Y.

CIRCLE 74 ON READER-SERVICE CARO
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Differential Amplifier 604

For airborne use. Model DA-20 differential de 
amplifier has linearity better than ±0.3% for 5 v 
maximum output. Input impedance is 100 K, 
common-mode rejection 160 db; unit operates from 
unregulated 28 v de. Gain is varied between 100 
and 500. Volume is 10 cu in., weight 8 oz.

United ElectroDynamics, Inc., Customer Require
ments Dept., Dept. ED, 200 Allendale Road, Pasa
dena, Calif.

Silicon Rubber 503
Tensile strength is 1,500 psi. Designated SE- 

5504U, this self-bonding silicone rubber is for use in 
shock mounts and oil seals. It can be bonded to steel, 
chrome steel and stainless steel.

General Electric, Silicone Products Dept., Dept. 
ED, Waterford, N.Y.
Pi?As $5.20 per lb; from stock.

Surge Tester 605 the 
new 

champ!

2N754 SERIES “AST TRANSISTORS

For silicon rectifiers. Model 220 permits surge
testing with currents continually adjustable from 
25 to 630 amp peak. It has single half-wave sinu- 
sodial pulse output, sync and calibrated output 
monitor for oscilloscope display, and provision for 
sequential testing. Monitoring sensitivity is 1 mv per 
amp, accuracy within 1%. Tester weighs 140 lb.

Wallson Associates, Inc., Dept. ED, 912-914 
Westfield Ave., Elizabeth, N. J.
Pi?As $1,200; delivery from stock.

Mail your subscription renewal today. 
Get every issue of ELECTRONIC DESIGN.

NEW from NSC
'CHECK THE SPEC.' |2N759A| 2N760A

min. BVCE0 60v 60v

mtn. BV ¿BQ 8v 8v

min. hft I- 55*C) 25 50

min. hfe(0.1mA) 15 40

min. h<e (1mA) 36 76

min. hfe (10mA) 50 100

max. Cob 8 8

max. ICBo<25-C) O.Ua 0.1 »a

max. ICBO (150*C) lOxa 10#a

2N756A SERIES SMESAN TRANSISTORS
Specifically designed for all small signal applications, NSC’s 2N756A

series in the compact TO-18 package offers Higher Breakdown Voltages:

60v collector-to-emitter for simplified circuit design; 8v emitter-to-base eliminates 

diode protection requirements. Also features guaranteed Beta at three collector 

currents in the small signal range and also at—55°C. Write for detailed data.

CORPORATION

P. O. Box 443, Danbury. Conn. • Pioneer 3-7624 • TWX DANB 452-U 

CIRCLE 76 ON READER-SERVICE CARD
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NEW PRODUCTS

606Multi-Pole Relays

473Silicon-Transistor OscillatorModel 6190

607Adjustable Blower

input Signal

504Miniature Computer Unit

19” wide by 10%’ high x 18" deep.

CIRCLE 77 ON READER-SERVICE CARD

240 E. PALAIS ROAD • ANAHEIM. CALIFORNIA

6 Relay closure at 1 ppm, 28-btt, 2 pps code, closure for 
pulse durations.
7. 1 pps at 1-volt, synch pulse, accessible front and rear.
8. 1 pps relay closure of 200 ms.
9 Mixed tones output: lOOkc, 50kc. 25kc. 12.5kc, 625kc, 
3.125kc sine waves

Elapsed-Time Range
399 days 23 hr. 59 min. 59 sec.

Accuracy
Dependent only on reference oscillator.

ELECTRONIC DESIGN • May 10, 1961

The size ot a cigarette pack, the TIMM is a three- 
bit parallel adder containing 16 NOR modules. In 
typical use the unit needs 240 mw of power. It op
erates at 580 C. Input information consists of posi
tive signals from a 15,000-ohm source. Output is 
binary.

General Electric Co., Receiving Tube Dept., Dept. 
ED. Owensboro, Ky.

Solid State EW Timing Code
Generator Uses Atomchron Input

Epsco-West's new Model 6190 Time Code Generator is accu
rate, flexible, and reliable. In conformance with recommen
dations of the Interrange Instrument Group (IRIG), the 
Model 6190 generates a 36 bit 100 pps code, a 28 bit 2 pps 
code and a 20 bit 1 ppm code. Other outputs are available 
to drive digital printers, digital tape recorders, strip-chart 
recorders, oscillograph galvanometers, synchronizing signals 
and mixed tones of precision frequencies.

The EW Model 6190 is one of a complete line of solid 
state, modular time code equipment which includes time code 
generators, time code translators, timing terminals, and uni
versal tape search equipment.

Range is 15 to 125 kc. Crystal- and heater- 
controlled, model C110 stands 20-g vibration from 
50 to 2,000 cps. Stability is ±5 ppm. Requirements 
of MIL-E-5272 are met. The unit is encapsulated 
in lockfoam.

Solid State Electronics Co., Dept. ED, 15321 
Rayen St., Sepulveda, Calif.
Pi? A: $220 up; 6 weeks.

Ilas 400 cfm output. Twin scrolls of this panel
mounting blower can be rotated and set at any angle 
through 230 deg. Motor-rotor assembly may be re
versed. Panel height is 8-3/4 in. for standard rack 
mounting. Construction is military quality. Designa
tion is model D-1000.

Western Devices, Inc., Dept. ED, 600 W. Florence 
Ave., Inglewood 1, Calif.
Pi? A; $89.50 ea; 14 days.

Rated at 10 amp. Available in 2, 3, or 4-pole 
double throw forms, Nyline relays may be equipped 
with coils for ac operation to 230 v max and de to 
115 v max. Contacts, rated at 10 amp, are self
aligning and self-cleaning.

Ward Leonard Electric Co., Dept. ED, Mount 
Vernon, N. Y.

Complete technical information on the Model 6190 Time Code 
Generator is ready now. Call your nearby knowledgeable Epsco- 
West engineering representative or address Dept. 36.

Advanced Circuitry Stems From 
Transistor Know-How

In the Model 6190, all pulse widths and timing are directly 
derived from the digital dividers and time accumulator by 
diode matrices. No one-shot circuits are used. Information 
is not transferred from one register to another. No “stub” 
counter chains are used. These design features provide 
absolute synchronism and minimum distortion. Modulation 
occurs precisely at the true positive going zero-axis point on 
the carrier.

100 kc, 1-volt RMS, to impedance of 10,000 ohms An internal 
frequency standard may be supplied as optional equipment.

Outputs
1 Logic Output, 36-blt parallel BCD (— 12v for binary “zero”, 
O-volts for binary “one”).
2. 20-bit, 1 ppm on 100 cps carrier, 1 hour time frame.
3. 28-bit, 2 pps on 100 cps carrier, 1 minute time frame
4. 36-bit 100 pps on 1000 cps carrier, 1 second time frame.
5 Three outputs of the 100 pps, 2 pps and 1 ppm modulation 
pulses at 2 milliampere max. for driving galvanometers.
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DAYSTROM
I SQUARETRIM

subminiature trimming potentiometer*

MODEL 300

MODEL 311

MODEL 313

MODEL 315

MODEL 316

MODEL 355

immediate delivery of 
up to 2000 pieces pet 
type at factory prices

from

Sdinekr
ELECTRONICS

60 HERRICKS ROAD MINEOLA LINY.

PIONEER 6 6520 TWX G CY NY 5800

ClRCLc zo ON READER-SERVICE CARD

ACTUAL SIZE

INSIDE 
STORY 
OF THE "341”

PATENTED 
DOUBLE 
WIPERS

PATENTED
•■V” GUIDE

PRECISION ALIGNMENT & 
ANT I-BACKLASH PINS

These unique features show why Daystrom 341 Series 
Potentiometers have zero backlash and maximum resistance 
to shock and vibration. -
Three things make these rotaries unique. (1): our patented V-guide design which eliminates backlash. (2): the 
use of our patented double wipers effectively doubles resolution. And (3) : impossible to see with the naked eye, 
is the winding; the resistive element is wound tightly in a precision groove cut into the mandrel by a tiny diamond 
tool. As a result, each turn always stays securely in position, despite severe shock and vibration.-»-Only Daystrom 
341 Series rotaries offer these features. Available in values from IK to 600K, rated at 2.5 watts in still air, they 
are only W' in diameter and 1" iong, with or without our patented clutch for servo use. They meet or exceed 
all applicable MIL specs.-«-Start solving your potentiometer problems now: contact your Daystrom Represent
ative (or the factory) for more information on specifications, prices, fast delivery.

।

M, INCORPORATED

OMETER DIVISION
ARCHBALD, PENNSYLVANIA • LOS ANGELES, CALIFORNIA

CIRCLE 79 ON READER-SERVICE CARD
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NEW PRODUCTS
Load Sensor 630

probe

signal 100 amp. Relaysitivity is 60 ma,

Servo Amplifier 645

are standard on low TC

Shielded Tubing 647

Princeton, N J.

circuit is monitored by panel lamps.
Trott Electronics, Inc., Dept. ED. 412 Smith St 

Rochester 8, N. Y.

resistors. All DC resistors, with the 
exception of the low values, are reverse
wound for low reactive effects. High 
speed resistors are available in most 
styles. A resistor may be designed to 
act as a specific complex impedance, 
thus reducing the number of components 
necessary. Ortho also offers one-week 
delivery on specially designed resistors 
to your specifications! Write today for 
a new 6-page catalog describing 20 
standard types in detail, plus data on 
specials. -_ _ _ _

acy and reliability of the Labor
atory’s Control Panel.
McLean cooling equipment was 
selected for this critical project 
because McLean is the leader in 
the field of cooling sensitive 
electronic systems. The company 
is the largest supplier of pack
aged cooling equipment. Choose 
from over 100 models in various 
panel heights and CFM’s.

When TIROS, the first Weather 
Satellite, was launched, it shed 
new light on the world’s weather 
conditions by transmitting TV 
pictures to ground stations 
around the globe. And back at 
the U.S. Army’s ground readout 
station in Fort Monmouth, New 
Jersey, McLean cooling equip
ment was very much in the pic
ture, contributing to the accur-

Monitors motor duty. Used with a clip-on

For rf cables. Type SH shielded zipper tubing 
has 1-mil aluminum foil laminated to vinyl-impreg
nated glass cloth. Braid is provided for grounding 
the shield. The flexible tubing is easily opened and 
closed, or may be permanently sealed if desired.

The Zippertubing Co., Dept. ED, 13000 S. Broad
way, Los Angeles 61, Calif.

ENGINEERING 
LABORATORIES

Packaged Cooling

• WAInul 4-4440

or current transformer connected to 1 lead of a motor, 
the Load Sensor will distinguish between no load and 
partial or full load. Output spdt relay can operate a 
counter, pen recorder, or running time meter. Sen-

MODEL 2E408, 
Over 15,000 in use 
•II over the world

TIROS Weather Satellite Gets 
McLEAN Cooling Equipment 

Into The Picture

WRITE TODA' 
44 Page Packaged « 
Cooling Catalog

In small package. Model 500 miniature, solid-state 
servo amplifier provides 3.5 w to drive a center
tapped size 11 servo motor. Package is 1 x 1 x 1-3/16 
in. max. Gain is 2,500, stability ±3 db from —65 C 
to +125 C, ±2 db from —35 C to +125 C. Input 
impedances of 10,000 ohms to 1/2 meg are available; 
life exceeds 1,000 hours.

White Avionics Corp., Dept. ED, Terminal Road, 
Plainview, L. L, N.Y’.
Availability: 1 to 2 weeks.

McLEAN
World leader in

Ortho’s complete new line of wire 
wound resistors is highly stable, highly 
reliable —and available for immediate 
delivery! Accuracies of ±1.0% to

NEW 
miniature 

wire wound

A Subsidiary of ORTHO INDUSTRIES INC. PI'I

7 Paterson St. • Paterson 1, N. J. • MU 4-5S58 
CIRCLE SI ON READER-SERVICE CARD

CIRCLE 82 ON READER-SERVICE CARD *

TWX Princeton, New Jersey 636
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ortho , 
precision S 
resistors ine.

Fort Monmouth Laboratory Con
trol Panel used for the tracking of 
NASA's Tiros Weather Satellite. 
Note McLean rack-mounted cool
ing equipment at the base of each 
rack. Operator at left checks the 
TV picture being transmitted. Re
cording camera is located directly 
above eyepiece.



ELECTRON TUBE NEWS
...from SYLVANIA

penormance 
into your 

printed circuit 
boards...

NEW SYLVANIA 9-T9 TYPES!
Improve tube performance! Increase chassis effi
ciency! Extend tube life! Reduce equipment 
costs! Sylvania-originated 9-T9 type tubes can 
help you achieve all four vital design require
ments. Here’s how: 9-T9 enables the use of large 
tube structures capable of high plate dissipation 
in printed circuit designs. Sylvania 9-T9 elim
inates the octal base, uses conventional T-6*/2 
sockets — improves volumetric efficiency and 
reduces socket costs.

9-T9 Types for Vertical Deflection 
Oscillator-Amplifier Service

6/10EW7, dissimilar double-triode .. . triode # 1: 
mu of 17.5;triode #2: 10 watts plate dissipation. 
6/17HC8, triode-pentodes . . . triode section: mu 
of 68; high perveance beam power pentode: 11 
watts plate dissipation.
6/10/13FD7,dissimilardouble-triodes...triode# 1: 
mu of 68; triode #2: 10 watts plate dissipation.

9-T9 Beam Power Pentodes for 
Audio Amplifier Applications

6GC5 ... for quantity-produced hi-fi equipment; 
features high power sensitivity. In Class Al it 
delivers 2.1 W output with a B-l- voltage of 110V. 
Electrically similar to octal-based 6DG6GT.
6GM5 ... delivers 43W output in Class AB! push- 
pull service, with total distortion of only 1.5%. 
In ultra-linear circuits it delivers 32W with a 
B+ supply of 400V. Similar to octal-based 7591. 
7695 . . . features exceptionally high power sen
sitivity. Offers 4.5W output with j B+ supply of 
only 140V. Utilizes 50V heater. Plate dissipation 
is 16W. 7754 is 6.3V version of 7695.
Examine the design advantages of 9-T9 types with 
jour Sylvania Sales Engineer. Or. for data on spe
cific types, write Electronic Tubes Division, Sylvania 
Electric Products Inc., Dept. E, 1100 Main Street, 
Buffalo 9, New York.



MICROWAVE DEVICE NEWS from SYLVANIA

GRIDDED TWT’s
for PULSED or CW

TW-S56L TWI0O2M
Min. Mai Min.

10mW

FIRST DC BLOCK COVERING 2 5 TO 10.000 MC

GENERAL

operation in S band 
frequencies

For full data on these types contact your Sylvania Sales 
Engineer, or write Electronic Tubes Division, Sylvania 
Electric Products Inc., Dept. MDO-E, 1100 Main St., 
Buffalo 9, New York.

Designed for Airborne ECM . . .
Sylvania TW-956L, TW-4002M are PPM-focused, 
magnetically shielded, weigh only 4 lbs., are just 15" 
long, 1.4" tn diameter, temperature compensated for 
-65° to +72° C.
Utilizing a unique TWT design incorporating grids, 
both types exhibit sharp cutoff characteristics. They 
feature relatively flat frequency response over the full 
2.0 —4.0 kMc frequency range.
TW-956L is capable of 2W CW saturated power out
put. TW-4002M features CW saturated power output 
of lOmW. Both types can be provided with virtually 
any mounting.

Sylvania SB-100, wideband coaxial device 
providing de and low frequency isolation, fea
tures low VSWR of 1.3 : 1 or less over its 
rated frequency range and maximum inser
tion loss of O.2db. CW power rating is 100W, 
peak power is 2KW, voltage isolation of 2KV 
de. SB-100 offers excellent stability over a 
temperature range of —50° to +100° C. It is 
available with type N connectors. Soon to be 
available are the SB-101 having BNC con
nectors and the SB-102 featuring TNC 
connectors.

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS

Units 

mAdc 

mAdc 

mAdc

CHARACTERISTICS

Cathode Current

Helix Current

Grid Current

CW RF Power Output (sat)

Small Signal Gain 

(~30dbm input) 

(- 40dbm input)



637Spade and Ring Terminals

the pressure’s on for *61

Telemetry Filters 666

STAGE

60 cps or 400 cps

Ambient Range:Temperature Controller 646
Commercial or Military

WRITE TODAY FOR OUR NEW CATALOG

JF rite for literature today.

oir »orme

In Canina AAE Limited, Weston, Ontario

CIRCLE 04 ON READER-SERVICE CARD

If you want ELECTRONIC DESIGN 
to reach you without interruption 
mail your renewal form now!

AiResearch Manufacturing Division
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MULTISTAGE BLOWER 
60 cps — 6 Stages

With digital set and display. Platinum resistance 
temperature transducer is used in the model 4050 
Digitrol, a digital, set-point, on-off temperature con
troller. Range is 0 to 2,000 F; output is a set of relay 
contacts rated at 2 to 15 amp, 115 v ac. Temperature 
differential is less than 2.5 F over the entire range, 
repeatability ±2.5 F under greatest line voltage and 
temperature variation Resolution is ±0.5 F. Case size 
is 7 x 5 x 4 in.

Winsco Instruments fit Controls Co., Dept. ED, 
11789 W. Pico Blvd., Los Angeles 64, Calif.

Available in chain form. Spade and ring terminals 
designed to accommodate a wide range of wire and 
insulation sizes are available in chain form. Brass or 
tinned-brass terminals are in three crimp styles: with 
insulation support; without insulation support; with 
an insulation pierce crimp. Insulation ranges are from 
0.035 to 0.110 in. and wire ranges are from 20 to 
27. A machine for rapid, semiautomatic crimping of 
all terminals is adaptable to production line setups. 
Skilled operators are not needed.

Malco Manufacturing Co., Dept. ED, 4025 W. 
Lake St., Chicago 24, Ill.

AiResearch integrated environ
mental conditioning of aircraft fire 
control systems achieves high effec
tiveness while reducing space and 
weight requirements.

Representative of AiResearch 
progress is this air-to-air environ
mental conditioning package which 
uses the integral heat exchanger 
and cold plate cooling unit as the 
base and mounting frame of the 
pressurized enclosure for the fire 
control system transmitter. Net 
weight of this unit is 9.5 lb. with 
a heat rejection of 425 watts.

This example illustrates the 
important economies which can be 
achieved when AiResearch is con
tacted early in the design stage of 
electronic systems.

Environmental conditioning 
equipment has been produced for 
the following electronic systems: 
Detection • Communication 
• Control • Ground Support •

Guidance

Measure 1 x 2 * 4 in. A series of passive telem
etry filters designed for application with fm dis
criminators. Networks are constructed to minimize 
time delay variations and maximize rejection of 
adjacent channels. All standard IRIG telemetry 
channels are packaged in cases approximately 1 x 2 x 
4 in.

PCA Electronics, Inc., Dept. ED, 16799 Schoen- 
born St., Sepulveda, Calif.

To 440 Volts
10" 0.0. by lengths up to 14"

When engineering specifications require continuous duty and quiet long life, 
Air Marine offers multistage blowers for low volume, higher pressure appli
cations to 1 psi with air delivery to 100 CFM. Featured is long life with 
low noise. Where high pressure is required or nn such vacuum applications 
as tape retention, the Air-Marine multistage blowers are the efficient answer.

Our field engineers will gladly assist you in the selection 
and application of motors, blowers or fans

Air Marine motors, blowers and fans have been designed and tested to 
meet the specifications of both the military and industry.

control
systems

369 Bayview Avenue 
Amityville, L. I.. N Y.
2221 Barry Avenue 
Los Angeles. California

Environmental 
conditioning

air marine 
motors, ine.



NEW PRODUCTS
420Voltmeter

Logic Modules 661

GENERAL ELECTRIC INDUCTROL* REGULATORS PROVIDE

HF Transceiver 470

GENERAL
CIRCLE

CIRCLE 87 ON READER-SERVICE CARD FOR DISTRIBUTORS >CIRCLE 85 ON READER-SERVICE CARD

fresi Is Our Most Important Product

RELIABILITY is inherent in the simple induction principle of 
General Electric’s Inductrol regulator design. There are 
no tubes to replace, no sliding brushes or contacts to wear 
out, and no separate d-c power supply. Thus, operation 
is essentially maintenance-free.
FOR MORE INFORMATION, contact your nearby G-E Sales 
Office, or write General Electric Company, Section 457-04, 
Schenectady 5, N. Y. Voltage Regulator Products Section, 
Pittsfield, Mass.
* Registered trade-mark of General Electric Co

Automatic ±1% accuracy . . . stepless control . . . max
imum reliability. These are just some of the voltage- 
control requirements for the U.S. Air Force’s giant Ballistic 
Missile Early Warning System (BMEWS). General Elec
tric Inductrol regulators meet them all in providing pre
cise voltage control for both the BMEWS high-voltage 
transmitter and receiver power supplies.
INDUCTROL REGULATORS offer you these advantages, too, 
for a wide variety of applications—including radar, com
munications equipment, rectifiers, computers, laboratory 
equipment and many others. You also benefit from these 
other important Inductrol regulator features: drift-free 
control; 100 percent overload capacity; 97 to over 99 
percent efficiency; load, power-factor and frequency com
pensation; no harmful waveform distortion; and rugged, 
compact design.

For computer applications. Three 
series of digital logic modules include: 
collector gated series 1200; general 
purpose series 2100; and the NOR/ 
NAND 3000 series. Series 1200 is for 
airborne and ground equipment use 
with frequency range to 200 kc and 
temperature range of —62 to 100 C. 
Series 2100 is for large load-handling 
use and has an operating temperature 
range of 0 to +65 C and frequency 
response of 200 kc. The 3000 series is 
a compatible clocked flip-flop with 
temperature range of 0 to 55 C and 
frequency response of 100 kc.

Computer Techniques, Inc., Dept. 
ED, 3300 Northern Blvd., Long Island 
City, N.Y.
Pi?A: $5 to $20 in production quanti
ties; two weeks.

Transistorized and portable. Model 
TR voltmeter has 11 ranges from 
0.003 to 300 v full scale. Decibel 
range is —50 to +50, in 10-db steps. 
Accuracy is ±3% of full scale, 50 cps 
to 600 kc, and ±5%, 30 cps to 1 mc. 
Weight is 2 lb. The unit is battery 
powered.

Stewart Brothers, Div. of Instru
ment Laboratories, Dept. ED, 315 W. 
Walton Place, Chicago 10, Ill.
Price: $245 fob Chicago.

For airborne uses requiring high- 
power and long-range communica
tions, type HC-101 consists of a 
receiver-transmitter group and a single 
sideband converter. In transmitting, it 
changes an audio signal to a single 
sideband, suppressed carrier or com
patible am signal with an if of 1.75 
mc.

Hughes Aircraft Co., Dept. ED, 
P. O. Box 90-902, Los Angeles 45, 
Calif.
Pi?A: 60 days.

ON READER-SERVICE CARD FOR BROCHURE ►

G-E Inductrol regulators accurately 
hold a conitant load voltage where 
incoming supply variations or load 
fluctuations exist, or provide an 
adjustable output voltage for any



SAVE TIME 
AND MONEY... 
reduce the

NANOSECOND PENNIE 
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right from the start
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right from j

with

PADT40

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

PNP Germanium 
Switching Transistor
NOW AVAILABLE FROM THESE 

AND OTHER LEADING 
INDUSTRIAL ELECTRONICS 

DISTRIBUTORS:

_______ 1 
nanoseconds x pennies

Right from the »ketch-pod stage, plan your 
computer »witching circuit» with the new 
PADT-40. ;Mhe extreme »peed and efficient 
design of the PADT-40 give» more U (usefulness 
factor) and lower cost x switching time. This 
result» in fewer tran»i»tor» to buy, les» com
plicated circuit» to de»ign, and the elimination 
of many costly component» because of multi
function circuit usage. But »peed, of course, 
it only one of the cost-and-production advan
tages inherent in the PADT-40; RELIABILITY, 
a» only the revolutionary Post Alloy Diffusion 
Technique can provide, i» another; AVAIL
ABILITY, as only the mas»-production tech- 

'niques employed at the new Amperex plant 
in Sla»ersville, 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 . . . now/

High Speed, plug ...
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 PADT-40 is resistant to vibra
tion and shock.
PADT RELIABILITY-Hermetically sealed in a 
standard TO-18 case, the PADT-40 has a deep 
diffused and extremely thin active base region. 
As a result, the hrv and switching time are 
virtually independent of surface effects and 
temperature changes.
A Rugged, mechanically reliable eutectic 

solder joints
B Elat 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
« V WEATHERFORD COMPANY 
Glendale I, Calif
BRILL SEMICONDUCTOR CORP
Oakland 6, Calif.
ELMAR ELECTRONICS INC.
Oakland 7, Calif.

COLORADO
INTERSTATE RADIO B 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.

TOTAL 
SWITCHING TIME 

including Rise, 
Fall, Delay and Storage

...130 NANOSECONDS!

ILLINOIS
NEWARK ELECTRONICS CORP.
Chicago, III.

rvasouoscoee 
° fournir vosrseo

I Kf-iou.

MASSACHUSETTS
RADIO SHACK CORP.
Boston, Mass.

gf soon
VCCI -33V, 
tvMiseit MMarm-xMaa.;

NEW YORK

MILO ELECTRONICS 
New York, N. Y.
ROME ELECTRONICS 
Rome, N. Y.

AVERACE BVITCNINB TIMES ¿

for complete data and new transistor brochure
AMPEREX ELECTRONIC CORPORATION
210 Duffy Avenue. Mloksvllfe. L. I., N.Y.
hCiufi h|irt (licttiiic lufu A CimfiunU 11i YiiHtkuf An.. liruti 17. til.

TEXAS
ADIETA COMPANY
Dallas 1, Texas 
Fort Worth, Texas



New MADT & Epitaxial PlanaiNEW PRODUCTS
424Decade Inductors

423Test Chamber

CBS Electronics Opens $5 Million Engineering and Production Facility

476Thermionic Converter

IOO

»MAOTs Micro Alloy Diffused-base Transistor, »MAT: Micro Alloy Transistor 
*SBT- Surface Barrier Transistor, Trade marks of Philco Corp.

High and low temperatures. Bench 
model 1507 “Hi-Lo” chamber tests or 
conditions components between —100 
and +400 F, within 1 deg. It also 
offers rapid drop to —100 F. The unit 
can be provided with a program 
recorder-controller. It can be equipped 
with dual timers for automatic cycl
ing. Chamber is 22 x 18 x 20 in. high.

The Electric Hotpack Co., Inc., 
Dept. ED, Cottman Ave. at Melrose, 
Philadelphia, Pa.

Output is 10 w. This sealed-off 
cesium vapor device has an integral 
radiator and reservoir. It offers 168 hr 
of steady state operation. Power out
put of 2.4 w per sq cm and efficiency 
of 1 IT are possible at a cathode tem
perature of 1,300 C.

General Electric Co., Dept ED, 
Schenectady 5, N. Y.

For experimental work. The type 
850W inductor boxes are available in 
(our standard models with 10 steps of 
0.001, 0.01, 0.1, and 1 h, respectively. 
They can be connected in series for a 
total of 11,110 steps up to 11.11 h. 
The inductors are tfsed for work in 
the 150 to 20,000 cps range. Toler
ances of ±1% and ±2% are offered.

Special Products Div., Sprague 
Electric Co., Dept. ED, North Adams, 
Mass.

Diffusion Furnaces > hown here 
process thin epitaxial layers of 
high-resistivity material for CBS 
planar transistors.

Close cooperation between CBS 
Electronics and CBS Laboratories is 
helping to shape the future of solid
state technology through the CBS 
microelectronics program. Under way 
for the past two years, this program 
concentrates on basic approaches to 
thin-film deposition on inert sub
strates. It stresses also the develop
ment of microminiature devices fea
turing increased packing densities and 
reduced power levels for use in com
pact computers.

Learn about present and future 
semiconductor advances coming from 
the Lowell Progress Center. Investi
gate how the broad capabilities of CBS 
Electronics can help you achieve your 
solid-state objectives. Write today to 
CBS Electronics, Semiconductor Oper
ations, Lowell, Massachusetts.

In modern architecture, form fol
lows function.

This concept is dramatically 
demonstrated by the new CBS Lowell 
Progress Center which specializes in 
semiconductors for computer circuitry. 
This most modern engineering and 
production facility is designed to 
advance immediate and long-range de
velopments in solid state technology 
and processes.

The Lowell Progress Center is cur
rently supplying industry with a broad 
line of rugged and reliable semicon
ductors: *MADT, *MAT and *SBT 
switching transistors—PNP and NPN 
germanium high-power transistors— 
gold-bonded and point-contact diodes. 
An advanced line of CBS epitaxial- 
planar silicon transistors will soon be 
available in production quantities.



Semiconductor Progress Center FM Transmitters 421

Lineal Switches 446

Cable Tester 451

semiconductors
More Reliable Products through Advanced Engineering

Dept.

Is tape-programed. Automatic cable 
tester model LA-350 is designed to 
test complex assemblies in or out of 
circuit, The unit tests continuity and 
hi-pot, and measures resistance, volt
age, and impedance. Parameters are 
programed by binary-coded punched 
tape. A single tester provides from 256

Lowell Progress Center concentrates on the engineer
ing and production of CBS semiconductors for computer 
circuitry. Functional design gives the 200,000 square 
feet of plant space built-in flexibility to help in achiev
ing highest standards of quality and reliability. Close 
cooperation with CBS Laboratories promises new and 
exciting solid-state developments for the future.

to 65,536 test points.
Lavoie Laboratories, Inc., 

ED, Morganville, N. J.
< CIRCLE 88 ON READER-SERVICE CARD

Mass Production of 
MADT high-speed 
switching transistors 
is accomplished on the 
most up-to-date equip
ment in the semicon
ductor industry. Ex
ceptional reliability 
and uniformity are 
assured by automatic 
in-line production per
mitting 100% in
process quality con
trol of each, transistor.

_ «te 
s •
0 01

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., GLcnview 2-8961 • Newark, N J.. 231 Johnson Ave., TAlbert 4-2450 • Melrose 
Park, III., 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.

Life is 50,000,000 cycles. Units 
have no measurable contact resistance. 
Operating temperature range is —60 
to +250 F. Each of 16 contact ar
rangements is offered in four different 
coil voltages. Coils are 6, 12, and 24
32 v ac, and 115 v de.

Elotec Corp., Dept. ED, 1425 N. 
Lidcombe, El Monte, Calif. 
Availability: From stock.

In highly compact designs. New de
velopments in these transmitters pro
vide space savings up to 45%. The 
“Add-A-Unit” design permits the sta
tion operator to expand equipment 
from 250 w to 20 kw, as required. 
The units also provide for multiplexing 
with 30- to 15,000-cps bandpass on 
both main and subchannel for fm/fm 
stereo broadcast. Another feature 
makes it possible to bypass any am
plifier at any time.

Standard Electronics, Dept. ED, Rt. 
524, Lakewood Road, Farmingdale,



NEW PRODUCTS
TASK FORCES Oscillator 419

FAST RESPONSE!

656

Explosive Tester 443

AMPHENOL-BORG ELECTRONICS CORPORATION

AMPHENOL-WESTERN 
CONNECTOR DIVISION 
9201 Independence Ave. 
Chatsworth, California 
Telephone: Diamond 1 0710 
TWX: CNPK-5406

Chicago 50, Illinois 
TWX: CIC-2294

unit, 
knob

AMPHENOL-EASTERN 
CONNECTOR DIVISION 
Fair Lawn Industrial Park 
Fair Lawn, New Jersey 
Telephone: SWarthmore 
1-0303

AMPHENOL-MIDWESTERN 
CONNECTOR DIVISION 
2837 South 25th Avenue 
Broadview, Illinois 
Telephone: COlumbus 1-2000 
TWX: MAY-1192

1830 South 54th Avenue 
Telephone: Bishop 2-1000

AMPHENOL CONNECTOR DIVISION-CENTRAL OPER
ATIONS supports its three regional Divisions with na
tionwide engineering and manufacturing service.

Battery-pow cred transistor
Model TO oscillator has a 6:1
ratio, for accurate setting. Frequency 
span is 5.5 cps to 600 kc in five bands. 
Dial span is 10:1. Maximum output 
voltage is 5 v into 600 ohms. Voltage 
stability is less than 1%; frequency sta
bility is instantaneous and longtime 
less than 2%. Weight with batteries is 
4 lb.

Stewart Brothers, Div. of Instru
ment Laboratories, Dept. ED, 315 W. 
Walton Place, Chicago 10, Ill.
Price: $250 fob Chicago.

With axial leads. Ceramic capacitor 
model VK is made in 3 sizes, the 
smallest measuring 0.12 x 0.12 x 0.060 
in. Axial lead design makes units 
adaptable to modular packaging. 
Gold-coated Dumet leads are weldable 
or solderable to within 0.030 in. of 
body. Made in values from 10 to 
10,000 pf, the capacitors are coated 
for environmental protection.

Vitramon, Inc., Dept. ED, Box 544, 
Bridgeport 1, Conn.

For missile-launch checkout and 
other uses, the 1RB-111 impulse resis
tance bridge measures circuit resis
tance to determine if the explosive 
system will work. A single sensing 
pulse is applied for 1 msec. No more 
than four pulses can be released per 
second. Resistance is read at a ±2% or 
±0.02-ohm accuracy.

Fleming Industries, Inc., Dept. ED, 
2433 Moreton St., Torrance, Calif.
4 CIRCLE 89 ON READER-SERVICE CARD

Three regional amphenol Connector Divisions offer industry 
a new kind of service. Each Division is a fast-response facility, 
staffed by creative engineering and production specialists, 
equipped to meet any requirement in interconnecting devices 
and assemblies. Your needs give these technical task forces 
their directives on design, prototypes and delivery. And delivery 
is the fastest ever available!

If you are in a hurry, call amphenol!



Miniature Cam Followers 445

Highest Registered Rating
Now Available from G.E

In an Air-cooled Tube

High-Power Resistors 457

GL-7390A

HYDROGEN THYRATRON BULLETIN AVAILABLE

Silicone Rubber Tape 458
Has high tensile strength. Silicone

rubber tape ES 521 ¡ule of 2-mil

ELECTRIC
Ignitrons
Traveling-wave tubes 
Magnetrons 
Metal-ceramic 
tetrodes

High-power duplexers 
High-power 
waveguide filters 
Klystrons
Thermionic converters

GE Power Tube Department Products 
Also Include:

Handle up to 6 kw. Low-reactance 
film resistors type I IL are made in 5 
models, 12 to 72 in. long, with ac 
power ratings at 25 C to 250, 500, 
1,000 3,000 and 6,000 w. Forced- 
air cooling will triple ratings. Values 
range from 20 to 100 ohms for con
tinuous film, 70 ohms to 2.4 meg for 
spiraled types.

Corning Glass Works, Public Rela
tions Dept.. Dept. ED, Corning, N. Y.

TELEPHONE TODAY—Syr acu se, OL 2 5102 .. Clifton, N J., GR 3 6387 
. .. New York City, Wt 7-4065 ... Washington, 0 C„ EX 3-36ÜD ... Chicago, 
SP 7-1600 . . . Dayton. BA 3-7151 . . . Orlando, Fia, GA 4 62G . . . 

Los Angeles. GR 9-7765.

Regulated Power Supply 664
Supply is 0 to 600 v de. Model RTS- 

601 regulated power supply is rated 
at 0 to 600 v de at 1-amp max. Reg
ulation for input line voltage variations 
of ±10% is ±0.05% or ±20 mv, which
ever is greater. Ripple is less than 
1-mv rms. The unit has remote pro
graming (850 ohms per v) and remote 
sensing.

PRL Electronics, Inc., Dept. ED, 
232 Westcott Drive, Rahway, N.J. 
Pi? A: $854 for rack mounting unit; 
21 to 28 days.

glass cloth with 3 mils of unvulcan
ized silicon rubber on 1 side. Tensile 
strength is 70 lb per in. width. When 
vulcanized, tape bonds to homogen
eous mass with excellent electrical 
properties and moisture resistance.

Permacel, Dept. ED, New Bruns
wick, N. J.

CIRCLE 90 ON READER-SERVICE CARD *

For precision applications, these de
vices have outside diameters of 1/4 
to 5/8 in. and face widths of 0.1106 
to 0.196 in. A shielded ABEC 7 toler
ance ball bearing is fitted on a con
centric ground shaft.

PIC Design Corp., Dept ED. 477 
Atlantic Ave., E. Rockaway, 1.1.. 
N. Y.
Availability: From stock

For a comprehensive anal
ysis of the theory and applica
tion of hydrogen thyratrons, 
write to the Power Tube De
partment, General Electric 
Company, Schenectady, N. Y. 
Ask for Bulletin PT-49. To 
order, or obtain more informa
tion on hydrogen thyratrons, 
contact your nearest Power 
Tube sales office. Phone num
bers are listed below.

265-09-9545-8481-36

The latest addition to General Electric’s expand
ing line of hydrogen thyratrons is now available for 
pulse applications such as radar modulators and 
linear accelerators. Developed under U. S. Army 
Signal Corps contract, the GL-7890 achieves an anode 
dissipation factor of 55 x IO9 and has a peak anode 
voltage rating of 40 kv. The tube can now be 
operated water-cooled or air-cooled at full ratings.
COMING: INCREASED CURRENT AND VOLTAGE CAPACITY

Now in the late stages of development, the Z-5212 
will further increase voltage and current-carrying 
capacity in hydrogen thyratrons. Peak anode voltage 
rating for this tube will be 50 kv with an average 
current rating of 8 amp. General Electric’s Power 
Tube Department will welcome your requests for 
technical data on the Z-5212.

TEMPERATURE INDICATING DEVICE ON GL-7390A
The first high-power 

ceramic-metal, hydrogen thy- t * 1
ratron, General Electric’s GL-
7390, is now being built to 1 -X,
MIL specifications. A modified
version of this tube, the GL- < T 
7390A, is equipped with an 
integral anode temperature 
indicator for convenient read
ings. Both the GL-7390 and 
the GL-7390A have ratings of j 1
33-kv peak anode voltage and 
4-amp average current.

ANODE 
DISSIPATION 

FACTOR



more 
alike

NEW PRODUCTS
Snap-Action Relay 643

than
peas 

in a 
pod

At low cost. Plug-in, enclosed 2pdt snap-action 
relay model SS120 is simple and inexpensive. Con
tacts are each rated at 10 amp, 120 v ac, 5 amp, 
240 v ac, and 1/3 hp at 120 or 240 v ac. Size, in
cluding nylon enclosure, is 2-3/16 x 1-1/2 x 1-13/16 
in. Octal plug is standard.

Warco Industries, Inc., Dept. ED, 569 Melville, 
St. Louis 30. Mo.

Power Control 397

For electric furnace. Saturable reactor and power 
transformer is packaged with meters and manual 
control; automatic control is optional. Typical unit 
has input 220 v, 60 cps, 1 phase; output, 40 v, 500 
amp, 1 to 20 kva control range. Models are available 
to 100 kva. Size is 35 x 24 x 32 in.

Light Electric Corp., Dept. ED, 212 Lackawanna 
Ave., Newark 4, N.J.

Low-Speed Generator 436

FABER
CMsrriL

We asked engineers, architects, designers and draftsmen this 
question: ‘‘What irritates you most in a drawing pencil?”

A.W.FABER-CASTEU
Fendi Co., Inc., Newark 3, N. J.

Our Bicentennial year—1761-1961 
700 yean el uninterrupted 
manufacturing eeperience

Many of them »aid, “A degree that suddenly 
changes its character. You start your draw
ing with a 2H. When it wears out, you reach 
for another 2H — but this one draws like 
a 3H."

This can never happen with Castell. Its 
grading is so rigidly controlled, you can go 
back to your unfinished drawing months — 
or even years — later, without any percep

tible change in line or color. It produces 
the same image density and sharpness of 
detail. No peas in a pod can match the 
consistent uniformity of Castell’s superb 
20 degrees, 8B to 10H. Draws perfectly 
on all surfaces, including Cronar and 
Mylar base films. Join the masters of 
your profession. Buy Castell, call your 
dealer today.

#9*00 SO Lockfile Tol-A-Grade Load Holder with no-tlip, functional grip that'i kind to tirod fingon ■ Bull dog clutch ■ Uniquo dogroo indicator ■ 
Carriot i-yoar guarantee ■ Ca»tell Drawing lead» #9030, idontical in grado and quality with world-lamout Cattail drawing pencil ■ Usable in all 
ttandard holdart, but perfect for Locktito ■ 78 to I OH, ond a koloidotcopa of colon ■
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Unit delivers 0.5 kva, three phase, 60 cps at 1,200 
rpm. Designated the Nobrush, the unit has high 
overload capacity and short-circuit protection. It 
measures 6.5 x 10.5 x 9 in. and weighs 50 lb.

Georator Corp., Dept. ED, Manassas, Va.

ELECTRONIC DESIGN • May 10, 1961



Tantalum Capacitors 435

--------  

---------  

----

Units resist shock and vibration. They are sintered 
anode liquid-electrolyte type. Uses are in missiles 
and aircraft. Type TZ operates from —55 to +85 C 
at full rated voltage; type TZH, from —55 to +125 
C. Capacitance is 1.7 to 330 uf at 6 to 126 v de in 
type TZ or 4 to 85 v in type TZH.

Comell-Dubilier Electronics Div., Federal Pacific 
Electric Co., Dept. ED, Providence Highway, Nor
wood, Mass.

Protective Packaging guards initial deposited 
purity right through crucible charging. Charges 
are individually wrapped in special cellophane, 
and sealed in airtight polyethylene envelopes 

• to assure untouchable purity.

Temperature Probe

Whatever your need — deposited silicon crucible 
charges; polycrystalline rod or chunk; high 
resistivity P-type single crystal rod ; single crystal 
rod doped to your specifications — Dowr Corning 
should lead your list of sources.

Magnetic Clutches and Brakes 437

670

HYPER-PURE SILICON DIVISION
HEMLOCK, MICHIGANAddress:

Free brochure — “Hyper-Pure 
Silicon for Semiconductor 

Devices.” Write Dept. 3317a.

Precision Resistors 668
With tolerance to ±0.05%. Made in 1 8-, 1 1-, 

and 1/2-w sizes, Metohm resistor tolerance is ±1% 
standard, with ±0.05% available. Standard tempera
ture coefficients range from ±150 ppm down to ± 
ppm over a range of —55 to +165 C. The metal-film 
resistors meet requirements of MIL-R-10509C.

Ward Leonard Electric Co., Dept. ED, Mount 
Vernon, N. Y.

Output torque is 80 oz-in. min. Series 11, size 11 
units consume 3 w at 24 v de. They arc suitable 
for computer, control and servo positioning systems. 
Backlash and endplay are nonexistent. Slip rings 
are eliminated.

Guidance Controls Corp., Dept. ED, 110 Duffy 
Ave., Hicksville, L. I., N. Y.

For measurement in gases. Type TD temperature 
probes are made for accurate measurement in gases 
at velocities of 100 to 2,000 ft per sec, temperatures 
to 500 F. Thermocouple elements can be furnished 
in iron-constantan, copper-constantan, and chromel
alumel wires. Element is coiled to expose maximum 
surface to the gas. Bled slot area is varied to give 
best accuracy at mean flow velocity.

United Sensor & Control Corp., Dept. ED, P.O. 
Box 149, Glastonbury, Conn.

ELECTRONIC DESIGN • May 10, 1961

SILICON NEWS from Dow Corning

The Untouchables
Specify Crucible Charges of 
Deposited Hyper-Pure Silicon

Pre-packaged single piece crucible charges . . . 
in sizes and weights to meet the exact require
ments of your Czochralski crystal growing equip
ment . . . are now available from Dow Corning.

Accurately Pre-weighed, these single piece 
crucible charges assure easy handling . . . small
est surface area . . . highest purity ... an excep
tionally clean melt and a savings in crucible costs.

High Quality is inherent in Dow Corning cru
cible charges. The deposited polycrystalline sili
con in these charges has never touched a mold. 
Result — highest purity.

This High Purity means consistently higher 
quality crystals — simplifies doping procedures 
— increases device yield. Typical resistivity of 
N-type crystals grown from Dow Corning pre
packaged crucible charges is greater than 100- 
ohms centimeter for 80% of the crystal; maxi
mum boron content, 0.3 parts per billion atoms; 
maximum donor impurity, 2.0 parts per billion.

Now You Specify the Weight and Diameter, 
up to 38 mm (about IM/*), best suited for each 
crucible of your Czochralski crystal growing 
machines. Your crucible charges will be supplied 
in the appropriate length to provide the exact 
weight you require in just one piece.

MIDLAND MICHIGAN

CIRCLE 92 ON READER-SERVICE CARD
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NEW PRODUCTS
439Size 18 Motor Generator

of rotary switches
Linearity is less than 0.03%, frequency sensitivity

oltage sensitivity is 0.008% per0.015% per

Dept.

Temperature Transducers 648

438Precision Meters

P-6129

106

Designed to meet MIL-S-3786A, this switch 
is available with ceramic, phenolic or Mycalex 
sections. It can be supplied with adjustable or 
fixed stops with 30r or 60° indexing The Series 
600 switch has up to 12 terminals on each side 
of the stator of which 8 can be insulated.

Don’t miss a single issue of 
ELECTRONIC DESIGN. Send renewal now!

Many types in stock at Centralab distribu
tors as Series PA-6000 Switches.

ELECTRONIC DESIGN • May 10, 1961

CENTRALA 
SERIES 60

Weigh less than 1 oz. Small element diameter of 
miniature temperature transducers provides minimum 
interruption of fluid flow. Diameter of element is 
0.100 in. Time response is 20 msec or less with tung
sten elements. Calibration is repeatable within ±0.05% 
of resistance value at 77 F. Pressure rating is 6,000 
psi; transducer meets shock and vibration tests.

Winsco Instruments & Controls Co., Dept. ED, 
11789 W. Pico Blvd., Los Angeles 64, Calif

v and temperature sensitivity is 0.05% for the motor 
section. Power required is 115 v, 400 cps; rated load

Accuracy is 0.025%. The Selective-Expansion 
meters provide electrical expansion of any of 10 
divisions to cover a 100-division scale, 5-ft long. They 
are compact. Multi-ranges are possible on one unit.

Greibach Instruments Corp., Dept. ED, 315 North 
Ave., New Rochelle, N. Y.

ELECTRONIC SWITCHES • VARIABLE RESISTORS • CERAMIC CAPACITORS • PACKAGED ELECTRONIC CIRCUITS • ENGINEERED CERAMICS 
CIRCLE 93 ON READER-SERVICE CARO

THE ELECTRONICS DIVISION OF GLOBE-UNION INC. 
960E E. KEEFE AVENUE • MILWAUKEE 1, WISCONSIN 
In Canada: Centralab Canada Ltd., P.O. Box AOO. Ajax, Ontario

Sample delivery is seven days. Production 
delivery, 4-5 weeks.
For detailed specifications, write for EP-1152.

is 100 K Type designation is V860-22B.
Kearfott, Div. of General Precision, 

ED, 1150 McBride Ave,, Little Falls, N

Newest... in the industry's 
most extensive line

SPECIFICATIONS
INSULATION: 1500V RMS, Steatite, Grade 

L-5A, MIL-I-10
1000V RMS, Phenolic, Type 

PBE, MIL-P-3115
1500V RMS, Mycalex, Grade 

L-4B, MIL-I-10
TORQUE: Per MIL-S-3786A-
CONTACT RESISTANCE: 3 milliohms.
CURRENT RATING: 2 amps at 15 VDC. 

250 ma at 110 VAC.
LIFE TEST: 25,000 cycles minimum.

DIAMETER 
SWITCH 
WITH l%" STRUT CENTER!

Centralab



433Manual Potting Syringes

Another example of Bendix capabilities in electronics

NEW “SUITCASE CONSOLE” BUILT BY BENDIX
PROVIDES PORTABLE CONTROL CENTER

FOR SUBMARINE COMMAND

Vinyl Sleeving 634

Dynamic Force Gage 431

CONSOLE CONTAINS

model 2016.

Psychrometer 625

107

with a 1,000-meg 
frequency with aload and 5 cps to 1/5 res 

100-meg load. Designation

from stock after May 30.

pressure. And, because the units 
don’t need pressure-proofing, each 
is smaller, lighter and less expensive 
than conventional equipment.

Portsmouth Naval Shipyard 
developed and tested the system, and 
Scintilla Division of Bendix has 
manufactured and delivered several 
ship systems. Bendix has produced 
many types of cables and connectors 
for underwater applications, airborne 
and ground-based installations. If 
you have needs in these areas—write 
today for complete information.

ELECTRONIC DESIGN • Moy 10, 1961

Endevco Corp., Dept. ED, 
Blvd., Pasadena, Calif.

Sensitivity is 7 peak-mv per peak-lb. The stiffness 
at least 2 x 10 Ib-in. Frequency response is ±5%,

For electronic uses such as potting and encap
sulating, 6-cc, 12-cc and 30-cc size syringes are made 
of polyethylene. They emit the correct amount of 
material without starving, dripping or flooding and 
are especially useful in difficult to reach areas.

Philip Fishman Co., Dept ED, 7 Cameron St., 
Wellesley 81, Mass. This new console lets the submarine 

commander easily carry his command 
center to the bridge when the ship 
surfaces. All instruments needed for 
conning information and communi
cations are in an 18-lb. package.

On the bridge, the console has a 
simple, plug-in connection with a 
single hull penetration replacing the 
several required by permanently 
installed controls. Since the "suit
case” is stowed below when the ship 
is submerged, the individual units 
cannot fail through flooding or

Canadian AffiBat* Aviation Electric, lid., 200 laurontion Blvd., Montreal 9, Quebec. Export Sales & Service; Bendix International, 205 E 42nd St., New York 17. N Y

CIRCLE 94 ON READER-SERVICE CARD

Using small thermistor beads as resistance ele
ments and living a built-in fan system, this device 
has a very rapid response time. It gives wet and dry 
bulb readings for relative humidity, absolute humid
ity, dew point and enthalpy in air and other gases.

Atkins Technical, Inc., Dept. ED, 1276 W. Third 
St., Cleveland 13, Ohio.

For electric motor insulation and over transformer 
leads, Resinite Hi-Heat 105C resists heat, fungus and 
oil. It is self-extinguishing in 5 sec. Tensile strength 
is 2,900 psi min; burst strength is 75 psi. Dielectric 
strength is 1,000 v per mil. Temperature range is 
+221 to -10F.

The Borden Chemical Co., Dept. ED, 1 Clark St., 
North Andover, Mass.

Scintilla Division
SIDNEY, NEW YORK

• Push » utton* for alarms and call bells
• Speaker* and switches for intercoms.
• Rudd»« angle Indicator.



NEW PRODUCTS
Single Sideband System 427

465

Counting Shield 466

108

6FJ7 
6B10 
6K11 
6AX3

damper diode. Two units can do the 
work of seven transistors and take up 
less space.

General Electric Co., Receiving 
Tube Dept., Dept. ED, Owensboro,

For radiation-counting use, model 
A-500 is lined with 1/8-in. aluminum. 
The shield screens the enclosure with 
2-1/2 in. of iron on all sides. The iron 
used is free of cobalt 60 activity and 
is said to afford attenuation equal to 
1.85 in. of lead.

Hamner Electronics Co., Inc , Dept. 
ED, P. O. Box 531, Princeton, N. J.

Compactron units include the 
dissimilar double triode, the 
duplex-diode twin triode, the 
three-section triode and the

Rating is 100 w. Type SC-910 locks 
into any of 28,000 frequencies from 2 
to 30 me. It has digital tuning. It con
sists of a separate receiver, exciter 
and power amplifier. Continuous- 
wave, frequency-shift keying and in
dependent sideband capability are 
offered.

Stromberg-Carlson, Div. of General 
Dynamics, Dept. ED, Rochester 3, 
N. Y.

Multifunction Devices 
For radio and TV receivers.

Silicon-Junction Diodes 464
Quick-recovery types include 1N- 

625 to 1N629, 1N645 to 1N649, 
1N658 to 1N663, 1N676 to 1N679, 
1N681 to IN689, and 1N789 to 
1N804. They are high-speed, high- 
voltage units and are applicable for 
flip-flop, modulator, demodulator, de
tector circuits, discriminator, clamping 
and gating.

Princeton Electronics Corp., Dept. 
ED, P O. Box 127, Princeton, N. J.



speaking 442

think about it: Six diodes interconnected in

a single, standard-size transistor can

General Instrument Research Labs thought

circuits" that offer unusual design flexibil

ity ■ The General Instrument concept per

mits nanocircuits to be transferred directly

to conventional-component circuitry. This

approach frees the circuit designer of the

limitations of ordinary microcircuitry. And

because the heat-generating elements are

which General Instrument brings to all semi

conductors, that underlines the distinction

details about General Instrument nanocir

cuits from one of our sales offices or the

franchised distributor nearest you. Or write
Hermetic Switch 658

for Bulletin NC-10. General Instrument,

Semiconductor Division, 65 Gouverneur

Street, Newark, New Jersey.

452Flush Circuits

GENERAL INSTRUMENT 
SEMICONDUCTOR 
DIVISION

between rhetoric and reason. ■ Get specific

whole new array of computer logic ‘‘nano

Has one-hole mounting. Constructed 
of stainless steel, the Hl 1-2 hermetic 
switch meets MIL-E-5272-1. It con
tains 2 spdt switches with 6 terminals 
for multicircuit control. Electrical rat
ing to 100,000 ft is 4 amp at 28 v de 
resistive.

Controls Co. of America, Control 
Switch Div., Dept. ED, 1420 Delmar 
Drive, Folcroft, Pa.

about it... then produced it along with a

Range is 10 kc to 30 me. Applica
tions are in single sideband, telemeter
ing, missile guidance, radar and 
navigation equipment. One unit, a 
5-mc filter, has a case that occupies 
3/8 cu in.

Collins Radio Co., Western Div., 
Dept. ED, 19700 San Joaquin Road, 
Newport, Calif.

For rotary switches. Electrical noise 
and rotor contact wear is reduced by 
flush circuits. Circuits can be pressed 
into epoxy backing, or the recessed 
space between carriers can be filled. 
Copper carriers are plated with gold, 
rhodium, or other metal over a nickel 
base. The technique also produces 
commutators for printed-circuit mo
tors.

U. S. Engineering Co., Dept. ED, 
13536 Saticoy St., Van Nuys, Calif.

4 CIRCLE 96 ON READER-SERVICE CARD
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kept outside the can, circuit reliability is in 

creased. ■ It is this applied imagination,

Sweep-Delay Generator 471
Delay time is I nsec to 10 sec. De

laying sweep is in 18 calibrated ranges 
of 2 psec per cm to 1 sec per cm. 
Delayed length is to 10 cm. Model 
166D delays the sweep of 160B and 
170A oscilloscopes for detailed exami
nation of a complex signal or pulse 
train.

Hewlett-Packard Co., Dept. ED, 
1501 Page Mill Road, Palo Alto, Calif. 
Pi? A: $325; from stock.



NEW PRODUCTS
Telemetry Filter 444

Genistron Dept. ED, 6320

Manual-Reset Thermostat 475

type

Arizona Circle, Los Angeles 45, Calif.
Availability: Immediate.

1N643A 175-v diode for high-voltage, 
high-speed computer applications.

Princeton Electronics Corp., Dept
ED, P. O Box 127, Princeton, N. J

< CIRCLE 97 ON READER-SERVICE CARD

Therm-O-Disc 
Mansfield, Ohio.

Get complete details on nanocircuits and other semiconductor 
devices from one of our sales offices or the franchised distributor near
est you. Or write today for Bulletin NO -10 to General Instrument, 
Semiconductor Division, 65 Gouverneur Street, Newark, New Jersey 

GENERAL INSTRUMENT 
SEMICONDUCTOR DIVISION

Dept. ED,

vironments. Also offered

Rating is to 350 i at 25-amp resis
tive, 120 to 240 v ac. When an unsafe 
temperature is reached, a snap-acting 
disk opens the contacts. Current
carrying parts are independent of the 
reset button, permitting the limiting 
of temperature if the button is acci
dentally depressed. Type is WA-14

Silicon Computer Diodes 461
Fast-recovery types 1N789 through 

1N804 have low leakage. Enclosed in 
subminiature, hermetically sealed glass 
packages, the units stand severe en-

Heterodyne Frequency 477 
Meter

Unit weighs 25 g and occupies 0.6 
cu in. for 400-cps application. It has 
a 3:1 shape factor for 15-db attenua
tion. Standard impedance level is 
10,000 ohms. Units are offered for all 
IRIG channels; they are suitable for 
airborne systems.

Nanocircuits bring several important advantages to computer logic design, not the least of which is size reduction. 
This one packs six diodes (it could have been a diode-transistor combination) into a standard TO-5 case. ■ Equally

Range is 100 to 10,000 me for 
measurement; the unit generates 500 
to 900 me and harmonics. Calibrator 
accuracy is 0.002% at 5 me and inter
polation accuracy is 0.03%. Input sen
sitivity is 30 dbm at 500 me and 
over, 5 dbm at 100 me. Type is 504.

PRD Electronics, Inc., Dept. ED, 
202 Tillary St., Brooklyn 1, N. Y.

important in the General Instrument concept: only the active components (surface passivated for stability) are fused 
to the common substrate. The diodes are not exposed to the heat of such loss-generating components as resistors 
and capacitors whose demands differ from those of the active elements. ■ Not only is component reliability increased 
but, since the semiconductors are pre selected from a 100%-tested standard product line, the designer can evaluate 
circuit reliability rather than that of individual components. This technique reduces the number of assembly and test
ing operations, so cost is lower, too. ■ General Instrument also allows the logic designer the flexibility of transferring 
new or existing circuits, breadboarded with conventional components, directly into nanocircuits. Let us show you how.

w A,*»

Nanocircuits '
take thç Ù off microcircuitof *



7/^ Dual RF Tone Generator 434

U LTRA g r- o j=>

-4-40

Direct
Writing

Up to 56 Channels

A MAJOR ADVANCEMENT IN 
THE STATE-OF-THE-ART

For checking single sideband receivers, TTG-5 
provides five pairs of almost distortion-free signals, 
crystal-controlled, in the 3 to 30 me range. Frequency 
differences between tone pairs is adjustable from 0 
to 0.1% of mean frequency.

Panoramic Radio Products, Inc., Dept. ED. 520 
S. Fulton Ave., Mount Vernon, N. Y.

Mylar Capacitors 624
Flat and round designs are offered. Type 32M 

(round) replaces conventional tubular units, but 
takes less space. Type 33M (flat) is for terminal
board and printed-eircuit use where thickness is im
portant. Epoxy end seals are used.

Atlee Corp., Wesco Div., Dept 
Greenfield, Mass.

. ED, 27 Olive St.,

times more 
often than

DC Relay 638
★ Ultra-fast dry developing pro

cess begins at the moment of 
record exposure.

★ Uniform frequency response 
from 0 to 8000 cps

★ Sensitivities from 5.1 pa/inch
★ Records trace velocities to 

50,000"/second
★ Push button speed controls 

from 0.1 to 160''/second
★ Recording paper 12" x 400'

★ Interchangeable direct writing 
and wet-process record maga
zines

★ All indicators and controls lo
cated on front panel console

PLUS MANY OTHER 
NEW FEATURES

Request Bulletin CEl-321

in these!

From The Home of Planned Pioneering

ELECTRONICS & INSTRUMENTS, INC.
TWX TU 1407 Phone I Other 4-7111

Serviced by Systems Engineering Offices of 

Æirsupply-Æero Engineering Company 
ir U S A

Vibro Meter Corporation, Fribourg, Switzerland 
in Free Eurooe

Occupies less than 1 2-cu-in. of space. The MK 
series miniature relay’ measures 51/64 x 31/32 x 5/8 
in. and weighs 11 g, unenclosed. Three types of 
enclosures are available. Specifications are: contact 
arrangement, spdt and dpdt; duty cycle, continuous; 
contact rating, 1-amp resistive, 0.6-amp inductive, 
at 115 v ac; pull-in power, spdt, 0.75 w, dpdt, 1 w.

Elgin National Watch Co., Electronics Div., 
Dept. ED, 2435 N. Naomi St.. Burbank, Calif.

Cable Retractor 672
Is inexpensive. Designed to military specifications, 

low-cost cable retractor withstands environmental 
extremes and temperatures from —100 to +330 F. 
Solid-film lubricant is used; expansion cord is stain
less steel. Retractor is made from cold-rolled steel, 
cadmium-plated and dipped in iridite. The versatile 
unit fits standard mounting systems.

Vent-Rak, Dept. 106, Dept. ED, 525 S. Webster, 
Indianapolis 19, Ind.

Tubes, properly shielded with IERC Heat
dissipating Electron Tube Shields, instead of with 
harmful, obsolete JAN types, can extend tube life 
up to 12 times in new or retrofitted equipments.
For reliability and extended MTBF in your 
equipment, write for lERC’s report, "Heat- 
dissipating Electron Tube Shields and Their 
Relation to Tube Life and Equipment Reliability:’ 
From it, you’ll find the most effective, practical 
way to reduce bulb temperatures, neutralize 
critical environmental conditions, minimize 
down time and tube failure-replacement costs!

Foreign

CIRCLE 99 ON READER-SERVICE CARD 
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International Electronic Research Corporation
135 West Magnolia Boulevard, Burbank, California

Manufacturers: Europelec. Paris, France. Garrard Mfg. & Eng. Co., Ltd., Swindon, England
CIRCLE 100 ON READER-SERVICE CARD



NEW PRODUCTS
Mercury Switch 440

Transistor Probe 432

Impedance Testing Device 430

CIRCLE 101 ON READER-SERVICE CARD
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This is the time of our annual subscrip 
tion renewal; Return your card to us.

ELECTRONIC DESIGN • Moy 10, 1961

Weight is 1.9 g. Height is 1-1/8 in and diameter 
is 11/32 in. The unit is hermetically sealed, low- 
power, and has low contact resistance. It performs 
well after long periods of inactivity.

General Electric Co., Wiring Device Dept., Dept. 
ED, Providence 7, R I.

Fur measuring mechanical impedance, model 2110 
incorporates three force transducers and three ac
celerometers. Nominal force sensitivity is 7 peak-mv 
per peak-lb and high nominal acceleration sensitivity 
is 80 peak-mv per peak-g. Frequency response is 
±5%, 2 to 4,000 cps with a 1,000-meg load and 
5 to 4,000 cps with a 100-meg load.

Endevco Corp , Dept. ED, 161 E. California Blvd., 
Pasadena, Calif.
PUA: $750.

Range is 0 to 20 kc for frequency of vibration and 
relative amplitudes. The device measures mechanical 
shaft rotation to 120,000 rpm. Operation is by remote 
sensing. Called model 219A, it is suited for complex
wave environmental tests.

OPTOmechanisms Inc.. Dept. ED, 216 E. Second 
St., Mineola, L.I., N. Y.
PUA: $112 to $102; from stock.

Power Consumption 
is less than 17 Watts 
for ? Watts Output.

SILICON SEMI-CONDUCTORS are used 
throughout the circuits to provide high reliabil
ity performance over a wide range of environ
mental conditions.

A FULL 2 WATTS OF RF OUTPUT is achieved 
through use of a unique circuit design.

CRYSTAL CONTROLLED FREQUENCY STA
BILITY is .01 % or better over a wide tempera
ture range.

MODULAR PACKAGE DESIGN affords ver
satility for customer-designed systems ... and 
conformity with the complete Dorsett-built line 
of “Twenty” series telemetering components 
and systems.

For your telemetry requirements, contact 
Dorsett. Your inquiries or specifications will re
ceive a prompt reply.

from
Dorsett Electronics

TRUE FRI TELEMETRY 
TRANSMITTERS

TR-20 TR-21

Frequency 225-260 me. 136-137 me.
Output 2.0 Watte 2.0 Watts

minimum minimum
Modulation Range 100 cycles to DC to 50 KC

100 KC
Deviation ¿125 KC ¿ 75 KC
Frequency Stability .01 % (— 20’ C .01 % (—20° C 

to+90’ C.) to+90° C.)
Spurious Radiation Per MIL-I-26600 Per MIL-I-26600

& RF Interference 
Distortion less than 1% Less than 17«
Output Impedance 50 ohms 50 ohms
Input Impedance 500,000 ohms 500,000 ohms
Powe' 28 v. at less 28 v. at less

Requirements: than 600 ma than 450 ma.
Connector Cannon: Cannon:

DA-11C1P DA11C1P
Mounting Two 6-32 captive Two 6-32 rapt,ve

Screws Screws
Size 1.875" wide; 1.875" wide;

2.25" high; 2.25" high;
3.50" long 3.50" long

Environmental: Altitude: Unlimited
(Identical on Acceleration: 50 G in any plane
both TR-20 & Temperature. —40° C to
TR-21) + 90* C

Vibration 15 G, 55 to
2000 cps. 

Shock 100 G for II
milliseconds in 
any plane.



Engineering

Dielectric Test Set 398

to Your Remote Actuation Problems

Binary-to-Decimal Converter 429
Quick Solutions

Rated at 4 kva. Designed to simultaneously test 
10 reels of wire, model K3-4Y dielectric test set auto
matically disconnects faulty specimens. Rated at 0 
to 3 kv rms and 4 kva, the set has continuously ad
justable output voltage. Weight is 220 lb. Input is 
115 v, 6 cps, 35 amp.

Peschel Electronics, Inc., Dept. ED, Patterson, 
N.Y.
Pi? A: $1,500; 3 to 4 weeks.

Snap-Action Thermostat 671
Weighs 0.3 oz. A nonoverheating thermostat, the 

snap-action Dualstat has a temperature differential 
of 3 F or better. Current rating is 2 amp at 28 v, 
150 w at 120 v ac or de. The hermetically sealed 
device is preset up to 300 F.

Valverde Laboratories, Dept. ED, 252 Lafayette 
St., New York 12, N. Y.
Price i? Availability: $15 ea; 1 week.

With in-line Nixie readout and internal storage, 
model 100 TBD is used with shaft-position digitizers. 
It displays up to 13 bits of information from voltage 
sources or contact closures. Display time is 0.2 to 
6 sec.

Erie Pacific, Dept. ED, 12932 S. Weber Way, 
Hawthorne, Calif.

OAK ROTARY SOLENOIDS—Designing remote auto
matic positioning devices? Need a rugged, reliable 
remote actuator for master-slave incremental position
ing, for cam lifts, clutches, brakes, or presettable 
counting devices? Then you should investigate Oak 
Rotary Solenoids. Despite their small size, they’ll meet 
shock and vibration requirements of MIL-S-4040A. 
Stepping torque values range from 6.4 to 64 inch
pounds depending upon angular stroke, temperature, 

duty cycle, and amount of power used. Designed for 
intermittent DC operation, these custom-built units can 
be adapted to provide stepping angles of 25°, 35°, 
45° and 67.5° in right- or left-hand rotation.

Contact your local Oak sales representative to find 
out how Oak Rotary Solenoids can help you solve your 
remote actuation problems. Write for our free descrip
tive brochure or send a description and sketch of your 
circuit to our Applications Engineering department.

Power Relay 468
Life is 10,000,000 operations at two operations 

per second with 50% dwell time. Rated load life is 
100,000 operations at 14 operations per minute. De
signated the PM series, these are 4pdt units, rated 
at 115 v, 50 to 60 cps. Dimensions are 3-11/32 x 
2-41/64 x 2-1/2 in.

Potter & Brumfield, Div. of American Machine fit 
Foundry Co., Dept. ED, Princeton, Ind.

ELECTRONIC DESIGN • May 10, 1961

Creative Engineering • Quality Components

OAK MANUFACTURING CO.
CRYSTAL LAKE, ILLINOIS • telephone Crystal Lake, 459-5000
OAK ELECTRONICS CORPORATION, /Subsidiary) Culver City, California

ROTARY AND PUSHBUTTON SWITCHES • TELEVISION AND FM TUNERS • SUBASSEMBLIES
APPUA'.CE CONTROLS • CHOPPERS • ROTARY SOLENOIDS • VIBRATORS

CIRCLE 102 ON READER-SERVICE CARD
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* REPORT

PRECISION SIZE 5 MOTORS 
NOW AVAILABLE FROM STOCK

Available for immediate delivery, these miniaturized Bendix* motors 
(type number CK 1066-40-Al) are designed for applications where 
space and weight requirements are at a minimum. So small that four 
can be packaged in a square inch, these motors are ideally suited for 
missile instrumentation and similar miniaturized applications. The 
motor has a tapered shaft; however, units may be obtained with other 
type shafts and with center tapped control windings.

TYPICAL MOTOI 
CHAIACTEIISTKS 

Voltag.
Fixed phase..................................... 26 volts
Control phase.................................. 26 volts

Frequency....................  400 cycles
Stall Current*

Fixed Phase....................... 100 ma
Control Photo .................. .. 100 ma

Stall Impedance*
Fixed Phase. . .260* 184.5-hl 183.5 ohms
Control Phase. .260* 1B4.5+JI83.5 ohms 

Stall Power Input* (Total)................. 3.69 watts
Stall Torque.............. ................. . .0.138 ox.-in.
No load Speed............. ............. . 9900
Torque-fo- Inert io Ratio...... 44,400 rad/sec2 

(StaH Acceleration)
Operating Temperature

Rango............................ -55*Gt© +70°G
Weight....................................  0.88 ox.

♦ With rated voltage applied to each phase

For information on Inata motor«— 
or similar motors in sizes 8, 10, 11, 15, 
20, and 28—writ»:

NEW PRODUCTS
Torque Transducer 399 REPORT 4’

:OM7ONENT F.

AUTOSYN SYNCHROS
Dependable In miniaturizing 
central circuitry

Uses strain gages. Torque transducer for sensing 
torque of any rotating device is available in ranges 
from 50 oz-in. to thousands of Ib-in. Use of bonded 
strain gages eliminates all friction error sources. No 
slip rings are employed in the device.

Lebow Associates, Dept. ED, 14857 W. 11 Mile 
Road, Oak Park 37, Mich.

Insulating Tape 667
With high dielectric strength. Insulating fabric 

and tape 5J30 is a black, flexible, varnish-treated 
material composed of Dacron and glass fibers. Die
lectric strength is 2,000 v per mil. It conforms to 
irregular surfaces without need for bias weave, has 
improved heat and aging characteristics, good slip 
for tight wrap, and high tensile strength. Tape is 
made in 36 and 72 yd rolls, fabric in rolls 50 yd 
long and 36 in. wide.

Micarta Div., Westinghouse Corp., Dept. ED, 
Trafford, Pa.

Wirewound Potentiometer 400

These Bendix® size 5 Autosyn 
synchros are well suited to the 
needs of missile instrumentation 
and similar applications requiring 
miniaturization and weight reduc
tion. Typical characteristics are 
listed below. For additional infor
mation, including comprehensive 
data on transmitter, control trans
former, and differential character
istics, write today.
typical 
outline

.040

AVEIAGE PEIfOUIANCE (UIVES

For space applications. Linear translatory potenti
ometer provides output voltage proportional to shaft 
displacement. All components are enclosed within a 
sealed housing; unit meets environmental require
ments. Resolution is 0.1% full scale, linearity 0.2%.

Lido Transducers, Dept. ED, 1970 Placentia, 
Costa Mesa, Calif.
Pi?A: On request; 30 to 45 days.

Tantalum Capacitor 669

Eclipse-Pioneer Division
Teterboro, N J.

District Offices: Burbank, and Son Francisco, Calli.; Soottlo, Wash.; Dayton, Ohio; and Washington, 0. G 
Export Salos & Service* Bendix International, 205 E. 42nd St., Now York 17, N. Y.

CIRCLE 103 ON READER-SERVICE CARD

TYPICAL (HAIACTEIISTICS

Operating tamporotura range. — 55°C. to 9 5 °C.
Rotor moment of inertia....................0.25 gm cm*
Weight........................................................... 0.8 ox.
Accuracy.....................  *15 minutes

Available as transmitter, control 
transformer and differential.

Rated at 75 wvde. Solid tantalum capacitors are 
available with rating of 75 wvde. Unit is made in 
standard EIA capacitance values to 15pf, at 
tolerances of ±20%, ±10%, and ±5. The capacitors 
are hermetically sealed in the four case sizes specified 
in MIL-C-26655A, and operate at temperatures 
ranging from —55 to +125 C.

Kemet Co., Dept. ED, 11901 Madison Ave., 
Cleveland 1, Ohio.

Manufacturer« of

GYROS • ROTATING COMPONENTS 
RADAR DEVICES • INSTRUMENTATION 

PACKAGED COMPONENTS

Eclipse-Pioneer Division

T^.rboro, N. J.

CIRCLE 104 ON READER-SERVICE CARD
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441Toggle Switches

673Telemetry PDM Multicoder

Cushion Clamps 409

highest rated working voltage unit of its kind available today!

•ommercial cushioned loop

Semiconductor Test Set 665

and Zener diodes. It will

CIRCLE 105 ON READER-SERVICF CARD

For general purpose use. Type 310 semiconductor 
test set is for testing all types of small and medium

lamps.
TA Manufacturing Corp., Dept. ED, 4607 Algei 

>t, Los Angeles 39, Calif.

The clamps 
1/2-in. AN

any standard

ELECTRONIC DESIGN • May 10, 1961

Life is 10,000,000 cycles. Units are available in 
spst, spdt, dpst and dpdt designs. Rating is 10 amp 
at 250 v ac. Screw-type or solder-type terminals can 
be furnished. Temperature range is —60 to +250 F.

Elotec Corp., Dept ED, 1425 N. Lidcombe, El 
Monte, Calif.
Availability: From stock

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 for CS12 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 Senes . 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.

A completely transistorized, 13-channel PDM mul
ticoder with 3 pole, 16 channel subcommutator for 
satellite probes Characteristics of the digital multi
coder are: small size, low power consumption, silicon 
semiconductors used throughout, and availability in 
either unipolar or bipolar form with either common 
or isolated ground.

Applied Electronics Corp, of New Jersey, Dept. 
ED, 22 Center Street, P.O. Box 43, Metuchen, N.J.

KEMET ■ 
breaks through with new 75v. Solid Tantalum Capacitor

Withstand 1,500 F. The 1500 series cushion 
clamps are made of type 321 stainless steel. Corru
gations provide spring action for high frequency, low 
amplitude vibrations. Size range is 1/4-to 4-in. ID.

measure transistor h-parameters at 1 kc, Zener volt
ages and dynamic impedances. Internal de supplies 
furnish up to 30 v and 100 ma.

Owen Laboratories, Inc., Dept. ED, 55 Beacon 
Place, Pasadena, Calif.
Price: $785 fob Pasadena.

REPRESENTATIVES FOR “KEMET" 
SOLID TANTALUM CAPACITORS
EAST COAST, Williston Park, N Y 
Electrical Manufacturers Service, 
P. 0. Box 128, 105 Hillside Avenue
FLORIDA, Melbourne-Joseph A. Adams 
Associates, P. 0 i x 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
MINHESOTA, 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
KOCKY MOUNTAIH AREA, Denver 26
Barnhill Associates, 1170 South Sheridan 
WEST COAST, San Marino, Cal.- 
G. S. Marshall Company, 
2065 Huntington Drive Kemet’’ and “Union Carbide" are registered trade marks for products of

KEMET COMPANY UNION 
CARBIDE



NEW PRODUCTS
PM SERIES POWER RELAY

High-Voltage Capacitors 509

ANNOUNCING
AN IMPORTANT
NEW SPACE SAVER

P&B compact 4PDT power relay switches one H.P. per moveable arm

Differential Voltmeter 487

Smith-Florence, Dept. ED,
4228 23rd Ave. W., Seattle 99, Wash.

Frequency Meters 479AB SeriesMR SeriesPR Series

< CIRCLE 106 ON READER-SERVICE CARD

A whole family of power relays for a wide range of applications carry the 
P&B symbol of quality. Call P&B first for all your power relay requirements.

Accuracy is ±0.08%, absolute, at 
room temperature in the 585, 586, 
588 and 590 direct-reading units. 
Reading precision is 1 mc. Ranges are 
from 5.1 to 5.9 through 8.2 to 10 kmc. 
Insertion length is 3.75 to 7 in.

PRD Electronics, Inc., Dept. ED, 
202 Tillary St., Brooklyn 1, N. Y.

Electronic Rack Cabinets 506

Breakdown Veltage: 2,000 volts 
elementi and ground.

COILS:
Voltage: 6 to 230 volt« AC 50/60 cycle«.
Power. 14 volt-amp« average at nominal voltage.
Duty Continuous.

Has 0.05% absolute accuracy. Fea
tures of the model 851 differential volt
meter include: solid-state design: 
range, 1 mv to 1 kv; in-line five-dial 
read-out; standard cell plus Zener 
reference; polarity reversal; 0 to 10 v 
de precision source; and recorder out
put. Offered in cabinet and rack types 
with weights of 15 and 17-1/2 lb.

Save panel space! This new 4-pole relay is only Vk' wider than our PR 
Series, America’s most popular 2-pole power relay! Yet, it is engineered 
for reliable heavy-duty switching . . . and you can confidently expect 10 
million mechanical operations.
PM Series relays are rated at 16 amperes (or 1 H.P.) at 115 volts, 50/60 cycles 
resistive . .. and special relays can be supplied for loads up to 25 amperes, 
at 220 volts, 50/60 cycles resistive. Heavy screw terminals are arranged for 
fast, easy hook up. An adapter plate is available for mounting PM relays 
in the sanje location used for 2-pole relays.
For full information, write today or call your nearest P&B representative.

Have 10,000-hour life. Compact, 
lightweight plastic film capacitors are 
made in 11 voltage ranges from 2 to 
30 kv de. They are suitable for con
tinuous use as temperatures between 
—60 and +60 C. Footed brackets are 
supplied wtih the hermetically sealed 
units.

Corson Electric Manufacturing Co., 
Dept. ED, 540-39th St., Union City,

CONTACTS:
Arrangements: 4PDT or 4PST—normally open.
Material dia. «ilver-cadmium-ox.de.
Rating 16 amp« to 115 volt«, 50/60 cps resistive.

8 amp« to 220 volt«, 50/60 cps resistive.
1 H.P. per moveable, 115 or 220 volts AC single phase.

25 amps to 220 volts, 50/60 cps resistive available on 
special order.

PM ENGINEERING DATA
GENERAL:
Description: Heavy-duty AC power relay.
Insulating Material. Molded phenolic.
Insulation Resistance: 100 megohms minimum.
Mechanical Life: 10 million operations minimum.
Contact Life: 100,000 operations minimum at rated load.

A ventilating system is provided. 
Duct outlets can be positioned any
where. Construction is heavy duty, di
mensions are 77 x 24 x 24 in., finish 
w cold-rolled steel or aluminum and 
type designation is FT-192-A. Mil 
specs are met.

Falstrom Co., Dept. ED, 185 Fal- 
strom Court, Passaic, N. J.

Ambient Temperature: -55’C to +55’C.
Weight: Approximately 14 ozs.
Pull-In: 78% of nominal voltage.
Terminals: Heavy-duty screw type with No. 8-32 BH screw.

ox.de


AC-DC Test Set 514

422Audio Programer

499

NAME

TITLE

COMPANY

ADDRESS

STATECITY

designed to keep pace 
with the space age

Think of every feature, every benefit, you would design into a 
soldering iron if you could...and you have IMPERIAL! Only UNGAR 
experience and research could have developed this cool, light
weight, easy-handling iron. From tip to cord... the ultimate in 
interchangeability. There are so many revolutionary new ideas 
in imperial we had to put them all in an 8-page brochure.
Send for your free copy now!

UNGAR ELECTRIC TOOLS ED-U61-2D-5 
Electronic Division of Eldon Industries, Inc.
1475 E. El Segundo Blvd., Hawthorne, Calif.
Please send me free full-color imperial brochure!

Actuates relays automatically. The 
REL-A-TRON has separate sound and 
inaudible signal channels. It is basic
ally a tape recorder with an electronic 
timing unit which enables it to operate 
cycled motion type equipment. Cycl
ing signals can be changed by 
pushbutton. Specifications include: 
115/120 v ac; dimensions 6 x 8 x 8 in.

Teeni-Art Engineering, Dept. ED, 
Box 96, Glendale, Calif.

Rated at 50 wvde. Temperature 
range is —55 to 4-150 C. Called the 
CT 10 series, the units are ceramic 
and measure 0.1 in. in diameter and 
0.26 in. in length. Values are 10 to 
1,000 uf in tolerances of ±5%, ±10% 
and ±20%. Uses are in computers, 
airborne equipment and guidance 
systems.

Culton Industries, Inc., Materials 
and Ceramics Div., Dept. ED, 212 
Durham Ave., Metuchen, N. J.

CIRCLE 107 ON READER-SERVICE CARD ►

For up to 1,000 v, model KS1-50 
has 4-in. voltmeters for ac nns and 
de, plus a common ac-dc current 
meter. Current capacity is 50 ma on 
ac and 25 ma on de. Output is con
tinuously adjustable from zero to maxi
mum. The unit is for testing in ac
cordance with ASTM standards or for 
use as a power supply.

Peschel Electronics, Inc., Dept. ED, 
Towners, Patterson, N. Y 
Pi?A: $395; one week.

I everysoldering iron ever Ji j invented
is now 
passe as a

L hand crank 
' telephone
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NEW PRODUCTS
Axial Seal 403

NEW FROM

T Oil?«i I i' 11 Ju
J CLASS THAT MAKES 
MICRO-MINIATI RE RELAT 
HEADER DO TRICKS

From the smelting furnace at Fusite has come a glass so ideal for 
use with 52% nickel alloy pins and mild steel body it obsoletes all 
previous compression type seals.

Designated TR-Glass it grips the pins so tightly no amount of bend
ing or twisting will cause the terminal to leak. Heat shock of 1000°F 
in 20 seconds is child’s play for the compatible combination of 
materials in this new relay header.

The favorable balance of expansion between TR-Glass and the two 
dissimilar metals of pins and body assure performance well in excess 
of Mil specs.

Available in electrode styles of hook, plug-in and extended lead.

Samples on request. Write Fusite Corporation, Department C-3.

Fusite Corporation, Cincinnati, 0. 
Woodford Mfg. Co., Versailles, Ky. 
Fusite N. V., Konigweg 16, Almelo, Holland 
Fusite Gmb H, Dieselstrasse 5 Karlsruhe, W. Germany

THE FUSITE CORPORATION
6000 FERNVIEW AVENUE, 

CINCINNATI 13, OHIO
CIRCLE 108 ON READER-SERVICE CARD

With jewel bearing. Compact, hermetically sealed 
axial seal provides a jewel-end bearing at each end 
of a gimbal within a fluid-filled gyro. It permits an 
axial adjustment of the gimbal for proper orientation 
with respect to gyro case. Size is 0.140 in. in diam
eter, 0.070 in. long, depth 0.025 in.

Mechtronics Corp., Dept. ED, 11431 Joanne Place, 
Culver City, Calif.

RF Inductors 402

For military and commercial use. Slug-tuned, 
shielded rf inductors of the series 1500 cover a range 
of 100 uh to 7.5 mh in 9 sizes. Average Q in 0.1 to 
1.0 range is 60. Winding is sealed with epoxy, 
housing OD is 5/8 in.

North Hills Electronics, Inc., Dept. ED, Glen 
Cove, L. I., N.Y.

Combination VTVM-VOM 418

Has automatic scale indication. The model SMI 12 
“Service Master” can be used as a vacuum-tube volt
meter from 115 v ac, with six ac and de voltage 
ranges, six resistance ranges and a zero center scale. 
It also can serve as a portable voltohmmeter with 
six ac-dc voltage ranges, two resistance ranges, and 
one de current range. Arrows light up to show which 
scale should be read.

Sencore, Dept. ED, Addison, Ill.
PUA: $69.50; from distributors.

ELECTRONIC DESIGN . May 10, 1961118





NEW PRODUCTS
Capacitance Bridge 410

ACTUAL SIZE ACTUAL SIZE

Heat Sink 459

one Oscilloscope 414
semiconductor

will

ranges have sensitivity of 1 mv per cm.

463Silicon-Glass DiodesAlso available,

COOLERS
CIRCLE 169 ON READER-SERVICE CARD

120 CIRCLE 112 ON READER-SERVICE CARD ►

High-conductance types 1N482 through 
1N482A through 1N488A and 1N482B

“Semiconductor Cooling Handbook", devoid

For TO-36 power transistor. Designed for use with 
industrial power transistors in the TO-36 (doorknob) 
package, heat sink MS-15 enables operation at higher 
power levels. The natural-convection dissipator is 
made of aluminum alloy w'ith a black finish.

Motorola Semiconductor Products Inc., Technical 
Information Center, Dept. ED, 5005 E. McDowell 
Road, Phoenix 10, Ariz.

of advertising, filled with engineering facta about proper cooling, 
which you will want to know. Application data sheets on special 
units — from rectifier stacks to diodes, also available.

Any semiconductor that is mounted on a DELTA T Cooler 
will last many times longer, and/or at higher power levels, 
thereby achieving maximum reliability and customer ac
ceptance of equipment design. By utilizing optimized 
design concepts and automated high-speed production 
techniques DELTA-T coolers offer maximum cooling effi
ciency at low cost — a cost far less than a burned out 
semiconductor — and a burned up customer.

1N488, 
through

Our many years o f successful production 
of Nylon Gears can now make even 
greater economies for you. With the 
great variety in molds now possible. 
Nylon should not only be considered as 
an economy measure but the answer to 
many problems where compact design is 
necessary. Nylon Gears are quiet, dur
able, efficient and need less lubrication 
— they mate perfectly with metal gears.

Let our engineers with more than a 
decade in gear experience consider your 
gear problems DURING the design 
process — send blueprints or specs for 
prompt estimates.

Gears made only to your specifica
tions. None carried in stock.

Solartron Laboratory Instruments Ltd., Dept. ED 
Cox Lane, Chessington, Surrey, England.

Double-beam instrument. The CD 1016 is a com 
pact rack-mounted double-beam oscilloscope Fea
tures include: two identical Y amplifiers; de to 5-mc 
bandwidth; rise time, 70 nsec; nine sensitivity ranges 
from 100 mv per cm to 50 v per cm, with fine con
trol giving coverage to 100 v per cm. Six additional

DEPT. ED • LAKE and GROVE STREETS • LAKE MILLS, WISCONSIN 
CIRCLE 16S ON READER-SERVICE CARD

WAKEFIELD ENGINEERING INC., Wakefield. Mass. 
CIRCLE 110 ON READER-SERVICE CARD

Test voltages to 1,000 v ac. This high-voltage 
bridge is for studies of dielectric losses as a function 
of test voltage and for capacitance measurements 
from 1 pf to 100 pf. Accuracy is 0.1% ±1 pf. Fre
quency range is 50 cps to 10 kc. Maximum test volt
age is 1.000 v ac.

Rohde & Schwarz Sales Co., Inc., Dept ED, 111 
Lexington Ave., Passaic, N J.

MERCURY
SWITCHES
Many design ideas Super
sensitive— sealed against 
trouble. Select from huge 
variety of electrical and 
operating characteristics, 
contacts, lead and termi
nal arrangements Custom 
designs upon request.

I Specify HAMLIN
<f yea maaafactar*: TEMP. ar 
FLOW CONTROLS • INO. PROCESS 
CONTROLS • ALARM DEVICES • 
GYROSCOPIC INSTRUMENTS • 
AUTOMATION • ATOMIC POWER 
REACTORS • RELAYS

MAGNETIC 
REED SWITCHES

Operate in any posi
tion — hermetically 
sealed — use in wet, 
dry, or "explosive" 
atmosphere. Not af
fected by high or low 
temps. Compact, rapid 
cycling, long life.

GRAVITY SENSING 
ELECTROLYTIC

POTENTIOMETER
Excellent for gyro 
scope correction 
mechanisms Net ma
terially affected by 
vibrations. Keeps 
"hunting" to mini
mum. Compact — ex
tremely accurate.

1N486B arc for use in small areas. Reserve current 
is low. Suited for use in severe environmental con
ditions, the units have rugged internal structure and 
hermetically sealed glass packages.

Princeton Electronics Corp , Dept , ED, P. O Box 
127, Princeton, N. J.

Specify HAMLIN 
lor systems to iadicate er iate- 
grate fuictiois RPM's tkra 
circuits • TIME • MOTION • 
MEASUREMENT - TEMPERATURE 
- POSITION • SEQUENCE • FLOW 
• PRESSURE • LIQUID LEVEL

DELTA-T semiconductor Coolers offer a broad line from which 
to choose, both copper febriceted end extruded aluminum units, 
in natural convection end forced convection models and complete 
cooling packages. Among these is a proven design that will 
fully and reliably satisfy YOUR requirements!

Write for Technical Bulletins describing DELTA-T Cooling units 
and modular, low cost, high efficiency complete cooling peckeges.

HAMLIN 

electrical and 
electronic 

, components

economies in NYLON GEARS 
means savings in gear costs up to 90%

PROCESS GEAR CO..
4608 W Fullerton • Chicaqo 39 Himo<



ALLEN-BRADLEY

Ampex’s Advanced Re
corder /Reproducer. the 
FR-600 used for testing 
the Minuteman Missile.

Adjustable Fixea 
Resistors Type G 

Potentiometers

Type J 
Potentiometers

Fixed Composition 
Resistors

Portion of one 
of 14 CRT 
monitors, each 
containing 8 
A B Type G 
Potentiometers.

A-B QUALITY ELECTRONIC COMPONENTS 
USED IN AMPEX WIDE-RANGE RECORDER

In the design of the highly sophisticated circuitry for this 
advanced recorder, engineers at Ampex selected Allen- 
Bradley quality electronic components to meet the criti
cal requirements for reliability, long life, and quiet opera
tion. For example, the use of Allen-Bradley potentiome
ters—with their exclusive solid, hot molded resistance 
element—assures smooth control at all times. There are 
never any abrupt changes in resistance during adjust
ment as in wire-wound resistors. Also the "noise” factor 
is extremely low initially, and it decreases with use.

Allen-Bradley composition fixed resistors — also made 
by an exclusive hot molding process —are fantastically 
uniform. Their electrical characteristics are so consistent 
from resistor to resistor that performance over long peri
ods of time can be accurately predicted. And catastrophic 
failure is unheard of— when you use Allen-Bradley 
composition resistors.

For the ultimate in reliability and performance, insist 
on Allen-Bradley quality electronic components. Send for 
Publication 6024 today.
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, 
Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

Electronic Components
This shows a few of the A B 
components in one of the 
Ampex recorder's modules.

QUALITY 
ELECTRONIC 
COMPONENTS



o nO

tests at 5 Times...in

severe tests, Allen-Bradley resistors andIn these

Potentiometers 
Type G and 

Type L

Adjustable 
Fixed Resistors 

Type R

Hermetically Sealed 
Ceramic Encased Resistors 

Type TS Type CS Type ES

mil specs for 
shock, vibration 
and acceleration

Potentiometers 
Type J and 

Type K

About the test
At the United States Testing Co., Inc.* 
the above Allen-Bradley resistors and po
tentiometers were subjected to a constant 
acceleration of 300g, impact shock of 150g 
and vibration of 50g from 55 to 2,000 cps. 
All tests were conducted in accordance with 
procedures outlined in the latest Mil Specs. 
•Tait Report 471801. Sept. 1960.

potentiometers have demonstrated their complete 
dependability in environmental extremes.

The ruggedness of A-B fixed resistors is obtained 
through an exclusive process in which the resistance 
element and the insulating jacket are hot molded 
into an integral unit of unusual mechanical strength. 
This unit is then hermetically sealed in a ceramic 
tube. Also, please remember, A-B fixed resistors are 
completely free from catastrophic failures.

A-B potentiometers have the resistance elements 
molded into, and are an integral part of, the base; 
therefore, they are virtually indestructible. In addi
tion, operation is quiet and smooth when the po
tentiometer is new, and these characteristics improve 
with use.

For maximum reliability under severe operating 
conditions, insist on Allen-Bradley quality elec
tronic components.

L
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. 

In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

ALLEN - BRADLEY



Indicator Switch 417

Pushbutton is illuminated. This switch takes in
dicator lamps from 4 to 48 v; a change in circuits 
merely requires a change in lamps. The pushbutton 
is also a removable plastic cap available in five colors. 
Four contacts provide for separate indicating and 
load circuits. Rated 5 amp at 250 v, the switch is 
spdt.

Sylvania Lighting Products, Dept. ED, 60 Boston 
St., Salem, Mass.

Digital Computer 467
Capacity is 256 to 512 words. Type 44K has a 

basic instruction rate of 125,000 per sec. Subtrac
tions and various manipulations take 8 ysec; multi
plications take 32 ysec. It uses separate program and 
data memories in conjunction with fully-parallel
processing and 5-mc transistor circuits.

Harvey-Wells Electronics, Inc., Dept.
Huron Drive, Natick, Mass.
PUA: $4,400; 90 days.

ED, 14

Silicon Matrices 401

In substrate diode arrays. Fully passivated, com
mon silicon-diode arrays are designed to customer- 
specified geometry, size, and electrical requirements. 
Matrices will withstand long-term storage at 300 C.

MicroSemiconductor Corp., Dept. ED, 11250 
Playa Court, Culver City, Calif.

Preamplifier Package 450
For millivolt signals. For use with thermocouples, 

strain gages and resistance bulb elements, packaged 
preamplifier provides stable potentiometric amplifica
tion of low-level de signals. Output is de current or 
voltage, up to 20 ma or 14 v. A 3-kc square-wave 
carrier signal with 2-v output is also available in the 
solid-state device.

De Var Systems, Inc., Dept. ED, 494 Glenbrook 
Road, Glenbrook, Conn.
< CIRCLE 112 ON READER-SERVICE CARD

ELECTRONIC DESIGN • May 10, 1961

HOW TO GET THE POWER TRANSISTORS YOU NEED?

JUST ASK DELCO. For even though our catalog lists only a handful of germanium power transistors, there is 
only a handful out of all those ever catalogued that we don’t make. And those only because nobody ever asked 
for them.
We’ve made, by the millions, both large and small power transistors. Both diamond and round base. Both industrial 
and military types. And each in a wide variety of parameters that have proved themselves reliable in nearly every 
conceivable application.
You get Delco transistors fast. You get Delco transistors in any quantity. And for all their high reliability, you get
them reasonably priced. All you have to do is contact our nearest sales office-and ask for them.

Union, New Jersey 
324 Chestnut Street 
MUrdock 7-3770

Santa Monica, California 
726 Santa Monica Blvd. 
UPton 0-8807

Chicago, Illinois 
5750 West 51st Street 
Portsmouth 7-3500

Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560

ELCO 
■tPENDABiLmr 

»ADIO
V E I • <

Division of 
General Motors 
Kokomo, Indiana

CIRCLE 113 ON READER-SERVICE CARD
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unless otherwise specifiedElectrical Characteristics (25°Cj

D C Characteristics
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- 65 13 200 r
-65 to 20C C

Veto
Veto
Ve«o

2N498A
IOO
IOTI

2N657A
'(X) volt»

volti
I Iti

example, has an output of 100 kw. a gain of

tuning is needed.

hn
22
ku
No

Range is I mv to 999.9 v. Model V-70 has an

Resistance is 10 ohms to 50 K and temperature
range is —55 to +200 C in model 358. Off-board

telemetering circuits
Daystrom, Inc., Potentiometer Div., Dept. ED

Archbald. Pa
Aoaitabihty: From stock

Co»* Temperature @ 25®C — 5 watt»**

1/16-in. lead length

Brook, N. I

Granger Associates, Dept. ED, 974 Commercial
St., Palo Alto, Calif.

(lc=250 (la)
Collector to Emitter Voltage

(lc= 16 ma) 
Collector to Emitter Voltage

(lt=250 ho. Ic = Oj
Forward Current Transfer Ratio

(l»= 40 ma, Ie —200 ma
Cul->R Characteristics

Pulse Test: 300 psec 2% Duty Cycle

Absolute Maximum Rennas 25 C

Voltages 
Collector to Base
Collector to Emitter
Emitter to Base

Temperatures

Operating Junction
Total Dissipation

SAMPLE «2 / PCS
50lh PERCENTILE

The industry’s most thoroughly characterized and
Trimming Potentiometer

dimension is 0.195 in. Applications include matching.
balancing and adjusting in control, computing and

Pulse-Distributed Amplifiers
For high-power transmitting systems, these units

have outputs of 10 w to 100 kw and power gains
to 24 db over a 16:1 hf band range. Model 116,

db from 4 to 32 me; model 126 produces 30
and has a gain of 17 db from 4 to 64 me.

accuracy of 0.01% (plus or minus 1 digit) and pro
vides over-voltage protection. Output can be made
to drive data printer. Input impedance is 10 meg at
balance. Input power is 105 to 125 v at 50 to 60 cps.

Cubic Corp.. Dept. ED, San Diego 11, Calif.

Microminiature Lamps
Two types arc offered. The 13-7 consumes 0.009

w at 1.35 v. Response to pulsing at half-brightness
is 4 psec oi better. The 30-30 provides 250 milli-
lumens at 3 v. Diameter is 0.03 in. and lead length
is 0.1 in. Type 13-7 has a 1/64-in. diameter and a

Kay Electric Co., Dept. ED, 14 Maple Ave., Pine

medium power silicon Mesa transistors...2N497A

Storage

Mm

Derate 5.72 mw/*C increase in ambient temperature above 25®C
•Derate 28.6 mw/°C increase in case temperature above 25°C

Collector to Buie Voltage 
(lc=l<X> no, lt=0) 

Collector to Emitter Voltage

(lc= 10 ma)
Emitter to Baie Voltage

(lc = 200ma, Vct=WV)
Base Input Resistance 

(It—8 ma. Vet— 10V)
Saturation Resistance

Collector Current (lt = 0, Vct = 3CV,
Collector Current (High Temperature)

(lt-0, V<t=WV TA—150’C)
Specifications also available for 2N497,498, 2N 656,457

2N497A 2N498A 2N656A 2N657A
Min. Max. Min. Max. Min. Max. Min. Max

Veso 40 100 60 100 volts

Veto 60 100 60 IOO volts

Veto 60 60 volts

Veto 100 IDO volts

Viro a e a « volts

h». 12 36 12 36 30 90 30 W

hi 200 200 200 200 ohms

ret (sat) 10 10 10 10 ohms

Ico 10 10 10 10 HU

Ico 250 250 250 250

meta transistors



610

98A, 2N656A, 57A...come from General Electric

Status Control Switch 611

Parallel-ttrip

junction

Thermal Wire Stripper 612

Epoxy Systems 613

GENERAL
123

Getter and 
buffer for long 
term stability

Retaining 
ring

Highly flexible, types 41, 42 and 44 can be ad
justed to various concentrations. Type 44 has these 
typical properties: dielectric, 460 v per mil; tensile 
strength, 33,000 psi; flex strength, 50,000 psi; specific 
gravity 1.3.

Isochem Resins Co., Dept. ED, 221 Oak St., 
Providence 9, R. I.

A module of communications consoles, this switch 
is for use in command radio equipment. Signals ap
pear on remote boards or maps. The unit can be 
furnished with a six-position control knob.

Westrex Recording Equipment Dept., Litton In
dustries, Dept. ED, 6601 Romaine St., Hollywood 
38, Calif.

Semiconductor Products Department, Section 23E96, Electronics Park, 
Syracuse, New ork.
For fast delivery of medium power Mesa transistors at factory-low 

prices in quantities up to 999 call your G-E semiconductor distributor.

Dual-position type WS17B handles AWG 6 to 36 
and coaxial cable. It strips Teflon, nylon and other 
plastics. The alloy tip is designed for long life. No 
additional instruments are needed.

American Missile Products Co., Inc., Dept. ED, 
15233 Grevillea Ave., Lawmdale, Calif.

Two sizes are offered. Size 100 has a braking 
torque of 10 oz-in. min and is rated at 2-w power 
input. Body diameter is 1-7/64 in. and mounting 
flange diameter is 1-9/16. Slightly larger, size 130 
has a braking torque of 30 oz-in. and an input 
rating of 3-1/2 w.

Dial Products Co., Dept. ED, 19 Cottage St., 
Bayonne, N. J.
Price: size 100, $49; size 130, $52.
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Positive internal atmospheric control achieved through the use of General 
Electric’s buffered-sieve encapsulation technique, higher [lower dissipa
tion with lower saturation resistance and lower input impedance are impor
tant features of this line of to|) quality one to five watt audio switches. 
Especially well suited for either high level linear amplifier or switching 
applications, these are the industry’s most thoroughly characterized and 
tested medium power silicon double diffused NPN transistors available 
today. Just take a look at the extended life test charts illustrated for con

vincing evidence of long term stability and reliability.



Mor* than 107 typaa standard 
aolder terminals

WEBSTER KNOWS

In fact, his definition certainly applies to CAMBION® 
Standard Solder Terminals. As parts which terminate plenty 
of trouble in electronic circuitry construction, they’ve gained 
universal approval from manufacturers, professional techni
cians and hams.

Starting with top quality brass, each CAMBION solder 
terminal is precision machined, quality inspected, electro
plated with silver, electro-tin or gold — or to your own plating 
specifications. Close quality control is maintained, and inspec
tions made at each successive manufacturing step to assure 
that each terminal meets or exceeds applicable MIL specifica
tions, such as MIL-Q-5923C.

That’s why, as with all components in the broad CAMBION 
line, top quality is guaranteed for the more than 30,000,000 
CAMBION Solder Terminals in stock ... in more than 107 
different types: single, double and triple turret; feed-through, 
double-ended, hollow and split.

The broad CAMBION line includes plugs and 
jacks, solder terminals, insulated terminals, termi
nal boards, capacitors, shielded coils, coil forms, 
panel hardware, digital computer components. For 
a catalog, for design assistance or for both, write to 
Cambridge Thermionic Corporation, 457 Concord 
Ave., Cambridge 38, Mass.

CAMAR/DCf THfUMIONIC CORPORATION -A*l

Th« guaranteed electronic component« ■ * i

Power Supplies 615

NEW PRODUCTS

Commutating Switch 614

For 20-cps operation, model 210 is offered in one- 
pole and multipole designs for 64 and 100 chan
nels. It is available with a 1,200-rpm, 115-v, 60-cps 
hysteresis drive motor. A jet of mercury replaces the 
wiper arm, making the unit suitable for continuous 
use without repairs.

Advanced Technology Laboratories Div., 
American-Standard Corp., Dept. ED, 369 Whisman 
Road, Mountain View, Calif.
Availability: From stock.

Inverters and converters are included. The three- 
phase sinusoidal inverters are suitable for missile 
and aircraft use with outputs from 15 to 300 va. 
Distortion is held to below 5% and regulation for 
line and load is 1% to 5%.

Bergen Laboratories Inc., Dept. ED, 60 Spruce 
St., Paterson 1, N. J.

Computer Simulator 616
A solid-state system, this unit enables users of the 

650 computer to run 650 routines on the new 1410 
system. It must be equipped with 40,000 core
storage positions, the 1402 card-read punch and 
input-output devices comparable to the 650.

International Business Machines Corp., Data Proc
essing Div., Dept. ED, 112 E. Post Road, White 
Plains, N. Y.

PURE FUSED QUARTZ 
IDEAL FOR All SEMI CONDUCTOR METALS 
Our unique process enables us to 
supply semi-conductor quality 
VITREOSIL to close tolerances in 
crucibles and special fabricated 
shapes. Now available Quartz to 
Metal Seals. Write us about your re
quirements. See our ad in Chemical 
Engineering, Electronic Engineers 
Master and Electronic Designers’ 
Catalogues.

SFECTROSIL
FOR HYPER PURITY IN 
SEMICONDUCTOR WORK 
PURITY-purest form of fused silica 
TRANSPARENCY - unique optical properties 
HOMOGENEITY — completely homogeneous 

and free from granularity
AVAILABILITY - block material tor lenses, 

prisms, etc; rod, fiber, wool; hollow 
ware as tubing, crucibles, and special 
apparatus.

Write for complete, illustrated catalog.

THERMAL AMERICAN 
. .. FUSED QUARTZ CO., INC.
, ' 1 8-20 Salem St Dover, N J

Don't miss a single issue of 
ELECTRONIC DESIGN. Send renewal now!
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Airborne Data System 617

618Transistor Testers

Synchro Switch 619

long and

Dept. ED,

125

particularly interest you. Your request, by number, will 
ceive prompt attention.

Mounted on size 8 synchro. Sector switch prox ides 
a closed circuit whenever the position of the synchro 
exceeds ±70 deg. Switch angle may be selected for

ELECTRONIC DESIGN • May 10, 1961

Two units are offered. Model T-4 is for testing 
germanium units including low-level, rf, if, mixer, 
low- and medium-power types. Model T-5 is for 
silicon and special-purpose units. Its leakage current 
ranges are 0 to 50 iia and 5 to 50 ma.

J H. Mims Electronics, Dept. ED, 307 Sudbury 
Road, Linthicum, Md.
Pi? A: $19.50, $24.50; from stock.

Bulletin A-l
Bulletin A-2 
Bulletin A-3 
Bulletin A-4
Bulletin A-5

Your No. 1 Source of Supply and Authority 
on Precious Metal Alloys

For recording up to 31 analog inputs in digital 
magnetic-tape form, this unit is of plug-in, printed- 
circuit card construction. It includes a multiplexer, 
a digital converter and a tape-recording unit. The 
output is suitable for computer processing.

Monitor Systems, Inc., Epsco, Inc., Dept. ED. 
Ft. Washington Industrial Park, Ft. Washington, Pa.

HANDY A HARMAN
General Offices: 850 Third Ave., New York 22, N.Y. 

READER-SERVICE CARD

Fine Silver.......................... .
Silver-Copper Alloys ......
Silver-Magnesium-Nickel .. 
Silver Conductive Coatings 
Silver Powder and Flake .

the application. Package is 1.700 
weighs about 2 oz.

Clifton Precision Products Co., Ii 
5050 State Road, Drexel Hill, Pa.
Arailahility: 4 to 6 weeks.

Silver, in many forms and alloys, is a necessity in the elec
tronics and electrical industries. To meet this need on a 
high quality level. Handy & Hannan manufactures powder, 
flake, paint, paste, sheet, strip, wire, etc., for printed circuits, 
wiring, resistors, condensers, thermistors, contacts, printed 
terminal strips on glass, ceramics, plastic laminates, etc.

Another “At Your Service” Division of the Handy & Harman 
Silver Supermarket is our Research and Engineering 
Department. Always ready to help you with any problem 
or project you may have involving silver for any application.

VISIT OUR BOOK DEPARTMENT
Wc have five Technical Bulletins giving engineering data 
on the properties and forms of Handy A Hannan Silver 
Alloys. We would like you to have any or all of those that

CIRCLE 117 ON
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NEW PRODUCTS
620Power Supplies

For the most advanced
ferrite devices-try Hughes!

621Standard Resistor

622Digital Voltmeter

Tape-Preparation Equipment 623

126

Accurate to 0.01%. Digital voltmeter 501B mea
sures positive or negative unknowns between 100 ux 
and 1 kv. Single-plane readout has 4 digits plus an 
over-ranging digit. Range is selected automatically. 
Input filter provides 60 db attenuation at 60 cps; 
input impedance is 10 meg.

Kin Tel Div. of Cohu Electronics, Inc., Dept. ED, 
5725 Kearny Villa Road, San Diego 12, Calif.
PUA: $2,995; 1 week.

For industrial and military use, the TAPE system 
automatically programs punched tape. Logic cir
cuitry converts word-group and keyboard commands 
into complete coded programs.

McDonnell Aircraft Corp., Dept. ED, St. Louis 
66, Mo.

Regulation is 0.1%. Models 325-2M, 325-1M and 
325-0.5M provide 325 v at 2, 1 and 0.5 amp. Load 
regulation is 0.1% or 3 mv for no-load to full-load 
changes. Features include circuit protection, reduced 
number of elements in power stage, simplified cir
cuitry and output adjustability. Design is compact.

Kepco Inc., Dept. ED, 131-38 Sanford Ave., 
Flushing 55, N. Y.
PUA: $505, $670, $905; 30 to 60 days.

Now available at firm prices and in production 
quantities, Hughes ferrite devices are among the 
most advanced components of their type on 
the market today. Their reliability and advanced 
design are the result of Hughes pioneering 
efforts in ferrite device research, development 
and production.
Whatever your particular systems design 
problem, it is likely Hughes engineers can help 
you solve it. For engineering assistance or to 
order Hughes ferrite devices, write, wire or call: 
Hughes Components Division, 
Marketing Operation, Culver City, California. 
twx hac smon; Phone UPton 0-7111, Ext. 4190.
Typical ferrite devices offered by Hughes: 
(In addition to these standard models, 
modified or custom designed units to meet your 
specific requirements can be provided.)

Accuracy is ±0.002% for initial calibration read
ing. Adjustment tolerance is better than ±0.005% of 
nominal value; long term stability is better than 
±0.005%. Two, three, and four-terminal measure
ments are possible.

Electro Scientific Industries, Inc., Dept. ED, 7524 
S.W. Macadam Ave., Portland 19, Ore.
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SPECIFICATIONS
(a)

X-band Switch, 
Hi-speed

(b)
X-band Circulator, 

High Avg. Power, 4-Port

(c)
S-band Isolator, 
Low Power Coax.

(d)
C-band Circulator, 

Low Power, Wye

(•)
X-band Modulator

(♦)
X band Circulator, 1

Low Power, Tee B
Frequency Range 8400-9600 me 8400-9600 me 2190-2310 me (tunable) 

(20 me bandwidth)
4900-6200 me 8500-9500 me 8000-9800 me 1

Isolation 30 db min. 25 db min. 50 db min. 20 db min. — 20 db min. ]
Insertion Loss 0.75 db max.

(Switching time .2* 0.5 db max.
sec.)

1.0 db max. 0.5 db max. 0.5 db max.
(Atten. range —25 db rn<n.)

0.5 db max. 1

VSWR (on) 1.5 max. 1.2 max. 1.1 max. 1.2 max. (input) 1.5 max. 1.2 max. ]
Power Capacity 

Peak 
Average

10 kw
50 watts

300 kw 
5 kw

5 kw
10 watts

3 kw
15 watts

2 kw
1 watt

2 kw I
10 watts 1

Model Number 1011-A 1015-A 1007-A 1003-A 1014-A 1002 A 4 AA 1



Digitizer Kit 626

Video Amplifier

Temperature Transducers

*

(h)
S-band Circulator, 

Med. Power, Coa» Wye

627

Xband Modulalo*

628

H

> nano isolator. 
n Power. Goa«.

X band C<fCuiator, 
Loa Power. Wye

(m)
x-band Circulator. 
Hi power. 4*Port

(0)
S band
Medium Poi

For strip chart recorder. Kit adapts the CP series 
decimal digitizer to 1/4-sec Minneapolis-Honeywell 
Brown recorders, permitting data recording in digital 
form to accompany the strip chart record.

The unit provides 1,000 counts for full-scale de
flection of the recorder pen.

Coleman Electronics Inc., Dept. ED, 133 E. 162 
St., Gardena, Calif.

X band Circulator, 
Low Power. Wye

S-band Circuíalo*.
Low Power. 4 Port Coa*

Operates to 11 mc. Solid-state model 1011 video 
amplifier provides high resolution in closed-circuit 
TV applications. Bandpass is 15 cps to 11 mc, ±3 
db, 20 cps to 8 mc, ±0.5 db. Input is 1 v peak-to- 
peak, output 10 v peak-to-peak max. Unit is equal
ized for up to 2,000 ft of coaxial cable.

Community Engineering Corp., Dept. ED, 234 E. 
College Ave., State College, Pa.
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(0)
S-band Isolator, 

_____ Medium Power_______

(h)
S band Circuíalo/.

Mfd. Power. Coa» Ay*

(i)
S band Circulator, 

Low Power, 4-Port Coa*.

(D
S-band Isolator, 

Low Power. Coax.

(K)
X-band Circulator, 
Low Power. Wye

(1)
X-band.Ctrculator,

(m)
X-band Circulator,

2600-3700 mc 2700-2900 mc 2600-2900 mc 2700-2900 mc (tunable) 
(30 mc bandwidth)

8000-9800 me 7100-8700 mc 8400-9600 mc

1______ ______ 10 db min.______ 20 db min. 20 db min. 25 db mm. 20 db min. 20 db min. 25 db mm.
0.5 db max. 0.5 db max. 0.3 db max. 0.5 db max. 0.5 db max. 0.5 db max. 0.4 db max.

1.3 max. 1.25 max. 1.25 max. 1.1 max. 1.2 max. 1.2 max. 1.15 max.

300 kw
100 watts

25 kw
25 watts 500 mw

5 kw
10 watts

2 kw
10 watts

3 kw
15 watts

300 kw
400 watts

1013-A 1012-A 1005-A________ 1008-A 1001-A & AA 1009-A________ 1004-A
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For liquid or gas. A complete line of temperature 
transducers is available for measurement from —450 
to +1,500 F. Sensing elements are tungsten, plati
num, balco, or nickel. There is a selection of probe 
lengths, resistance ranges of 20, 200, 500, and 20,000 
ohms, and calibration points at 32 and 212 F.

Astra Technical Instrument Corp., Dept. ED, 
12930 Panama St., Los Angeles 66, Calif.

Have you sent us your subscription 
renewal form?

127



NEW PRODUCTS
The Porter Alloyist delivers the right alloy629Delay Une

IN THE SPOTS THAT COUNT

Relay Test Set

Tube Ager 632

128 ELECTRONIC DESIGN • May 10, 1961

For photomultipliers. Model 350 photomultiplier 
tube aging test set is capable of checking 2 groups 
of 24 tubes sequentially. All tubes are operated con
tinuously; single tube anode and cathode currents 
are checked. Illumination adjustment is provided for 
each group.

Automation Laboratories, Inc., Dept. ED, 179 
Liberty Ave., Mineola, L. I., N. Y.

For dry circuits. Model 927 relay test set meas
ures performance of relay contacts at currents of 
1 to 20 ma. The 1-kc test voltage may be varied 
between 0.5 and 10 mv; cycle rate of 4 to 20 cps 
is controlled by electronic switching. Set contains 
de power supply for relay coils. It will accommodate 
up to 10 relays.

Couch Ordnance, Inc., Dept. ED, 3 Arlington St., 
North Quincy 71, Mass.

With variable delay. Model V172 is a lumped 
constant delay line variable from 0 to 0.55 usee. Rise 
time is 0.08 psec, impedance 1 K, resolution 1/1000. 
Temperature coefficient is less than 50 ppm. Sealed 
package measures 1/2 x 1-1/2 x 4-1/2 in. Other 
lumped and distributed types are available with 
delays up to 2.5 usee.

Computer Devices Corp.. Dept ED, 6 W. 18th 
St., Huntington Station, N. Y.
P&A; $75 ea; 2 to 3 weeks.



633Panel Meters

temperature measurement

TRIPLE
400-Cps Filter 635 BRIDGE

Solid-State Scaler 636

Resolving time
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Have you sent us your subscription 
renewal form?

lisec. Models E-110 and

There can be no compromise for in
stant, reliable communication when 
disaster strikes. That’s why the Por
ter Alloyist recommends phosphor 
bronze and other special alloys for 
telephone and switchboard compo
nents. Contact springs and other 
vital parts made from these alloys 
deliver high electrical conductivity 
and resist deformation after re
peated use.

RIVERSIDE-ALLOY METAL DIVISION 
H, K. PORTED COMPANY, INC.

The new Rosemount Triple-Bridge Unit suppresses the effects of vari
able unknown lead resistance better than any previous method used in 
variable resistance temperature measurement. Lead variation can intro
duce substantial errors, particularly where leads are unequal or lead 
resistance is unknown. The Rosemount TBU shows vastly better 
suppression of these errors than conventional 3-wire and 4-wire 
bridge circuits.

Check these advantages of this newly developed variation of the 
basic Wheatstone bridge

• Suppresses large lead resistance changes (up to 5 ohms)
• Suppresses variable lead resistances both at null and when 

unbalanced
• Suppresses unequal lead resistances
• Can trim out calibration differences
• Multiple temperature ranges available at standardized output 
• Standardized 10 mv. D C. output to match existing equipment 
• Complete selection of auxiliary equipment

The TBU is a precision-made, plug-in unit permitting convenient change 
of full-scale temperature and capable of correcting known calibration 
errors of the temperature probe used. A basic 10-channel Triple-Bridge 
Unit is offered, with sockets and inter-connecting wiring for 10 sensors 
and 10 plug-in TBU’s, thus providing 10 temperature ranges for 
each sensor.
WRITE FOR BULLETIN 86012 It gives specification detail and a mathe
matical analysis of the increased accuracy possible with the Triple
Bridge Unit as compared with conventional 3-wire and 4-wire bridges.

With low transient response. Filter LTR-1 has a 
center frequency of 400 cps. Attenuation is 30 db at 
200 and 800 cps; passband width is down 20% at 
16.5% of center frequency. The hermetically sealed 
filter meets and exceeds standard MIL-F 18827A

Burnell & Co., Inc., Dept. ED, 10 Pelham Parkway, 
Pelham, N. Y.
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E-115 are for use with Geiger-Mueller detectors. 
Cold-cathode counting tubes display pulses. Model 
E-115 has preset counts of 500, 1,000, 5,000 and 
9,000. Input is 115 v, 60 cps, 1/4 amp.

Radiation Equipment & Accessories Corp., Dept. 
ED, 665 Merrick Rd., Lynbrook, N. Y.
PUA: $199.50 and $249.50.

Are all-inetal. Rectangular panel meters have a 
scale length of 4.7 in. for best visibility. Case size is 
4x6 in Movement is fully shielded against magnetic 
and rf fields. Standard meter finish is flat black; bezel 
can be provided in any color.

Beckman Instruments, Inc., Helipot Div., Tech
nical Information Service, Dept. ED, 2500 Harbor 
Blvd., Fullerton, Calif.

PORTER supplies stainless steel, “K” 
Monel and Inconel “X” wire for many 
types of springs.
PORTER carbon steel wire reinforces 
and lengthens the life of a wide range 
of industrial hose.

THE PORTER ALLOYIST IS 
A SPECIALIST IN A WIDE 
RANGE OF SPECIAL METALS
Porter’s Riverside-Alloy Metal Di
vision is your single reliable source 
for specialty alloys in 8 basic groups 
of wire, nxl and strip . . . phosphor 
bronze, nickel silver, cupro nickel, 
brass, stainless steel, nickel. Monel 
and Inconel.

Ask for a free copy of “Alloys for 
Industry” describing our wide range 
of specialty alloys. Write H. K. 
Porter Company, Inc., Riverside
Alloy Metal Division, Riverside, 
N. J. Or contact our sales offices 
in Hartford, Chicago, East Orange, 
Atlanta, Cleveland, Detroit, Cincin
nati, Los Angeles, and Rochester.

Suppress lead wire error 
in resistance

COMPANY
4900 West 78th Street, Minneapolis 24, Minnesota

ROSEMOUNT

ENGINEERING

NEW



NEW PRODUCTS
Humidity Chamber 639

TR Tube Tester 640

Tapped Delay Lines 641

130

For production test. Test set BLP-043K makes 
low-level production tests of single and dual tr tubes 
at 5 preselected frequencies. Set measures isolation 
or insertion loss and vswr; two test results are dis
played simultaneously. Klystron oscillators are used. 
Virtually any range can be accommodated.

Bomac Laboratories, Inc., Dept. ED, Salem Road, 
Beverly, Mass.

For MIL-202B. Vapor-temp controlled relative 
humidity chamber VP-206A is designed to perforin 
the humidity cycle of MIL-202B and method 103A 
procedure 2, Chamber cycles automatically betw een 
25 and 65 C ±1 deg. Humidity is constant to ±1% 
throughout the cycle.

Blue M Electric Co., Dept. ED, 138th & Chatham 
St, Blue Island, Ill.

Size is 4.5 x 1.04 x 0.5 in. Input impedance is 
500 ohms, dielectric is 250 v de, attenuation is 1 db 
and terminals are AWG 20 firmed copper. Model 
TDL-2194 has a 1-nsec delay time, 0.08-usec input 
rise time and 0.2-qsec output rise time. Model TDL 
2195 has a 0.5-usec delay, 0.05-usec input rise time 
and 0.1-usec output rise time.

Dresser Electronics, HST Div., Dept. ED, 555 N. 
Fifth St., Garland, Tex.

In metallurgical and chemical processes requiring an 
oxygen-free atmosphere, the Minoxo Indicator pro
vides a means of insuring that failure of purification or 
ingress of atmospheric oxygen through an unsuspected 
leak does not cause costly spoilage. The Minoxo Indi
cator . . . measures traces of molecular oxygen in other 
gases—from 0 to 10 parts per million, and from 0 to 
100 PPM High sensitivity and rapid speed cf response 
enable it to be used for laboratory investigation and 
production quality control.

INDUSTRIAL EQUIPMENT DIVISION INSTRUMENTS ANO SYSTEMS SECTION
850 PASSAIC AVENUE • E. NEWARK, N J.
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AMERSIL QUARTZ DIVISION 

685 RAMSEY AVENUE • HILLSIDE, N J.

CIRCLE 813 ON READER-SERVICE CARD

... provides the most economical and efficient method 
for the production of pure nitrogen—completely free of 
oxygen—with a hydrogen content precisely controlled 
at any desired percentage between 0.5% and 25%. 
Gas mixtures are supplied at a fraction of cylinder 
supply cost. • The Nitroneal Generator is automatic 
except for startup, with no need for operating per
sonnel. The unit performs instantly, efficiently any
where in the range of from 25% to 100% of rated 
capacity. Installation requires only a 110 volt line, 
water, air, ammonia lines and drain facilities. . . . The 
catalyst lasts indefinitely-minimum maintenance costs.

INDUSTRIAL EQUIPMENT DIVISION GAS EQUIPMENT SECTION
113 ASTOR STREET ' NEWARK, N. J.
CIRCLE 811 ON READER-SERVICE CARD

LOOK TO AMERSIL FOR ALL HIGH PURITY
FUSED QUARTZ REQUIREMENTS
Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission application, labora
tory ware and production equipment. These products 
include standard apparatus, plain tubing in many in
tricate fabrications, crucibles, trays, cylindrical contain
ers and piping in a full range of sizes up to 25" in 
diameter. Ingots and plates are available in general 
commercial quality as well as in special optical grades. 
Amersil engineers are also prepared 1o assist in devel
oping fused quartz and silica equipment for special 
requirements.

FOR DETECTION AND 
MEASUREMENT OF 
OXYGEN IMPURITIES 
IN OTHER GASES

A GAS 
GENERATOR 
FOR THE MOST 
EFFICIENT AND 
ECONOMICAL 
PRODUCTION 
OF N2 H2 
FORMING 
GAS MIXTURES

PLATINUM SPIRALS MEASURE TEMPERATURE
BY ELECTRICAL RESISTANCE CHANGE
Precise electrical thermometer using platinum spirals 
provides temperature measurements within ± 1 /10th 
of T C. Voltage signal varies with temperature for cov
ering a range from —220 C to 4-500°C. The tempera
ture transistor elements, sealed in hard glass thin wall 
tubes, provide fast time response 25, 50 or 100 ohm 
units available as well as a selection of tube geome
tries. A similar group of platinum spirals are ceramic 
encased for measuring temperatures as high as 750'C 
with slightly less accuracy. Special laboratory standard 
precision electrical thermometers also available.

INDUSTRIAL EQUIPMENT DIVISION GAS EQUIPMENT SECTION
113 ASTOR STREET • NEWARK, N. J.
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642Multiturn Trimmer

644Bobbin Cores

10%. A wide range of core sizes

649Synchronous Motors

LOS ANGELES

Minoxo Indicator □ Thermometal

Econotapc □ Dcoxo Purifier—Puridryer

Fused Quartz □ Platinum Spirals

650Dota Plotter□ Nitroneal Generator

NAME

FIRM

STREET Dept ED, Long
CITY

HOUSTON • 
PROVIDENCE

Dept. ED, 10431 Metropolita!
Ave.. Kensington, Md.

Electronic Associates 
Branch, N.J.

tolerance of 
offered.

Dynacor,

System accuracy is to 0.175% of full scale, Input 
can be keyboard, punched card or tape. Plotting 
speeds are up to 80 points per min. The unit accepts 
analog and digital inputs and is adaptable to any 
computer system. Designation is 3100.

Please send literature as indicated below, 
addressed to mv attention:

For computer applications, series 300 cores use 
I /8-in. mil molybdenum permalloy tape wound on 
stainless-steel bobbins and enclosed in an Armag 
outer jacket. They have EIA flux values with a

For printed circuits. Series C140PC trimmer po
tentiometer is rated at 0.2 w, 70 C, with operation 
to 125 C max. The device has a 25-tum lead screw 
with clutch stops. Resistance range is 500 ohms 
through 1 meg, linear taper. Case size is 1-1/4 x 
19/64 x 21/64 in.

CTS Corp., Dept. ED, Elkhart, Ind.
Pi? A: $1.63 to $1.85 ea, 500 up; 2 to 5 weeks.

High reliability welded contacts and contact assemblies 
available for your relays. Weld strength guaranteed. • 
Overall contact height held within ±.00025. Assem
blies are available in gold, platinum, palladium, silver 
and their various alloys—both solid and laminated. 
Single contact usable for various contact ratings, for 
wet and dry circuitry-assemblies protected for shelf 
life and handling Designs foi attachment to header 
by welding or brazing, Complete electrical and me
chanical design services available.

ECONOTAPE CONTACTS ARE MOST 
EFFICIENT FOR ELECTRICAL RELAYS

ZONE STATE

INDUSTRIAL EQUIPMENT D IVIS I O N GAS eaUIRMCHT SCCTION
113 ASTOR STREET • NEWARK, N. J.
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D E MAKEPEACE DIVISION 
PINE & DUNHAM STREET • ATTLEBORO, MASS.
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FOR LOW COST PURIFICATION AND
DRYING OF HYDROGEN AND OTHER GASES
The Deoxo Catalytic Purifier removes oxygen to less 
than one part per million from hydrogen gas. It can 
also be used with other gases such as Nitrogen, Nitro
gen-Hydrogen Mixture, Argon, Helium, and Carbon 
Dioxide • A combination unit, the Deoxo Dual Puri
dryer, contains the Deoxo Catalytic Purifier plus an ex
tremely efficient automatically operated drying unit. 
Removes oxygen to less than 1 PPM from hydrogen and 
dries the purified gas to a low point of minus 100°F. It 
will also purify and dry other gases in a similar manner.

Vane-cooled hysteresis motors are available in 
seven speeds, 360 to 3.600 rpm. Single phase is avail
able for 110 to 120 and 220 to 240 v ac, three phase 
for 220 to 240 v. Ambient temperature is from —32 
to +135 C.

Rotax, Inc., Dept. ED, 2209 Federal Ave., Los 
Angeles 64, Calif.

H. A WILSON DIVISION 
U.S. HIGHWAY 22 • UNION, N. J. 
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CONTROL TEMPERATURE, CURRENT AND 
VOLTAGE WITH THERMOMETAL®
Leading manufacturers rely on the dependable per
formance of Wilco Thermometal in electrical appli
ances, thermal cutouts, heating controls and many 
other applications involving rhe indication and accu
rate control of temperatures, electrical currents, volt
ages, etc. Thermometal is supplied in strip form, rolled 
and slit to close tolerances and tempered to specifica
tion. Thermometal elements and sub-assemblies are 
also supplied to specifications, with or without contacts 
attached. Send for literature.



NEW PRODUCTS
DC Power Supplies 532

1000 TIMES
Coaxial Relay 538

Relative Outputs
1104b

■lOOdb

80<fo¿OMV

200^

20 <*>20 m V- GE TYPE 7625

2^+

495

Price: $16,000 up.
Z2M7
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7256
7841

7077
7406

12966
12097

For quality assurance testing with 
combinations of 10 parameters, SATE 
is semi-automatic. It accepts or rejects 
1,800 components per hr. Design is 
modular; the modules have binary
type logic circuitry for go/no-go tests.

Librascope, Div. of General Pre-

Modernize Circuit Design 

Use G-E Ceramic Tubes

Component Test 
Equipment

Comparison between G-E type 7625 ceramic 
tubes and military-type glass tubes, in low-noise 
audio circuits, shows up to 1000 times lower 
vibrational output for the 7625. These graphi
cally illustrated results show that the 7625, with 
its high input impedance, is ideally suited for 
such applications as threshold infrared, audio, 
and sub-audio detectors, even under conditions 
of severe shock and vibration.

cisión, 
Calif.

Low’ noise is only one of many benefits ceramic 
tubes provide over glass tubes and solid-state 
devices. Depending on the tube type, such 
specific advantages as high gain, wide VHF- 
UHF frequency response, outstanding nuclear 
radiation tolerance, and high temperature resist
ance are available.
Numerous industrial and military projects cur
rently under development would benefit greatly 
from the flexibility of ceramic tubes in a wide 
variety of applications. Many of these applica
tions are discussed in detail, and the entire line 
of G-E ceramic tubes shown, in the Ceramic 
Tube Information Folder available by writing to: 
General Electric Company, Receiving Tube Depart
ment, Room 7210A, Owensboro, Kentucky.

_j Odb 
OK

Z2823 22835 
12069 Dept. ED, Glendale,

2OO 500
DRIVE FREQUENCY (CPS)

YEL • 10 G'S ALL OUTPUTS REFERRED TO OR®

For frequencies to 300 me, series 
CB relays are for use on 52-ohm co
axial lines as well as lines with other 
impedances. Ratings are 2-w pull-in 
power for de and 9 to 10 va ac. Con
tact is 5 amp resistive, 2 amp induc
tive at 26.5 v de or 115 v ac. Internal 
contacts are spdt.

Elgin Advance Relays, Electronics 
Div., Elgin National Watch Co., Dept. 
ED, 2435 N. Naomi St., Burbank, 
Calif.
Availability: On order.

Outputs are 1 to 50 v and are ad
justable over a 1-v band in models PI 
82, PI 241 and PI 50.5. Current 
ranges up to 2 amp are available. 
Other units in the PI series cover up 
to 100 v. Uses are in built-in applica
tions requiring regulated power.

Deltron Inc., Dept. ED, 4th and 
Cambria Sts., Philadelphia 33, Pa.

7296 7586
Z2868 22870 Progress Is Our Most Important Product

GENERAL ELECTRIC
431-1 io



490Thermocouple

544Krypton-85 Battery

591Bus Duct

RAYTHEON

City& State.
CIRCLE 123 ON READER-SERVICE CARD >

About the size of an office typewriter, Model AD-50A is 
readily integrated with established systems: its flexible de
sign allows acceptance of variable input as well as wide 
variations in output format and logic. Its almost unlimited 
systems applications offer industry, government and the

TELEMETRY 
SYSTEMS

Rating is 3 kv per ceil, open circuit. 
Current is 600 ypa at no voltage and 
capacity is 50 uf. Temperature range 
is —75 to +75 C. External radiation is 
less than 50 milliroentgens per hr at 
4 in. from surface, unshielded. The 
unit is available to those licensed by 
the Atomic Energy Commission.

Radiation Research Corp., Dept. 
ED, 1150 Shames Drive, Westbury, 
L. I., N. Y.
PU A: $95; 30 days.

RADAR 
SYSTEMS

Portable Oscilloscopes 534

LABORATORY 
RESEARCH

Faster than any other available, Raytheon Analog-Digital 
Converter’s 25-nanosecond aperture time allows digitizing 
of pulses less than J^-microsecond in width. With multi
plexed input, its applications encompass any product or 
process requiring digitized analog voltages in continuous 
or intermittent form.

Name& Title 
Company __ 
Address_____

With low-voltage drop. High- 
frequency bus duct is designed to 
transmit power in frequencies from 
180 to 20,000 cps. Voltage drop is 
less than 1 v per 100 ft at 400 cps. 
Duct measures 9-5/8 in. wide by 
3-7/8 in. high and weighs 13 lb per 
ft. Ten-foot lengths are standard.

Westinghouse Electrical Corp., 
Dept. ED, Standard Control Div., 
Beaver, Pa.

Raytheon Company, Dept. 31A, Lexington 73, Massachusetts 
Attention: M. B. Curran
Please mail me Specifications on:
□ Model AD-50A 8 Bit Converter
□ New 10 Bit, 1 megasample Converter
I’m interested in possible applications to the following type system (s)

INSTRUMENTATION 
AND TESTING

HIGH SPEED 
DATA PROCESSING

NUCLEAR 
SPECTROSCOPY

Having nine channels, the Em-T- 
101 system is accurate to ±6 deg from 
32 to 165 F. Channels are inter
changed by using a resistance ther
mometer as one leg of a bridge circuit. 
Bridge excitations are supplied by in
dividual power supplies.

Engineered Magnetics, Dept. ED, 
13041 Cerise Ave., Hawthorne, Calif. 
Price: $2,000 up.

Bandwidth is de to 7.5 me. Units 
in the Graph series weigh 20 lb. The 
plug-in amplifier provides a sensitivity 
of 1 mv per cm with reduced band
width. Calibration on lx>th axes can be 
checked against a self-contained 1% 
calibration circuit. Sweep is variable 
from 1 to 1.5 sec per cm.

Interlab Inc., Dept. ED, 116 Kraft 
Ave., Bronxville, N. Y.
Price: $395.

military a basic, solid state tool that revolutionizes the 
present state of the art.

All of its outputs are usable, every readout is valid, and it 
can be operating in your system in less than 90 days.

RAYTHEON’S NEW A-D CONVERTER: UP TO 5.0 x 106 
INDEPENDENT 8 BIT WORDS PER SECOND!



NEW PRODUCTS
Freezers 535

With temperatures to —200 F, the 
Cryostor units are suitable for labora
tory use. Temperature-range control is 
automatic. Vapor-proof, units have a 
1-1/2 cu ft standard capacity. The 
first-stage compressor is a 1/2-hp 
motor, the second, a 1/4-hp motor.

Instrumentation Associates, Dept. 
ED, 17 W. 60th St., New York 23, 
N. Y.

Pressure Gage 493
Accuracy is ±1? at room tempera

ture and ±2.5? at temperature ex
tremes. Model 451218 is miniature and 
is suited for missile, aircraft and tele
metering use. Ranges are from 0 to 10 
and up to 150 psia, psig or psid. Ac
celeration is 20 g, operating, 40 g max.

Giannini Controls Corp., Dept. ED, 
1600 S. Mountain Ave., Duarte, Calif.

Tantalum-Foil Capacitor 501
Ratings are 12 to 1.4 pf at 6 to 

50 v. These A-Case units are double- 
ended for nonpolar applications and 
single-ended, if necessary, for polar 
use. Single-ended units are 0.47 in. 
long and 0.131 in. in diameter. Life 
is 2,000 hr.

General Electric Co., Special Ca
pacitor Product Section, Dept. ED, 
Irmo, S. C.

Induction Motor 496
For airborne-compressor use as well 

as pump and switching applications, 
BF-15-8 has an operating speed of 
10,000 rpm. Other ratings are: 0.03 
hp; torque, 3 oz-in. full load and 400? 
starting; current 0.26 amp full load 
and 0.8 amp starting.

Kearfott Div. of General Precision, 
Inc., Dept. ED, 1150 McBride Ave., 
Little Falls, N.J.
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the most powerful

Westinghouse 
30-amp silicon 

rock-top" 
power transistors

New 30-amp ratings, the industry's highest! 
These latest Westinghouse Silicon Power 
Transistorsare especially designed forthose 
applicationswhereyou need more transistor 
power, extra long life and extra stability un
der all operating conditions. Your choice 
of nine devices in this new family—each 
rated at 30 amps. —for greater flexibility 
of circuit design in high-power applications. 
Other Westinghouse high-performance 
features include: • Exclusive “rocktop" 
ceramic construction for greater reliability 
• Voltage ratings to200volts • Double-ended 
case design • Low saturation resistance • 
250 watts power dissipation.



Westinghouse
SILICON POWER

RECTIFIERS
AND

TRANSISTORS

NOW 'N STOCK
YOU LAN OBTAIN
UP TO 1000 PIECES

OF MOST TYPES

FACTORY PRICES
FROM

ELECTRONICS

LENERT CO

You can be sure
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Denver 4. Colo./TA 5-8257 
Houston, Texas/CA 4-2663

MIDWESTERN
ELECTRONIC COMPONENTS FOR

INDUSTRY CO St. Louis. Mo /WO 2-9917 
HALLMARK INSTRUMENTS CORP.

Dallas. Teias/RI 7-9385 
INTER-STATE RADIO 4 SUPPLY CO

WESTERN
ELMAR ELECTRONICS

Oakland. Calif./TE *-3311
HAMILTON ELECTRO SALES

Los Angeles. Calif./BR 2-9154 
NEWARK ELECTRONICS CO

Inglewood, Calif./OR 4-8440

RADIO DISTRIBUTING CO.
Indianapolis, Ind./ME 7-5571 

SEMICONDUCTOR SPECIALISTS. INC
Chicago. Ill./NA 2-8860

S STERLING CO Detroit. Mich./BR 3-2900 
UNITED RADIO. INC.

Cincinnati, Ohio/MA 1-6530

Production quantities of the type 115 fam
ily are now available. Westinghouse also 
offers the 2N1015 and 2N1016 series of 
Silicon Transistors, ideal as companion 
drivers. Military and industrial applications 
include: power supplies/regulators/ampli- 
fiers/high-power switching/inverters.
For more information call your nearest 
Westinghouse representative or semicon
ductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Young- 
wood. Pa. sc-1012

For Immediate “off-the-shelf’ delivery, 
order from these Westinghouse 
Distributors:
EASTERN
ACK SEMICONDUCTOR. INC

Birmingham 5, Ala./FA 2-0588
CAMERADIO Pittsburgh. Pa/EX 1-4000 
CRAMER ELECTRONICS. INC

Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC.

Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO.

Camden, N. J./WO 4-8560 
GENESEE RADIO PARTS CO.

Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS. INC

Baltimore, Md /TU 9-4242 
MILGRAY ELECTRONICS

New York, N. Y /RE 2-4400 
RADIO 4 ELECTRONIC PARTS CORP

Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS

Long Island. N Y/PI 6-6520 
Silver Spring, Md./JU 5-7023

transistors you can buy



One of a series EXPLORING THERMISTOR APPLICATIONS NEW PRODUCTS
shortestFlaw Detector 651

! distance
THERMISTOR I between you

RELIABILITY!

LIQUID

Electronic Commutator 652

Trimmer Controls 653

division of

136

PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11.

GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10.

GENERAL PURPOSE 
Plug-In Type Relay. Con
tact arrangements up to 
3PDT. 5 or 10 amp con
tact rating. Voltages up 
to 230 volts. AC or DC. 
Details in Bulletin 10

makes a big difference 
in a liquid level 
measurement circuit
Place a thermistor in series with a light bulb and a 

battery. The thermistor will heat up, the resistance 

will drop (a fascinating characteristic of thermistors) 
and permit enough current to flow to light the bulb. 
Submerge the thermistor, and it wifi cool — up goes the 

resistance and out goes the light. Merely substitute a 

relay for the bulb and you have yourself a neat, 
precise liquid level control.

There are just two kinds of thermistors, really: 
ordinary, which are good; and FENWAL ELECTRONICS', 
which are a little bit better. One reason is that FENWAL 

ELECTRONICS pioneered in this business. Another is 

that we can suit your application exactly — for the 

simple reason that FENWAL ELECTRONICS has the 

most complete line of thermistors available anywhere

213 River Street, Orange, N. J.
Industrial Relays, Foot Switches, Buzzers, Coils 

Phone: ORange 2-8200

A small but mighty device, the thermistor. Highly precise, 
highly versatile. Its applications ceiling is virtually 

unlimited — temperature control or liquid level 
measurement, time delay, remote control, switching, 

or you name it.

Operates at +125 C. Low-level electronic com
mutator model CE-12 provides reliable, high-speed 
switching at temperatures to +125 C. Contact re
sistance averages 12 ohms. Reverse current is less 
than 1 na per channel, common-mode rejection better 
than 1 million to 1.

United ElectroDynamics, Inc., Customer Require
ments Dept, Dept. ED, 200 Allendale Road, Pasa
dena, Calif.
Availability: In production.

division of

INDUSTRIAL TIMER CORPORATION
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End resistance less than 1%. Models PC-1 and 
PC-2 potentiometers are wirewound units available 
in values from 100 ohms to 10 K. The stud-mounted 
PC-1 and the lead-mounted PC-2 have a diameter 
of 1/4 in. and a length of 1/4 in. Designed for pot
ting, these units have open construction. Specifica
tions include: end resistance, less than 1%; resolution, 
0.25% to 1%; power rating, 0.25 w. weight, 0.02 oz

Miniature Electronic Components Corp., Dept. 
ED, Holbrook, Mass.

RELAYS
FOR EVERY APPLICATION

Operates without liquid Metalloradar model 6 
flaw detector uses a synthetic membrane to couple 
the transducer to object under test. Six frequency 
steps from 0.5 to 10 me are available. A barium 
titanate transducer is used. The set will detect flaws 
and discontinuities within the object as well as the 
opposite side. A 7-in. ert displays the reflected vibra
tions.

Circo Corp., Dept. ED, Terminal Ave., Clark. N.J. 
Price: $2,750.

| For details, application assist- KgJ
ance, and new Thermistor 

yintlUll Catalog EMC 4, write:

|| 51 Mellen Street, Framingham, Massachusetts

CIRCLE 126 ON READER-SERVICE CARD



536Induction Heater

588

590

Switching Transistor 541

selection? We think we can help you

SEMICONDUCTOR NETWORKS

CIRCLE 128 ON READER-SERVICE CARD >

is fea- 
types

SPERRY RAND CORPORATION 
NORWALK, CONNECTICUTThis is the time of our annual 

subscription renewal; Return 
your card to us.

For locating up to 10 cables simul
taneously, model CT-10 operates from

Computer Diodes
Recovery time of 5 mpsec

Even the youngest engineer has to rest up sometime. It can be quite a strain when 
you must decide among vendors whose products appear to be about equal, and 
the choice you must make is your responsibility.

SPERRY SEMICONDUCTOR 
DIVISION

we would like to try.

That's why it's so important to consider the overall capabilities of your suppliers. 
Do they have the skills, the talent and the resources to support the wisdom of your

power rating.
Princeton Electronics Corp., 

ED. P.O. Box 127, Princeton

For medium-speed computer use, 
the 2N40-A germanium unit is de
signed for military- and industrial use. 
Ratings are: collector-to-base, —40 v; 
collector-to-emitter, —35 v; emitter-to- 
base, —25 v; collector-current, —150 
ma; emitter-current, 150 ma.

Radio Corp, of America, Semicon
ductor and Materials Div., Dept. ED, 
Somerville, N. J.

tied. Each test made identifies a con
ductor. Standard receptacle handles 
wire sizes to no. 10.

Pyramid Instrument Corp., Dept. 
ED, Lynbrook, N.Y.

tured in these sil

For continuous operation at 3 kw, 
this 40-mc unit can be used to heat 
high-resistance materials such as semi
conductors. Glass and ceramic can also 
l>e heated. Depth of penetration at 40 
-me is 0.0005 in. The unit has a three- 
phase power supply.

Induction Heating Corp., Dept. ED, 
Brooklyn, New York, N. Y.

1X925 through 1X928. They are said 
to have the fastest recovery time and 
lowest capacitance available at this

These special clean room 
"nurses" baby our product for 
your protection — 63 bottle
neck breaking QC checks are 
performed before and during 
mechanized manufacture.
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For low-level signals. Model VC-32 subcarrier os
cillator will operate from signal sources as low as 
±10 mv full scale with accuracy of 1% or better 
under all environmental conditions. Output of 4.1 
v rms into 2 K eliminates the need for multiplexer 
amplifiers. Volume is 2.1 cu in., weight 2.5 oz.

United ElectroDynamics, Inc., Customer Require
ments Dept., Dept. ED, 200 Allendale Road, Pasa
dena, Calif.
Availability: In production.

655

For transmitter. MIL-E-5400, Class II transmitter 
power supply provides 4 kw in multiple outputs. Five 
high-voltage outputs range from 150 to 650 v de at 
currents from 0.12 to 3.5 amp. Other outputs are 
28 v de at 25 amp, 6.3 v ac at 5 and 8 amp, 6 bias 
outputs from —3 to —60 v de, and short-circuit proof 
bias outputs of —18 v de and 4 v de at 0.2 amp. 
Power input is MIL-STD-704,115v.

Transistor Devices, Inc., Dept. ED, 40 Factory 
St., Cedar Grove, N.J.

If you want top-quality pots when you need them, you could make 
your own! Of course, you II need Swiss screw machinery to produce 
the cases necessary to complete the job. So plunge right in — sign up 
for those highly precision screw machines . . . and hang the cost!

But before you deplete the family exchequer with a grand flourish of 
the pen, come to Ace! We ve already taken the plunge, and it s paid 
off. These machines automatically deliver, at high 
speed, cases with mechanical tolerances closer 
than .0002. This also means the most flexible 
production operation in the industry. No sub
contracted parts to wait for — we design our own 
cams to any special size and shape, and we run 
the cases ourselves, on a 24-hour day basis! So 
for dependable delivery, see your ACErep!

I lere s one of our automatic-production cases, on a servo mount A.I.A. 
size 1-1/16" ACEPO1®. In-plant production on cases up to 6".

Audio Multicoupler 657

ELECTRONICS ASSOCIATES, INC.
99 Dover Street, Somerville 44, Mo»».

SOmerwf 4-5130 TMX SMVl |«1 WmI Un)m> WUX

A««p»fg Aialrint* Ac«wl® AtHnmR 
CIRCLE 129 ON READER-SERVICE CARD

With throwaway modules. Model 5102 audio 
multicoupler provides 10 outputs from single input. 
Output circuits, low-noise amplifier, and rectifier are 
housed in modules 1-1/4 in. high by 5/8 in. in diam
eter. Range is 25 cps to 25 kc, harmonic distortion 
less than 2% at 1 v output.

Ortronix, Inc., Dept. ED, P. O. Drawer 8217, 
Orlando, Fla.
Pl? A. $200 ea; 30 days.

NEW PRODUCTS
Subcarrier Oscillator 654 Best

solution
to
custom
design 
potentiometer 
problems...

Power Supply

Merely write to The Gamewell 
Company, stating your requirements.

Gamewell engineers will take it from 
there. They’ve been designing high 
precision potentiometers and rotary 
switches for a good many years. And a 
great many of them have been custom- 
designed.

Naturally, this experience pays off. 
Take selection of the best resistance 
material for a given application as just 
one example. Here, Gamewell makes 
full use of all available alloys. And, 
backed by extensive files of in-service 
data, assures the best design of the 
resistance element in conjunction with 
the most compatible wiper-contact 
material.

When necessary, of course, Gamewell’s 
complete development and test facili
ties are put to use. Salt spray, humidity, 
extreme temperature, altitude, accelera
tion, vibration and many more test 
facilities are available to insure exact 
matching of pot to requirements.

In production, Gamewell facilities 
give custom-designed "pots” and 
rotary switches the benefits of today’s 
most advanced methods and machines. 
Extensive metal working machinery, 
and refined dimensional checking de
vices assure production of every com
ponent to high precision tolerances. All 
"pots” are wound on precision ma
chines, designed and built by Gamewell. 
And both winding and assembly are 
carried out in surroundings automatically 
kept spotlessly clean.

Thus it is that "pots” with even the 
most unusual electrical characteristics 
or mechanical features can be precisely 
produced in a minimum of time at 
Gamewell. Simplify your custom-de
signed potentiometer problems.

Write The Gamewell Company, 1420 
Chestnut St., Newton Upper Falls 64, 
Massachusetts. A Subsidiary of E.W. 
Bliss Company.

BLISS

Wmewell
PRECISION POTENTIOMETERS 

"INTEGRALS OF 
HIGH PERFORMANCE" 

CIRCLE 130 ON READER-SERVICE CARD
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How to grow 
your own 

money

Analog-Digital Converter 659

You buy mor« than a good return with 
Saving» Bondi. You help keep our 
country strong for today’s generation 
and the ones to come. That’s one of the 
reasons so many Americans buy and 
hold U. S. Savings Bonds.

A U.S. Savings Bond is better than 
money. It grows. Plant $18.75 in 
a Savings Bond and in 7?4 years 
it’ll be $25—a full one-third big
ger. The U.S. Government guar
antees this growth. And if you 
can’t afford to lay out the full pur
chase price, you can buy Savings 
Bonds a bit at a time through your 
Payroll Department where you 
work. It’s an automatic install
ment plan that costs you no in
terest or carrying charges.

Advantages to think about
You can save automatically on the 
Payroll Savings Plan »You now 
earn % to maturity • You invest 
without risk • Your Bonds are re
placed free if lost or stolen • You can 
get your money with interest any
time you want it • You buy shares 
in n stronger America.

You save more
, • i S 20^than money with

U. S. Savings Bonds
This advertising is donated by The Advertising Council and this magazine.

With up to 40 channels, this system translates 
varying voltage data into 13-bit, 8-4-2-1 binary-coded 
decimal form. It handles * 20 mv to ±700 v. Sam
pling speed is 80 samples per sec; any sequence is 
possible. Designation is model 8040.

Electronic Development Corp., Dept. ED, 423 W 
Broadway, Boston 27, Mass.

Digital Comparator 66Ü

Having a high accuracy, this unit controls speed 
How rate, pressure or other functions able to produce 
a proportional pulse rate or frequency. It delivers a 
series of beat pulses to correct errors. Solid-state 
components are used.

Jordan Controls, Inc., Dept. ED, 3235 W. Hamp
ton Ave., Milwaukee 9, Wis.

Electronic Timers 662

Transistorized devices have timing cycles from 
0.005 to 900 sec ±1% during input voltage change 
of ±25%. Units feature variable or fixed timing cy
cles, ac or de input, and recycle time down to 5 
msec.

Slip Ring Co. of America, Dept. ED, 3612 W. 
Jefferson Blvd., Los Angeles 16, Calif.

This is the time of our annual subscrip
tion renewal; Return your card to us.

YOUR COPY IS READY
Send for it now if you use:

• Regulated d-c power supplies* Line-voltage regulators • Voltage
regulating transformers • Frequency changers (variable-frequency 
power sources) • High-voltage d-c supplies • High-voltage a-c and 
d-c testers (to 300,000 volts) • Miniature transistorized inverters, 
and converters.
... Plus valuable technical information. Get your copy from your nearest 
Sorensen representative or write: Sorensen & Company, Richards Avenue, 
South Norwalk, Conn. » •

The widest line —your wisest choice

POWER PRODUCTS

CIRCLE 132 ON READER-SERVICE CARD
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NEW PRODUCTS

Indicating Controllers 663

Here's the Inside Story of the industry's first

Instrumentation System 674

Double
Hermetic seal . . . Kovar metal to 
matched oxide-bonded ceramic 
seal protects against thermal 
shock, cycling; enhances electri
cal stability, low leakage current.

Welded main seal . . . maximum 
protection against housing 
leaks.

Hard soldered joints . . . maximum pro
tection against failures caused by 
thermal fatigue, high temperature 
storage.

Welded tube seal . . . protects 
against the possibility of 
leaks.

Silicon pellet . . . highly efficient 
junction design minimizes for
ward voltage drop.

diffused
For process control. Indicators and indicating 

controllers are made in more than 50 range scales 
and calibrations for use with all standard sensing 
elements. Controllers provide off-on or 3-position con
trol for processes. Instruments require 56 sq in. of 
panel space. Accuracy is 0.25% of full scale, sensi
tivity 0.125%.

Thermo Electric Co., Inc., Dept. ED, Saddle 
Brook, N. J.

Used with transducers. Small, rugged model 96 
RC contains a signal amplifier, transducer power 
supply, bridge balance circuits, and calibration cir
cuits. System can be used with any bridge transducer 
having 1 to 4 active arms. Output signal is ±5 v de 
at 350 ohms impedance.

Video Instruments Co., Inc., Dept. ED, 3002 Penn
sylvania Ave., Santa Monica, Calif.

Stepping Relay 675
For machine control. Complete industrial control 

stepping relay assemblies are supplied ready for in
stallation. Count-up, count-down and combination 
systems are available with or without instantaneous 
reset. Standard units provide 4, 5 and 10 points. Life 
expectancy is 200 million steps.

Programation Div., Guardian Electric Manufactur
ing Co., Dept. ED, 1621 W. Walnut St., Chicago 
12, Ill.

If you want ELECTRONIC DESIGN 
to reach you without interruption 
mail your renewal form now!
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Ratings and Specifications
Resistive or Inductive Load Single Phase 60 cps, Sinusoidal)

’Rating assumes rectifier cell heat sink of less than 3°C/Wott.

Max Allowable Peak Reverse*
4JA70Ü 4JA70C 4JA70D 4JA70E 4JA70M CAT NO

Voltage (Repetitive) 200 300 400 500 600 volts
Max Allowable Transient Peak

Reverse Voltage (5 millisec Max) 
Duration (T| = 0°C to 200°C 300 400 525 650 800 volts

Max Allowable Voltage (RMS) 140 210 280 350 420 volts
Max Average Single Phase 

Forward Current (Ts=150°C) 70 70 70 70 70 ADC
Max One Cycle Non-Recurrent 

Peak Surge Current 1600 1600 1600 1600 1600 Ampi
Avg. Forward Voltage Drop 

At 70 Amps DC Single Phase 
(Ts = 150°C) Full Cyclo Average 0.45 0.45 0.45 0.45 0.45 volts

Max Instantaneous leakage Current 
At Rated PRV (In Milliamperes) 24 24 24 21 16 ma

Max Junction to Stud 
Thermal Resistance 0.5 05 0 5 05 05 •C/Watt

Operating and Storage Temp Range 
(Junction) — 40 to +200 -40 to +200 — 40 to +200 -40 to +200 -40 to +200 •c

Stud Torque 100 IOC 100 100 100 In-lbs.

ELECTRONIC DESIGN • May 10, 1961



Circuit-Board Vise 676

all hard solder 70 amp
silicon rectifier
With these important features
for power supply applications requiring d-c 
outputs as high as 70 amperes per rectifying 
element at rms input voltages up to 420 volts:

• Freedom from thermal fatigue

• Higher PRV capabilities

• Higher surge current capabilities

• Very low leakage

• Greater uniformity from cell to cell

Can be rotated. A convenient means of holding 
printed-circuit boards during assembly operations is 
provided by the Quick-Clip vise. Board can be ro
tated in an arc of more than 180 deg, and is ac
cessible on both sides. Vise is 6 in. long with jaws 
13/32 in. deep.

Western Electronic Products Co., Dept. ED, 2420 
N. Lake Ave., Altadena, Calif.
Pi? A. $9.65 ea; stock.

Oscilloscope Probes 677
General-purpose type. The 24 low-capacitance 

probes in series P6000-P6005 offer choice of attenua
tion ratios of 1:1, 10:1, and 100:1 in four cable 
lengths. Made for use with de to 30-mc oscilloscopes, 
termination is BNC or uhf connector. Types P6017 
and P6022, made for use with de to 15-mc instru
ments, have attenuation ratios of 10:1.

Tektronix, Inc., Dept. ED, P. O. Box 500, Beaver
ton, Ore.
Price: $12.50 to $21.50 ea.

• Extremely low forward voltage drop

For applications information and complete 
technical data, call your G-E Semiconductor 
District Sales Manager, or write Rectifier Com
ponents Department Section 23E15, General 
Electric Company, Auburn, New York. In 
Canada: Canadian General Electric, 189 Duf
ferin St., Toronto, Ont. Export: International 
General Electric, 150 E. 42nd St., N.Y., N.Y.

a i«00

< <4 1200
UJ
Z 2 1000
V) UJ ___CE 800
<3 «00
xg ««O 
S * 200 
ag 0

2 3 4 5*78910 20 JO 40 SO 60
CYCLES AT 60 CPS

Noise Suppressors

•••Mi
678

For inductive switching. No shielding is required 
for this line of devices used in suppressing rf noise 
generated by switching inductive loads. Units also 
provide contact arc suppression.

Relcoil Products Corp., Dept. ED, Spring St. & 
Route 75, Windsor Locks, Conn.

For fast delivery of selenium, germanium and silicon 
rectifiers, at factory low-prices, see your authorized G-E distributor Starters and Combinations 679

GENERAL ELECTRIC
Redesigned, the M60 EPC starters and combina

tions are offered in 7, 9, 11 and 13 in. to take sizes 
0 to 5 starters and combinations. Features include: 
one or two pilot lights, pushbutton stations, selector 
switches and covers with plugged openings.

Crouse-Hinds Co., Dept. ED, Syracuse 1, N.Y.
CIRCLE 133 ON READER-SERVICE CARD
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NEW PRODUCTS

Insulation Tester 680

Dept. ED. Ill

RF Connectors 681

In crimp-on design. ConheX crimp-type connector
available

affect impedance value as there

Power Supply 682

better than 1%; current

Dept ED, 1930

CIRCLE 134 ON READER-SERVICE CARD

142

Provides 15 kv. A de power supply, model LAB-10 
is continuously variable from 0 to 15 kv. Regulation

with positive or negative output. Panel height is 
8-3/4 in. Automatic overload and sensitivity control

quality... 
selection

Measures high resistances. The Teraohmmeter 
makes resistance measurements over a range of 2 meg 
to 5 x 1015 ohms at potentials up to 1 kv. A pair of 
7-in. meters accurate to 0.5% are used for voltage and

Supply is available

ENVIRONMENTAL * ■ TEST EQUIPMENT

Statham Instruments. Inc.
12401 W Olympic Blvd. 

Los Angeles 64, California
. Granite 8-0361/TWX
k West Los Angeles CAL 6602 A

Standard Model G-M Sen 
immediately available

resistance indications.
Rohde & Schwarz Sales Co.

Lexington Ave.. Passaic, N J.

Sealectro Corp., Dept ED, 610 Fayette Axe 
Mamaroneck, N. Y.

Other offices in principal cities
CIRCLE 135 ON READER-SERVICE CARD 
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bly time is reduced by 66%. The process does not

are optional.
Spellman High Voltage Co. 

Adee Ave., Bronx 69, N. Y. 
Price: $275.

The broad selection of G-M Servo 
Motors and Generators assures quick 
and complete adaptation to your servo 
development and production programs. 
•Sizes range from 5 to 18. More im
portantly, every G-M Servo is built 
with a full margin of reliability. G-M's 
extra design experience is proven in 
production by test, after test, after 
qualification test.
Qualify G-M Senos for all of your proj
eels non, in advance of actual need. Send 
procurement specs and prints today.

Phone: PEnsacola «-1800 (TWX CG-3266)

PORTABLE

The MC is the largest precision portable temperature test
chamber available... an economical, accurate, flexible facil
ity for dynamically “proof-testing” electronic components.

Only the portable MC-222 offers :
• Temperature range from — 100°F. to 4-750° F.
• Accuracy to ±2 °F. of selected temperature
• Heating and cooling rates, variable from 5°F. to

20°F. per minute
• Temperature range interchangeability
'• Tests up to 1500 Diodes or 1000 Transistors
• Solid state proportional electronic control or contact 

Pyrometer control
Fora ',-page op» ru'mn manual, write:



Wirewound Resistor 683 amco WOOG’s
CERTIFIED SHOCK TESTS

"The light touch . . . 
in automation and control"

. . the 
CLAIREX 
Photoconductor

Rated at 2 w. Miniature 2-w insulated-shell wire- 
wound resistor type 248E has a top resistance value 
of 3 K in size 15/64 in. OD, 7/16 in. long. Ceramic- 
insulated wire is used in multi-layer winding. Outer 
shell is nonporous, tubular ceramic.

Technical Literature Section, Sprague Electric 
Co., Dept. ED, 347 Marshall St., North Adams, 
Mass.

Power Transducer 684

►own <o»run«
Illustrated; 
an "L" type 
particularly 
useful in
transistor 
and other 
low-voltage

' applica
tions, 
from the 
miniature 
600 series.

A
Circuit 
Component 
Controlled by 
LIGHT

I

Accurate to 0.5%. Hall effect power transducer 
PC-500 produces a de voltage output proportional to 
true power. Frequency range is 50 to 1,000 eps, line
arity 0.5% or better. Output is 0.4 mv per w +20%, 
— 10%. Output is constant within 0.5% from —5 to 
+75 C. Case size is 4-1/4 x 3-7/8 x 3-5/16 in.

Ohio Semiconductors, Dept. ED, 1205 Chesapeake 
Ave., Columbus 12, Ohio.
PLA: $143.59 ea. 1 to 24; 2 weeks.

CLAIREX
CORPORATION

19 W. 26 St, Naw York 10, N.
MU 4-0940

Aluminum

Semi-Custom

Custom

Amco Aluminum and Semi-Custom Modular 
Frames qualify for Airborne, Shipboard and 
Ground Support Applications
Certified Independent Tests prove Amco Aluminum 
and Semi-Custom Frames withstand shock & vibra
tion under Mil E-5272C; Procedure XI (5-500cps), 
Procedure III (approx. lOOOg’s shock Mil-S901), 
Procedure II (15g’s and drop Mil-S4456). Write for 
Test Report Supplement E.
ALUMINUM ...Unique! Meets any size. . . Flush or 
recessed mounting of panels. Almost any shape from 
13 basic parts ... 3 castings & 10 extrusions. Units 
from 6" to 20 ft.; slopes from 0° to 90° standard. 
MilSpecs 6062-T6 extrusions and 356-T6 castings.
SEMI-CUSTOM ... Heavy-duty, more internal clear
ance ... 14 ga. box-channgl ¿steel frames, 12 ga. gusset- 
ing provides exceptional rigidity both front-to-back 
and side-to-side. Frames based on 22’16' increments 
provides clearance for recessing 19* wide panels. 
Meets EIA Standards.

CUSTOM .. .When space and appearance are critical 
... 16 ga. double-channel steel frames, based on 
increments of 19’46' widths, supports in excess of 3000 
lbs. Multi-width panels and cowlings give single-unit 
appearance with series mounted racks. Meets EIA 
Standards.
Amco manufactures all necessary blowers, chassis 
slides, doors and drawers, writing surfaces, cowling 
lights and other accessories. Check the extra sav
ings you get thru Amco's combined-discount system 
of racks and accessories. PLC'S FREE ASSEMBLY.
Amco is your one complete source of Modular Instru
ment Enclosure Systems and Accessories. Write today 
for catalog of complete specifications.

REALISTIC 3 WEEK DELIVERY

Factory trained representative* in principal citie* 
of U.S. and in Canada.

AMCO ENGINEERING CO.
L 7333 West Ainslie Street, Chicago 31, Illinois

685Oscilloscope Bay

^7<wco\

See us at thè Design Engineering Show, Detroit, Michigan, Booth No. 449 
CHICLE 137 ON READER-SERVICE CARD

Provides 7 monitors. Model 260 oscilloscope bay 
has 7 solid-state monitor oscilloscopes in a 3-1/2 x 
19-in. rack mount. Scope modules have frequency 
response of de to 1 me within 3 db; vertical sensi
tivity is 0.5 to 5 v rms per in. Sweep rate is 10 cps 
to 100 kc. A 2-in. flat face cathode-ray tube is used.

Electro Instruments, Inc., Dept. ED, 8611 Balboa 
Ave., San Diego 11, Calif.

Mail your subscription renewal today. 
Get every issue of ELECTRONIC DESIGN.

1961
CIRCLE 136 ON READER-SERVICE CARD
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686Frequency Standards

addi

4501 W

is a687Resolver Tester

CELCO YOKES
function. Resolver functionChecks

more than 0.002% into the test. Range is 360

Television Camera 688

CIRCLE 138 ON READER-SERVICE CARD

Don't miss a single issue of 
ELECTRONIC DESIGN. Send renewal now!

> Ceke YOKES 
keep spots smallest

100-kc outputs; the laboratory model has 
tional 10-kc signal. .

Motorola, Inc., Dept. P-126, Dept. ED, 
Augusta Blvd., Chicago 51, Ill.

is a high 
resolution spot 

with

deg, quadrature rejection 50:1. Bridge will test all 
resolvers with phase shifts between —5 and -j—20 
deg and outputs between 5 and 50 v.

Theta Instrument Corp., Dept. ED, 520 Victor 
St., Saddle Brook, N. J.
/’¿•A: $2,000; stock.

CIRCLE 139 ON READER-SERVICE CARD

CIRCLE 140 ON READER-SERVICE CARD *

MiIr Plait MANWAH. N. 1 DA»K 7-1113
Pacific Division - Cucamonga. Calif. - YUkon 2 -2684

Image orthicon type. Designed for use in closed- 
circuit television situations where a minimum amount 
of light is available, the transistor camera combines 
the advantages of low weight, small size, and high 
light sensitivity, with a reduced cost. Preamplifiers 
are integrated into the camera socket to decrease 
lead length and stiay pick-up from the otherwise 
normal impedance of the camera tube.

Thompson Ramo Wooldridge, Inc., Dage Div. 
Dept ED, Michigan City, Ind.

bridge model RF-3M shows as a percentage the 
difference of a computing resolver’s output from ideal 
sine or cosine function. The device will not introduce

Are transistorized. Portable frequency standard, 
weighing less than 7 lb, maintains frequency stability 
of 1 part in 1 billion per day. A laboratory model 
uses a vlf syncro phase receiver to provide auto
matically corrected output signals stable to ±2 parts 
in 1 billion. The portable unit provides 1-mc and

A (Mm YOKES 
keep spots roundest

»(Mm YOKES 
keep spots sharpest

Use a CELCO DEFLECTION YOKE for 
your high resolution applications.

In a DISPLAY SPOTY^call Cried

For overcurrent protection that fits hand-in-glove with tight operating specs, try the 

Heinemann Type C Overload Relay. You can practically design it yourself, to your particular 
requirements And at reasonable cost. You not only can specify the exact integral or frac
tional continuous-duty current rating you need (between 0.02 and 60 amps), you can spec 
response characteristics, too. Within broad overall limits, you can have the precise time- 
delay-vsoverload action you want. All you have to tell us is the time within which actua
tion must occur at any specified overload value. In most cases, this value can be as low as 
115% rated load (Because the Type C is magnetically actuated, the calibrated trip points 
you select will remain constant for the life of the relay—no ambient-temperature compen
sation ts necessary.) ■ Optionally available with trip indication and lock out features, the 
Type C Relay is fully described in our Bulletin 5103. Write for a copy

HEINEMANN ELECTRIC COMPANY, 156 BRUNSWICK PIKE, TRENTON 2, N. J.

Celte
(fated fatticce 

(fo



NEWEST ULTRA HIGH SPEED
saturated logic switching

TRANSISTORS FROM PSI

2N919
2N920
• Low Vce (sat) • Low Ts • High Power

(formerly PT706)

MEDIUM h

(formerly PT706-1)

HIGH h

• High Current

Meet or exceed all epitaxial characteristics . . . and delivery now!

TECHNICAL DATA
TYPE *«• Veto Vtio hre* Vcf(sat)* T > max.* Pkg.

2N919 25 20 5 20-60 .2 25 ns TO-18

2N920 » » 5 40-120 .2 25 ns TO-18

NOTE: GUARANTEED 15 ns Max.T, available in both types. Specify "A” versions. 
•See data sheet for exact test conditions.

Phone, wire or write a nearby PSI field office for 
full details, delivery schedules and quantity prices.
Off-the-shelf delivery from PSI distributors everywhere.

Pacific Semiconductors, Inc.
a Sl BS I DIARY OF THOMPSON RAMO WOOLDRIDGE INC.

12955 CHADRON AVENUE, HAWTHORNE, CALIFORNIA



PSI

2 NEW
TRANSISTORS

for 3 SPECIAL

APPLICATIONS
• Newest Core Driver
• Medium Power Switch
• Clock Pulse Generator

PT600
Medium hFE

PT601
High hFE

Low Vce (sat) High Current Fast Switching Controlled Ive

TRIPLE DIFFUSED MESA CONSTRUCTION
TECHNICAL DATA

'Measured at 1 Amp collector current See data sheet for exact conditions.

TYPE Vcso VCM Veso hft* VCE(Mt)* 
max U typ.* Pc 25“C PM-

PT600 60 45 4 15-45 1.0 40 ns 13w TO-8

PT601 80 45 4 3090 1.0 30 ns 13w TO-8

Phone, wire or write a nearby PSI field office for 
full details, delivery schedules and quantity prices. 
Off-the-shelf delivery from PSI distributors everywhere.

Pacific Semiconductors, Inc.
A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC.

SALES OFFICES
12955 CHADRON AVENUE, HAWTHORNE, CALIFORNIA
OR 8-4711, OS 9-2281 e TWX: HAW CAL 4270 e Cable Address PSISOCAL

NEW YORK-870 Broadway, Newark 4, New Jersey • 
HUmboldt 4-5616 • THU.-. NK 1010

Boston —471 Washington Street, Wellesley 81, Mass. • 
CEdar 5-0171

Syracuse —4455 E. Genesee Street, De Witt New York • 
Gibson 6-4600

CALIFORNIA-8271 Melrose Ave., Los Angele* 46, Calif-
OLive 3-7850

San Diego —2223 El Cajon Blvd. —Room 211 •
CYpress 7-3951

Palo Alto-701 Welch Road-Suite 205, Palo Alto, Calif.
• DAvenport 1-2240

ILLINOIS-6957 West North Avenue, Oak Park, Illinois 
Village 8-9750 • TWX: OKP 1547

Dalia* —P.O. Box 6067, Dallas, Texas • Riverside 7-1258
Detroit—1204 No Woodward Ave. Royal Oak, Michigan

• Lincoln 8-4722
St. Paul—1602 Selby Ave., St Paul 4, Minn. • Midway 

5-9351
PENNSYLVANIA —No. 4 Township Line Road, Philadel

phia 17, Pa. • Pilgrim 2-8089
Baltimore—1811 North Rolling Road, Baltimore 7, Md. 

* Windsor 4-3622
DISTRIBUTORS IN MAJOR ELECTRONIC CENTERS COAST-TO-COAST



689Cathode-Ray Tube

Eyelets

690Pressure Switch

0.5

Typical Curve for a TC-1-03-250 Cup Cote

691

145< CIRCLE 140 ON READER-SERVICE CARD

Temperature Stable 
Ferramic Cup Core with 
Precision Ground Air Gap

Mounting Base Plate 
Tin Plated Brass

Internally Threaded Plastic 
Sleeve DuPont Delrin«

Shell Mounting Bracket 
Nickel Silver

48 Pitch Threaded 
Ferrite Tuning Slug

Complete digital descriptions can

For telephone data transmission. The TEN! series 
of line equalizers is used to offset the amplitude and 
delay distortion inherent in telephone lines. The 
compact unit is adjustable for line lengths to 25 
miles.

SEG Electronics Co., Inc., Dept. ED, 12 Hinsdale 
St., Brooklyn 7, N. Y.

corded in 50 msec. The code matrix provides up to 
1,024 bits.

Litton Industries, Display Devices Dept., Dept. 
ED. 960 Industrial Road, San Carlos. Calif.

DuPont Delrin * Bobbins in 1 
2 or 3 Sections

For direct optical printing at high speeds on film, 
type E1E11 has fiber optic-light pipes. The pipes 
conduct the light from the phoshor on the vacuum 
side to the atmospheric side of the face plate without

From General Ceramics Division of
INDIANA GENERAL CORPORATION

0’C 10X 20 C 30 C 40 C 50 C 
+ 10

For automatic control, this pressure switch has 
applications in air compressors and automatic indus
trial controls. The contact block assembly is designed 
to be replaced in a minimum of time.

Lanes Industries Corp., Dept. ED, 612 Colorado 
Ave., Santa Monica, Calif.

b , FERRITES AND MEMORY PRODUCTS 
CIRCLE 141 ON READER-SERVICE CARD

FOR FILTER NETWORKS 
DELAY LINES

Now, a complete line of in-stock cup core assemblies designed 
for electronic coil applications requiring inductance and 
permeability having exacting temperature stability and linearity.

The high “Q” factor exhibited by these temperature compen
sated cup cores is engineered to meet the most rigid coil 
design requirements.
TC permeability stable units combine optimum operating 
performance in the smallest possible space providing com
plete design flexibility at low cost.
For exact recommendations and fast off-the-shelf deliveries, 
write, wire or phone today — ask for Bulletin 28-M5.

Phone VAIley 6-5100 • Direct Distance Dialing Code 201

KEASBEY, NEW JERSEY, U.S.A.

FEATURES THAT PAY OFF IN 
PERFORMANCE AND COST

• Seven szes from stock .599" to 1 425" O D.
• Frequencies — 1KC to 1MC
• Q" values to 750
• Standard Gapped Inductance Values 40 to 

1000 MH/1000 turns
• Extreme temperature stability
• Trimmer for minimum of 12% adjustment
• Complete assembly available

Ferramic® Cup Core Assemblies with Unmatched Stability 0° C to 50°C 
(International Series)



NEW PRODUCTS

692Differential Indicator

693Switching Transistors

DC Amplifier 694 computers

146

carat Jewel

ELECTRONIC DESIGN • May 10, 1961

For pressure systems. Differential pressure indi
cator is used as an automatic control instrument for 
balancing two interconnected pressure systems. Pres
sure rating is 12,000 psi, with resolution of 0.05 psi 
full scale. Indicator may also be used to seal pres
sure fluid in a gaging system against liquids and 
gases in a system under test.

Ruska Instrument Corp., Dept. ED, 6121 Hill
croft Ave., Houston 36, Tex.

Accuracy is 0.1%. The 121A de amplifier is a 
solid-state, wide-band unit with 11 gain steps from 
0 to 1,000, each step adjustable. Gain accuracy is 
±0.1% at de, ±0.25% to 2 kc. Output is ±15 v de 
or peak ac into 200 ohms or more, ±100 ma de or 
peak ac into 10 to 100 ohms. Combined ripple, 
intermodulation and distortion is less than 0.1% of 
output to 2 kc, 0.25% to 10 kc at any gain.

Kin Tel Div. of Cohu Electronics, Inc., 5725 
Kearny Villa Road, San Diego 12, Calif.
Pi?A: $1,000; 30 days.

Are epitaxial mesa types. Silicon 2-w transistors 
handle 500 ma of collector current in a total switch
ing time of 105 nsec. The npn devices have storage 
time of 25 nsec max, and saturation voltage of 0.45 
v max. Storage temperature is —65 to -|-300 C. 
Type designations are 2N1958 and 2N1959.

Sylvania Electric Products Inc., Dept. ED, 730 
Third Ave., New York 17, N.Y.
Price: $13 and $14 ea, 100 to 999.

Hughes® silicon alloy computer 
diodes weigh about the same as a 9/10- 
carat diamond (180 mg.) and they are just 
about as valuable to computer designers 
and manufacturers.

These diodes combine several important 
advantages- High forward conductance, 
medium breakdown voltage, extremely 
low leakages at room and high tempera
tures. "zener type” stable hard back 
characteristics—plus fast recovery under 
high level switching conditions.
Now add dependability. The silicon alloy 
process plus extreme cleanliness in man
ufacture gives these Hughes diodes the 
ruggedness and reliability of a workhorse. 
This is proved by their ability to meet 
MIL-S-19500B or MIL-E-1 D.



695Memory System Exerciser

SILICON FAST SWITCHING COMPUTER DIODE

Disk Thermostats 696

Dept. ED,

Zener Diodes 703

Inc., Technical

147

Stevens Manufacturing Co., 
P. O. Box 1007, Mansfield, Ohio.

Information Center, Dept. ED, 5005 E. McDowell 
Road, Phoenix, Ariz.
Price: $9.45 to $14.90 ea, 100 up.

is ±5%. Types 
and 1N3012-

Help yourself to a generous portion of "peace 
of mind.” Specify Hughes silicon alloy com
puter diodes or other silicon alloy devices... 
general purpose diodes, rectifiers, ultra-fast 
computer diodes, capacitor and zener diodes. 
For further information contact your nearest 
Hughes Semiconductor sales office or Hughes 
authorized distributor. Or write Hughes Semi
conductor Division, Marketing Department, 
Newport Beach, California.

range is —65 to 175 C; tolerance 
are 1N297O-3O11B(RB) (Sig. C) 
3015B(RB) (Sig. C.).

Motorola Semiconductor Products

Are snap-acting. Bimetal disk thermostats type A 
and AY are made in many ranges, tolerances and 
differentials for operation from —20 to +300 F. 
Typical rating is 4 amp resistive at 120 v ac for 
100,000 cy. Disk may be enclosed or exposed; a 
variety of terminals and mounting provisions can 
be supplied.

Simulates computer environment. Model 2032 
memory system exercizer is an automatic, high 
speed digital computer simulator that tests and 
evaluates for a wide range of operating parameters, 
complete memory systems. Of modular construction, 
it simulates exact computer environment for testing 
during development various types of memories.

Rese Engineering, Inc., Dept. ED, A and Court
land Sts., Philadelphia 20, Pa.
PLA: $25,800 ea; from stock.

CIRCLE 142 ON READER-SERVICE CARD
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Rated at 10 w. Military 10-w Zener diodes are 
made in 36 voltages, ranging from 6.8 through 200, 
and in 2 polarities. Junction and storage temperature

HUGHES AIRCRAFT COMPANY
SEMICONDUCTOR DIVISION

Creating a new world with ELECTRONICS

'•Measured in modified IBM “Y” test circuit when switched from 30mA forward current to —35V. 
# Measured in JAN 256 test circuit and switched from 5mA forward current to —40V.
♦Measured in JAN 256 test circuit and switched from 30mA forward current to —35V.
t Signal Corps Single-Service Approved.

Jedec 
Type

Min.
Breakdown 

Voltage 
@100gA 

(V)

Min. Forward 
Current 
®+1V 
unless 

noted (mA)

Max. Reverse Current® 
Specified Test Voltage (mA) Power

Dissipation
Reverse Recovery

®25°C ®100°C Volts (Msec) (K ohms)

1N625 30 4® 1.5 1 30 —20 200 1” 400
1N626 50 4@1.5 1 30 -35 200 1** 400
1N627 100 4® 1.5 1 30 —75 200 1“ 400
1N628 150 4®1.5 1 30 —125 200 1“ 400
1N629 200 4@1.5 1 30 —175 290 1« 400

t1N643 200 10 1 15 -100 200 0.3# 200
1N643A 200 100 1 15 —100 200 0.3# 200

t1N658 120 100 .050 25@150°C “”50 200 0.3# 400
1N659 60 6 5 25 -50 200 0.3# 200
1N660 120 6 5 50 -100 200 0.3* 400
1N661 240 6 10 100 -200 200 0.3* 400

I1N662 100 10 20 100 -50 200 0.5# 100
1N662A 100 100 20 100 -50 200 0.5# 100

t1N663 100 100 5 50 —75 20li 0.5# 200
1N663A 100 100 .1 15 —75 200 0.3* 29u
1N837 100 150 .1 15 —75 0.5* 400
1N837A 100 150 .1 15 -80 0.3* 400
1N838 150 150 .1 15 —125 0.5* 400
1N839 200 150 .1 15 -175 0.5* 400
1N&40 50 150 .1 15 -40 0.3* 400
1N841 150 150 .1 15 —120 0.3* 400
1N844 100 200 .1 15 -80 0.5* 400
1N845 200 200 .1 15 -160 0.5* 400



NEW PRODUCTS
Split Capacitor Motor 709

Redmond Co. Dept. ED, Owosso, Mich.

Heat Dissipators 711

Power Relay 715

Regular price $2.50, save 50c if cash enclosed with order.

148

BOX 
FILES

“Cu-C” plated fhiuholt offers high strength and continuity at foil tr deposit interface NOTE 
continuation of foil crystal structure into deposit.

ELECTRONIC DESIGN . May 10, 1961

For power transistors. Heat dissipators are de
signed to use a minimum of space while maintaining 
low thermal resistance with natural or forced draft 
cooling. Devices are made to accommodate TO-3 
transistors and diodes, TO-36 transistors, and West
inghouse 2N1015 transistors.

Augat Bros. Inc., Dept. ED, 33 Perry Ave., Attle
boro, Mass.

Has inverted coil. Series 2300 power relay is com
pact with an inverted coil. Contacts are rated for 
15 amp at 115 v ac noninductive, or 1 hp at 115/ 
230 v ac 60 cps.

Guardian Electric Manufacturing Co., Dept. ED, 
1550 W. Carroll Ave., Chicago 7, Ill.

"Cu-C” plrted thru hole is actually an electro formed copper eyelet -absolute reliability in atum- 
ically bonded copper to copper thru noIe connection NOTE aos-nce of undercut, hence elimination 
of entrapped etchants and other ionic contaminants

Diam is 4-7/8 in. Type CR fractional horsepower 
electric motor is for a wide range of applications. It 
is available in 4- and 6-pole design, from 1/20 
through 1/4 hp. It is claimed the motor combines 
higher starting torques with increased efficiency.

In your etched circuitry applications, this kind of craftsmanship 
spells out complete reliability plus jewel-like perfection in your 
system’s printed circuit components. The price is right, too, and 
delivery dates are firm. Call us to bid on your current project.

Here’s Proof of Graphik Circuits 
Built-in Quality Control

Please send Electronic Design Box Files.
Name & Title.........................................................
Company ... ............ ..................... .............—.....
Address...... ..... ....... ...............  —
City...... .............     Zone-------State.
Electronic Design, 830 Third Ave., N. Y. 22, N Y.

Cash enclosed □ ($2.00 per unit)
• HI me J ($2.50 per unit)

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.

Gliaphik-Cbuu^
Division of Cinch Manufacturing Company. 200 So Turnbull Canyon Road. City el Industry (Los Angeles) Calif 
Offices in If Principal Cities throughout United States listed under Cinch Mfg. Co. or United Carr fastener Corp.
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THIS IS ONE
USE FOR INDIUM

114.76

Legend Light Capsules 716
In three colors. Indicator light capsules have leg

end areas illuminated in any one of three colors. 
Designated R2401 and R2402, they use white lamps 
with colored filters. They can be mounted in com
pact modular arrangements flush with the panel, side 
by side, or stacked vertically.

Radar Relay, Inc., Dept. ED, 2322 Michigan 
Ave., Santa Monica, Calif.

Induction Heat Generator 717
Continuous output is 15 kw. The unit can be 

switched from 300 kc to 7 me almost instantly. A 
saturable reactor is used for output control; manual 
control is possible. The unit is suited for virtually 
any induction heating process.

Induction Heating Corp., Dept. ED, 181 Wythe 
Ave., Brooklyn 11, N.Y.

Display Scope 718
Transistor-driven, this unit has a variety of ap

plications in data systems. The MS-2 occupies 17.5 
in of rack space and consumes 230 w. All circuitry 
but the picture tube is solid state. Power supply is 
self-contained.

Kauke & Co., Inc., Dept. ED, 1632 Euclid St., 
Santa Monica, Calif.

THERE ARE X MORE!
"Indolloy" Intermedióte Solders, manufactured exclusively by The 
Indium Corporation and used extensively in printed circuit work, are 
noted for their wettability, corrosion-resistance, help when special 
temperatures ore important, flowability and workability. Indium is 
available in many forms and con be tailor-made for ANY application 
Write today for research help.
"INDALLOY" SOLDERS ADHERE TO • 26 METALS, ALLOYS 

• 21 THIN METAL FILMS • 18 NON-METALS
FREE SOLDER BOOKLET Write Dept. E-5 for new Indium bulletin: 

"INDALLOY" Intermediate Solder.

INDIUM
CORPORATION OF AMERICA

1676 LINCOLN AVENUE UTICA, NEW YORK
Pioneers in the Development and Application of Indium for Industry
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Miniature Reed Relays
1, 2, 4 and 12-POLE ENCAPSULATED TYPES

12 poles in a sturdy unit only 2-1/8" long
(including leads) x 19/32" deep x 1-25/32" wide! . . .

1, 2 and 4-pole types similarly miniaturized .. .
designed for reliable light load switching ...

In-line terminals for 0.1" grid center mounting ...
Normal operate times less than 1 msec for 1-pole units . ..

2.5 msec for 12-pole ...
Release less than 0.3 msec for all . . .

Write for Bulletin MRR-1 to:
Struthers-Dunn, Inc., Pitman, New JerseySTRUTHERS-DUNN

World’s Largest Assortment of Relay Types ——
Sites ERgiaeeriRg sltices Ir: Atlanta . Boston . Buffalo . Charlotte . Chicago . Cincinnati . Cleveland 
Dallas . Dayton . Denver . Detroit . High Point . Kansas City . Los Angeles . Montreal . New York 
Orlando • Pittsburgh . St. Louis . San Carlos . Seattle . Toronto • Export: Langguth-Olson Co., New York

CIRCLE 146 ON READER-SERVICE CARD
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NEW PRODUCTS
Extra quality at no extra cost with Bendix Semiconductors

Digital Recording System 719w/efin

ANOTHER BENDIX FIRST!
120-V0LT, 110 C. DAP TRANSISTORS

Solid-State Converter 720

Alitnliili Miiimam Rating!

5 Adc

10 Ad.

25 Adc

Pulse Rate Detector 721

150

If you want ELECTRONIC DESIGN 
to reach you without interruption 
mail your renewal form now!

Electrical Charaeterittics 
Current gain

NEW BENDIX SEMICONDUCTOR PLANT situated on 118 acres at Holmdel, NJ., is devoted exclusively to research, engi
neering, and manufacture. A big reason you can continue to look to Bendix Semiconductors for extra quality at no extra cost.

Minneapolis Honeywell Regulator Co., Industrial 
Systems Div., Dept. ED, 10721 Hanna St., Belts
ville, Md.Here’s important news for you if you’re a design 

engineer. New Bendix 10- and 25-amp DAP® 
diffused alloy power transistors switch high currents 
in microseconds. They also offer low input resistance 
for increased circuit stability over a temperature 
range from -60°C. to +110°C.

ELECTRONIC DESIGN • May 10, 1961

Only Bendix brings you all these advantages . . . 
plus many more... that open the door wide to new 
design ideas and applications. Write for full details.

2N 1651
2N 1652
2N 1653

Produces 10-bit binary output. A solid-state con
verter for high speed voltage-to-digital and digital- 
to-voltage conversion, the Digilog-1011 is designed 
as a reliable input source for computers, control sys
tems and storage systems. Output is serial or parallel 
10-bit binary plus polarity indication. Voltage-to- 
digital conversion rate is 5,000 per sec; digital-to- 
voltage conversion rate is 100,000 per sec.

General Precision, Inc., Librascope Div., Dept. 
ED, Glendale, Calif

Delivers up to 15 w. This pulse rate detector is 
designed to serve as a supervisory control where 
time rate function of pulsing contacts or special sig
nal pulsing systems require alarm when contacts fail 
or vary from set parameters. Units are either fixed 
or adjustable types and are capable of delivering 
up to 15 w for actuation of an alarm relay or other 
type of control devices.

Guardian Electric Manufacturing Co., Dept. ED, 
1621 W. Walnut St., Chicago 12, III.

SEMICONDUCTOR PRODUCTS

Red Bank Division
HOLMDEL, NEW JERSEY

•The BC DAP transistor series uses Cerameterm ceramic-metal terminals tor increased 
reliability.

“Designed to meet SCL 7002/25A.

That’s not all you get with these new DAP 
transistors. They’re also available with new Cera
meterm (ceramic-metal terminal) bases specially 
developed by Bendix for extra reliability in severe 
applications demanding high performance.

For unattended data acquisition over long periods, 
type 6150 accepts asynchronous data by a tape
stepping method. It handles 38 hr of continuous 
recording on one tape reel. Nominal speed is 30 
steps per sec. It operates from two 12-v batteries or

Main Office: South Street, Holmdel, NJ.—Phone; SHadyside 7-5400—TWX Holmdel NJ 1388 • New England Office; 114 Waltham, Lexington, Mom.— Phone; VOlunteer 2-7650. 
Detroit Office; 12950 West 8 Mile Rd., Detroit 37, Mich.—Phone: JOrdan 6-1420 • Midwest Office: 2N565 York Rd., Elmhurst, III.— Phone: BRowning 9-5050—TWX Elmhurst III 393. 
West Coast Office: 117 E. Providencia Ave., Burbank, Calif.—Phone; VI. 9-3961—TWX BRB 9808 • Canadian Affiliate: Computing Devices of Canada, P.O. Box 508, Ottawa 4, Ont. 

Export Office: Bendix International, 205 E. 42nd Street, New York 17, N.Y.—Phone; MUrray Hill 3-1100—TWX NY 1-4800.
Stocking Distributors—Contact nearest sales office for name of local distributor.
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Exclusive! Available with 
Cerameterm* terminals that set 

new reliability standards

fele
5 Adc

30-120
20 min.
20 min.
20 min.

2N 1073 
2N 1073A
2N 1O73B

•BC 1073
•BC 1O73A
•BC 1O73B

B 1274
B 1274A
B 1274B

-BC 1274
•BC 1274A
•BC 1274B
•2N 1430

hFE
20-60 
20-60 
20-60 
20-60 
20-60 
20-60
50-120 
50-120 
50-120 
50-120 
50-120 
50-120



722Pulse Generators

NEUTRAL

VARISTORS¡5 to 100

LOAD
723Rotary Accelerator

dates test spec

Precision tuners use CARBORUNDUM CERAMIC SHAFTSCentrifugal Switch 724

CIRCLE 246, 247, 248 ON READER-SERVICE CARD

Millions of street lights are now 
switched on and off automatically by 
photo-electric controls such as the

BIMETAL 
HEATER

LIGHTNING«" ' 
ARRESTER I

PHOTOCON DUCTIVE 
CELL

rise and fall times of less th;

ELECTRONIC DESIGN • May 10, 1961

For ceramic parts and metallized assemblies, Kovar alloy, ceramic resistors, varistors and thermistors . . . count on CARBORUNDUM®

NEW BOOKLET AVAILABLE ON 
GLOBAR® Type BRN VARISTORS

nsec, and pulse width less than 8 nsec. Amplitude 
is continuously variable from 0 to 4 v.

Texas Instruments, Incorporateti, Dept. ED. P. O. 
Box 6027. Houston 6, Tex.

up to 100 lb. Drift is 0.1%

Photo-electric street light controls 
protected against transient voltages 

by Carborundum’s Varistors
switch 

normally
CLOSED

Have high repetition rates. Solid-state pulse gen
erating equipment has high repetition rates and fast 
rise and fall times. Line includes two clock pulse gen
erators and a programed pulse generator. The clock 
pulse units have repetition rates of 3 to 25 me and

Used with tachometers. Designed for automatic 
range changing on 2-scale tachometers, the Syncro- 
Snap switch is suitable for automatic detection and 
control of a high and a low speed on one or many 
circuits at speeds from 0 to more than 15,000 rpm

Torq Engineered Products, Inc., Dept. ED, 32 
W . Monroe St., Bedford, Ohio.

With low-noise design. Solid gold slip rings are 
used for power and signal connections in a rotary 
accelerator. Designed for testing at controlled vari
able accelerations to 150 g, the device accommo-

between the rotor sleeves be held to 
.002 T.I.R. The ball race must have an 
eight micro inch finish to meet Gov
ernment requirements. Extreme pre
cision must be maintained to avoid 
changes in capacitance during opera
tion of the unit.

Precision ceramic or ceramic-to- 
metal assemblies like this are a spe
cialty of our Latrobe Plant. If you 
have any problems of this kind, write 
to Dept. E DC-51, Latrobe Plant, Re
fractories Division, The Carborundum 
Co., Latrobe, Pa.

Circlo 247 on Roador-Sorvico Card

Non-linear, voltage sensitive resis
tors are finding many applications 
for stabilization or voltage control 
in electronic circuits. This booklet 
gives full information. For your 
copy, write Globar Plant, Refracto
ries Division, Dept. EDV-51, Carbo
rundum Co., Niagara Falls, N. Y.

Circle 248 on Reader-Service Card

max per minute, g variation within 0.1% at all speeds.
Maximum test specimen size is 18-in. cube.

Schaevitz Engineering, Dept. ED. Route 130 at 
Schaevitz Blvd., Pennsauken, N.J.

LINE FOLLOW UP
CURRENT LIMITERS

Lumatrol® unit made by Micro Bal
ancing Inc., Garden City Park, Long 
Island, N. Y.

Basic components are a cadmium 
sulphide cell in series with the heater 
winding of a thermally actuated snap 
switch. Resistance of the cell, which 
changes with light, controls current in 
the heater winding around a bimetal 
strip and thus operates the switch.

While cells are quite rugged, they 
are extremely sensitive to over-volt
age caused by switching transients or 
static discharges. To guard against 
damage, Lumatrol controls make use 
of the voltage-sensitive resistance 
characteristic of Carborundum’s 
globar varistors. These are silicon 
carbide resistors which exhibit an 
instantaneous decrease in resistance 
with an increase in applied voltage.

Connected across the cadmium sul
phide cell and from line to neutral, 
they effectively bypass harmful tran
sient voltages.

If you have any application requir
ing surge voltage or similar protec
tion, maybe Carborundum varistors 
can help. For information on types 
and sizes, write Dept. EDV-51, Globar 
Plant, Refractories Division, The Car
borundum Co., Niagara Falls, N. Y.

Circi« 246 on Reader-Sorvic« Card

Shown above is a rotor of a precision- 
RF tuning device used in a military 
transmitter-receiver unit. It is manu
factured by the Radio Condenser 
Company, Camden, N. J.

The ceramic shaft with attached 
brass bands, nose piece and bearing 
sleeve is supplied by Carborundum’s 
Latrobe Plant.

Proper meshing of the gears re
quires that concentricity between the 
nose piece and the bearing surfaces be 
held to .0015 T.I.R. and concentricity

Electronic Products NEWS 
by CARBORUNDUM”



NEW PRODUCTS
Time Code Generator 725

726Circuit Card Module

Power Amplifier 727

152

This is the time of our annual subscrip
tion renewal; Return your card to us.

Output is 25 w. Model 2A, for uses such as tem
perature control, is completely potted for airborne 
and missile environments. Power required is 115 v 
at 400 cps. Control signal input is 0 to 5 mv de to 
provide 0 to 35 v de into a 50-ohm load.

Bergen Laboratories Inc., Dept. ED, 60 Spruce 
St.. Paterson 1, N.J.

More than 40,000 parts, each of which must meet the most 
stringent reliability standards, make up the U. S. Atla» inter
continental ballistic missile, built by prime contractor Con v air 
(Astronautics) Division, General Dynamics Corporation.

Among these parts is the Bristol Syncroverter* chopper . . . 
adding to its record of service in U. S. guided missile systems 
of almost every type since their very beginnings.
Billion* of operation*. To insure the reliability so necessary 
in aircraft and missile operations, Bristol Syncroverter chop
pers are constantly under test at Bristol, with and without 
contact load. One example: We’ve had five 400-cycle choppers 
operating with 12v, Ima. resistive contact load, for more than 
26,000 hours (2.96 years) continuously without failure —over 
37-billion operations!

Many variations of Bristol Syncroverter choppers and high
speed relays are available — including external-coil, low-noise 
choppers. Write for full data. The Bristol Company, Aircraft 
Equipment Division, 151 Bristol Road, Waterbury 20, Conn.
o» *T. M. Reg. U. S. Pat. Of.

Stability is 1 in 10s per day. Model 6190 time 
code generator is designed to generate up to three 
time code formats of any family of time codes. All 
formats are presented as amplitude-width-modidated 
outputs on sine-wave carriers and also as width- 
modulated de level shifts. Pulse rates from 100,000 
pps to 1 pulse per hr and parallel logic levels are 
supplied simultaneously. The unit has stability of 
one part in 108 per day.

Epsco West, Dept. ED, 240 E. Palais Road, Ana
heim. Calif.

BRISTOL FINE PRECISION INSTRUMENTS FOR OVER SEVENTY YEARS 
CIRCLE 149 ON READER-SERVICE CARD

Dual flip-flop card. The CD-200 dual flip-flop 
digital circuit card module can be used as shift reg
ister stages, binary computer stages, static storage 
and the implementation of other logic and control 
functions. Each flip-flop is transient gated through a 
five diode AND gate for both set and reset. The cir
cuit will drive five loads and operate over a tem
perature range of —40 to +71 C at a toggle speed 
of 200 kc.

General Motors Corp., Delco Radio Div., Dept. 
ED, 700 E. Firmin, Kokomo, Ind.
Price: 1 to 99, $40.60 ea

CIRCLE 150 ON READER-SERVICE CARD
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... for positive retention 
in all mobile applications 
There’s no jump, no sway—when a 
telephone handset is in the firm 
grip of this new Stromberg-Carl
son* handset cradle.

Retaining clip spring assembly 
assures posi- 

r<‘tention 
> in , nv mobil«

appli« itionon 
l.md •.« >« ।, >i 
in th«* air 
E ven ex t reme- 
ly severe jars, 

jolts and vibrations fail to dislodge 
the handset.

The cradle is strong and resili
ent, fits any Stromberg-Carlson 
handset. Different models provide 
varying switch combinations with 
2 or 4 Form C contacts. All models 
available with or without the clip 
assembly.

Details on request from these 
Stromberg-Carlson offices: Atlanta 
—750 Ponce de Leon Place N.E.; 
Chicago—564 W. Adams Street; 
Kansas City (Mo )—2017 Grand 
Avenue; Rochester—1040 Univer
sity Avenue; San Francisco—1805 
Rollins Road

but it uses
tiny BRISTOL 

CHOPPER .

NEW 
STROMBERG-CARLSON 
TELEPHONE 

HANDSET 
CRADLE



Heat Sinks 728

Horizontal 
Mounting 
for printed 

circuits

AUGAT
CRYSTAL SOCKET 

ASSEMBLIES

Vertical 
Mounting 
for sub

miniature 
crystal

Telemetry System

Horizontal 
Mounting 
for sub

miniature 
crystal

Are beryllium oxide. Used to insulate semicon
ductor devices from the chassis, beryllium oxide di
electric heat sinks have thermal conductivity equal
ling that of aluminum. Resistivity exceeds 101B ohms 
per cm. Dielectric loss is less than 0.0008. The de
vices are made to match common transistor pack
ages.

National Beryllia Corp., Dept. ED, First & Has
kell Ave., Haskell, N.J.

729

Augat Crystal 
are especially

Socket Assemblies 
designed to reduce

overall package size and weight. 
They combine modern packaging 
techniques with top quality mate
rials to assure dependable mechan
ical and electrical life.

Once the crystal is installed, it 
will never shake loose . . . even 
under the most severe conditions.

Available for horizontal or ver
tical mounting, for use with hook 
up wire or printed circuits.

For airborne use. Consisting of model 203 mul
tiplexer, model 205 programer, and model 127 
digitizer, airborne pem telemetry system multiplexes, 
and digitizes with 8-bit accuracy, low-level trans
ducer signals in the range of 0 to 20 mv. Output 
amplitude is ±2.5 v into 75 ohms. A complete 48- 
channel system occupies 250 cu in, and weighs less 
than 14 lb.

Electro-Mechanical Research, Inc., Dept. ED, 
Sarasota, Fla.

INTRODUCING THE

12345678 
abedefghi 
JKLMNOPQ 
rstuvwxy 
#$%&)(*/

SOCKET SPECIFICATIONS

FOR USE WITH THE FOLLOWING 
CRYSTAL CASE SIZES:
HC-8/U & HC-13/U.
HC-18/U with .040 diameter pins or .018 
wire leads.
McCoy M-2S or equivalent.

Film Resistor 730

CONTACT MATERIALS:
Phosphor bronze and beryllium copper. 
FINISHES: silver plate with gold flash; 
cadmium or tin plated.

INSULATION:
DuPont's Teflon or Blue Nylon

Rated at 1/8 w. The Vamistor (model 9848-2) uses

HOLDING CLIP: 
Beryllium copper or steel, cadmium 
plated.

For detailed specifications, write for 
Data Sheets.

AUGAT BROS., INC;
31 Perry Avenue, Attleboro, Mass.

a low-temperature coefficient alloy, fused to the 
inner glazed surface of a ceramic tube, and helically 
grooved for resistance value. It is 0.430 in. long by 
0.162 in. in diameter, conforming to MIL-R-10509D 
characteristics C and E. The resistor is suited for 
use in high gain servo amplifiers, preamplifiers for 
nuclear detectors, and analog computers.

Daystrom, Inc., Weston Instruments Div., Dept. 
ED, Newark, N.J.

VIDEOGRAPH
MODEL 980 CHARACTER GENERATOR

A low-cost, off-the-shelf "machine language" decoder 
compatible with any digital system

New from A. B. Dick electronic laboratories ... a compact decoder (5X* high x 17' 
deep x 19* wide) that nests in one cubic foot of space. Realistically priced at $6675.

The Model 980 receives digitally coded signals and converts them to readable 
alphanumerics at speeds up to 20,000 characters per second—in any size, style or 
type font. Output can be displayed on any conventional CRT; standard rack 
mounting construction keeps intercabling to a minimum.

The Model 980 decoder also incorporates highly advanced electronic circuitry 
and component design. Use of transistors assures lasting reliability; printed circuit 
boards are highly accessible, readily removable.

For further information and specifications, contact: Mr. G. T. Gerlach, Marketing 
Manager, Videograph Data Presentation Systems, A. B. Dick Company, 5700 West 
Touhy Avenue, Chicago 48, III.
A B DICK ELECTRONIC RESEARCH LABORATORIES. CHICAGO. ILLINOIS • PALO ALTO. CALIFORNIA

ABDICK
ELECTRONIC DATA PRESENTATION

Videogroph is a trademark of A. B Dick Company
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readily available

Temperatures:

Time Delay: 
Accuracies: 
Contacts:

Vibration:
Shock:

SL TVPES S Ä R TYPES MICRO-MINIATURE B SERIES INC.

TIMING 
NETWORKS 
highly reliable
TIME DELAY RELAYS (Stock and Custom 
Designed) Literature Available
Time delay circuitry used in conjunction with the 
wide selection cf rotary balanced armature relays 
insures you of an infinite variety of time delay 
relays with basic specifications as follows:

50MS to 3 minutes or more
10% and 5% or better
Single to 4 pole Form C; more 

poles where required.
- 55°Cto+85°C or—65 °C 

to+125°C
10G or 20G to 2000 CPS
30G or 50G

•SOLID STATE TIMING MODULES
(Custom Designed)
Designed with no moving parts and to withstand 
excellent environmental conditions, these modules 
offer:

1. Wide timing ranges from milliseconds to 
several minutes.

2. Wide output current handling ranges from 
milliamps to 50 amperes

3. The ability to switch inductive, motor and 
other stringent loads.

•SPECIAL ELECTRONIC PACKAGES AND 
ASSEMBLIES (Custom Designed)
Combinations of one or more of our various relay 
series, time-delay relays or solid state switching 
mechanisms can be used to provide you with .
Pulse Integrators Over & Under Voltage Relays
Sequence Timers Intervalometers
Stepping Switches Phase Detectors

Close Differential Relays
•Due to the diversity of possible requirements and 
applications for the last two product categories, 
we have not been able to prepare general litera
ture. Please send us your individual specifications.

FOR ENGINEERING KNOW HOW IN RELAY AND 
SOLID STATE DtSIGNS, CONTACT Hl-G NOW!

THE ONLY COMPLETE LINE OF BALANCED ROTARY RELAYS BRADLEY FIELD. WINDSOR LOCKS, CONN.

NEW PRODUCTS

Indicator Tube

Diameter is 0.210 in. The El-23 Subminiature 
Indicator Thyratron is designed for use as a readout 
device in miniaturized computer panels or where 
space is at a premium. Measuring a maximum of 
0.210-in. in diam, the tube provides a high-intensity 
glow with a grid swing of 4.5 v and negligible grid 
current. Specifications are: filament, 1.25 v ac; anode 
supply voltage, 65 or 85 v ac; anode series resist
ance, 56 K.

Electronic Industries, Inc., Dept. ED, 18 Marshall 
St., South Norwalk, Conn.
Delivery: 5 days.

Transistorized Recorder 732

Built on single chassis. This compact recorder has 
fully transistorized circuitry, positive drive action, a 
built-in voltmeter, and a direct-reading range dial. It 
provides a stable, noise-free, magnetic flow-meter 
ac potentiometer mounted on a single removable 
chassis. Circuit networks are mounted on plug-in 
cards that can be replaced in seconds.

Fischer and Porter Co., Dept. ED, 862 Jackson
ville Road, Warminster, Pa.

Rate Gyro 733
Diameter is 15/16 in. Fluid-damped miniature 

gyro has resolution below 0.03% of maximum rate. 
Linearity is 0.5%, zero calibration 0.01 to 0.02% of 
maximum rate. The gyro is insensitive to 100 g 
shock along any axis, and withstands 20 g vibration 
up to 2 kc. Length overall is 2-1/2 in.

R. C. Allen, Aircraft Instrument Div., Dept. ED, 
Grand Rapids, Mich.

Have you sent us your subscription 
renewal form?
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Differential Thermometer 734

Measures to 0.001 C. Designed for use in meas
uring temperature fluctuations to 0.001 C, this dif
ferential thermometer reads directly in degrees C. 
It can lie used as a single point of difference-between- 
two-points measuring device in a range from —60 
to -|-300 C.

Fiske Associates, Inc., Dept. ED, Bethel, Conn.

HAMILTON STANDARD ANNOUNCES ...

4 new static inverters 
specifically designed for 

aircraft and missiles
735Mixing Valve

736Record Play Head

Is motor-operated. Mixing valves in the 21300 
series have a traverse time of 0.230 sec and a service 
life of 500 hours minimum continuous operation. 
Operating pressure is 3,000 psi, temperature —85 
to 400 F continuous, to 1,000 F intermittent. Motor 
input is 26 v, 400 cps, 0.180 amp.

Aerodyne Controls Corp., Dept. ED, 90 Gazza 
Blvd., Farmingdale, N.Y.

In any inductance to 1 h. An all-metal face, 1/4- 
track record play head for audio applications is 
available in any inductance to 1 h. It has a mumetal 
case for full shielding and a 40-uin. gap gives wide 
frequency response.

General Instruments Corp., Magna-Head Div., 
Dept. ED, 3216 W. El Segundo Blvd., Hawthorne, 
Calif.

Component Coating 737
In 1-part system. HumiSeal type IF 19 dries at 

room temperature within 30 minutes, and is then 
oven-cured. The transparent material is suitable for 
temperatures up to 350 F and down to —90 F. 
Coating is said to provide excellent resistance to 
moisture, chemicals, corrosive gases, fungus, weather
ing and salt spray.

Columbia Technical Corp., Dept. ED, 24-30 
Brooklyn-Queens Expressway, West Woodside 77, 
N.Y.

ELECTRONIC DESIGN • May 10, 1961

Hamilton Standard has developed a new line of 100-VA and 500-VA 
inverters that establishes an important increase in inverter reliability 
and performance. The units are specifically designed for airborne 
use. They possess extremely high overload and short circuit capacity 
and offer wide operating ambient temperature ranges. The basic 
design is modular and utilizes silicon transistors throughout. The 
packages are small, compact and deliver high over-all power-to- 
weight ratios.
AS MAIN OR STANDBY AC POWER SOURCE, these new invert
ers can now replace much of the rotary equipment presently in use 
on aircraft and missiles for supplying power to:

• Gyros • De-icing and other heating equipment
e Radar • Warning and emergency devices
e Telemetry «Communication equipment
• Instrumentation e Guidance systems

CHARACTERISTICS OF 1OO-VA and 500-VA STATIC INVERTERS

RATING 
PART NO.

IOO va 
555545

IOO va 
566480

IOO va 
566470

500 va 
570250

Output 
Voltage (Nom.) 
Frequency

115 v 115 or 200 v
400 ±0.25% <00±l%

115 v 
400±l%

115 or 200 v 
400 ±0.25%

Phases Three Single or three Single Single or three

Transient Protection
Temp. Ranges

Yes
— 55°Ctol25°C — 55°Cto85°C -55°Cto71°C -55°Ctol25°C

'T’tage (Range) 18-29v <Jc dC «•** 14-29vdc

SEND FOR YOUR COPY of this illustrated Static Power 
Conversion Guide. Clip coupon and mail to: 
HAMILTON STANDARD; Electronics Deportment 
Section 70, Broad Brook, Connecticut.

Nome

Position

Company

Addre„_

•ÄÄOUIOC* 1

UNITED AIRCRAFT CORPORATION 
rafiGflDMGS SM» »IM 
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NEW PRODUCTS
Instrumentation System 412

low cost

HOWARD

551Resistor Combinations

tact Cadillac. Cadili retained by
electronic firms—both large and small-

Thermal Analyzer 382

CIRCLE 155 ON READER-SERVICE CARD
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Package semiconductors, re
sistors, switches, relays, etc.

Ratings from 1/200 te 1 H.P 
Howard standard motor 
parts include armatures 
and fields, brushes and 
brushholders, rotors, 
stators and fans. If you use 
motor parts, write Howard 
for complete information

over 520 top 
from coast-to-

Exceptional printing 
makes the difference...

Howard V 
motor parts sets

For semiconductor materials. Vacuum-pressure 
inert furnace is used in thermodynamic and thermo
chemical studies of composition and behavior of 
materials by a variety of analytic methods. One or 
more samples may he heated, transducers measure 
temperature of sample, reaction products or holders.

Testing Equipment Sales Co., Dept. ED, Murray 
Hill, N. J.

It’s probably not as bad as cutting paper figures. Rut 
if your present position does not offer the challenge or 
salary that your ability dictates, then it's time to con-

From 1 to 1,222,221 ohms in 1-ohm steps. Wafer- 
thin, miniature package Resist-O-Stat combinations 
provide any resistance value between 1 ohm and 
1,222,221 ohms in 1-ohm steps. Each unit measures 
23/32 x 7/32 x 9/16 and contains four selected 
precision resistors with relative values of 1, 2, 4 
and 4. Accuracies range from ±0.1% for values from 
1 K to 1.1 megohm to ±1% for resistors from 1 to 
11 ohms.

General Resistance, Inc., Dept. ED, 430 Southern 
Blvd., New York 55, N.Y.
Price: $8 to $14 ea.

CIRCLE 672 ON READER-SERVICE CARD 
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a complete 
selection

a
 JACK L. HIGGINS

Vice President

CadillacASSOCIATES, INC.29 Eott Madison Bldg., Chicago 2, III. 
Financial 6-9400

"Where Moro Hectronic txecutives Find Their Position Than 
Anywhere Ilse in the World"

Has modular design. This analog-to-pulse duration 
instrumentation system is for use with thermocouples, 
resistance thermometers or other de, low-impedance 
sensing sources. It directly converts a low-level elec
trical input signal to a pulse linearly related in dura
tion to the input signal amplitude. The pulse 
duration is then digitally measured and displayed, 
recorded, or processed further for input to digital 
computing equipment. Modular design permits build
ing systems of several hundred channels.

Genisco, Inc., Dept ED, 2233 Federal Ave., Los 
Angeles 64, Calif.

YOUR JOB 
LACK 

CHALLENGE?

coast. As an applicant with Cadillac, you will be repre
sented by the nation's largest electronic placement 
firm and can hand pick from thousands of positions 
now open.
Cadillac’s service is COMPLETELY CONFIDENTIAL 
and available to you ABSOLUTELY FREE OF 
CHARGE.

FREE—Monthly Opportunities Bulletin 
if you wish to receive a monthly bulletin of the finest avail
able electronics opportunities, simply send us your name 
and home address (and, if you wish, a review of your quali
fications). Our services are without cost to you through our 
Chicago office and our Los Angeles subsidiary, Lon Barton 

- - Associates.

standard 
models

■ Printed or decorated up to 4 colors on crystal 
dear, transparent or opaque colon

■ Also available unprinted
■ Largest line of |RIGIP| 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

Write for full color catalog, samples and prices.

LERMER PLASTICS, INC. 
572 South Avenue

/ Garwood, New Jersey
' PIONEERS MID SPECIALISTS IN 

PLASTIC CONTAINERS SINCE 1919

HOWARD INDUSTRIES, INC .1725 State Street, Racine. Wisconsin 
Divisions Electric Motor Corp., Cyclohm Motor Corp., Loyd Scruggs Co.

________CIRCLE 156 ON READER-SERVICE CARD____________

LERMER 
PLASTIC 

CONTAINERS



353Sweep Generators

crystal controlled

379Epoxy Adhesive

Snap-Action Thermostat 369CIRCLE 157 ON READER-SERVICE CARI'

more than

1000

types QUARTZ CRYSTALS

PC 1
Miniature Condensers 378

ZIERICK MANUFACTURING CORP.
NEw Rochelle 6 8520

Crystals in all frequency ranges can be manufactured or developed to meet 
long term stability and other special requirements Miniature and sub
miniature frequency control crystals fcr commercial or military applications 
are available to 125 MC. High frequency crystals for lattice type and single 
signal filters are available in frequency range from 1500 KC to 23,000 MC.

CLEVELAND 15. OHIO 
Reserve Electric Co.
2090 East 19th Street

DETROIT 7 MICH 
Howard Electric Co.
4801 Bellevue Ave

BOSTON 9. MASS 
Electro Sales Co.. Inc 
50 Eastern Avenue

CAMBRIDGE 39. MASS 
Empire Electrical Co.
6 Portland Street

STANDARD 
ELECTRICAL 

PARTS delivered

CHICAGO 8. ILL.
Excel Electric Service Co 
2113 S. Western Ave.

Mail your subscription renewal today. 
Get every issue of ELECTRONIC DESIGN

YOUR BODINE 
DISTRIBUTOR 
IS HERE...

LOS ANGELES 13. CALIF 
Minarik Electric Co.
224 East Third St.

LOS ANGELES 17. CALIF. 
Andrews Hardware A 
Metal Co.
1610 W. 7th St. at Union

MILWAUKEE 2 WISC.
Trester Service Electric Co 
235 East Ogden Ave

MINNEAPOLIS 1, MINN.
Boustead Electric & 
Mfg. Co , Inc.
109-11 Washington, N

NEW YORK 12. N Y
BAB Motor < 
Control Corp. 
206 Lafayette Street

PHILADELPHIA 7 PENN 
Jos. T Fewkes & Co 
129 North 12th Street

He stocks a broad line of 
1/2000 to 1/6 hp Bodine Motors

96 Beechwood Ave., New Rochelle, N.Y.

1 ALLAS 7. TEXAS 
Bearing Chain & Supply Co 
1505 Wycliff Ave.

CAYT0N 2. OHIO 
Thal Mor Associates Inc 
219 Washington St.

DENVER 2. COLO 
Weaver Electric Co. 
1721-27 Larimer St.

For I-min curing at room temperature, Mini-Cure 
cures in 45 sec with infrared heat. Applications in
clude bonding metal to metal, plastic to metal and 
plastic to plastic. It is a resin-hardener system.

Allato Products, Dept. ED, 238 Main St., Cam
bridge 42, Mass.
PUA: $6; trial kits.

PITTSBURGH 1, PENN 
Braunlich Roessle Co. 
3117-3127 Penn Avenue

PORTLAND OREGON 
Woodbury and Co.
Swan Island

ROCHESTER 4. N.Y.
T. H. Green Electric Co. 
27-33 N. Water Street

SAN LEANDRO. CALIF. 
Republic Supply Co.
of Calif 
1919 Wilhams Street

SEATTLE 2 WASH 
Industrial Electric Co 
1938 Fairview Ave North 
EAst 4-3260

Bodin« Motors 
Give You AOE 
(After Delivery 
Economies) E

 Temperature controlled packaged
oscillators, either sealed units or 

plug-in printed circuit modules, offer the 
reliability and stability of quartz crystal 

control over a frequency 
spectrum of 60 cps to 20 MC. Stabilities 

from 0.1% to 0.001% are standard, 
custom designed units stable to 

5 parts in 10® are available as 
complete packages. Features include 

i small size, temperature range 
L from —65°C to 125°C, ruggedized

I units to meet severe environmental 
r conditions. Outputs available

Jude: standardized pulse, square wave or 
stable sine-wave — working into load 

impedances from 50 ohms and up 
depending on frequency range. The Valpey engineering staff will be 
pleased to submit quotations according to your specifications for packaged 
oscillator applications including pulsed or gated circuits, frequency sources 
and standards, time bases cr other advanced circuitry needs. Specification 
sheets on request.

For printed circuit use. Poly carbonate condensers 
are available in a complete line for printed circuit 
applications. Units operate at 75 v, and are made in 
flat and round types.

Components Specialties, Inc., Dept. ED, 3 Fox
hurst Road, Baldwin, L.I., N. Y.

CIRCLE 159 ON READER-SERVICE CARD 
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PACKAGED 
OSCILLATORS 

a stable 
solid state source 

for systems

Ruggedized Low Frequency 
Oscillator and Filter Crystals 
compactly designed for applica 
tions where space is important 
and environmental conditions 
severe. Frequency range 5 KC 
to 350 KC.

Write for Bulletin S -2
Bodmt ElKlnc Ce.zszsW Bradky PI.. Chicago 18, HI.

Provide 4 w. The rf range from 5 to 1,000 mc is 
covered by 6 models of sweep and signal generators. 
Designated PD-1 through PD-6, their output is 14 v 
rms into 50 ohms. Swept rf or cw modes may be 
modulated by 1-kc square wave. Turret attenuator 
has a range of 0 to 59 db in 1-db increments.

Telonic Industries, Inc., Dept. ED, Beech Grove,

FAST!
lug* • Clips • Terminals 

Wire Form* bom Stock
Send for your copy of the new 

Zierick catalog No. 22 TODAYI

KANSAS CITY 6, MO 
Triangle Equipment Co. 
1416 Grana Avenue

Operates to 350 F. Type 24T, a low-cost, snap
action disk thermostat, is UL-listed for accurate re
peatability over 100,000 cycles at temperatures up 
to 350 F. Rating is 10 amp resistive, 1/8 hp induc
tive, at 120/240 v ac. Unit is made with bimetal 
disk enclosed or exposed, in various mounting flange 
and terminal arrangements.

Therm-O-Disc, Inc., Dept. ED, Mansfield, Ohio.

UHrcsonics and Delay lines • Packaged Oscillalert 
Fabrication of Rods for LASER

LPEY CRYSTAL CORP.
HIGHLAND ST., HOLLISTON, MASS.

Tel. GArden 9 4851, 9 4B54

CIRCLE 159 ON READER-SERVICE CARL,
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VALPEY

BODINEfractional /,
/ horsepower
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MISSILES AND AIR-BORNE EQUIPMENT NEW PRODUCTS
Code Converter

erter perforates 5-, 6 8-channel tape of any

TYPE

Transistor Tester 368

100

0.3%

Strain Gage 360

•Test conducted by Remington Rand Un^ac

CIRCLE 160 ON READER-SERVICE CARD
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For data sheets on Corning Type 
NF, N N-Epoxy or C resistors, and the 
names of the distributors nearest you, 
write Corning Glass Works, 540 High 
Street, Bradford, Pa. If you also would 
like a booklet giving 30,000 hour test 
results, write on company letterhead.

Don't miss a single issue of 
ELECTRONIC DESIGN. Send renewal now!

0.15% 
(Char. X)

Results of 30,000 hour load life test 
on Corning Resistors representing 
5,000,000 resistor hours Resistors 
were run at 140% of rated load. There 
were no catastrophic failures.

of resistor to a science. Assembly is completely auto
matic and exact. And, if you think you have to pay a lot 
extra for this reliability, our price sheets hold some 
pleasant surprises for you.

The proof of what we say is spoken eloquently by 
typical specs like these:

For welding to aluminum alloys, 20- and 120-ohm 
gages are offered. Applications include welding to 
missile skins. Each gage will operate at 750 F for 
short periods. The nominal gage factor is 1.75. An 
80-w, capacitor-discharge welder is to be used.

Microdot Inc., Dept. ED, 220 Pasadena Ave., 
South Pasadena, Calif.
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NF60
NF65

N12
N20
N25
N30

C20
C32
C42

MIL-R-10509C, 
EPOXY Char. B

Card to tape. Model K-177 eard-to-tape con

100 100K
100 348K

Tin oxide and glass are among the most stable materials 
known, both electrically and environmentally. Fuse the 
two together and you have the basis for an outstanding 
resistor.

This holds true whether you buy ten or ten million, 
because we have developed the manufacture of this type

N60
N65
N70

51 150K
51 470K
10 1.4Meg

load life test* of 150 Corning tin oxide resistors has proved 1% 
drift capability, and not one failed catastrophically.

MIL-R-10509B, 
Char. X

Glass ENCAP
SULATED 
MIL-R-10509C, 
Char. B

Lowest cost 
film resistor; 
silicone insulation 
MIL-R-11C

« 5% 0.2%

150ppm/°C. 0.2%
-55 +150°C. 03% 0 03% (Char. B)

code structure and of any width from 11/16 to 1 in. 
It consists of a tape punch and a control module. 
Parity checking of both odd-bit and even-bit tape 
code systems, controlled by plug-board wiring, is a 
standard feature. Multiple card layouts including 
complex header card and detail card programs can 
be processed.

General Instrument Corp , Systematics Div., Dept 
ED, Hawthorne, Calif.

150ppm/°C. ncn, 0.5%
-55 +105°C. °'5 0 03 (Char. B.)

Checks h paramters. The Parameter Tester will 
check the four h parameters of signal transistors 
to an accuracy of 2%, over wide operating ranges, 
in either grounded base or grounded emitter config
urations. All de circuitry is isolated from testing cir
cuits. Unit can be mounted in rack or cabinet.

Tenco Electronics, Inc., Dept. ED, 108 Cumington 
St., Boston 15, Mass.
Pi?A: $150; 30-day delivery.

OVERLOAD LIFE RESISTANCE

1,000 5,000 10,000 15,000 20,000 25,000 30,000 33.40Q
TIME IN HOURS

■^pton c=a WATTAGE ™cE

133K
500K 150ppm/C.
1.5Meg -55+105’C. °35* 01 *
4.12Meg

10 133K
10 499K
10 IMeg



Power Supply 366

I«*,

Ilas output of 30 kv de. Measuring 5.9 x 4.6 x 8 
in. high, exclusive of terminals, this miniaturized 
power supply has an output of 30 kv de at 1 ma. 
The output voltage is continuously variable by ad
justing the ac input. Hippie is less than 17 at lated 
output.

Film Capacitors. Inc., Dept. ED, 3400 Park Ave., FASTER
Availability: From stock.

NOR Logic WAY TO
The all-new Hughes High Frequency Memo-scope* 
Oscilloscope saves you time and money in transient 
analysis. With its 10 me bandpass and one million inches 
per second writing speed, it can store fleeting phenomena 
for an indefinite period of time. It displays these 
non-recurring transients for thorough study until intentionally 
erased. In this way, you can eliminate expensive "hit or 
miss" methods of transient analysis.
This is the only measuring instrument that can give you 
stored response at these fast writing speeds!
An added benefit: you can also use this unique new 
instrument as a precision laboratory oscilloscope. Thus, you 
get two precision instruments for the price of one.

ANALYZE
SPECIFICATIONS:

CONVENTIONAL MODE:
■ DC to 10 me Band Pass
■ Sweep Range: 0.1 m secs/division; 

5X Magnifier for speeds to .02 m 
secs/division;
Multiplier for sweeps long as 10 
secs/division

■ Rise Time: 35 nanoseconds
■ Built-in Delay Line (0.25 m secs)
■ Numerous Trigger Selections
■ Electron Beam Position Indicators
■ Plug-in Preamplifiers

Temperature Monitor 350

♦ lhit”tUi||iiniiH

Company.

Address.

Memo-scope Oscilloscope
Hughes Industrial Systems Division 
P.O. Box 90904
Los Angeles 45, California

Name

Uses no diodes. NOR logic circuit cards operating 
at 50 kc and 250 kc use resistors instead of diodes 
for the basic logic element. Combinations of elements 
can be used to solve all logical equations with the 
exception of time delays. There are 15 types of NOR 
elements available, all constructed on 4-1/2 x 5 in. 
epoxy-glass cards.

Ransom Research, Inc., Dtpt. ED, 374 W. 8th St., 
Sand Pedro, Calif.
Pi?A: $20 to $35 ea; immediate.

With alarm system. Solid-state temperature moni
toring and alarm system, designed for reactor con
trol, may be applied to industrial process controls for 
temperatures to 1,500 F. It has remotely adjustable, 
sensitive over- and under-temperature alarm with 
manual or automatic reset. System accuracy over-all 
is 0.5%.

Astra Technical Instrument Corp., Dept. ED, 
12930 Panama St., Los Angeles 66, Calif.

ELECTRONIC DESIGN • May 10, 1961

STORAGE MODE:
(All features of Conventional Mode, 
PLUS:)
■ One million inches per sec Writing 

Speed
■ Unlimited Storage Time
■ Fast Erase (less than 150 millisecs)
■ X-Y Plotting
■ Single Shot Trigger
■ Photograph or Trace Directly Off 

Scope Face

Learn more about the new 
High Frequency Memo
scope Oscilloscope—its 
applications, operating 
characteristics, and 
principle of operation.
Write today for a free 
illustrated brochure. No 
obligation, of course.

HUGHES

HUGHES AIRCRAFT COMPANY 
INDUSTRIAL SYSTEMS DIVISION

□ Please send me a copy of your 8-page brochure.
□ Please arrange for an in-plant demonstration.

.Zone______ State.

CIRCLE 161 ON READER-SERVICE CARD
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NEW PRODUCTS
Altitude Chamber 537

539Delay Filters

Dept
ED, 12 Hinsdale St., Brooklyn 7, N.Y

Fans and Blowers 589

Features of special interest include

SOLUTION

BUT DOESN’T AFFECT
AUTRONEX GOLD PLATE!

160

AUTRONEX EASILY PASSES ALL RIGID 
PERFORMANCE ACCEPTANCE TESTS

passed without distortion 
SEG Electronics Co.,

Whether you now have the use of the 
versatile EAI Series 1100E VARI
PLOTTER? or plan to obtain the 
unit, you should consider the excep
tional versatility offered by these 
accessories. For descriptive litera
ture, write Department 34.

Career Opportunity for Engineers 
Graduate or advanced degrees 
in EE, Physics, Math— 
rail or write Gordon Strout, 
Director-Personnel

For example, Keyboard Accessory 
Series 1150 is a manual input device 
that enables the 1100E VARI
PLOTTER to be used for accurate 
and rapid graphical plotting of digi
tal information. The three digit key
board has been designed to speed 
and simplify manual data input. As 
a result, you can get faster, more 
accurate, and more reliable record
ing of digital data.

Ranges are 150 to 600 cfm at mod- 
rate pressures. Model 15-20, a typical 
unit, consists of two axial flow fans 
driven by 1/80-hp motors and delivers

HIGH
ACCELERATION PLOTTER
The EAI Model 1100E VARIPLOT
TER® combines high acceleration, 
velocity and long term repeatability 
to assure outstanding dynamic per
formance in x-y analog plotting. In 
addition to this excellent accuracy 
and provep reliability the 1100E 
provides high input impedance to 
assure unmatched performance in 
laboratory and plant use.

Other accessories available include 
a Time Base Generator to convert 
the 1100E VARIPLOTTER into a 
time base recorder; a semi-automatic 
Symbol Printer Accessory which 
permits graphical plotting with up 
to six different identifying symbols; 
a Function Generator to convert the 
1100E into a high accuracy curve 
following device; and BIVAR —a 
bi-variant function generator.

Low, high, and bandpass units are 
offered with wide bandwidths and 
sharp roll-offs. The PPG units are for 
data transmission and processing and 
other applications where a complex 
signal or group of signals must be

SALT-SPRAY TEST 
MANDREL-BEND TEST 
BOILING WATER TEST

HOW TO GET MORE OUT 
OF YOUR VARIPLOTTER
EAI Series 1100E VARIPLOTTER 
is an effective and accurate ll-x-17 
X-Y Plotter. However, with the ad
dition of one or more of the avail
able accessories, its usefulness and 
performance are greatly increased.

Germanium Transistor 540

EXPERIENCE IN DEPTH...COMPUTING, PLOTTING 
INSTRUMENTS, SYSTEMS, PROCESS CONTROL

With up to 200,000 ft simulated 
altitude and a temperature range of 
— 100 to +240 F. the Inreco chamber 
is for testing electronic components. 
Pull-down time to —90 F is 45 min 
and heat-up time to +240 F is 15 min. 
Dimensions are 20 x 20 x 20 in.

Industrial Refrigeration Co., Inc., 
Dept. ED, 8940 Ellis Ave., Culver 
City, Calif.

For logic circuits, type 2N934 
high-speed, epitaxial unit has a collec
tor-current rating of 200 ma max. 
Collector-to-emitter saturation voltage 
is 0.3 v at an Ic of 40 ma. At an Ic 
of —100 ma and a Vc« of 0.5 v.

Radio Corp of America, Semicon
ductor and Materials Div., Dept ED, 
Somerville, N.J.

ELECTRONIC ASSOCIATES, INC. • Long Branch, New Jersey 
CIRCLE 16? ON READER-SERVICE CARD

413 cfm. It draws 100 w and occupies 
1.23 cu ft. All units are for minimum
space use.

Propellair Div., Robbins t* Myers, 
Inc., Dept. ED. Springfield. Ohio.

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.

■ Static accuracy—0.075%
■ Arm acceleration of

250 inches/sec.2
■ Pen acceleration of 

750 inches /sec.2
■ Slewing speed—20 inches/sec
■ High input impedance up 

to 1 megohm/volt
■ 11 x 17 inch plotting area
■ Compact, rugged construction
■ Accepts differential inputs
■ Available with continuously 

variable scale factor

SEL-REX CORPORATION
* NUTLEY IO. NEW JERSEY
The world's largest selling precious metal plating processe* 

CIRCLE 163 ON READER-SERVICE CARD
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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 nil industrial 
application*.
The simple to prepare bath is mildly 
acidic (pH 3.5—4.5), operates at room

In addition, a full line of acces
sories makes the EAI Model 1100E 
VARIPLOTTER a fully flexible 
engineering tool . . . timebase gen
erators ... function generators ... 
symbol printers . . . digital input 
keyboards.
Write to Department 33 for com
plete details on how the Model 1100E 
VARIPLOTTER can save y ou costly 
engineering time.



Punched Card Receptacles 349

347Ceramic Magnet

348

Catalog 591 Catalog 598 Catalog 603 Catalog 595

sure prompt delivery backed up by

¿NO TRANSMIS^

California Engmtering Office* g Wir« hau le

The most versatile line of standard service- 
proved antennas and transmission lines, com
plete with system components and mounting 
hardware, is now stocked coast to coast to as-

Programed Data 
Quantizer

Handles 400 test points. The PDQ 
programed data quantizer is a univer-

Immediate Delivery- 
From Coast to Coast

Withstands low temperatures. Ori
ented barrium ferrite ceramic magnet 
F-620 has a coercive force of 3,000 
oersteds; maximum energy product is 
2.5 x 10* gauss-oersteds. Irreversible 
loss of field strength in cycling from 
+ 150 to —75 deg C is very low. Size 
is 0.30 in. inside diameter by 0.15 in. 
thick, with OD of 1.20 in. and 0.85 in.

D M. Steward Manufacturing Co., 
Dept ED, East 36th St., Chattanooga, 
Tenn.
PLA: $1.50 to $4.50 ea, 10,000; 30 
to 60 days.

Mun Office: 307 Bergen Ave., Kearn», Nl • WV 1 860C

For up to 25 cards, these units are 
for use in the control of emergency 
vehicles by command consoles and 
dispatching centers. The card actuates 
a switch that indicates the status of 
the vehicle on a central control panel.

Westrex Recording Equipment 
Dept., Litton Industries, Dept ED. 
6601 Romaine St., Hollywood 38, 
Calif

full time technical service personnel located 
nearby, ready to assist you in your program.

Send for fully illustrated catalogs

Stock; 427 W 5th St Los Angeles 13 • NA 8 3451 • 879 Tennessee St. San Francisco 7 • AT 2-8472

CIRCLE 165 ON READER SERVICE CARD
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sal test stand combining the speed and 
reliability of automatic equipment 
with the versatility of manual opera
tion. It handles up to 400 test points 
and scans them at a rate of 4 points 
per sec. The readout may be in any 
numerical order form 1 to 400, or in 
any other sequtmce selected by the 
program tape.

General Dynamics Corp., Convair 
Pomona Div., Dept. ED, Pomona, 
Calif.

Model 1 $930

Technical Brochure

1246
1247

Oscillato! 
Oscillator

Freq Range 
Q Range 
A Q Range 
Cap Range

IKc to 300Mc 
5 to 1000

7.5 to 500 F 
40Kc to 50 Mi 
20 to 300MC

New Q Meter Model 1245 has widest frequency range ever 
is direct reading in Q and A Q, and losses are so low that 
corrections are seldom required. Separate plug in oscilla 
tors add flexibility and economy. Does this one instrument 
cover all your Q measuring requirements?
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346Digital Converter

Precision Plating Machine 345

344Temperature Sensorand to all butt-joint fastening jobs. It can be

Samples and

SIMMONS
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mounted as in the application
pictured, or surface-mounted on sheets or panels. Locks with heavy closing pressure, 
with very light pressure required on the key.

Arctic Units, Ltd., Toronto, Canada, is putting up 90 “Eskimo Houses” on the 
DEW Line. Panels, including roof, are plywood-covered plastic foam designed for 
insulation against Arctic cold.
W RITE FOR CATALOG 760. Complete details of Dual-Lock and other dependable 
quick-operating Simmons Fasteners with unlimited money-saving applications.

■ This house is put up in a day — and can Ire taken down in half a day!
■ Key to quick assembly-disassembly is the Simmons Dual-Ixx'k.

Dual-Lock is a high-load, positive-locking structural fastener perfectly adapted to 
panel fastening of demountable shelters, shipping containers, covers, cowlings...

For nuclear applications. Model 177A temperature 
sensor is designed to measure absolute or differential 
temperatures from —70 to +300 C. It will withstand 
a radiation level of 500 radians per hour. Time con
stant is less than 5 sec for 63.2% change.

Rosemount Engineering Co., Dept. ED, 4900 W. 
87th St., Minneapolis 24, Minn.

Dimensions are 30 x 26 x 18 in. All operations are 
controlled from a panel board incorporating a dual
scale ammeter, a powerstat control for rectifier, 
circuit breakers and an automatic timer which pro
vides an alarm.

The Meaker Co., Sei-Rex Corp., Dept. ED, Nutley 
10, N. J.

Used with transducers. Solid-state digital converter 
model 4310 changes the output of potentiometric 
transducers into a variable frequency for display or 
recording. Input impedance is 500 to 3,000 ohms; 
output frequency deviation is 7.5% at 5 v ac, fre
quency range 400 cps to 70 kc. The 4-oz converter 
measures 1.5 x 2 in.

Winsco Instruments & Controls Co., Dept. ED, 
11789 W. Pico Blvd., Los Angeles 64, Calif.
Price: $159 ea.

INK-LOCK« HINGE-LOCK • HOOK-LOCK« SPRING-LOCK« CAM-BOLT« DUAL-LOCK« QUICK-LOCK« ROTO-LOCK 
CIRCLE 166 ON READER-SERVICE CARD

ring service available upon request.
Now Ideas! New Products) Booth 957 DESIGN 

ENGINEERING 
SHOW

J Floor panels are locked to joists laid 
on permafrost ground.

2 Doorway is first wall panel to go up. It 
locks to floor.

3 Walls and partitions lock to floor and 
to each other.

4Roof panels go on last. This takes 
about three hours.

3 Complete in 7 hours! Floor, walls, roof 
panels—It’s all done with Simmons 
Dual-Lock fasteners.

Standard Dual-Lock withstands 2500-lb. 
tension; may be modified for high-load 
applications to 4500 lbs.



Magnetic Shift Register 343

Power Supply

Laboratory demonstration shows Du Pont Resistor Composition being applied to a ceramic base by stencil 
screen and squeegee (left). When stencil is removed from ceramic base, resistor is ready for firing (right).

342

Multidirectional, this unit steers information under 
control of a single flipflop. It is a 10-bit Cihit for 
use as a preset decade counter with outputs available 
for each unit of the count. Frequency of operation 
is 100 kc max.

Magnetics Research Co., Inc., Dept. ED, 179 
Westmoreland Ave., W hite Plains, N. Y.
Pl? A: $175; stock to 45 days.

For teletype systems. The G1.5A power supply 
provides output of 120 v at 1.5 amp. Ripple and 
regulation are within 10%. Military construction is 
used; panel height is 5-1/4 in. Power requirement is 
105 to 125 v. Supply is also available in 2- and 3-amp 
models.

Spellman High Voltage Co., Inc., Dept. ED, 1930 
Adee Ave., Bronx 69, N. Y.
Price: $195 to $230.

New Du Pont Resistor Compositions are easy to apply... 
permit you to vary resistance values by blending the compositions

Magnetic Pick-up

For measuring speed, counting revolutions, re
versing the direction of motion, speed control and 
proximity detection, the Kineflux pick-up generates 
a voltage-frequency from mechanical motion without 
contact. The output can be regulated by controlling 
the de excitation.

Kinelogic Corp., Dept. ED, 1256 N. Fair Oaks 
Ave., Pasadena, Calif.
Pi?A: $30; from stock.
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One major advantage of Du Pont Resistor Composition 
is its ease of application on ceramic or glass substrates. 
Just a simple screen-print, dip. brush or spray application, 
and the resistor is ready for firing under normal atmos
pheric conditions in the range of 1100-1400°F.

Du Pont resistor compositions allow you to vary resist
ance values by changing the composition of the resistor 
without altering its geometric form. You are no longer 
limited by the physical shape of conventional resistor ma
terials. These compositions give you greater design flexi
bility, essential for miniaturized circuits. They are available 
at three approximate resistance values: 500, 3,500 and 
10,000 ohms/sq. per mil thickness, and they can be blended 
to give a range of intermediate values.

Perhaps you can also profit from these Du Pont Products for the Electronics Industry
Conductive Coatings—Specially compounded silver, gold, 
palladium and platinum compositions that are used to pro
duce capacitor electrodes, ceramic-to-metal hermetic seals, 
electrical shields and surfaces of high conductivity on 
non-conductive materials.

Electrical properties are reproducible. Laboratory tests 
show that fired printed patterns and coated rods have abra
sion and impact resistance similar to fired silver coatings.

Fired samples are available for your own evaluation. 
Request them on your letterhead. For more technical infor
mation, write: Du Pont, Electrochemicals Department, 
Ceramic Products Div., Wilmington 98, Del. Please indi
cate the application you are considering. Du Pont does 
not manufacture resistors . . . only resistor compositions.

SLIPON!

Conductive Cements—Silver and gold compositions con
sisting of finely divided metallic particles dispersed in a 
resin system; Du Pont conductive cements may be used to 
replace solder as lead attachments for transistors, diodes, 
resistors and as a base for electroplating.

CIRCLE 167 ON READER-SERVICE CARD

163



ALLIED CONTROL'SNEW NEW PRODUCTS

Linear-Motion Potentiometers 340Polarized Magnetic LATCHING
ISOGLAS

and

FOR CONTINUOUS

SHEETS 
ROLLS 
TAPES

OPERATION AT TEMPERATURES 
UP TO 155° C.

For missile and aircraft use, type 2986 units have 
independent linearities of ±0.5% or better. Resist
ances are 250 ohms to 50 K. Dielectric strength is 
1,500 v rms. Shaft stroke is 1.3 in. The units are best 
suited for use in servo-control systems and instrumen
tation transducers.

Markite Corp., Dept. ED, 155 Waverly Place, 
New York 14, N. Y.

Nolvar lioglat and l*ola>tane afford heavy duty equipment extra 
protection ogaintt frequent overloads beyond Clots B rating. 
Isoglas consists of a glass fabric coated with an isocyanate reacted 
resin. Isolastane is similar except that an elastomeric resin it used. 
These products are outstanding in their

• thermal stability
• resistance to crating and cracking
• resistance to solvents, Askarel, and other 

non-flammable synthetic insulating liquids
• toughness and scuff resistance
• wet dielectric strength
• flexibility at low temperature*
• fungistatic qualities

800 MAX

Allied Type JP Relay 
Weight: 0.6 ounces 

Actual Size

The inherent vibration and shock resistance and high 
sensitivity of Allied’s Type JP Permanent Magnet 
Polarized Latching Relay, combined with its ability 
to operate from a short pulse and remain operated 
without holding power, make it suitable for all 
phases of Aerospace applications.
Because of its latching feature and availability with 
single or double coils, it is also suitable as a logic or 
memory switching element in computers and data 
processing applications.

OPERATING CONDITIONS:
Vibration: 5 to 55 cps at 0.195 inch double ampli
tude • 55 to 2000 cps at a constant 30g
Shock : 100g operational
Sensitivity: JP (single coil) 115 milliwatt maximum 
transfer power • JPA-JPB (double coil) 230 milliwatt 
maximum transfer power
Contact Rating: Non-inductive—2 amperes at 
29 volts d-c or 1 ampere at 115 volts a-c 
Low level contacts are available on request

© ALLIED CONTROL ©
ALLIED CONTROL COMPANY. INC.
a KABT IND AVENUE. NEW YORK Rl. N. V. al «0» 
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Switching Transistor 339
Operates to 175 C. Silicon epitaxial mesa switching 

transistor 2N753 has a de forward current gain range 
of 40 to 120 at 10 ma. The npn device has a typical 
storage time of 18 nsec. Housed in the TO-18 
package, the unit is rated for 300-mw dissipation in 
free air.

Motorola Semiconductor Products Inc., Technical 
Information Center, Dept. ED, 5005 E. McDowell 
Road, Phoenix 10, Ariz.
Pi?A: $12.35 ea, 100 up; immediate.

Trimmer Potentiometer 338
Dimensions are 1/2 x 1/2 x 0.2 in. Model 357 

provides resistance values of 10 ohms to 50 K over 
a range of —55 to +200 C. It can be used in match
ing, balancing and adjusting in all types of precision 
control, computing and telemetering circuits

Daystrom, Inc., Potentiometer Div., Dept. ED, 
Archbald, Pa.
Availability: From stock.

Ultra-Sensitive Relay 337
Available in two sizes. Ultra-sensitive sealed relay 

type 1520 has a 5-mw sensitivity and occupies a 
0.970 x 0.970 x 1.750 in. space. Type 1540M has a 
sensitivity of 10 mw and occupies a space of 0.970 x 
0.970 x 1.250 in. Mechanical design affords freedom 
of adjustment and permits a “make before break” 
contact.

North Electric Co., Dept. ED, Calion, Ohio. 
Pi?A; $17 ea for 1 to 9 quantities; 5 weeks.

Don’t miss a single issue of 
ELECTRONIC DESIGN. Send renewal now!

Also available laminated with other insulating materials for slot 
lining, coil supports, and phase insulation. Ask for Data Sheet and 
Samples.■NLTWB CORPORATION m

fOlMttLT TMK NATIONAL VAtNHMt» PBOOUCft COBPOtATlON
T.l.ph»«» TWX Cobi« A44*«st

FULTON •-••00 RAHWAY. N J RAM 11 J4 NATVAR RAHWAY, N J.
241 RANDOLPH AVINUI • WOODBRIDOt, NiW JIBSIY
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SET SCREW 
WILL. NOT SHAKE LOOSEI

BEFORE FLARE

AFTER FLARE

O STOPS NEEDLESS SERVICE 
PROBLEMS

O CUTS REPLACEMENT COSTS
• INCREASES OPERATING 

EFFICIENCY
O IDEAL FOR POWER TOOLS, 

MACHINERY, ETC 
WHEREVER VIBRATING 
CONDITIONS EXIST.

HERE'S HOW IT WORKS: The point of the FLARE- 
LOK set screw is specially formed to flare out when 
it is tightened against a bearing surface. The thread 
gap is closed just enough to prevent loosening or 
shaking free due to vibration, etc. Yet, the screw 
may be removed without damaging the mating 
threads. You can get them in hex socket, slabbed 
or slotted heads.

WRITE FOR FREE "FLARE-LOK" TEST

tko5^
26J Main Street. Bartlett. Illinois

SAMPLES and full 
information TODAY.

new setko
FLARE-LAK

CIRCLE 171 ON READER-SERVICE CARD
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A HIDDEN HELPER
Protects your tube* and component* 
from damage by sagging cable.

—eliminates the old bugaboo of 
cable entanglement which damages 
tubes and components in lower chassis 
each time the one above is withdrawn 
for service and returned to position

Our new Cable Retractor's double action 
maintains constant tension and correct sus
pension of cable at all times—permits ample 
cable length for full extension and tilting of 
chassis without hazard of snagging
For use with all types of chassis or drawer 
slides, adjustable to fit varying chassis 
lengths, simple to install, inexpensive, proven 
thoroughly reliable in operation.
Mounts on rear support rails on standard 
1 %" hole increments. Cadmium plated CRS.
^^^^Wrile for Bulletin CR-100A

ORegon 8-7827

Vu/Westirn Devices, Inc.
600 W. FLORENCE AVE., INGLEWOOD, CAL. 
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TIMING CONTROLS

PRECISION

FOR ANY TIME

YOU NEED

ENGINEERED

DELAY

JM J SECOND TO HOURS 
Write for Bulletin 300 describing 

8 different types.

©INDUSTRIAL TIMER CORPORATION 
1419 McCarter Highway, Newark 4, New Jersey

la CaaaU: S««rry Gwrmo*« Ottawa LU., 3 HaalltM Aw., Ottawa. CaaUa • PA«-«81

Liquid-Level Gage 336

With visual readout, the Gage-O-Matic provides 
constant information as to the status and behavior 
of hot or cold liquids. Single or multiple control 
switches provide for operation of valves, pumps, 
signal circuits or whatever the application requires.

II. II. McKinnies Co., Dept. ED, 3131 W. Mill 
Road, Milwaukee, Wis.
Availability. Made to order.

Power Transistors 335
From 10 to 100 w. Silicon power transistors in

clude the 2N1936-2N1937 rated at 100 w, the 
2N1722-2N1724 at 50 w, and the 2N1714-2N1718 
series rated at 10 w in TO-5 case. All the units were 
designed for application in a wide range of power 
uses in airborne, missile, communications, and indus
trial equipments.

Texas Instalments, Incorporated, Dept. ED, P. O. 
Box 5012, Dallas 22, Tex.

Industrial Load Controls 334
Power or frequency is recorded on a strip-chart 

recorder which incorporates control switches. A 
governor motor contactor is energized by the switches 
to operate the turbine governor motor.

General Electric Co., Instrument Dept., Dept. ED, 
West Lynn, Mass.

Recording Heads 333
Have high density. Digital read-write heads of 

series RW11700 provide 8 in-line tracks for each 1/8 
in. of tape. Track width of each channel is 0.008 in. 
with nominal inductance of 1.5 mh. Crosstalk be
tween channels is —20 db at 10 kc.

Applied Magnetics Corp., Dept. ED, Box 368, 
Goleta, Calif.

Progressive Shorting Switches 332
With 20, 24 or 32 positions, these switches can 

be used as control decks for rotary solenoid opera
tion, capacitor decade switching, sequential power 
distribution and network applications.

The Daven Co., Dept. ED, Livingston, N.J.

ELECTROMECHANICAL nnuonmcmtq precision made for bUMrUIlLll I U MAXIMUM RELIABILITY

SNAP SWITCHES 
per MS-25089
Sinusoidal, toggle spring 
design ensures positive, 
tease-proof snap action... 
minimum arcing and contact 
wear. Heavy coin silver con
tacts for long life and low 
resistance. Color coded but
tons. Wide choice of hous
ings, mountings and contact 
arrangements.

FOR FULL ENGINEERING DETAILS. CIRCLE INQUIRY CARD NO. 243

LOW-COST PK 
ROTARY SWITCHES

Cycle Life: 100,000 cycles 
minimum. Light, strong, 
molded nylon with silver- 
plated brass or solid silver 
alloy contacts and rotor 
blades. Available in black 
or special colors.

FOR FULL ENGINEERING DETAILS. CIRCLE INQUIRY CARD NO. 244

EQUIFLEX all metal
VIBRATION 
ISOLATORS
Outperform rubber (absorb 
shock from all directions) 
outlast rubber (unaffected 
by dirt, grit, oils, corrosive 
atmospheres). Available in 
plate and cup types for 
loads up to 35 lbs. per mount.

FOR FULL ENGINEERING DETAILS, CIRCLE INQUIRY CARD NO. 245

The UCINITE 
COMPANY

Nawtonvlllw 60. M

CIRCLE 243, 244, 245 ON READER-SERVICE CARD
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BIG NEWS in high-temperature 
precision-molded insulation

NEW PRODUCTS
DC Tachometers 331

SUPRAMICA
62O“BB”ceramoplastic

Need a precision-molded insulation material with 
total dimensional stability under the most adverse 
thermal cycling, operating to 1200°F.... or a 
material with previously unattainable combina-

• Maximum temperature endurance of 
material 1200°F. (unstressed). Heat distor
tion temperature of material 1100°F. 
(ASTM D648-264 PSI)

• SUPRAMICA 620 “BB” ceramoplastic can 
be precision molded to most intricate ge
ometries with gauge-like tolerances.

• SUPRAMICA 620 “BB” ceramoplastic will 
not carbonize.

• Absolute hermetic seals achieved directly 
during the molding cycle. Components 
meet a helium leakage rate of less than 
2 x 10 ’° cc/sec., after the following en
vironmental tests:
1 Samples neat shocked a total of 20 cycles from Polling 

wator for 30 minutes erectly to Ico water tor 10 mimrtoe
2 Samples heat shocked a total of 5 cycles, from 350°C for 1 

hour directly to room temperature tor 10 minutes. to 70°C. 
tor 1 hour, to room temperature for 10 minutes

3. Samples hooted to 500 C for 4 hours end directly to room 
temperature

• Thermal expansion factor matches many 
metals and alloys.

• New SUPRAMICA 620 “BB” ceramoplastic 
features a dielectric strength of 270 
volts/mil, y»" thickness per ASTM 0-149.

Two models. Model R9608-001 is an uncompen
sated unit designed to function as a stabilizing ele
ment in a standard de servo mechanism. Model 
R9608-002 is temperature-compensated to maintain 
high accuracy from —15 to +71 C.

General Precision Inc., Kearfott Div., Dept. ED, 
1150 McBride Ave., Little Falls, N.J.

VSWR Probe 330

For open-wire lines. Model 2988 is a noninsertion 
device for measuring incident power and vswr on 
open wire transmission lines. Probe is clamped on 
transmission line as desired; monitor-alarm unit has 
front-panel display of incident rf power and vswr. 
Range is 2 to 50 me at 50 kw max. Directivity is 
in excess of 30 db.

Trak Electronics Co., Inc., Dept. ED, Wilton, 
Conn.

Acoustic Calibrator 329

See thia neweat advance In the 
Science of High-Temperature Inaulatlon

Visit BOOTH 1063 at the 
DESIGN ENGINEERING SHOW

General Offices and Plant: 121 Clifton Boulevard, Clifton, N. J.
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y.

World s targect monutactuior of ceramoplastics, glass bended mice and synthetic mice products
CIRCLE 175 ON READER-SERVICE CARD 
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MYCALEX
CORPORATION OF AMERICA

Needing no power source, type 1417 is for pe
riodic calibration of sound-level meters. It covers a 
wide frequency range centered at 1,500 cps. Noise is 
repeatable within ±1 db. A noise level as high as 
90 db at 4 in. is produced.

The Korfund Co., Inc., Dept. ED, 22F Cantiague 
Road, Westbury, N. Y.
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328Time Code Generator

327
technology, model 600 fea-

Dual Counters 326

Fluctuation Adapter 325

Available from leading Electronic Distributors

Æ * SYNTRON CERTIFIED SEMICONDUCTORS

title

company

stateaddress

CIRCLE 176 ON READER-SERVICE CARD
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If you want ELECTRONIC DESIGN 
to reach you without interruption 
mail your renewal form now!

rectifiers 
guaranteed 
for 18 months

Please send me Silicon and Selenium Rectifier Data (Catalog 100) and 
Semiconductor Certification (Bulletin 200)

For sequential control. Dual predetermined coun
ters are made with 3 to 6 Nixie readout tubes. De
signed for control of 2 separate functions in sequence, 
the series 61 counters operate at 100 kc. Output is 
5-amp contact closure, momentary and latching. 
Remote readout to 1,000 ft may be used.

The Redford Corp., Instrument Div., Dept ED 
262 Saratoga Road, Scotia 2, N. Y.

SYNTRON COMPANY, Semiconductoi Di* . Dept ED-S, Nomar Cil*

ELECTRONIC DESIGN • May 10, 1961

Reading an input of 0 to 0.5 v ac, continuously, 
from any of the firm’s primary transmitters, the 
A41A/1 computes magnitude of fluctuation and 
transmits a proportional signal to a controller. It is 
suitable for any application where magnitude of 
fluctuation is more important than the value of highs 
and lows reached by the variable.

Swartwout Div., Crane Co., Dept. ED, Hooksett 
Industrial Park, Manchester, N. H

now- 
certified

Code in AMR 17-bit format. The 802 M2 time 
code generator is for generating precision instru
mentation signals identical with those produced at 
the Atlantic Missile Range. Code in the AMR 17-bit, 
24-hr binary format can be used to check out ballis
tic missiles and space vehicles at plant development 
facilities. Time drift on the unit is less than 1 sec per 
month, with a frequency stability of 3 x 10" per day.

Electronic Engineering Co. of California. Dept. 
ED, 1601 E. Chestnut Ave.. Santa Ana. Calif.

tures: an air sensitivity of 10 to 12 cm* per sec; 
sensitivity ranges of 5 x 10 to 11, to 5 x 10 to 8 cm’ 
per sec for full-scale deflection; 2/3 of maximum 
response in 2 sec or less; sensitivity to helium only.

Crosby-Teletronics Corp., Dept. ED, Westbury,
Some of the precise tests that make cer
tification and guarantee possible: physical 
inspection to JEDEC drawing specifica
tions, electrical tests of specific current 
ratings, tests for forward drop at rated 
current with cell temperature at 25 °C, 
extensive testing of all assemblies at rated 
load conditions Of course, there are a 
host of others.
Want more information on the industry’s 
only certified and guaranteed rectifiers? 
Complete the coupon today. Find out 
why it pays to specify Syntron.

You can now get rectifiers that are 
guaranteed for 18 months to operate at a 
certified level of performance. If any Syn
tron rectifier does not perform as certified 
you will get an immediate replacement 
without cost.*
Advantages you know the rectifier you 
choose is exactly right for the application. 
The variables of quality, service life, and 
reliability are eliminated from design 
considerations And you minimize or 
eliminate time-consuming inspections on 
production quantity shipments.

All Syntron semiconductors have been tested and inspected to AQL level of 1.0, "X 
Inspection Level II, and are so certified. Electrical and mechanical tests include:
• Inspection to the appropriate JEDEC outline drawing.
• Stated PIV for specific current ratings over a range of diode or cell temperatures. -x" 
• Forward drop at rated current and a diode or cell temperature of 25°C. 'X'
• Testing of all rectifier assemblies at rated load conditions. /Jr
We guarantee that our semiconductors will meet their certified AQL performance 7X 
levels for up to 18 months after shipment provided they are not misused or 
misapplied. All Syntron semiconductors found to be defective in materials or J; 
workmanship will he replaced at no charge upon return to our plant.

SYNTRON
certified SEMICONDUCTORS

Leak Detector
Designed for '



NEW PRODUCTS

Diode Tester 324

Checks to 3 kv. The DT 924 is a back-current and 
saturation voltage tester with meter ranges of 0 to 
3 kv, 0 to 3,000 ya, and 0 to 3,000 na. Regulation 
is better than 0.1%, ripple and noise 0.05%. Output 
current is 0 to 1 ma, output voltage 0 to 3 kv. Fea
tures include recorder output and 4-1/2-in. mirror- 
backed 1% meter in fully protected metering circuit.

Trans Electronics, Inc., Dept. ED, 7349 Canoga 
Ave., Canoga Park, Calif.

Precision Transducers 323
For measurement and control of rotary motions 

to 1 sec of arc and linear motions to 0.0001 in., the 
Inductosyn units can be used in missile control and 
gyro pick-offs as well as other military and industrial 
applications. Rotary' units have 0.1-sec resolution.

Del Electronics Corp., Dept. ED, 521 Homestead 
Ave., Mt. Vernon, N. Y.

NO STEPPING SWITCHES IN THIS 
ULTRA-RELIABLE DVM: Cubic announces a new 
digital voltmeter design that eliminates stepping switches and, with them, the 
need for periodic maintenance. The new Cubic V-70 uses the same ultra-reliable 
reed relays developed for submarine cables. These reed relays are sealed in glass 
and have practically unlimited life. They are noiseless and completely unaffected 
by operating position.

Accurate: The V-70 reads any d-c voltage from 0.001 to 999.9 volts with an 
absolute accuracy of 0.01% plus or minus 1 digit. The Cubic V-70 Digital Volt
meter provides these and other premium features at a cost of only $1,580. 
For details, write to Dept. ED-104, Industrial Division, Cubic Corporation, San 
Diego 11, Calif, (in Europe: Cubic Europa S.p.A., Via Archimede 185, Rome).

Cubic manufactures a complete line 
of quality digital instruments, 
including a-c and d-c voltmeters, 
ohmmeters, ratiometers, scanners 
and printer controls.

CIRCLE 177 ON READER-SERVICE CARD

C! cubic
CORPORATION

Helium Magnetometer 322
Sensitivity is 0.01 gamma. Helium magnetometer 

operates from —40 to +125 F and offers precise 
measurement of both magnetic field variations and 
total magnetic field. No change occurs in the meas
ured value of the field as a function of optical axis 
orientation with respect to the magnetic field axis. 
The device weighs 6 lb and measures 13 x 7 x 7 in.

Texas Instruments Incorporated, Dept. ED, 6000 
Lemmon Ave., Dallas 22, Tex.

Audio Transistors 321
Provide 200 mw. High-voltage units 2N1186, 

2N1187, and 2N1188 offer a collector-to-base voltage 
of 60 v at 50 ya. High-gain types 2N1185 and 
2N1194 have betas of 190 to 400 and 500. The 
units are housed in TO-5 package. Typical tum-on 
and turn-off time is 2 ysec.

Motorola Semiconductor Products, Inc., Technical 
Information Center, Dept. ED, 5005 E. McDowell 
Road, Phoenix 10, Ariz.

Mail your subscription renewal today.
Get every issue of ELECTRONIC DESIGN.
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SUPER POWER KLYSTRONS
Microwaves

strictions.

180

Micro wave Products

CIRCLE 17« ON READER-SERVICE CARC

Varian's production capacity in 
super power tubes may be of use 
to you. For full information and 
technical data, write Tub>* division.

the effect of compromise 
quickly found with this

BOMAC LABORATORIES. INC. 
VARIAN ASSOCIATES OF CANADA, LTD 
S-F-D LABORATORIES, INC. 
SEMICON ASSOCIATES, INC. 
SEMICON OF CALIFORNIA, INC. 
VARIAN A. G. (SWITZERLAND)

Varian Associates has developed quantity production techniques for the 
super power VA-842 amplifier klystron.
These mighty tubes are the largest production-model klystrons in the 
world. VA-842 tubes operate at 400-450 Me., providing 75 kW average 
power and 1.25 megawatts peak power. 40 db gain, efficiency to 40%. 
Pulse duration: 2000 microseconds.
Varian’s broad experience in the design and manufacture of super-power 
tubes made possible the VA-842’s record transition time from drawing 
board to delivery and acceptance—just nine months!

Quantity 
Production

olume re
size and 

rs can be
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FEATURES Tunable 400 to 450 Me. 75 Kilowatts Average 40 db Gain
1.25 Megawatts Peak Efficiency over 40% Pulse duration 2000 microseconds

Tunable Coaxial Cavity 
Nomograph.................

Tunnel diodes for frequencies up 
to 4.6 Gc, a direct reading phase 
meter and a broadband duplexer 
tube covering 275 to 600 me arc 
among the neu products dost ribed

Beating the Spectrum Squeeze
Tired ot mucking around in X-band? tUi 

got you down? Try the wide open spaces 
above 100 Gc. Of course the reason they’re 
wide open is that we haven’t got much in the 
way of rf sources, components and systems 
that will work in the rarefied atmosphere ot 
millimeter waves.

But as the reporl on the opposite page 
shows, a large number ot scientists are doing 
their best to fill that gap; who knows hut that 
they may succeed all too well and that by 
1970 we 11 he aiming at a new and higher fre
quency frontier. So best stake your claim in 
that region before it too becomes obsolete.

Good, useful design ideas, however, are 
always in style. This issue of Micro Waves in
cludes two articles that should be likely can
didates for the microwave designer’s refer
ence file—shortcuts in antenna simulation 
and coaxial cavity design.

Why build an antenna when you 
can simulate it with a resistance 
card? Find out how it's done in

How to Simulate Antennas
In Systems with Waveguides ... p 176

Design of tunable coaxial cavities

Millimeter-wave sources for sys
tems application are rapidly near
ing realization. Plasma devices 
fasi-wave structures and the Tor- 
nadotron arc described in

Millimeter-Wave Generators 
Approaching Pay-off Stage .



MicrowavesNEWS

Millimeter-Wave Generators Approaching Pay-off Stage

ELECTRON 
PfNC. -

Experimental T< 
characteristics of
is generated within circled chamber near top 
of the tube. The chamber is about I /2 in. Ion 
In use, the tube would be housed within 
Helmoltr coils that develop the required mag 
netic field. Inset shows spiral path of the elec
tron pencil which is caused by cyclotron action 
of the Tomadotron
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Weibel. developer of the tube, expects it to gen
erate 1 w at 1 mm in a 10 psec pulse. By reduc
ing the pulse length to 1 psec, however, power 
might be raised to perhaps 1 kw. Dr. Weibel en
visions Tomadotrons operating far into the sub
millimeter region. A tube operating at 0.1 mm 
might generate more than 10 kw in microsecond 
pulses, he believes.

Tube Refinements Showing 
Promise of Achieving 1 Mm

Despite the apparent limitations of conven
tional tubes, however, many organizations are 
continuing to scale down klystrons and crossed- 
field tubes and are gradually edging their way 
to 1 mm. The backward-wave O-type Carcino
tron is the most successful example of a continu
ously refined conventional tube. The prototype 
COE-15 tube is said to deliver 1-mw minimum 
between 180 and 205 Gc, while the prototype 
COE-10 generates 1 mw minimum between 250 
and 294 Gc. A still more advanced laboratory 
model has shown some power at 355 Gc.

Raytheon is also concentrating on refinement 
of existing types, particularly klystrons. The 
company is also considering scaling down its 
high-power Amplitron tube to millimeter-wave 
dimension. Since power generally decreases as 
the square of the frequency, the company rea
sons that an extremely powerful low-frequency 
tube would also be ahead of the game at 1 mm.

Nevertheless, scaling down of conventional 
tubes has obvious limitations in power and fre
quency. Interaction structures become impos
sibly small at high frequencies. CSF retained 
its interdigital slowing structure down to its 
4-mm tube but has since gone to a slotted-vane 
structure whose fabrication might prove a chal
lenge to the watchmaker’s art.

Traveling-wave tubes might also be adapted 
for miniaturization. Hughes is designing a 50- 
w-cw tut at 8 mm. CSF is working on a 1-w

in budt to cheti 
penei*. Radiation

RESEARCH into millimeter and submilli
meter wave generators may soon pay off 

in devices delivering substantial power at the 
upper end of the microwave spectrum. More 
than 60 research teams in industry, Government 
and universities are reported to be active in this 
area, and designers are beginning to consider 
seriously the possibility of radar, Doppler, and 
communications systems above 100 Gc.

The designer shopping for power at 100 Gc 
or above now has three choices:

■ Raytheon’s new QKK 971 klystron (100 to 
120 Gc).

• A COE-20 Carcinotron (130 to 145 Gc), 
made by Compagnie Generale de Telegraphic 
Sans Fil (CSF).

■ Harmonic generators (several hundred Gck
The two tubes deliver about 10 mw eaclf at 

the top of their ranges, while the output of crys
tal and diode harmonic generators is more com
monly measured in microwatts at low millimeter 
wavelengths.

While such power levels may be adequate in 
the laboratory, generators of far higher power 
are well along in development. Tubes deliver
ing up to several hundred watts at 1 mm or 
beyond are thought to bi* entirely feasible.

First Tomadotron Tests 
To Be Performed at 4 Mm

Later this month, for example, the first trial 
operation of the Tomadotron is planned at the 
Bayside, N.Y., laboratories of General Telephone 
and Electronics. The device will be operated at 
4 mm. Emphasis will not be on power output but 
to prove out the design concept. The Tomado
tron is inherently a pulsed device that should 
be capable of high instantaneous power at repe
tition rates on the order of 100 per sec.

Wright Air Development Div. is supporting 
development of a 1-mm Tomadotron. Gerhard
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Miniaturization problems in conventional millimeter
wave tubes are illustrated by this slotted-vane slow- 
wave structure employed in the COE-20 135-Gc Car
cinotron. Actual length of the structure is about 1 in.

M4H 2.M.9 KMC Ungridded. 
1 KW minimum peak power out
put. 1% duty, 37db small signal 
gain • 1 mw input. Weight: 12- 
1/2 lbs. Length: 17-31/32*.

If you have TWT headaches—finding a 
microwave amplifier now—which pro
duces high gain and wide bandwidth with 
high average and peak powers—Hughes 
may hava just the prescription for you 
Hughes TWT's provide all these desir
able features with built-in long life, rug
gedness and dependability. They fully 
exploit the advantages of permanent mag
net periodic focusing in both glass and metal
ceramic structures, and many are available 
in either gridded or ungridded versions.

312H «.8-4.8 KMC Gridded 1 
KW minimum peak power out
put. 1 /2% duty, 36db small signal 
gain e 50 mw input Weight: 11 
lbs. Length. 15-3/8*.

M1H «8-4.8 KMC Gridded 1 
KW minimum peak power out
put. 1% duty, 36db small signal 
gain 0 50 mw input Weight 13 
ibs. Length 17-7/16*

) Microwaves news

387H 8.5-8.5 KMC 50 KW minimum peak 
power output (500 watt average), metal
ceramic construction, 54db saturation 
gain, 1% maximum duty cycle, beam 
voltage - 38 kv. Wt. 21 Ibs. Length: 24*.
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average twt at 2 mm, and Bell Telephone Lab
oratories is reportedly planning a 1-w-cw twt 
at 1 mm.

Several high-frequency magnetrons are also 
reported in development. These include a 107-Gc 
unit with 2.5-kw peak output, built by the Co
lumbia University Radiation Laboratory; a 79-Gc 
unit of 5-kw peak output, built by SERL in 
England, and a 300-Gc magnetron, planned by 
the General Electric Co. of England. Here 
again, fabrication of small dimensions is a limit
ing factor. Anode vanes in the 79-Gc magnetron 
are only 0.003-in. thick, while the 300-Gc mag
netron will use a photoetched anode.

Limitations of conventional devices have thus 
prompted research into a wide variety of exotic 
approaches. Plasmas, because of their unusual 
but little understood properties, have attracted 
considerable interest.

A simple resonator utilizing a plasma column 
within a Fabry-Perot interferometer is being de
veloped by J. Stafford at the University of Illi
nois. A strong axial magnetic field is applied to 
the plasma, which then radiates at a character
istic resonant frequency. In this, as in all plasma 
devices, there arise difficulties in creating and 
containing the plasma, as well as in coupling 
energy into and out of the medium.

Plasmas may also make possible application 
of the Doppler effect to generate millimeter 
waves, since a wave reflected by a moving mir
ror is increased in frequency. Here, a “plasma 
piston” would be magnetically accelerated 
toward the wave to provide a “mirror” of suffi-

traveling wave tube 
headaches

Hughes also has a complete line of Ku-band backward-wave oscillators for commercial and military applications.
Write or telephone today for full information or a catalogue concerning the broad line of Hughes TWT’s available in L. S, C 4 X bands.

Hughes Microwave Tube Division. F. O. Box M427, Los Angeles 45, California.
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KLYSTRON POWER PACKAGES

$1300<x>

$24O°o

$5500e

62A3-KLYSTRON POWER SUPPLY

BEAM

REFLECTOR

FILAMENT

MODULATION
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VOLTAGE 
CURRENT 

RIPPLE

62 A2 — KLYSTRON FILAMENT SUPPLY

62A1-UNIVERSAL KLYSTRON POWER SU

Sperry Microline Klystron Power Packages 
meet practically any laboratory requirement. 
They have excellent regulation, low ripple, 
stable operat ion and versatility of design, with 
ready adaptability to accessory connections.
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• For further details and information as to 
laboratory applications of these power-packed 
units, please write us:

SMALLEST; LIGHTEST 
FOR THEIR POWER

Regulated source of filament power for 
the most critical measurements. With insulation 
for beam supplies up to 4000 volts, 62A2 
can deliver up to 2 amps, with voltages from 
2.5 to 10 volts, continuously adjustable. 
Close regulation; low ripple.

Ideal for average lab uses—at a moderate 
price. Supplies most types of klystrons with beam 
voltage» from —200 to —700 volts, using up 
to 70ma. Weight only 32 lbs.

Most versatile klystron power unit available 
today. Widest beam power range (delivers —200 
to —4000 volts from 0 to 150ma) in the smallest 
and lightest package on the market.

62A2
2.5 to 10 v. d.c., continously adjustable
2 amps, max
5 mv. max.

62A4
—200 to —700 v., continuously 
adjustable. 0 to 70 ma., 1 v. line 
regulation, 5 mv max. ripple.
0 to —1000 v. 0.1% regulation, 
5 mv max. ripple.

6.3 v 0 to 2 amps.

0 to 150 v., peak to peak, 
all waveforms.

62 Al
—200 la —4000 v., continuously 
adjustable. 0 to 150 ma., 1 v. line 
regulation. 3 mv. max. ripple.

' to —1000 v., .01% regulation
3 mv. max. ripple.
6.3 v.. 4 amps., with provision 
for external filament supply.
0 to 250 v„ peak to peak, 
all waveforms.

ciently high velocity. Similarly moving striations 
for the same purpose might be established in a 
plasma column by ultrasonic waves or cyclic 
magnetic fields. The Doppler approach is par
ticularly interesting, as the power of the re
flected wave is increased as the square of the 
frequency increase.

The plasma piston has been used by O. G. 
Zagorodnov in the Soviet Union to obtain fre
quency increases of several megacycles at about 
27 mc. Moving striations are being studied at 
the University of Illinois, Polytechnic Institute 
of Brooklyn and CSF.

Plasmas may also find eventual use in the 
Rebatron—a Cerenkov radiation device under 
development by Dr. Paul Coleman at the Uni
versity of Illinois. In this device a frequency- 
bunched electron beam grazes the surface of 
a dielectric. If the velocity of the beam exceeds 
that of the speed of light within the dielectric, 
radiation is generated at harmonics of the bunch
ing frequency. To date Dr. Coleman has re
ported outputs of 1 w at 40 Gc, using a 1-Mev 
beam bunched at S band. He believes that the 
use of tensor media, such as plasmas or ferrites 
in place of the dielectric, could yield perhaps 
1 kw at 1 mm.

Fast-Wave Tubes in Development 
At GE and Stanford University

Fast-wave structures offer another possible 
means of overcoming the limitations in conven
tional tubes. A fast-wave structure can be con
sidered the dual of a slow-wave structure, such 
as the traveling-wave tube. In the twt the elec
tron beam supplying the energy to the rf wave 
is maintained at a constant velocity, while the 
wave is retarded by passing along a helix, comb 
or vanes.

The opposite effect occurs in the fast-wave 
tube. The rf wave is not retarded; rather the 
electron beam is forced into a spiral, sinusoidal 
or other cyclic path by external magnetic fields. 
By synchronism of electron and wave motions, 
the electron surrenders energy to the rf wave. 
Since the tube is essentially a straight piece of 
waveguide, there are no dimensional limitations 
on frequency.

One fast-wave tube now in development is the 
Ubitron (Undulating Beam Interaction), sug
gested by R. Phillips of General Electric’s Power 
Tube Dept , Palo Alto, Galif. in the original 
Ubitron concept the electron beam traveled in 
a plane, a sinusoidal path down a length of rec
tangular waveguide. Lately Mr. Phillips has

SPERRY MICROWAVE ELECTRONICS COMPANY, CLEARWATER FLORIDA • DIVISION OF SPERRY RAND CORPORATION 

Microlin» Instrumenta • Radar Test Sufs • Systems Instrumentation • Solid State Devices and Materials • Microwave Components and Antennas 
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Cast Waveguide Microwaves NEWS

COMPONENTS
A complete line of high quality cast waveguide components is now available from Microwave Associates, Inc,

Units for use at frequencies from 1.2 to 40 kMc are electrically and mechanically interchangeable with similar units

MICROWAVE ASSOCIATES, INC. ES Component Division

EXPORT SALES MICROWAVE INTERNATIONAL CORP, KW MTN ST.. N Y.C., N.Y., U.SA. CARIE MICROKEN
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"Plasma piston" generator built by Russian scientists 
to test Doppler method of microwave generation. De
vice shown achieved frequency increase of 4 me. Helix 
slows phase velocity of incident wave to increase the 
Doppler shift caused by reflection of wave from mov
ing plasma.

Microwave Associates’ Components Division also manufactures over 75J waveguide components. These include pressure windows, test equip
ment, specialized waveguide components such as balanced mixers, harmonic multipliers, and complete microwave sub-system packages
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you may now be using. . Delivered from stock, they may be specified in either Beryllium Copper or Aluminum

BURLINGTON, MASSACHUSETTS • BROWNING 2-3000 • WESTERN UNION FAX • TWX: BURLINGTON, MASS. 942

COMPENSATED CAST BENDS • WAVEGUIDE-TO-WAVEGUIDE COUPLINGS - "PANTY" ADAPTERS

Tornadotron Generates Radiation 
By Accelerating Electrons

Acceleration of electrons to produce radia
tion, a fundamental deduction from Maxwell’s 
equations, is the principle applied in the Tor
nadotron. A pencil of electrons is formed at the 
center of a cylindrical chamber. The chamber 
is formed in two halves and is located along the 
axis of a magnetic field to form what is, in effect, 
a cyclotron. An rf signal applied to the two 
halves of the chamber causes the electron pencil 
to spiral outward. The signal is then removed, 
and the electron pencil continues in a circular 
path some distance out from the center ot the 
chamber.

A strong axial magnetic field is then briefly

substituted a circular waveguide with the beam 
following a corkscrew, undulating path. The 
circular waveguide permits larger diameter 
electron beams for the same frequency, or con
versely, reduces the problem of small wave
guides at high frequencies. A power improve
ment factor of about 50 is reported for the 
circular guide.

The Ubitron has recently won a Wright Air 
Development Div. contract and has since been 
classified secret. However, Mr. Phillips reports 
that in recent experiments “We have generated 
about four times the peak power ever obtained 
by other methods in the Ku band.”

At Stanford University, R. H. Pantell is de
veloping a fast-wave device in which a hollow, 
cylindrical electron beam undergoes helical 
rather than undulating motion. Magnetic fields 
in excess of 100,000 gauss would be required to 
spiral the electron beam at a rate necessary to 
generate 300 Gc. Strong fields are in fact re
quired for a number of proposed millimeter
wave devices, but recent progress in supercon
ducting magnets may solve this problem.

E/H AND STRAIGHT ADAPTERS • FOLDED HYBRID TEES • SIDEWALL HYBRID COUPLERS 
CIRCLE 1ST ON READER-SERVICE CARD

MIXER filter
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Model 187B-SL
applied to the chamber. The pencil spirals
sharply inward, and the electrons thus acceler
ated generate the radiation in the Tornadotron.
The pencil is then reformed at the center of
the chamber, and the process is repeated.

Since a strong, sharply pulsed magnetic field 
results in rapid acceleration of the electrons, ex
tremely high frequencies can be generated in 
this manner. Power is a function of the number 
of electrons involved in the process and can be 
increased by lengthening the chamber or by 
tighter packing of the pencil. One-mm radiation 
would require a field of about 100,000 gauss, 
while 0.1-mm waves could be generated by a 
field of 1 million gauss.

Solid-state devices are also being considered 
as millimeter-wave sources. Perhaps furthest 
along in this area is a pulsed-ferrite generator 
being developed by H. J. Shaw at Stanford Uni
versity. This device is essentially a solid-state 
Tomadotron in which radiation is developed by 
electron spins in a small sphere of yttrium iron 
garnet.

COMPLETE LINE
OF VERSATILE, EFFICIENT
WAVEGOIDE WATER LOADS
for SL, S, C, XB and X Frequency Bands

s
Model 187B-S

Model 187B-C

Model 187B-XB • 
13¥2"---- --------- ft

Model 187B-X

New Applications Are Foreseen 
With Millimeter-Wave Advances

With this variety of research and develop
ment, much of it well-supported by the Air 
Force, it should be only a matter of time before 
a number of millimeter and submillimeter wave 
generators suitable for application in systems 
become available.

Studies are now under way to locate spectrum 
windows, especially in the little-known region 
above 300 Gc.

Apart from their obvious advantages of high- 
channel capacities, high resolution, precise aim
ing and reduced equipment size, millimeter 
waves may open entirely new application areas 
for electronics. Weather forecasting, for example, 
could be greatly improved by detection of clear 
air turbulence, believed possible with 60-Gc and 
120-Gc waves. Air navigation and study of aero
dynamic phenomena would also benefit greatly.

Radio astronomers would like to tune in on an 
ever-wider spectrum of interstellar signals. Milli
meter waves could make practical the radar 
mapping of planets and the sun, to say nothing of 
high-resolution terrestrial mapping and recon
naissance. The accuracy and velocity range of 
Doppler navigation systems would increase di
rectly as the frequency of the transmitted signal. 
In fact, Air Force support of a 140-Gc Carcino
tron development giving 50-w peak output and 
1-w cw is related to such Doppler applications. ■

Five models covering five bands 

Three models useful in pressurized systems

VSWR less than 1.10

Can handle 2-20 kw average power 

Low rf radiation

Calibration heaters in all models

These Sierra high-power waveguide terminations are extremely 
useful as dummy loads in calorimetric power-measuring systems. 
They feature rugged construction, with rigid plastic water tube 
mounted in waveguide section, diagonally oriented for impedance 
matching. Chokes and shielding minimize rf leakage, and a 
heater element built into each model permits rapid, accurate 
calibration of a calorimetric power-measurement system 
against a low-frequency standard.

ADVANTAGES !
Model Number: 187B-SL 187B-S 187B-C 187B-XB 187B-X

Frequency Range: 1.7 to 2.6 kmc 2.6 to 4.0 kmc 5.8 to 8.2 kmc 7.0 to 10.0 kmc 8.2 to 12.4 kmc
VSWR: < 1.10 to 2.4 kmc 

< 115 to 2.6 kmc
less than 1.10 less than 1.10 less than 1.10 less than 1.10

Power Average: 
(Unpressurized)

20 kw 10 kw 5 kw 3 kw 2 kw

Peak Power: 2 megawatts 1 megawatt 500 kw 250 kw 150 kw
Max Air Pressure: « * 45 psig 45 psig 45 psig

Waveguide: RG-105/U RG-75/U RG-50/U RG-51/U RG-52/U
Connector: UG-437A/U UG-584/U UG-344/U UG-51/U UG-39/U

Recommended Water Flow: 2 gpm for 10 kw 2 gpm for 10 kw 1 gpm for 5 kw 0.6 gpm for 3 kw 0.4 gpm for 2 kw
Pressure Drop at Rated Flow: 10 psi 10 psi 10 psi 10 psi 10 psi

Max. Water Pressure: 80 psig 80 psig 80 psig 80 psig 80 psig
Water Temperature: 0 to 70° C 0 to 70° C 0 to 70’C 0 to 70* C 0 to 70’ C

Water Capacity: 18.5 cu. in. 3.5 cu. in. 0.85 cu. in. 0.42 cu. in. 0.20 CU. in.
Water Renewal at Rated Flow: Once per 2.5 sec. 2 times per sec. 4.3 times per sec. 5.3 times per sec. 7.4 times per sec.

Heater Resistance: 4.5 ohms 9 ohms 14 ohms 20 ohms 20 ohms
Heater Rating: 10 kw at 2 gpm 5 kw at 1 gpm 3 kw at 1 gpm 1 kw at 0.6 gpm 1 kw at 0.4 gpm

Length: SO in. 32 in. 20 in. 17.25 in. 13.5 in.
Price: $600.00 $500.00 $425.00 $400.00 $375.00

Dats and prices subject to change without notice. Prices f.o.b. factory'Not pressurized

For complete details, see your Sierra Representative or write direct.

NEW! Sierra also offers its Model 186 Series Coaxial Water Loads, covering de to 4 kmc.3 SIERRA ELECTRONIC CORPORATION
A Division of Phiico Corporation

6I87K 00NANN0N DRIVE OAvsspsrt 12010 MENLO PARK, CALIFORNIA, U.S.A.
Sales representatives in all principal areas

Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver 
Export: Frazar & Hansen, Ltd., San Francisco eeor
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How to Simulate Antennas 
In Systems With Waveguides

Rotating the edge of a variable-resistance disk in a slot cut into a 
waveguide is a simple, inexpensive and very flexible way of simulating 
an antenna. It can be used in any system that has a waveguide.

Fig. 1. Sketch of test set up indicates how the resist
ance cards were mounted so that their edges could be 
rotated in slots in the waveguide.

176

William Krushinski, Thomas E. Watson
Sr. Engineer, Group Engineer 
Electronics Div., The Martin Co. 
Baltimore, Md.

ANTENNA radiation patterns can be simu
lated by the controlled insertion of a shaped 

resistance card into a slot cut along the center- 
line of the broad face of a waveguide.

The reception of a pattern from a rotating an
tenna can be simulated by rotating the rim of a 
disk-shaped card. The pattern beamwidth can be 
varied by varying the card resistance distribution.

Beamwidths from 3.5 to over 143 deg were 
simulated with 6-in. diam disks in a RG51/U 
waveguide (Fig. 1). The design steps were:

• Determining the resistance patterns of the 
disks.

■ Developing a method of fabricating the 
disks.

■ Solving mounting problems.

How the Card Resistance Characteristics 
Were Determined

Results of tests performed at X band to deter
mine maximum attenuation of various values of 
resistance cards (ohms/sq) when inserted into 
RG51/U waveguide are shown in Fig. 2. All the 
cards were of the configuration shown on the 
graph. They were 0.027 in. thick and consisted 
of a carbon base film (a few thousandths of an 
inch thick) bonded to a sheet of paper-phenolic 
laminate. The tolerance in their rated resistance 
per square was ±10 per cent. Fig. 3 gives maxi
mum attenuation as a function of resistance card 
values from 30 to 1,000 ohms/sq at a fre
quency of 10 kmc.

The graphs show that the most appropriate 
value for maximum attenuation with insertion is 
100 ohms/sq. The tolerance on resistivity 
probably accounts for the irregular shape of the 
curve in the 50-to-100-ohm/sq region. For a 
given value of resistance card of fixed shape, 
maximum attenuation occurs when the card 
comes in contact with the bottom of the wave
guide. Greater values of attenuation may be pro
duced by placing a longer piece of resistance 
card inside the waveguide. A comparison of the 
attenuation characteristics of two differently 
shaped cards of 100 ohms/sq is shown in Fig. 4.

Care should be taken to shape the leading 
edge of the resistance card depending upon the 
maximum vswr that can be tolerated in the sys
tem. Slight irregularities and raggedness of re
sistance card edges can cause proportionately 
larger mismatches. Because of the dissipative na
ture of the resistance card, it is only necessary 
to ensure that the rf looking into the card will 
not see a serious discontinuity in order to achieve 
vswr values of less than 1.1:1 over the waveguide 
frequency band.

By using the 100-ohm/sq material in the form 
of 6-in.-diam disks, it was possible to simulate 
3-db antenna beamwidths from 3.5 to 143 deg. 
The disks were inserted in a slot on the center- 
line of the broad face of RG51/U waveguide. 
Slots cut into waveguide in this manner intercept- 
little or no lines of current and thus radiation 
from the slots is virtually non-existent.

The minimum beamwidth attained with single
slot penetration (Fig. 5) is 17 deg. If the disk is 
allowed to penetrate both sides of the waveguide 
through two slots (Fig. 6), beamwidths as nar
row as 3.5 deg are attainable. These beamwidths
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Fig. 5. Simulator for wide beams.
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0.063 0.125 0.188 0.246 0.312 0,374 0.436 0.497

.ire a function of frequency, as is the case with 
actual antennas. The beamwidths become larger 
as the frequency is reduced. Typically, a 3.5 deg 
beam width at 11 kmc will become 4.5 deg at 
8 kmc.
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500D 
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Frequency time)

Fig. 2. Tests of cards with various resistances can be used to determine 
how the attenuation varies with frequency.

Reaiutor Card Value (ohms)

Fig. 3. The best resistance value for maximum attenuation was 100 ohms/sq

Minimum Beamwidths When 
Rate of Attenuation Is Maximum

Minimum beamwidths are produced when the 
rate of attenuation is maximum as the disk is 
rotated from the minimum attenuation position. 
At the position of minimum attenuation, there is 
uo resistance material in the waveguide. From 
these initial conditions, larger beamwidths are 
shaped by appropriate removal of the resistance 
material from the cards, as shown in Figs. 5 and

Fig. 4. A comparison of the attenuation characteristics of two differently- 
shaped cards.

100 n/restatance card
9 kmc

C ard No. 1

1 S^Ss^-

0.497 
I_  _

3-inch radio / /

card No. 2 \
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6. Beamwidths narrower than 3.5 deg can be at
tained with larger diameter disks.

However, in the case where the disk pene
trates both sides of the waveguide, problems of 
disk warpage become apparent as the disk is 
made larger. There will be some warpage with a 
6-in.-diam disk. Accompanying this warpage will 
be a tendency for the disk to brush the side of 
the waveguide slot as it rotates within the slot, 
thus causing irregular rotation because of the 
variation of loading on the disk drive motor. 
Also, the resistance material may scrape the sides 
of the slot changing the resistance value of the 
card.

Fabrication Method 
Eliminates Warpage

The warpage problem is alleviated in the fol
lowing manner. First, to protect the resistive sur
face from damage, the resistance surface is 
bonded face-down to a plexiglass disk. The bond
ing material should be of low dielectric constant 
to prevent a serious mismatch in the waveguide. 
A dielectric constant about the same as plexi
glass or lower (i.e., approximately 2.5) is satis
factory. Fig. 7 compares attenuation characteris
tics of an attenuator before and after bonding.

To remedy the warpage resulting from the 
bonding and/or the inherent warpage in the 
plexiglass, the entire disk is faced on a lathe. In 
the case where the disk penetrates only one side 
of the waveguide, facing is not necessary since 
only the rim of the disk is plexiglass, the re
mainder being fabricated from metallic plate for 
good support. (There will be some additional 
warpage due to the differences of thermal expan
sion between the plexiglass and resistance card.)

Lobe Simulation
By Shaping Resistance Card

In some cases, it may be desirable to simulate 
side or back lobe structures on the pattern. Any 
practical configuration of side and back lobe 
structure may be incorporated on the attenuator 
disk by properly shaping the resistance card. In 
fact, if the disks are not perfectly aligned along 
the axis of the guide through 360-deg rotation of 
the disk, side and back lobes are inherent in the 
pattern produced by the disk. 'The magnitude 
and position of these lobes will be a function of 
the location and degree of off-the-axis travel. 
During rotation, if the disk moves to either side
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of the centerline, a condition of slight excitation 
(due to shunt coupling) of the slot occurs. This 
causes the energy to bypass the dissipation 
action of the card. Typical lobe structure is 
shown in Fig. 8. The lobe maximums are nor
mally down 30 to 40 db from the main lobe max
imum.

Mounting Problems:
Alignment and Slot Width

When designing the disk-type attenuator, con
sideration should be given to the waveguide slot 
width and to the location and positioning of the 
resistance card within the slot. If the slot is lo
cated off the centerline of the broad face of the 
waveguide, shunt coupling of energy from the 
guide will exist in increasing amounts as a func
tion of off-axis displacement. This coupling 
causes a radiating mode to exist. In addition to 
the requirement that the slot be centered along 
the axis of the guide, the slot should be less 
than 1/8 in. wide to prevent the interception of 
excessive series currents on the waveguide walls, 
a condition which will produce a condition of 
radiation. The accuracy of locating a 1/8-in. slot 
on the centerline of the broad face of the guide 

depends upon the amount of radiation which can 
be tolerated from the slot. With normal tolerance 
of a few thousandths of an inch on the location 
and width of the slot, radiation from the slot 
(with the resistance card inserted) is on the order 
of 70 to 80 db down from the reference level.

The antenna radiation pattern beamwidths 
simulated were from 3.5 to 143 deg, using a 6-in. 
diam disk (Figs. 9 and 10). Beamwidths wider 
than 143 deg could have been produced using 
the 6-in.-diam disk. On the other hand, the 3.5
deg beamwidth can be considered as the lower 
limit for the 6-in. diameter. A slightly narrower 
beamwidth may be produced w'ith a given di
ameter disk by having the disk shaft pass through 
the narrow walls of the waveguide. However, 
the mechanical mounting problems involved in 
producing extremely narrow beamwidths by this 
technique probably rules it out in favor of using 
larger disks mounted as described. Therefore, 
using RG51/U waveguide (7.05 to 10 kmc), the 
design parameters given may be considered as 
near optimum. ■ ■

Nota
Resistance cards were from International Resistance Co., 
Philadelphia, Pa.
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Fig. 8. Any practical side and back lobe-configuration may be achieved 
by shaping the resistance cards. The beamwidth was 4 deg and the fre
quency 10 kmc. The pattern was blown up and the “10" circle represented 
—27.5 db.

Fig. 7. If the backing and bonding materials have low dielectric con
stants, the reinforcement and protection of the resistance card can be 
accomplished with little change in characteristics.

Figs. 9, 10. Beam widths from 3.5 to over
Fig. 9 is a 3.5-deg pattern and Fig. 10 is o

143 deg can be simulated with 6-in. disks.
143-deg pattern. Both were at 10.75 kmc.
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ROWER 
INSERTION LOSS

T 0.4 <db)

-- 2

-- 10

-• 12

Columns 1,3 and 4 relate power insertion loss, Qu and 
Qu columns 2, 3 and 5 relate b, Qu and frequency.

180

Nomograph Speeds Design 
Of Tunable Coaxial Cavities

Author Jenkins formulated this nomograph to help him design a small, 
lightweight cavity for use as an rfi-limiting handpass filter in an S-band 
transmitter. The design could have been time-consuming because a com
promise between size and selectivity was necessary. The nomograph was 
used to obtain rapidly a promising combination of design parameters, 
after which the more detailed calculations were confidently performed.

RADIUS, b (cm)
Cu Al 0 FREQUENCY X

119.0 p 152.5 100,000 (me) 4 
1 (cm)

S3.3 “ 106.75 qux IO“S

59.6
— 1,000

- 76.25 3 50,000 30.000 - 0.25
47.6 - 61.0 ~ 40,000
35.7 • 45.75 “ — 500 

— 400 30,000 20,000

23.8
— 300

- 30.5 20,000 0.5p 200

11.90 p 15.25 - 100 10,000 10,000 — 0.75

8.33 — 10.675
- 50

5.96 — 7.625 - - 40 5,000
4.76 p 6.1 - - 30 4,000

5,000 — 1.5
3.57 — 4.575 — - 20 3,000

4,000
2.38 + 3.05 2,000

3,000 - 2.5
z

1.19 - 1.525 ~i
“ z
- Z*5 • 000

4 --5 2,000
0.833 “’—*11)675”'^ - 3

- 5
0.596 — ^0.7625 “ - 2 SOO
0.476 0.61 400

0.3^7* - 0.4575 ~ — 1 J
300 1,000 r 75

✓
^0.238 p 0.305 200

500 — 15
0.119 L- 0.1525 100

400

300Fig. 1. This nomograph can be used in two ways.

H. H. Jenkins
Radiation, Inc.
Melbourne, Flo

zoo

100 75

6

-• 16
-■ 18
-L zo

2 3 5

HE PRINCIPAL specifications in design of 
tunable coaxial cavities are: tuning range 

centered about a frequency f0; band width at fo; 
and maximum allowable power insertion loss 
at f0. From these parameters one obtains the 
loaded Q of the cavity (Ql\ cavity inner radius 
(b), and nominal inner length (2b -J- k<).

However, available volume may limit the size 
of the cavity, and the designer should first deter
mine the power insertion loss of the cavity for 
a given volume. Another important size limita
tion is that 2b < Z4. Therefore, 2b should be 
approximated before other design procedures 
are begun.

The nomograph (Fig. 1) determines if initial 
design specifications for the cavity are feasible. 
It can be used in the following cases:

■ Knowing fo, Qr., and power insertion loss in 
db, find b, and 2b -|- k4.

■ Knowing f0, Qu and h, find the power inser
tion loss in db.

■ Knowing f0 and QL, find the best compromise 
between cavity volume and power insertion 
loss.

To use the nomograph, read across columns 
1, 3 and 4, or across columns 2, 3 and 5. For 
example, a cavity with Qt = 1,690 and a power 
insertion loss of 3 db yields Qu = 3.5 x 10 3 
(columns 1, 3 and 4). At 2,250 me, b for this 
cavity (in aluminum) is approximately 1.06 (col
umns 2, 3 and 5).

If a metal other than copper or aluminum is
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FXR's COMPREHENSIVE LINE OF PRECISION WAVEGUIDE TUNERS
WAVEGUIDE TYPES

104

130

COAXIAL SLIDE 
SCREW inn

Model N311A
Price $190.

312, 313 
Serie*

Fig. 2. Tunable coaxial cavity. Pertinent dimensions 
are the inner radius (b), X/4. and the outer radius of 
the inner conductor {a).

VSWR's up to 10:1 
matched to 1.00

First coaxial tuner covering frequency range itani 
1.0 tu 1Û0 Gc
Matches VSWR*« cf 10:1 to 1.00 . .
Insertion loss less than 1 db when correcting mis
match of 3:1
Corrects mismatch of any phase
Standard Type N Connectors (¡ack to plug) for uni
versal utilization

FXR's new, broadband coaxial slide screw tuner, Model N311A, 
tunes throughout the entire frequency range from 1.0 to 10 0 
Gc over which VSWR’s as high as 10:1 can be matched. An 
FXR first, this new tuner saves measurement time and equip
ment investment.
RF leakage is minimized by means of a special poly-iron choke 
mounted along the tuner’s slot. Graduations on the body and

probe permit quick, accurate resets.
The N311A coaxial tuner, paralleling similar achievements in 
waveguide slide screw tuner development, is another illustra
tion of FXR’s widely acknowledged capabilities in the field of 
precision microwave test instrumentation.
Write or call now for data sheets on Model N31TA and other 
units in the extensive FXR line of precision slide screw tuners.

All price« and character!«!!« «ubiect to change without notice.

DELIVERY FROM STOCK

ELECTRONIC DESIGN • May 10, 1961

PRECISION MICROWAVE EQUIPMENT • HIGH-POWER PULSE MODULATORS« HIGH VOLTAGE POWER SUPPLIES« ELECTRONIC TEST EQUIPMENT 
CIRCLE 183 ON READER-SERVICE CARD

G313A $775.

Reference*

1. “Electronic and Radio Engineering” by F. E. Terman, 
Fourth edition, McGraw-Hill Book Co.. Inc., N. Y., 1955, 
Chapter 4, pp 106-107.
2. Design of Coaxial Cavities—Tunable Transmission 
Type." Design Method Series, Radar Design Corp., Syra
cuse, N. Y., Chapter 5.1.
3. “Very High Frequency Techniques,” McGraw-Hill 
Book Co., Inc., N. Y., 1947.

FXR OFFICES IN NEW YORK • BOSTON • IOS ANGELES 
REPRESENTATIVES IN All MAJOR CITIES THROUGHOUT THE WORLD.

specified, multiply the b scale for copper by the 
square root of the relative resistivity of the de
sired metal.

The nomograph was constructed from equa
tions and curves by Terman1 and assumes an 
optimum Q corresponding to b/a ratio (see Fig. 
2) of 3.6. If other b/a ratios are desired the con
stant H in the nomograph equations is modified.1 
Then multiply the b scale in the nomograph by 
the reciprocal of the new H value to obtain the 
new b value. The copper and aluminum b scales 
can both be modified this way.

Characteristics of concentric and two-wire 
transmission lines used as resonant circuits may 
also be determined from the nomograph. Again, 
a suitable multiplier is applied to the b scale, 
as determined by the equations.1 For copper 
two-wire Unes of optimum Q with air dielectric, 
the b scale for copper is multiplied by 0.903. De
sign of concentric lines requires no change in the 
b scale.

Note that the tuning range of the cavity does 
not enter into use of the nomograph. The tuning 
range only affects coupling loop area and posi
tion. However, the upper frequency of the tuning 
range does determine the maximum allowable 
h value, as 2b<X4 must be satisfied at all fre
quencies in the tuning range. Design methods 
for the loop area and position are given.2 Addi
tional information on design of tunable coax 
cavities may be found.3 ■ •

FXR, Inc.
Design •Development »Manufacture 
25-26 50th STREET _ RA. 1-9000 
WOODSIDE 77, N Y TWX: NY 43745

1.12 1o 1.70 
1.70 to 2.60 
2.60 to 3.95 
3.95 to 5.85 
5.85 to 8.20
7.05 Io 10.0 
4 20 to 12.40

12.40 to 18.00 
18.00 to 26.50
26.50 to XolxT 
33.00 to 50.00 
50.00 to 75.00 
60.00 to 90.00 
90.00 to 140.00

MHtl & Mm

1310A $250.
R310A $325.
S311A 5150.
H311A $140.
C311A $135.

W311A $130.
X311A $125.
Y311A $130.

S312A $270.
H312A $210
C312A $180.

W312A $150.
X312A $130.
Y312C $135.
K312C/CF $155.
U312B/BF $170.
Q312B $235.
M312C $245.
E312C $390.
F313A $775.
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FUNDAMENTALLY
SPEAKING NO. 3 IN A SERIES

SUBJECT:

The low-noise parametric amplifier has emerged as a practical and important 
building block of modern microwave systems. It allows, for the first time, low-noise, 
wide-band preamplification of all microwave frequencies with a vast improvement 
in noise figure over conventional microwave receivers. It provides system perform
ance that otherwise can be achieved only by increasing the transmitter power by a 
factor of 2 or 3. Such system parameters as range, fade margin, reliability, etc. are 
greatly improved. Reliable low-noise parametric amplifiers are now available for 
application in Tropospheric Scatter, Microwave Radio Relay, Radar, and Telemetry 
Systems.

Systems designers should be aware, however, that a parametric amplifier does 
not consist merely of a parametric diode mount, but includes various other com
ponents such as a pump, pump power supply, and possibly automatic frequency 
and level control circuitry. These auxiliary devices need not be excessively complex 
or expensive if care is taken in their design. Complete parametric amplifier systems 
can, with care, be completely packaged in a minimum volume.
The Pump: Parametric amplifiers require an A.C. power supply rather than a D.C. 
power supply as in conventional amplifiers. This power supply has been called the 
"Pump" since this term is descriptive of its function. In a sense, it is pumping 
energy into the parametric amplifier system. The pump frequently is a reflex klystron 
or crystal multiplier chain, but may be any form of microwave oscillator, including 
some of the newer solid state oscillators.
Automatic Frequency Control: Different system types have different A.F.C. require
ments. In radar systems, it is necessary for the pump to follow frequency drifts of 
the magnetron so as to maintain a constant idle frequency. In communication sys
tems, the signal is usually crystal controlled so that it is important to maintain the 
pump at a constant frequency. Here the goal is primarily to prevent instability of 
the center frequency of the parametric amplifier since this will give rise to spurious 
phase and amplitude modulations of the signal. This A.F.C. problem may be reduced 
in large measure by the selection of pump sources with inherent frequency stability 
and by the design of broadband idle tank circuits for the amplifier.
Automatic Level Control: Additional spurious amplitude modulation may arise due 
to gain instabilities of the parametric amplifier. These gain instabilities arise due to 
the dependence of gain upon pump power. In those systems where this spurious 
A.M. is of importance, it is desirable to provide some sort of pump automatic level 
control. This may be provided in the form of voltage variable ferrite attenuators.

C.E.C. offers a line of Broadband Parametric Am
plifiers complete with pump A.F.C. and A.L.C. for 
application to your system at frequencies from 
U.H.F. to Ku Band.

Vour particular requirements can bo satisfied 
merely by minor modifications of our existing de
signs. A representative of our Microwave Division, 
will be glad to talk to you on your specific require
ments.

CONTROL SlectnOHiCd. CO., INC.
Ten Stepar Place, Huntington Station, N. Y.

CIRCLE 184 ON READER-SERVICE CARD

182

Crystal Switch Driver Adapter

MICROWAVE 
PRODUCTS

393
Constant impedance match is provided beween the nonlinear forward to reverse imped

ance of a crystal switch and the modulation input. Forward and reverse modulation is clamped 
to the optimum level for operation of the crystal switch. Specifications are: voltage to turn 
switch on, +20 v; voltage to turn switch off, —20 v; switching rate, min, 0 cps; modulation 
input impedance, 620 ohms. Connectors are type BNC

AEL, Inc., Dept. ED, 121 North 11th St., Philadelphia, Pa.
PUA: $75 ea; from stock.

& i M

Germanium Tunnel Diodes 396
Inductance is 400 ph for the 

1N3218, 1N3218A, 1N3219 and 
1N3219A germanium tunnel diodes. 
Housed in a hermetically sealed “strip
line” package, they have total capaci
ties of 7, 4, 14 and 7 pf respectively. 
Typical peak point current ratings of 
the 1N3218 and 1N3218A are 1.0 ma 
while the others have a rating of 2.2 
ma. This parameter is controlled to 
within — 10%. Operating frequencies 
are up to 4.6 Gc.

General Electric Co., Dept. ED, 
Kelley Building, Liverpool, N.Y. 
PUA: $20 to $30 ea; immediate.
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Microwave Phase Meter 395

394Broadband Duplexer

CIRCLE 165 ON READER-SERVICE CARD

183

• What’s more, each model covers two full octaves; each features 
extremely accurate tracking (0.3 db maximum change in difference 
between forward and reverse coupling over the band); each has a power 
rating of 100 watts CW, 10 kw peak. Check the table for full specifica
tions—and compare with any other units available.

• These are just two examples of the complete line of unusually fine 
microwave and UHF instrumentation available from Narda. Write 
today for your free copy uf our newest catalog. Address: Dept. ED-61-4.

4 to 1 Frequency Range 
Flat Coupling
Accurate Tracking 
Extremely Low VSWR

• Here arc two brand new coax couplers, specifically designed by Narda 
to provide the extremely high directivity needed in Reflectometer set
ups. And when we say ‘•extremely high directivity”, we mean it! For 
example: Model 3020 (250 to 1000 me) has a directivity of 35 db 
minimum, which means a maximum error in VSWR of only 1.035 can 
occur as a result of the finite directivity. Main line VSWR is held to 
1.05 maximum; secondary line VSWR is 1.10 maximum!

ELECTRONIC DESIGN • May 10, 1961

Direct reading microwave phase meter model 300 
is for checking the relative phase between two sig
nals in the 0.3- to 4-Gc range. Phase is measured 
on a meter with 0.1-deg resolution at the microwave 
frequency. A “servo output” is for automatic feed
back phase control. The unit can be adapted for 
automatic swept frequency phase measurement with 
recorder output

Wiltron Co., Dept ED, 717 Loma Verde Ave., 
Palo Alto, Calif.
PGA: $2,500; six weeks.

Frequency range is 275 to 600 me and average 
power input of the T4248V5D duplexer tube is 1 kw 
with a transmit and receive vswr of 1.5 to 1. In
sertion loss is 0.6 db and noise level on the receive 
cycle is less than 6 db over absolute temperature in 
Kelvin degrees. Isolation at full power is 30 db and 
a minimum firing level without keep-alive is 50 w.

Tutor. Inc., Dept. ED, 18 Marshall St., South 
Norwalk, Conn.
PGA: Approximately $1,000; 14 days.

yx Q y»ri Q microwave 
the 1 IdX dd corporation
118 160 HERRICKS ROAD, MINEOLA, L. I., N Y. • PIONEER 6 4650

SPECIFICATIONS MODEL 3020 MODEL 3022

Frequency 250 to 1000 me 1000 to 4000 me
Directivity 35db min 30db min
Coupling — both arms 20db nominal 20db nominal

— Frequency sensitivity ^0.6db approx —0.6db approx.
Max VSWR-main line 1.05 1.10
Max VSWR—secondary

lines 1.10 1.15
Power Rating 100W cw lOOWcw

lOkw peak lOkw peak
Tracking 0.3db total 0.3db total
Price $200. $185.



Microwaves products

AFC Unit 380

CABLEMANSHIP

For klystron frequency control. Designed to con
trol the frequency of a klystron local oscillator in 
pulse radar systems, the IF42 afc unit is available 
at 30 to 60 mc fo. It utilizes a diode-phantastron 
control circuit and has a sensitivity of 40 v per mc.

LEL, Inc., Dept. ED, 75 Akron St., Copiague, N.Y.

America’s first “push-button” missile sys
tem, the Minuteman is predicated upon high 
reliability, maximum simplicity and greatly 
improved cost effectiveness. Supporting 
the effective missilemanship of Boeing, the 
Minuteman systems integrator, is the
Cablemanship of Brand-Rex.

Waveguide Transitions 381

Linking the vast 
Communications

complex of Minuteman 
systems are a broad

range of Brand-Rex multi-conductor cables. 
By combining the most suited plastics for 
the specific purpose, they insure functional 
and environmental integrity. Polyethylene, 
with its excellent electrical characteristics, 
is used as primary insulation; nylon jackets 
impart dimensional stability to single con
ductors as temperature increases; and 
over-all neoprene jackets provide low tem-

perature flexibility, abrasion resistance and 
resiliency. The processing problems inher
ent in such material combinations have 
been successfully solved by Brand-Rex 
technicians.
If your requirements for wire, cable and in
sulating materials demand the reliability, 
uniformity, and adherence to specifications 
of the Communications system of the Min
uteman project, call on the Cablemanship 
of Brand-Rex!
*Brand-Rex Cablemanship — a combina
tion of technology, skill, design engineer
ing, 3-plant production capability and 
technical service provided by a tightly 
knit organization of cable specialists . . . 
all backed by the vast resources of 
American Enka Corporation.

Frequency range is 1 to 12.4 Gc. Coaxial-to-wave- 
guide transitions model 18T10 have a frequency 
range of J to 12.4 Gc. Specifications are: coaxial 
connector, type N; vswr 1.10 to 1 max; waveguide 
flange, UG 435A/U.

Applied Microwave Electronics. Inc., Dept. ED, 
114 W. 25th St., Baltimore 18, Md.
Prices $150 ea.

Rotary Joints 362

Rated at 3 megawatts. Model S 60-1 rotary joint 
covers the frequency range from 5.25 to 5.75 Gc 
and is rated for a peak power of 3 megawatts when 
pressurized to 30 psig with air. Other models operate 
between 1 and 9.5 Gc. The vswr is less than 1.15:1. 
Unit operates at 10 megawatts when pressurized to 
20 psig of sulfur hexafluoride.

FXR, Inc., Microwave Div., Dept. ED, 25-26 50th 
St., Woodside 77, N.Y.

division of American EnKa Corporation
DEPT. NC, 39 SUDBURY ROAD, CONCORD, MASSACHUSETTS

TELEPHONE. EMERSON 9-9630
VINYL. TEFLON POLYETHYLENE, NYLON WIRE ANO CABLES. ELECTRICAL TUBING ANO SLEEVING — UHF CAST PLASTICS

CIRCLE 186 ON READER-SERVICE CARD
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Traveling-Wave Tube 363

CONTEMPLATE

X-Band Switch 365

Ferrite Isolator 367

formance ratings

CIRCLE 138 ON READER-SERVICE CARD

18510, 1961

Stainless Steel 
Phosphor Bro’Zt 
High Temperature Metals 
Beryllium Copper 
Glass Sealing Alloy 
Tin CeaM Metals 

and Rare Metals

Brass 
Copper 
Nickel 
Monel 
Inconel 
Inconel X 
Nickel Silver

American EmKa Corporation 
sudrurv road, concord mamachusstts

Write for confidential analysis of your 
specific requirements — no obligation, 
of course.

1% tunable. The Ferimat, a tunable ferrite isolator, 
designed for the A, V and E bands. Typical per

vswr, 1.25 rnax; isolation, 20
db min; loss, 1.5 db max. The Ferimat is one of a 
line of millimeter components covering the 26.5-Gc 
region.

Technical Research Group, Ine., Dept. ED, 9 
Union Square, Somerville, Mass.

CIRCLE 187 ON READER-SERVICE CARD 
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Has long life. Series 1900 microwave switch, for 
use at 8.2 to 12.4 Gc, has a life of 100,000 operations. 
Switching time is less than 5 msec. Isolation is 50 db 
min, insertion loss 0.1 db, vswr 1.03:1. Made in brass 
or aluminum, the switch can be operated remotely.

Guide Manufacturing Co., Dept. ED, 7602 San 
Fernando Road. Sun Valley, Calif.

Rated at 10 w cw. Traveling-wave tube L-3472, 
operating from 7 to 11 Gc, will handle a minimum 
of 10 w cw. Saturation gain is within 3 db of the. 
36-db min small-signal gain. Output power is linear , 
coaxial input and output circuits have minimum fre
quency dependence. The 2.5-lb tube is less than 12 
in. long, with a body diameter of 1-3/8 in.

Litton Industries Electron Tube Div., Dept. ED, 
960 Industrial Road, San Carlos, Calif.

You save time, eliminate doubt, 
when you turn to Brand-Rex for 
Teflon insulated wire. Combine 
recent U/L approval ot Brand-Rex 
Teflon TFE and FEP wire with a 
long list of military approvals and 
you've got a source that can 
deliver fast ... to your exact 
specifications!

Why is Brand-Rex such a distinc
tive and unique source? We call 
it advanced cablemanship ... a 
combination of technology, skill, 
progressive engineering, the pro
duction capacity of three modem 
plants and technical field service 
... all delivered through a tightly- 
knit organization, backed by 
American Enka Corporation's vast 
resources.

If you want Teflon insulated wire 
or cable, here's your source. The 
same is true if you want to be 
brought up to date on the many 
advantages of Teflon or any other 
insulation material. Contact 
Brand Rex . . . people who know!

MERS BRASS CO., INC., WATERBURY, CONN
Nhw» (Ar.« Cod. * 103) Pt«»a 6-8321 TWX-WBY7»

provides the most durable, 
V!aMM0 dependable material for a 
wide range of electronic, electrical, 
o' craft, missile and many other appli
cations.
For accuracy in dimension, physical 
and chemical properties on metal from 
.010* to 000’25 thin (nickel alloys 
from 020*), consult Somers — over 
50 years the number one source

SOMERS 
THIN STRIP FIRST

Romers
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Microwave Radio System 358

Mil

Dept.

B«” 391Shorting Switches

Mai Average Current. Rectifier, Amperes

186

IFrifc for information on the complete line of ITT 
hydrogen thyratrons and diodes. Application 
assistance is available for your specific requirements.

No other hydrogen thyratron and diode line offers 
this wide choice of high-power types in the smallest 
possible tube envelopes. Made by ITT Kuthe 
Laboratories, most experienced maker of hydrogen-filled 
tubes, these ceramic thyratrons and diodes are the 
most complete line on the market today, with each type 
immediately available from production. The high-power 
thyratrons are designed to operate at high repetition 
rates and high temperatures; the high-power diodes may 
be used as hold-off diodes, inverse clippers and 
backswing clippers. Also available is an equally 
comprehensive line of glass thyratrons. The entire ITT 
hydrogen thyratron and diode program is aimed at 
the most demanding applications, particularly where 
long life and ruggedness are mandatory.

KU74
Alitor. YUU"

Lenkurt Electric Co. 
ED, San Carlos, Calif.

KU 274
I* Laban- - > Z*

Broadband. Type 74B is a broad
band microwave radio system for use 
in the common carrier, industrial and 
government bands. It can be supplied 
with arrangements for hot standby and 
space or frequency diversity. Standby 
transfer time is 1 msec. Transmitter 
stability is ±0.02%; klystron output is 
1 w.

■■■■■E—□ ELECTRON TUBE DEPARTMENT ■ COMPONENTS DIVISION
INTERNATIONAL TELEPHONE ANU TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 

ITT COMPONENTS DIVISION PRODUCTS: POWER TUBES • IATRON STORAGE TUBES • HYDROGEN THYRATRONS 
TRAVELING WAVE TUBES • SELEN IU M R ECT I Fl ERS • SI LI CO N DI O DES AN D R ECT IFIE RS • TANTALUM CAPACITORS

Operate in 10 msec. Single and dual 
waveguide shorting switches of series 
90SW cover two frequency ranges: 
8.5 to 9.6 Gc and 9.2 to 10.0 Gc. Un
affected by external magnetic fields, 
the switches can be used near ferrite 
and other magnetic devices. Both 
types have excellent vibration charac
teristics. The dual switch is free of 
cross-coupling.

Micron ave Development Labora
tories, Inc., Dept. ED, 15 Strathmore 
Road. Natick Industrial Center, 
Natick. Mass.

Dual-Mode Discriminator 389
Operates at 35 Gc. Dual-inode 

transmission-type discriminator cavity 
WX 4334 provides a stable frequency 
source for parametric amplifiers, navi
gation systems, and beacon radars. 
Typical frequency variation is ±8 me 
in temperature shift from 25 to 100 
deg C. Loaded Q for each output is 
3,000, frequency difference between 
outputs is 10 me. The device is a cube 
measuring 0.900 in. on a side; weight 
is 3.1 oz.

Westinghouse Electric Corp., Elec
tronic Tube Div., Dept ED, P. O. 
Box 284, Elmira, N. Y.

< CIRCLE 189 ON READER-SERVICE CARD 
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Max. MegW/cu

ITT CERAMIC HYDROGEN THYRATRONS AND DIODES FOR MAXIMUM POWER/SIZE RATIO

THYRATRONS KM 7« K0 71 K0 72 K0 73 K0 74 R0 274
Performance Factor (i 10*) 1.« 4» 7.0 200 400 45.0

Peak Power Output. Megawatt» 0.2 10 3.50 12.50 330 50.0

Forward Anode Voltage. Kilovolts 60 10 0 20.0 250 33.0 50.0

Peak Anode Current. Amperes 90 200 350 1000 2000 2000

Average Anode Current. Amperes .100 200 300 1 5 4.0 4.0

Height. Inches 170 225 300 575 110 12.0

Diameter. Inches 1 15 1 37 175 300 450 450
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Radio Relay System 352

Has 600 voice channels. Covering 
common carrier, industrial and govern
ment frequencies between 5,925 and 
8,400 mc, model RF-7 provides 600 
voice channels. Transmitter power is 
1 w. Transistor circuits and plug-in 
construction are used. Power supply 
is a charger and battery system.

General Electric Co., Communica
tion Products Dept., Dept. ED, Lynch
burg, Va.

Crystal Diode Mixers 359

Adjustable local oscillator coupling. 
Double or single ended mixers, model 
CM 6, are available with fixed or vari
able local oscillator coupling. Specifi
cations are: input, type N; frequency, 
570 to 630 mc; vswr, 1.5 to 1 max; 
frequency bandwidth, 10%; if, 30 mc.

Applied Microwave Electronics, 
Inc., Dept. ED, 114 W. 25th St., Bal
timore 18, Md.
Price: $390 ea.

TR Tube 392
A quartz folded-cylinder tr tube for 

high-power applications, model T48- 
U15 operates at uhf and L-band fre
quencies with multi-megawatt input. 
Gap spacing accuracy is better than 
±0.006 in

Tucor, Inc., Dept. ED, 18 Marshall 
St., South Norwalk, Conn.
Availability: 30 days.

CIRCLE 190 ON READER-SERVICE CARD ►

QKK 834, QKK 923- 
GENERAL CHARACTERISTICS

New klystrons hold characteristics 
in grueling aerospace environments

K.- and K-band tubes are tunable from 34.0 — 35.6 
and 23.5-24.5 kMc
Now, Raytheon combines the advantages of small size, ex
treme ruggedness, thermal stability, and smooth wide-range 
tunability in a 20mW reflex klystron.
The new QKK 834 for K• band and QKK 923 for K band are 
all ceramic and metal tubes with typical electronic tuning 
range of 110 Mc. The tuner, utilizing a sapphire rod, can be 
specified for positioning anywhere on the circumference of 
the resonator at least 90 degrees from output flange (see 
illustrations above). Write today for detailed technical data 
or application service to Microwave & Power Tube Division, 
Raytheon Company, Waltham 54, Massachusetts. In Canada: 
Waterloo, Ontario.

Power Output 20 mW (nominal)
Frequency . . . 34-35.6*; 23.5-24.5t kMo
Resonator Voltage........................... 400 V
Reflector Voltage Range. .—65 to —175V 
Temperature Coefficient. . .± 0.5 Mc/°C 
Cooling . . convection (no blower needed) 
Overall Dimensions. . 1 5/8x1 1/16x2 in.*

♦QKK 834 tQKK 923

RAYTHEON
DIVISION
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REFLECTOR

FREQUENCY

Murray Hill,

383

in commun ica-
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BEAM 
VOLTAGE

For 
55R5C 
probe

circular waveguides. Model 
circular waveguide rotating 

sections provide continuous

uhf and microwave 
oscillator applications

3.5 Gc. Ger
, designed for 
amplifier and

Rotating Probe Sections 357

tion systems, exhibit superior noise 
characteristics. The diodes are pack
aged in a pillbox configuration, 0.120 
in. in diameter and 0.050 in. high. The 
service includes types MS 222, 223, 
224, and MS 242.

Micro State Electronics Corp., 
Dept. ED, 152 Floral Ave., Murray 
Hill, N J

arsenide diffused-junction, mesa varac
tor diodes MS 262 through MS 266 
are designed for use in parametric 
amplifiers, microwave switches and 
harmonic generators. In a package 
measuring 0.120 in. OD by 0.0-50 in. 
high, the diodes have typical parasitic 
inductance of 300 ph and total ca
pacitance of 1.5 pf max. All units 
are rated at 6-v min breakdown at 
10 ma.

Micro State Electronics Corp., Dept
ED. 152 Floral Ave
N. J

dulation 
AMPLITUDE

360-deg probe rotation for measuring 
electrical field mode orientation in cir
cular waveguide. Specifications are: 
operating bandwidth, 5.0 to 5.9 Gc; 
residua] vswr, 1.02 to 1; frequency 
range, 3.95 to 18.0 Gc.

Applied Microwave Electronics, 
Inc., Dept. ED, 114 W. 25th St., Bal
timore 18, Md.
Price: $850 ea.

Tunnel Diodes
Cut-off frequency is 

manium tunnel diodes.

Varactor Diodes
Operate to 150

384
Gallium-

PORTABLE KLYSTRON POWER SUPPLY 809-A
featuring: • New compact size: 8" x 12" x 15" • New low in reflector voltage ripple: less than 1 mv rms • New 
planetary gears to give finer adjustment of reflector voltage • New design including internal blower, built-in cabinet tilt 
stand, PRD expansion coil cord with polarized ac plug • Direct reading of beam voltage or current on front panel meter. 
Regulated beam voltage 250 to 600 volts; regulated reflector voltage 0 to —900 volts; 6.3 volt ac filament supply. 
Reflector voltage available either unmodulated or internally modulated by square wave or sawtooth. Send JEZSUER 
for data! PRD ELECTRONICS. INC.: 202 Tillary St., Brooklyn 1, New York. ULster 2-6800; C 
1608 Centinela Ave., Inglewood, California, ORegon 8-9048. A Subsidiary of Harris-Intertype Corporation. BSZSSES
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WATCH THIS SPACE

In a moment a new satellite will streak into view. 
Bell Laboratories may help guide it into orbit, for 
few are so eminently qualified in the science of 
missile guidance. Bell Laboratories’ Command Guid
ance System has guided such trailblazers as Tiros 
and Echo into precise orbits. The same system will 
guide more new satellites into predetermined orbits 
as Bell Laboratories continues pioneering in 
outer space to improve communications on earth.

BELL TELEPHONE LABORATORIES
.World center of communications research and development

Microwave Absorber 390
For all-weather use. Resonant foam 

microwave absorber of the Salisbury 
Screen type has a value of 25 db min 
at resonance. Thickness of type RF 
absorber is 1/8 wavelength; band
width is sufficient to cover a complete 
hand.

B. F. Goodrich Sponge Products. 
Dept. ED, Shelton, Conn.

Flexible Waveguide 386
Pressurized to 45 psi. High-pressure 

flexible waveguide, for frequencies 
from 1.2 to 1.70 Gc, operates at 50-kw 
cw and 25-megawatt peak power. 
Waveguides are available in a wide 
variety of flange combinations.

Technicraft Div., Electronic Spe
cialty Co., Dept. ED, 116 Waterbury 
Road, Thomaston, Conn.

Ferrite Modulator 387
Por X band. Ferrite modulator 

XI58A provides 25 to 60 db of dy
namic attenuation at coil currents of 
100 ma. Insertion loss is 0.9 db max, 
input and output vswr 1.20:1 max. 
Used with WR-90 waveguide, modu
lator insertion length is 5.30 in.

FXR. Inc., Dept. ED, 25-26 50th 
St., Woodside 77, N. Y.

Waveguide Twists 385
In I.-hand tubing. Large waveguide 

twists are available in standard L-band 
tubing with lengths of 18 in. and up. 
Both coaxial and offset twists are 
made in bronze tubing (type RG- 
69/U) and aluminum tubing (type 
RG-103/U).

F. C. Kent Corp., Dept. ED, 135 
Manchester Place, Newark, N. J.

Rotary Joints 388
In variety of styles. A complete line 

of rotary waveguide joints is avail
able in uhf, L, C, S, X and Ku bands. 
Configurations include I-shaped, 
L-shaped, U-shaped and dual-channel 
types.

Canoga Electronics Corp., Dept. 
ED, 15330 Oxnard St., Van Nuys, 
Calif.
Availability: From stock



Acoustical noise: 85 db. at 6 inch distance

For noise at microwave frequencies, too, there’s an ideal device 
in a small package. It’s the Litton L-2000 series of miniature gas 
discharge noise sources. Use them for automatic monitoring of 
the performance and sensitivity of modern radar systems. They’re 
available to cover the most-used frequency bands and come in a 
variety of mount configurations.

The series features a shielded cathode, low modulator drain, and 
field-replaceable tube insert. Rugged. Insensitive to a wide range 
of ambient temperatures. Compactly engineered for demanding 
air and ground environments. Economical because of replace
ability, plus added advantages of logistic simplicity and ease 
of maintenance.

niQFROM A 
^Z,”SMALL 
NUIoLsource

The tube pictured here is the single-ended L-2000 with the 
LR-2000 insert, specified for a recent generation of FAA airport 
surveillance radars and for a variety of well-known “S-band” 
military systems.

For more data on these or other precision gas tube products, 
write Litton Industries, Electron Tube Division, 960 Industrial 
Road, San Carlos, California. Or telephone LYtell 1-8411.

GAS NOISE

Microwaves products

Cavity Amplifiers 364

For aerospace applications. Five models of this line 
of miniature amplifiers are each available in 6 output 
frequency ranges from 215 to 1,100 mc. Specifica
tions for the model R-10 using 7552 and 7554 co
axial pencil triodes are: gain, 15 db; bandwidth, 5 
me; plate power requirements, 150 v at 0.015 amp.

Resedel Engineering Corp., Dept. ED, 330 S. Fair 
Oaks Ave., Pasadena, Calif.
Pi?A: $695; 40 to 45 days.

Traveling-Wave Tube 374

Type 
Number
L-2008 
L-2013 
L-2006
L-2000(R) 
l-2018(R) 
L-201KR) 
L-2009(R) 
L-2007 
L-2010
L-200KR) 
L-2002(R) 
L-2003(R) 
L-2004(R) 
L-2017(R) 
L-2005

Frequency 
Range 
(megacycles)

200-250 
570-630

1200-1400 
2700-2900 
2700-2900 
3300-3700 
3400-3700 
2000-4000
2000-4000 
5400-5900
7500-8600 
8500-9600 
8500-9600
8970-9190 

16000-17000

Excess 
Noise Rafia
(db)
18.5 ± 0 5
18.5 ±0.5
18.5 ±0.5
18.5 ± 0.2
15.5 ± 0.2
18 .4 ±0 2
15.5 ± 0 5
18.5 ± 0.5
15.0 ± 0.5
13.0 ± 0.5
14.5 ± 0 5
14.5 ± 0 5
18.5 ± 0 5
18.5 ± 0 5
18.5 ± 05

TUBES
Nominal Nominal
Operating Operating
Current Veltage
(ma)

25 
25
50 
75
75 

150 
125
85 
40

100 
100 
100 
100 
100
55

(»alts)
200
200
175

30
35
30
20

135
60
55
40
45
45
45
55

RF
Coupling

coax*
V«" coax*
%" coax*' 

RG-48/U WG* 
RG-48/U WG* 
RG-48/U WG* 
RG-48/U WG*

%" coax*'
%" coax*' 

RG-49/U WG* 
RG-51/U WG* 
RG-52/U WG* 
RG-52/U WG* 
RG-52/U WG* 
RG-91/U WG*

(R) denotes replaceable gas tube insert 
‘single ended mount 
“double ended mount

INDUSTRIES

MICROWAVE TUBES

192 ON READER-SERVICE CARD
NO DISPLAY devices

For airborne equipment. Model A-1225 is a light
weight, ruggedized traveling-wave tube focused by 
periodic permanent magnets. It is designed for use 
in airborne equipment. Ku band, 12 to 15 mc with 
1-mw drive, produces power output of 1-w min with 
30 db gain.

Radio Corp, of America, Dept. ED, 30 Rocke
feller Plaza, New York 20, N.Y.

Power Supply 372

For traveling-wave lubes. The WJ-180 is a low- 
noise traveling-wave-tube power supply designed to 
operate WJ-211, WJ-212 S- and L-band tubes. Solid- 
state components are unnecessary; two front panel 
controls are used.

Watkins-Johnson Co., Dept. ED, 3333 Hillview 
Ave., Palo Alto, Calif.
Pi?A: $3,500 ea; 4 to 6 weeks.

CIRCLE
ELECTRONIC DESIGN May 10, 1961190



RF PRODUCTS BUILDS ANVIL RUGGEDNESS INTO 
> ■ • PRECISION 0 COAXIAL SWITCHES-RELAYS...

S-Band Antenna 375
Spring-leaf switching blades, gold-plated silver contacts and impedance matched connectors keep 
insertion loss and VSWR (1.3 @ 4,000 MCs) low, Crosstalk high (in decibels down). Electro-mechanically 
actuated models operate and release in 8 to 20 milliseconds, depending on type and function, with a 
proven mechanical life of 1,000,000 cycles minimum when operated under 10 cps. / Available for fast 
delivery from factory stock in a large variety of configurations and functions, including SPDT, DPDT, 
1P4T, 1P6T, 1P12T and Transfer types, uq DDflllllPTC

A DIVISION OF AMPHENOL BORG ELECTRONICS 111 I llUUUU I W DANBURY CONN. W*
aMPHENol

Vertically polarized. Model 3001 vertically polar
ized antenna is designed for use as a ground beacon 
when used over a ground screen, or in transmitting 
from an aircraft. Electrical characteristics are: cw 
power rating, 500 w; vswr, 1.5 max from 2.4 to 3.6 
Gc. The unit is completely sealed.

Adams-Russell Co., Inc., Dept. ED, 200 Sixth 
St., Cambridge 42, Mass.
Pi? A: $410 per unit; 45 days.

Shorting Plugs 356

Are weatherproof. Used to cap and short a circuit 
simultaneously, weatherproof shorting plugs operate 
from —65 to +260 deg F. The TNC type operates at 
1,500 v rms, TM at 500 v rms. Metal parts are 
silver-plated brass; contacts have gold plate over 
silver. Dielectric is Teflon, shield contact fingers are 
heat-treated beryllium copper.

General RF Fittings, Inc., Dept. ED, 702 Beacon 
St., Boston 15, Mass.

Microwave Receivers 376

AND DELIVERS IN 7 DAYS
100% tested from factory stock

Designed as complementary units. The series 40 
amplifiers provide matched sets of equipment for 
microwave receiver prototype or production runs. 
Specifications are: if frequency, 60 me; input, from 
balanced mixer; output, video cathode follower; 
bandwidth, 4 me; main amplifier gain, 130 db.

LEL, Inc., Dept. ED, 75 Akron St., Copiague, 
N.Y.

Get full details! Send for catalog DK61.

CIRCLE 193 ON READER-SERVICE CARD
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I

370

355

373

BROADBAND FILTCw

ILMONT B CALIFORNIA

CALIFORNIA
TECHNICAL
INDUSTRIES

to commercial WR are also available. Standard units

CIRCLE 194 ON READER-SERVCE CARD
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economic wire harness an. 
available.

Write tor full information

) Microwaves products

Waveguide Switches

Polarized Connectors

lugli speed 
tuiieMuffic 

caWe festina J i

CABLE HARNESS ANALYZER
• simultaneously tests far continuity 

leakage and hi-pot
• checks complex branch circuitry
• rapid, low cost programming 
• ease of operation

Ease of programming, fail safe cir
cuits, wide range of programming, 
latest state of art design, reliability, 
rapid automatic go/no-go tests and 
low cost are features of the CTI 
Model 165 Cable Harness Analyzer. 
A wide combination of test para
meters, continuity current, hi-pot 
voltage, continuity resistance, leak
age resistance and time on conduct
or, may be independently pro
grammed. The Cable Tester auto
matically checks up to 10,000 simple 
circuits in increments of 200, or an
equivalent combination of main and 
branch circuits. Connections provide 
control of external relays in the cir
cuit under test. CTI has pioneered 
the field of automatic testing, and 
has applied its experience to devel
oping the CTI Cable Tester, Model 
165, into the most versatile and

Foremost tn Automatic Testing

Switch under power. Remotely controlled spdt 
waveguide switches of the Delta series switch under 
rf power with 7 msec operating time. The 7-oz units 
cover the frequency range from 7.05 to 40.0 Gc in 5 
waveguide sizes. Designed to meet all requirements 
of MIL-E-5272, the switches are suited for space and 
shipboard use.

Don-Lan Electronics, Inc., Dept. ED, 1131 Olym
pic Blvd., Santa Monica, Galif.

DOIT 
YOURSELF 
TELEMETRY 
SYSTEMS...

Reversed internal components of these pol&rized 
TNC and TM connectors eliminate the possibility of 
mismatching cables. Insertion loss and vswr are low; 
requirements of MIL-E-5272 are met. All metal parts 
are brass, except female contacts and shield fingers, 
which are heat-treated beryllium copper. All con
nectors have threaded couplings.

General RF Fittings, Inc., Dept. ED, 702 Beacon 
St., Boston 15, Mass.

Waveguide Transitions

For connection of different size waveguides.
Transitions, also known as tapers, provide a means
of connecting one waveguide size to another. Sec-
tions that connect standard military RG waveguide

are silver-plated brass assemblies.
Waveline, Inc., Dept. ED, Caldwell, N.J.
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.. .with 
components 
by Rantec
Over the past year», Rantec hat concentrated a major part 
of it» research and development effort» in the design and 
development of component» and subsystem» for telemetry. 
Rantec t» now able to offer the design engineer near complete 
»yttems in today'» 225-300 Me and tomorrow’» 1700-2300 
Me bands. Here are components of amazing adaptability 
for the design of Ranter-reliable telemetry systems.

FOR THE 223-300 MC SYSTEM Antennas and arrays, for manual 
tracking and simultaneous lobing... Helical arrays... dipole diversity 
reception arrays or feed» for large reflectors... these antennas have 
been used successfully in DISCOVERER, EXPLORER, PIONEER 
and ECHO project»... Antenna pedestal» and servo mounts 
Telemetry multiplexers.. units which combine two to six 
transmitter» into one antenna... long term, hermetically sealed 
for outer »pace environment. Unit» are used in TITAN, POLARIS, 
MERCURY, DISCOVERER, SUBROC, X-15 and other project»
FOR THE 1700-2300 MC SYSTEM Simultaneous lobing and 
electronic conical scanning antennas... Horn arrays and slot arrays 
Feeds for 6' to 85' diameter reflectors... used around the world 
Filters... coaxial and stripline... designed for rugged ground and space 
environments... Multiplexers... two to ten channel applications 
Hybrid assemblies ...to be used with simultaneous lobing systems 
to permit tracking by providing sum and difference channel outputs 
Dual channel rotary joints... Control and display panels ■..
Y-cin ulators... broad-band, compact... for use with parametric 
amplifiers ... Coaxial isolators... ferrite switches

Slotted-line Sections

Microwaves

354

For circular waveguides. Model 55SC circular 
waveguide slotted line sections maintain rotation of 
the electric field orientation to a minimum to ensure 
true readings. Slot length is a minimum ot 8 in. 
Specifications are: bandwidth, 5.0 to 5.9 Gc; residual 
vswr, 1.02 to 1; frequency range, 3.95 to 18.0 Gc.

Applied Microwave Electronics, Inc., Dept. ED, 
114 W. 25th St., Baltimore 18, Md.
Price; $725 ea.

Tube Cavity

For C-band. A new metal-ceramic triode design 
configuration is used in a tube-cavity combination 
operating over the 5,250- to 6,050-mc frequency 
range. Output power is 4 to 10 mw. The design func
tions as a stable local oscillator or parametric ampli
fier pump.

General Electric Co., Receiving Tube Dept., Dept 
ED, Owensboro, Ky.

Parametric Amplifier 377

guaranteed

32,400,000,000,000,000

SANTA CRUZ • CALIF.

Whether or not you're interest
ed in 3.24 x ID16 oscillations, 
we think you’ll want to see a 
copy of the specification sheets 
for the complete line of Stewart 
BWOs. Drop us a note today.

For AN radar systems. L-band diode parametric 
amplifier, model X-217, is for installation in AN/TPS- 
1D, AN/TPS-1G and AN/FPS-36 radar systems. It 
sets the system noise figure at 2 db or better. The 
unit has an instantaneous bandwidth of 10 me or 
more, which is tunable from 1.2 to L 4 Gc.

Melabs, Inc., Dept ED, 3300 Hillview Ave., 
Palo Alto, Calif.

4 CIRCLE 195 ON READER-SERVICE CARD

STEWART 
ENGINEERING 

CORPORATION

8. 
I -

Oscillating at 18 kmc and de
livering 15 milliwatts of power, 
a Stewart 0D 12-18 BW0 can 
be expected—and is guaranteed 
—to offer a minimum of 500 
hours of high-performance serv
ice. In actual use, Stewart back
ward wave oscillators normally 
outlive their guarantees many 
times over
Stewart BWOs offer particularly 
attractive possibilities as a 
source of microwave signals 
for microwave swept signal 
generators, and for receivers 
and transmitters requiring rapid 
programmed swept signal ex 
cursions, because of their ex
cellent wide-band, electronic 
tunability characteristics. Per
formance curves for the 00 
12-18 are shown here

Complete ipecificaltom for each component and subsystem are available.
Rantec engineers will be happy to work u ith your telemetry team in the application 
of these components to the total syitem, Jk ^^k

Rantec Corporation, Calabaiai, California^^r yHf
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MODEL PMX

POLARAD

MICROWAVE
GENERATORS

500 mc to 50,000 mc

MOST FEATURES

MODEL MSG I

MODEL PMR

MODEL MSG 2A

MODEL KSS

MODEL MSG-34

MODEL CSG

MODEL PMK

MODEL EHF (Generator)
MODEL EHF (Source)

BUSINESS REPLY CARD
First Clou Permit No. 18, Long Island City 1, N.Y.

POLARAD ELECTRONICS CORF

MODEL 
PMR

MODEL 
MSG 1

MODEL
MSG-2A

MODEL
MSG-34

MODEL 
KSS

MODEL 
PMX

MODEL
CSG

MODEL 
PMK

MODEL EHF 
(generator)

MODEL EHF 
(source)

500 to
1,000 mc

950 to
2,400 mc

2,000 to
4,600 mc

4.200 to
11,000 mc

1,050 to
11,000 mc

4,450 to
11,000 mc

1,000 to
16,000 mc

10,000 to
21,000 mc

18,000 to
39,700 mc

18,000 to
50,000 mc

Complete modulation 
capabilities — internal 
pulse modulator or 
FM modulator

Complete modulation 
capability including square 
wave modulation

Complete modulation 
capability including square 
wave modulation

Widest frequency range in 
a single instrument

Compact high power signal 
source with plug-in tuning 
units —internal modulation

Calibrated 1 milliwatt signal 
generator with complete 
modulation capability

Higher power sweep 
generator

Wider modulation 
capabilities — calibrated 
10 milliwatt output

High frequency signal 
generator — operates on 
fundamentals

Widest and highest 
continuous frequency 
range — operates on 
fundamentals

POLARAD ELECTRONICS 
CORPORATION

43-20 34th Street, Long Islend City 1, N. Y.
Representatives in principal cities.



Planar Triode Cavities 704

698Ka-Band Magnetrons

Stability Tester 714
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With 40-kw peak power output, type M-4155A 
magnetron is smaller, lighter and stronger than 
the type 5789 it replaces. Type XM-4218, de
signed for missile and airborne use, weighs 4 lb 
and produces 32 kw. It operates unpressurized at 
33,000 ft and withstands 10-g vibration. At 27 lb, 
type XM-4158 is 6 lb lighter than type 6799. The 
airborne unit delivers 120 kw peak. Type XM- 
4064 withstands 20-g vibration, 54 to 2,000 cps. 
Power output is 70 kw. The 9-lb magnetron is 
made for airborne applications. All four units op
erate in the Ka band.

Sylvania Electric Products Inc., Dept. ED, 730 
Third Ave., New York 17, N.Y.

TECHNICAL ASSISTANCE IS AVAILABLE THROUGH THE FOLLOWING 
SALES OFFICES ATLANTA, GA ; COLUMBUS, OHIO; CULVER CITY, CALIF.; 
DALLAS, 7EX.; DENVER, COLO : DETROIT, MICH.; IRVINGTON, N J.; MELROSE 
PARK, ILL.; NEWARK, N. J.; PHILADELPHIA, PA.; SEATTLE, WASH. IN 
CANAPA ABBEY ELECTRONICS, TORONTO, ONT.

Model 5024 stability tester measures frequency 
variations as small as 1.5 parts per 10 billion. 
There are eight full-scale ranges for fm deviation 
from 10 cps to 30 kc. Plug-in heads are available 
for bands between 1 Gc and 11 Gc. Minimum 
peak fm deviation measurable is 0.3 cps in L band 
to 2 cps at Ku band. Oscilloscope output is pro
vided; metered displays include 2nd if signal, fm 
peak deviation, drift, signal level and current 
level. Rack-mounting unit is 12-1/4 in. high, 
weighs 65 lb. Cabinet model is also made.

Laboratory For Electronics, Inc., Dept. ED. 
1079 Commonwealth Ave., Boston 15, Mass.
Pi? A: $5,400 basic, heads $750 to $1,050; 90 to 
120 days.
< CIRCLE 198 ON READER-SERVICE CARD
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For commercial and military use, the Universal 
10 series of planar triode cavities meet specifica
tion of MIL-E-5272C. They are made for fre
quencies between 220 and 4,300 me, in pulse 
and cw units. Pulse oscillators deliver up to 2 kw 
at 1 Gc; cw amplifiers deliver 12 to 13 db gain 
at 1 Gc. Over-all width is 2-1/2 in.

J-V-M Microwave Co., Dept. ED, 9300 W. 47th 
St., Brookfield, Ill.
Price: From $15 ea.

FOR YOUR HIGH-VOLTAGE 
DESIGN REQUIREMENTS

HYDROGEN RECTIFIERS RATE HIGH
■ IN ABILITY TO WITHSTAND VOLTAGE AND CURRENT 

SURGES OVER WIDE TEMPERATURE RANGES ■ IN VOLT

AGE RATINGS ■ IN PERVEANCE ■ ANO ARE LOW IN COST 

Compare Tung-Sol hydrogen filled, high-voltage rectifier tubes 
with other rectifiers when considering your specifications in the 
design of high-power equipment—for example, radar and radio 
transmitting equipment. Wide operating temperature range al
lows operation in environmental extremes, usually without 
blowers or heaters. Their high voltage ratings and ability to with
stand over-voltage and current surges provide rectifiers that 
require no ’‘babying”.

Tung-Sol’s long experience in design and rigid quality control 
in manufacture are your assurance of rugged long life and utmost 
reliability. Tung-Sol Electric Inc., Newark 4, N. J. twx.nki93

TUNG-SOL 
HYDROGEN-FILLED 

RECTIFIERS
Ability to

HVOROCK*1 XEHOH
MERCURY 

VAPOR
VACUUM 

TUBE
SOLID 
STATE

withstand voltage 
and current surges

Excellent Excellent Excellent Excellent Poor

Temperature range Wide Wide Limited Wide Limited

Velteee r«»lnu» High

High

Limited 
to 10 KV

Limited 
to 15 KV

High

High
High by 

serieelng 
many unit*

HighParveanoe

cost Low Low Lowest Medium High

PEAK INVERSE O. C. OUTPUT
VOLTS CURRENT

MAXIMUM 
HEIGHT

7 789 15,000 0 400 ampere* 7*
7792 25,00(i 2 00 ampere* 9% ■

In many cases 7789 and 7792 are 
576A and X80 respectively.

direct plug-in replacements for vacuum tube types



------ -SCORES .
A MAJOR BREAK-THROUGH

w CLlMiA Aunt fetlPV 
DeAiflA JW :

★ higher wattage ratings with no increase in size.
* improved heat transfer to chassis.
* improved structural simplicity. 
★ a new high in reliability.

M50W FEATURING SINGLE MATERIAL* 
ENCAPSULATION

The new SAGE Type “M” design represents the 
first major advance in the history of chassis-mount 
resistors. With no dimensional changes, SAGE 
M10W, M25W and M50W Resistors now offer;

o HIGHER WATTAGE RATING
SAGE J SAGE I Mil it i 8546C
Old I New I Watts P Style

M10W 10 10 RE65

M25W 20 15 RE70

M50W RE75

0 GREATER RELIABILITY
Compared to competitive designs, SAGE 
parts function at significantly lower inside hot 
spot temperature.

© IMPROVED STABILITY
Typical .3% resistance change after 
1000 hour rated load life.

O UNEQUALED IMPERVOHM® SEAL 
AGAINST MOISTURE AND THER
MAL SHOCK.

Test samples available on request

SAGE

Microwaves products

Fixed Attenuator 707

Rated at 50 w, model A-500 fixed attenuator 
can be supplied in values from 0 to 20 db. Over
all accuracy is 1/2 db; vswr with type N con
nectors is 1.2:1 max from de to 1 Gc. Peak power 
rating is 50 kw; impedance is 50 ohms. Units are 
calibrated at 0.95 Gc.

R L C Electronics, Inc., Dept. ED, 805 Mamar
oneck Ave., Mamaroneck, N. Y.
PC? A: $250 to $260; stock to 2 weeks.

Klystron Oscillator 455
Frequency is 13.3 Gc. Two-resonator klystron 

oscillator VA-504B is a rugged, liquid-cooled, 
medium power unit designed for fixed frequency 
Doppler radar navigation and similar applica
tions. Electrical characteristics are: frequency, 
13.3 Gc; power output, 19.0 w avg; beam-modu
lation coefficient, 30 kc per v.

Varian Associates, Dept. ED, 611 Hansen Way, 
Palo Alto, Calif.

Klystron Tube 705

A single cavity oscillator model LKC-5 klystron 
requires no magnetic field. It is made for opera
tion at frequencies from 0.8 to 13 Gc. Power out
put is 5 w cw; efficiency is 7% to 12%. Height is 
1.70 in., weight 5 oz. Tube performs in any posi
tion.

Lewis and Kaufman Electronic Corp., Tube 
Div., Dept ED, P. O. Box 337, Los Gatos, Calif. 
Availability: 5-week delivery.

BROAD BAND 
CAVITY 

WAVEMETERS
■gas filled for sustained accuracy

S
 Accuracy is so high these instru

ments may be used as secondary 
standards. Units are unaffected by 
changes in humidity, altitude or 
barometric pressure. Only 12 sizes 
serve from 2.6 KMC to 140 KMC. 
You save budget money on the 
number of sizes needed. Literature 
on request.I b

Ide-mornay © BONARDI |

DE MORNAY-BONARDI
780 SOUTH ARROYO PARKWAY • PASADENA. CALIF.

CIRCLE 201 ON READER-SERVICE CARD

FIRST TIME OFF THE SHELF!

These reliability-proved Sanders TRI-PLATE® strip
transmission line microwave components are now avail
able immediately from stock ... at special quantity
production prices.

SPECIFICATIONS
MODEL ASCI SPIRAL ANTENNAS MODEL 1 ATTENUATORS
2-4 KMC l-S KMC
ST-ST Beam Width >Udb Attenuation^ 8 KMC
5 db Circularly Polarizad Gain <ldb Insertion Loas^.1 KMC 
Typo N Connector Type N Connector*
Place your order ... or write for complete specifications. 

® Trademark Saadert AuoeiaUc, Inc.

Product Mmm«. Microwove Producta DopU NASHUA, NEW HAMPSHIRE

CIRCLE 202 ON READER-SERVICE CARD 
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SAGE ELECTRONICS CORP.
Country Club Road • East Rochester, N. Y.

CIRCLE 200 ON READER-SERVICE CARD
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Microwaves RECENT RAYTHEON DEVELOPMENTS

699Ferrite Isolators

Tunnel Diode Amplifier 697

Varactor Diode 710

handle cw power in excess of lOkW

706Biaser

RAYTHEON

197

min, 
max, 
max

. 20 db 
0.2 db 
. 1.15

Frequency . 
Power .... 
Isolation . . 
Insertion loss 
VSWR .... 
Length . . . 
Flanges . . . 
Waveguide . 
Weight . . . 
Water cooled

TYPICAL SPECIFICATIONS • MODEL CXH2Gallium arsenide varactor diode provides low- 
noise amplification to a cut-off frequency of 150 
Gc. The diode uses a reverse-biased pn junction 
with voltage-dependent capacitance. Length is 
11/16 in., diameter 1/4 in.

Semiconductor Div., Raytheon Co., Dept. ED, 
215 First Ave., Needham Mass.

ELECTRONIC DESIGN • May 10, 1961

Broadband, low-noise tunnel diode amplifier 
OTA 250 operates from 250 to 500 mc. The 
hybrid coupled unit has a noise figure of 3.5 db. 
The amplifiers can be used with conventional 
traveling-wave tube and vacuum-tube amplifiers 
in the uhf region.

Micro State Electronics Corp., Dept. ED, 152 
Floral Ave., Murray Hill, N.J.

For use in X-band communications systems, 
ferrite isolators FD-7511 through FD-7516 give 
20, 40 or 60 db isolation from 10.7 to 11.7 Gc, 
and 25, 40 or 60 db isolation from 12.2 to 12.7 Gc. 
Mounting in WR-75 waveguide, the units range 
in length from 1-1/2 to 2-1/2 in. All types are 
rated for 2 kw peak or 10 w cw input. The mini
mum isolation-to-insertion loss ratio for the FD- 
7511 is 50:1; the ratio is about 60:1 for the 
others.

Sylvania Electric Products Inc., Sales Dept., 
Dept. ED. Box 997, Mountain View, Calif.
Pl? A: $115 to $125; 4 to 5 weeks.

9 4—10.8 kMc 
. . 10kW (cw)

New high-power ferrite device provides over 20 dh iso
lation; can be used as isolator with suitable auxiliary 
loads.
An advanced line of Raytheon high-power circulators keeps 
abreast of new X-band tube developments.
Typical of these compact units is the CXH2 covering 9.4 to 
10.8 kMc with a continuous power rating of 10kW. Isolation is 
20 db minimum, insertion loss is <‘.2 db maximum and VSWR 
is 1.15 maximum.
Used as an isolator—in conjunction with suitable auxiliary 
loads—the CXH2 will handle continuous power levels to 10 
kilowatts with a back-to-front ratio greater than 100:1. Similar 
units are available for use at high peak power levels.
I or complete details on this and other significant developments 
in high-power microwave ferrite devices, please write to Special 
Microwave Devices Operation, Raytheon Company, Waltham 
industrial Park, Waltham 54, Massachusetts.

Useful from 0.5 to 11 Gc, the X-193 biaser has 
an insertion loss of less than 1.5 db; vswr is less 
than 1.5:1, Uses include de isolation of two com
ponents, de biasing and de return. Minimum de 
resistance between terminals is I meg; bias cur
rent is 250 ma max. Maximum voltage across rf 
connectors is 1 kv. Size is 3/4 x 1-3/4 x 2 in.

Melabs, Dept. ED, 3300 Hillview Ave., Palo 
Alto, Calif.

... 9 3/16 in.

. . . . UG39/U 

. . . . RG 52/U 
Less than 4 lbs. 
. . . 0.75 gpm.
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'A revolutionary and practically invulnerable ballistic missile system.

President Eisenhower thus characterized the POLARIS Fleet Ballistic

anywhere in the oceans of the world

As System Manager of this fantastic program, Lockheed Missiles and

Space Division coordinated its overall design, research, development,

testing, assembly, and evolved the missile frame and reentry body

Outstanding competence and teamwork brought the POLARIS to

operational status years ahead of schedule. Such accomplishments

exhibit a bold, imaginative approach to new and unusual concepts

Similar challenging opportunities are continually developing at Lockheed

Other programs reach far into the future a rewarding future which

engineers and scientists of creative talent and inquiring mind are invited to share,

Write Research and Development Staff, Dept. M-16C.962 West El Camino Real,

Sunnyvale, California. U. S. citizenship or existing Department of Defense

industrial security clearance required. All qualified applicants will receive

consideration for employment without regard to race, creed, color or national origin

MISSILES AND SPACE DIVISION
Systems Manager for the Navy POLARIS FBM and the Air Force AGEN A Satellite the DISCOVERER and MIDAS Programs

199

Missile — capable of being launched from hidden nuclear submarines

ELECTRONIC DESIGN • May 10, 1961
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NEW!
Microwaves products

700Coaxial Termination

713Directional Couplers

TWT AMPLIFIERS

702Coaxial Attenuators

CIRCLE 204 ON READER-SERVICE CARD
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NEW LOW 
PRICES

MICROWAVE POWER 
AMPLIFIERS

A sliding coaxial termination, model 906A pro
vides a movable, low-reflection load for terminat
ing 50-ohm coaxial systems. The load moves at 
least 1/2 wavelength at 1 Gc. Power rating is 
1 w; over-all frequency range is 1 to 12.4 Gc. A 
movable center conductor insures a vswr of less 
than 1.05. Adapters for type N male or female 
connectors are included.

Hewlett-Packard Co., Dept. ED, 1501 Page 
Mill Road, Palo Alto, Calif.

AMER ELECT. LABS.. INC.
121 N. 7TH ST., PHILADELPHIA 6. PA.

In Canada contact: Conway Electronic 
Enterprises Rcgd Toronto, Canada

CIRCLE 205 ON READER-SERVICE CARD

Frequency range of 2.60 to 40.0 Gc is covered 
by eight models of waveguide directional cou
plers in five basic designs. Included are cross
guide, narrow-wall, and precision broad-wall ver
sions. All are available with standard values of 
coupling. Electrical characteristics are optimized 
over the complete frequency range.

Waveline, Inc., Dept. ED, Caldwell, N. J.

MODEL T601 - 2 to 15 Kmc 
$4,995.00

MODEL T602 - 10 to 20 Kmc 
$5,690.00

ELECTRONIC DESIGN • Moy 10, 1961

Stable film resistors permit the use of these co
axial attenuators under severe environmental 
conditions. Frequency range is de to 2 Gc. Typi
cal vswr is 1.2:1, deviation 5 db. Values range 
from 3 to 40 db in eight sizes. Standard con
nectors are available.

Coax Devices, Dept. ED, Box V, Chelsea 50, 
Mass.
Price: $30 to $40.

20 kmc
OHE WATT OUTPUT OYER 
MOST OF RANGE IN ONLY

• FEATURES •
• Rugged construction
• Regulated and metered 

power supplies
• Provision lor modulation
• Adjustable gain control

TYPICAL APPLICATIONS 
INCLUDE:
• Conversion of low level signal generators 

to high power sources a Efficient har
monic generator • Antenna pattern 
measurement source • Converts to high 
power oscillator with appropriate adapter

• Accessory equipment soon available

COAXIAL SWITCHES Newest option for the Transco ‘Y’ type coaxial switch is the availability of AC 
solenoids (rectifiers built in). The unit retains the same broad band width, to 11 KMC, and meets 
military specifications Two actuator design permits choice of make-before break or break before- 
make—as well as simultaneous contact o’ two RF positions Switches may be ordered in choice 
of six connector types Please write for full information Transco Products, Incorporated^^^^^ 
12210 Nebraska Avenue, Los Angeles 25, California Phone BR 2 5687 A Al
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712Power Meter

harnessing materials

complete source

Y-Circulator Switch 708
stocked in depth

ready to go

HARNESS BOARD POSTS

Need our catalog

or Samples
Slewing Speed 7 sec/180
Power (single source) 115 v, 1<>, 400 cps

701Waveguide Protective Covers Write for complete data

Little Falls, New Jersey

CIRCLE 207 ON READER-SERVICE CARD

In addition to high accuracy the instrument combines a 
number of other prominent advantages: it requires only a 
single power source; it has good sensitivity; it is designed 
for modular application; and it offers direct automatic read
out. The unit is of extremely compact construction and is 
built for maximal ease of maintenance.

The low cost CO 2721011 Precise Angle Indicator is avail
able with a single sensor, auxiliary dual-input sensor, or an 
auxiliary retransmitter. For additional information on this 
new test instrument, write for the brochure which describes 
its operation and capabilities in detail.

1% x 9^ x 9^ in.
4 lbs.

Size 
Weight

KEARFOTT DIVISION
GENERAL PRECISION. INC.

The new CO 2721011 Precise Angle Indicator features an 
accuracy of ±6 minutes. Latest addition to the Kearfott 
line of standard test equipment, the unit is designed to 
meet a wide range of applications. Typical Applications 
• Indication of gyro angle of pitch, roll, or yaw and relaying 
of signal to any preselected impedance or voltage level. 
• Indication of shaft position of remote synchro or resolver, 
and transmission of this information to any impedance or 
voltage level. • Display of difference between two shafts 
when driven by transmitter and differential synchros

Designed for S-band operation, the SS-903 is a 
Y-circulator nonreciprocal spdt switch. Capable 
of handling average power in excess of 100 w, 
the unit provides 20 db of isolation with less than 
0.5 db insertion loss over bandwidths greater 
than 20%. Square-wave modulation at 100 cps 
with rise time of 2.5 msec is possible; the device 
can also be used as an electronic attenuator.

Rantec Corp., Dept, ED, Calabasas, Calif.

Illumitronic 
engineering 
sunnyvale • california

CIRCLE 206 ON READER-SERVICE CARD 
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Available in a large variety of waveguide 
flange and choke sizes, these trade-marked poly
ethylene protective covers come in five colors.

Omega Electronic Corp.. Dept. ED. Rowley, 
Mass.

Power levels to 10 mw are measured directly 
with type 451 microwave power meter. It is de
signed to operate with a variety of 100 and 200 
ohms, positive or negative temperature coefficient 
bolometers. Full-scale ranges of 0.1, 0.3, 1.0, 3.0 
and 10 mw are provided; higher power levels 
inay be measured with attenuators. Decibel 
scales are —10 to +10 dbm in five scales. Accu
racy is ±5% of scale reading.

General Microwave Corp., Dept. ED, 47 Gazza 
Blvd., Farmingdale, N. Y.
Pi? A: $235; stock to 30 days.

SPECIFICATIONS
Repeatability ±12 min 
Readability 0.5 min 
Input Power 30 va 
Sensitivity 1.0 min

HIGH-ACCURACY
PRECISE AHGLE INDICATOR
NEW KEARFOTT UNIT ACCURATE TO ±6 MINUTES

PLASTIC ROD SHEET A TURE

Write! We'll send!
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GET MICRO-MOLDED MINIATURE 
MYLAR*CAPACITORS FROM...
»•DUPONT

PAKT RON
DIVISION OF ILLINOIS TOOL WORKS
1321 LESLIE AVENUE ALEXANDRIA, VA.

CIRCLE 20« ON READER-SERVICE CARD

¡j i Micro Waves products

Telemetry Receiver
For 2.2 Gc use

521

Telemetry receiver model 9-100 is designed 
primarily for use in the 2.2- to 2.3-Gc telemetry 
band. Circuitry includes a phase-lock demodu
lator, phase-locked klystron first injection oscil
lator and low-noise crystal mixer. A buffered 
50-ohm output circuit is provided to permit mag
netic recording of the undetected if signal. Spe
cifications are: frequency stability, ±0.005%; in
put, 50-ohm source; noise figure, 8.5 db max; 
image rejection, 65 db min.

Radiation, Inc., Dept. ED, Melbourne, Fla.

Your best buy 
in 

operational 
amplifiers ?

Coaxial Switch
For use to 1.5 Gc

581

The TS-1 coaxial switch is a dpdt unit cover
ing frequencies from de to 1 Gc, and useful to 
1.5 Gc. The vswr rating is less than 1.1:1 to 1 Gc; 
insertion loss is less than 0.1 db. Cross talk is 
less than 70 db at 1 Gc, and less than 45 db at 
1.5 Gc. It can be used wherever rf switching is 
required, in airborne or ground installations. 
Operating life is 10,000 cycles per min. All 6 con
nections are BNC type. The 8-oz unit is 3-1/2 in. 
in diameter by 3 in. long.

Telonic Industries, Inc., Dept. ED, Beech 
Grove, Ind.
Prices $45.

Reflex Klystron 453
Fixed-frequency type

Reflex klystron, VA-204 is a fixed-frequency 
type designed for the public service radiolocation 
band. Electrical characteristics are: frequency, 
10.525 ±0.010 Gc; power output, 40 mw avg; 
beam voltage, 300 v de; beam current, 23 ma de; 
reflector voltage —40 to —50 v de.

Varian Associates, Dept. ED, 611 Hansen Way, 
Palo Alto, Calif.
PGA: $95; 30 days in small quantities.

THE PHILBRICK USA-4J 
UNIVERSAL STABILIZED 
AMPLIFIER!

Choose this amplifier when 
the need for exceptional 
reliability justifies the price, 
and enjoy the bonus of 
remarkably high perform
ance. Its reliabilty statistics 
prove it the best buy in the 
industrial and process con
trol fields, although the 
USA-4J was originally de
signed for military use.

• LOW DRIFT AND NOISE: 
well under 50 microvolts rms.

• GAIN: 100 MILLION minimum 
open loop at de; greater 
than unity at one megacycle; 
output, over ± 100 volts.

• COOL RUNNING:
tubes and resistors operate 
at a fraction of wattage ratings; 
capacitors operate generally 
below their voltage ratings.

• MIL STD PARTS: 
used exclusively.

• EMINENTLY fl OR
SENSIBLE COST: Just )lO3 

FOR COMPLETE INFORMATIOM WRITE

GEORGE A.

PHILBRICK
RESEARCHES, INC.

127 CLARENDON ST. BOSTON 1«. MASS.
COmmomwcalth «-1979. TWX: BS 1012. FAX; BSN 

REPRESENTATIVES IN PRINCIPAL CITICS 
EXPORT OFFICE; 240 W. 17TH ST.. N. Y. 11. N. Y.

TIL. CHELSEA M200. CABLE; TRILRUSH

CIRCLE 209 ON READER-SERVICE CARD

ELECTRONIC DESIGN • May 10, 1961



Microwaves

THE

POLYSKOP
ONE INTEGRATED 

SWEPT-FREQUENCY SYSTEM

REPLACES 
FIVE UNITS

Voltage Reference 494
Accuracy is 0.025%

VRS-611, a fully transistorized voltage refer
ence source, will generate voltages in 1-mv steps 
to ±11.112 v at an accuracy of 0.025%. It will 
deliver 10 ma of current. Vernier provides con
tinuous variation over 2 mv. Battery and ac units 
are made. The short-proof source has a polarity 
switch. Portable and rack-mounting configura
tions are available.

Epsco, Inc., Instruments Div., Dept. ED, 275 
Massachusetts Ave., Cambridge, Mass.
Pi?A: $625 ea; stock after March 20.

Laboratory Receiver 563
For L through Ka bands

Frequency range 0.5 to 400 MC

TYPE SWOB

Two Channel Frequency Response 

Display For Two And Four Terminal 

Network Measurements

The Polyskop provides an auto
matic display of the response a 
given quantity exhibits with a 
change in frequency, replacing 
tedious point-by-point measure
ments with curves which render 
answer instantly. It relieves skilled 
personnel from routine work.

Saves time and money 
Universal usefulness 
Dual-trace display on large 
screen 
Completely self-contained 
Delivery from stock

Model LR1723 laboratory receiver combines a 
wide-band if amplifier, a switch-type attenuator, 
and a power supply. It is designed for use with 
microwave-mixer preamplifiers. Power for the 
mixer units is available from a front panel con
nector. Control circuitry is included for mixer
preamplifiers having provision for external gain 
control. In conjunction with a standard mixer
preamplifier and a suitable local oscillator, the 
unit covers L through Ka bands.

LEL, Inc., Dept. ED, 75 Akron St., Copiague, 
N.Y.

Waveguide Windows

WRI7Í FOR S-PAGE 
POLYSKOP BROCHURL

SCHWARZ
111 Lexington Ave., Passeie, N J. 

PRescott 3-8010

Are silver-plated

Flange-type waveguide pressure windows pro
vide an air-tight seal within waveguide systems. 
Designed for use with EIA waveguide sizes WR- 
42, WR-90, and WR-112, these units mount be
tween two choke flanges. They are silver-plated 
to reduce rf loss.

Microwave Development Laboratories, Inc., 
Dept. ED, 92 Broad St., Babson Park 57, Wel
lesley, Mass.

SHOWN FULL SIZE

KEARFOTT 
SYNCHRONOUS MOTORS
High performance components, these motors find appli
cation in timing devices, recorders, or wherever constant 
speed is required independently of load or line voltage 
variations. Designed for 400 cps duty they feature homoge
neous rotors and closed stator slots to eliminate magnetic 
pulsations and noise.

Stainless steel is used extensively in the construction of 
these precision motors to provide environmental protection 
from corrosion shock and vibration. These components will 
operate over the temperature range of —54°C to +125°C.

SPECIFICATIONS

Write lor complete data

Synchronous
Size Part Number Speed No. Phases Pull-Out Torque

5 CJO 0172-002 8000 rpm 2 0.10 in. oz.
8 Ml 72-02 8000 rpm 2 0.28 in. oz.
8 CM4 0172-001 8000 rpm 3 0.31 in. oz.

11 R172-001 8000 rpm 2 0.42 in. oz.
15 T170-001 8000 rpm 2 0.78 in. oz.
18 MK 6 Mod 1 8000 rpm 3 2.2 in. oz.
23 Z1360-002 8000 rpm 3 16.0 in. oz.

KEARFOTT DIVISION 
GENERAL PRECISION. INC.

Little Falls, New Jersey

CIRCLE 210 ON READER-SERVICE CARO
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Shell a basket of assorted Duncan potentiometers and you’ll find 
a similarity that's more than skin deep. Designs have been stand
ardized to yield higher reliability, lower production costs, it’s a 
garden fresh approach that's paying off at the market place. Check 
over the Duncan crop yourself. They're all in season now! Send

Microwaves products

Broadband Amplifier
Range is 490 to 1,000 me

• A

LATEST 
DATA 
ON

ULTRASONIC 
DELAY

The model HFW-8(A)-49100 broadband am
plifier covers an octave range of frequencies 
from 490 to 1,000 me. Synchronously tuned stages 
are used, with planar low-noise triodes as am
plifiers. Gain is greater than 20 db; noise figure 
is 10 db max. Input and output vswr is 1.75. The 
unit is contained in a 19-in. rack-mounted chassis 
5-1/4 in. high by 15-in. deep. A regulated anode 
and heater power supply are provided.

Applied Research Inc., Dept. ED, 76 S. Bayles 
Ave., Port Washington, N.Y.

LINES!

Pulse Amplifier 462
Is liquid-cooled

The VA-126 pulse amplifier is designed for use 
in advanced, frequency-agile coherent radar sys
tems. It is self-centering in its electromagnet. 
Characteristics are: bandwidth, 500 me; fre
quency coverage, 5.4 to 5.9 Gc; power output, 
3.3 mw peak, 6 kw avg; gain, 30 db; weight, 
75 lb; dimensions, 33 x 16 x 16 in.

Varian Associates, Dept. ED, 611 Hansen Way, 
Palo Alto, Calif.

for our new Spring Catalog.
Vine ripening above top to bottom- 
1-3/4* Model 3704; 1-3/4* 1602 and 
1-7/16* 1502. All feature diallyl 
pthalate housingto withstand shock

«nd protect against fungus or attack 
by acids or alkali. Servo or bushing 
mountings and operating tempera
tures to 150’ C are available.

DUNCAN EL] 
2865 FAIRVIEW ROAD

3TRONICS, INC. 
COSTA MESA, CALIFORNIA

THIS 
NEW 
CATALOGRotary Joints

U-style, 4.25 to 10 Gc
gives you up-to-date 
specs on the industry’s 
most complete line of 
ultrasonic delay lines for 
missiles, MTI, radar 
countermeasures and 
computer applications. 
Send for it today.

U-style waveguide rotary joints are available 
in WR90 EIA waveguide sizes for operating 
ranges from 8.5 to 9.6 Gc, in WRI 12 sizes for 
ranges between 7 and 10 Gc, in WR137 size for

LABORATORY FOR ELECTRONICS,INC 
Computar Product* Dividen

1079 Cemmanwaalth Avane«
CIRCLE 213 ON READER-SERVICE CARDCIRCLE 212 ON READER-SERVICE CARD
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607F

A COMPLETE OSCILLOGRAPH LINE 
IN PRODUCTION & FIELD PROVEN

MIDWESTERN’S direct recording 
line offers you a choice of models 
to meet your specific data recording 
needs. 19 different models in the 600 
Series allow a combination of size, 
data channels, and many other func
tional features in a wide price range. 
These precision recorders, in pro
duction and field proven, are ready 
to meet your immediate data log
ging requirements whether they be 
in a complex research and develop
ment system, or for medical or edu- 
cational uses, quality control, 
production, or environmental tests.

Write Dept. ED

5.4 to 5.9 Gc, and in WR187 for ranges between 
4.25 and 6.0 Gc. There are 14 models, of alum
inum or copper alloy, in a variety of finishes. 
There are several 30-psig pressurized models.

Microwave Development Laboratories, Inc., 
Dept. ED, 92 Broad St., Babson Park 57, Welles
ley, Mass.

Coaxial Termination 557
10 w at 10 Gc

A 10-w coaxial termination, the T-130 is de
signed for operation from de to 10 Gc. The vswr, 
with type N connectors, is 1.1 max from de to 
1 Gc, 1.2 max from 1 to 4 Gc, and 1.3 from 4 to 
10 Gc. Power rating is 10-w average and 10-kw 
peak. Impedance is 50 ohms. Diameter is 1-1/2 
in. and length is 3 in.

RLC Electronics, Inc., Dept. ED, 805 Mamar
oneck Ave., Mamaroneck, N.Y.
Price: $125 to 132.50.
Availability: 1-week delivery.

Amplifier Klystron 447
Frequency is tunable

606F-248

621F-HT

MIDWESTERN 
INSTRUMENTS

' professional tape recorders
P O Box 7509, PHONE NAtional 7-111!

TULSA IK. OKLAHOMA

A high-power, high-gain cw amplifier klystron, 
the VA-853 is designed for multichannel, high- 
quality communication service. It operates from 
standard 5-w exciter units. Electrical characteris
tics are: frequency, tunable, 0.755 to 0.985 Gc; 
power output, 10 to 75 kw; gain, 50 db; weight, 
2001b.

Varian Associates, Dept. ED, 611 Hansen Way, 
Palo Alto, Calif.

COAXIAL 
B A 0 BROAD - 

tLorand •
A FERRITE 
T a ioni ai

IN SIZES FOR EVERY APPLICATION
Now—from Kearfott, a new and broader line of Ferrite 
Isolators to satisfy the most exacting requirements of band 
width and isolation. Combining low unit loss character
istics with compactness and light weight, this new series 
of Kearfott Coaxial Isolators is available from present 
stock. Immediate selection and faster delivery is assured 
... precision performance proven.

A FEW OF THE TYPICAL SPECIFICATIONS

MODEL FREQUENCY ISOLATION INSERTION 
LOSS VSWR

C991100-402 1.2-2.6 KMC 10 DB Min. 1.0 DB Max. 1.20
C992100-405 2.0-2.5 KMC 30 DB Min. .8 DB Max. 1.20Ó.
C992100-404 2.0-4.0 KMC 10 DB Min. 1.0 DB Max. 1.20
C992100-407 3.0-3.5 KMC 35 DB Min. .8 DB Max. 1.20
C993100-401 4.0-8.0 KMC 10 DB Min. 1.0 DB Max. 1.20
C994100-403 7.0—9.0 KMC 25 DB Min. .8 DB Max. 1.20

Complete information on these or all of the models is 
available by directing inquiries to: 14844 Oxnard Street, 
Van Nuys, California, or the sales office in your area.

MIES OFFICES SEATTLE, WASH.

KEARFOTT DIVISION
GENERAL PRECISION. INC.

Little Falls, New Jersey
VAN NUYS, CALIF. PHOENIX, ARIZ. DAYTON, OHIO CLIFTON, NJ.

PALO ALTO, CALIF. SAN DIEGO, CALIF. DALLAS, TEX. CHICAGO. ILL. 
CIRCLE 215 ON READER-SERVICE CARD

WASHINGTON, D C.
CIRCLE 214 ON READER-SERVICE CARD
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Ledex 
Hermetically Sealed Rotary Switch 

BASIC INFORMATION

Traveling Wove Tubes 448
Ranges are from 0.5 to 14 Gc

Traveling wave tube HA-86 has a range of 0.5 
to 1 Gc, a 7-db max noise figure and 25 db min 
small-signal gain. Model HA-61 has a range of 7 
to 14 Gc with 15 db max noise figure and 25 db 
min small signal gain. Four other models are also 
available.

Huggins Laboratories, Inc., Dept. ED, 999 E. 
Arques Ave., Sunnyvale, Calif.

Hormetkally sealed awitcfmi are 
ptrm«Mt«ny protected from upstart, 
dost faagvt, carresien and tampering,

SmstI sin 2E 
previde a 1-pmìe

•r Spole 44h

1/25 
to 1/3!

pre selected peahien at 25 
to 35 steps per Mctnd.

Stud Plate

7 
p/r
7

2-poie 8-thfOW 
[kt 3’4 «

Largei size 3 Circuit Selector 1$ avokabio 
hi many comkhiatiou. as 22-p«l* 2-t*nw, 

12-pele 4-tkr«w, 4-pole

id unit» to meet missik-^a 
boa and shock rtfeif«»enU.

AN Connector Solder Heeder

Any ttaadaca cammorri« 
connecter cm be used

X-Band Filters
Range is 7 to 10 Gc

These low-loss, tunable X-band filters, in fre
quency ranges from 7 to 10 Gc, have a single 
tuning control and are available with a counter
dial and calibration chart or screwdriver adjust
ment. Drift is less than 3 cps per me per deg C. 
Insertion loss is under 2 db; vswr is less than 
1.5 at f0. Bandwidth is 8 to 12 me at the 3-db 
points. Filters provide a minimum rejection of 
38 db at f0 ±60 me.

Frequency Standards, Dept. ED, P. O. Box 
504, Asbury Park, N.J.
Price: $350 to $400 ea.
Availability: 2-week delivery.

Hermetically Sealed Circuit Selectors 
and Stepping Switches contain an at
mosphere of dry nitrogen which provides 
a permanent environment for the opera
tion of the switch. They are designed to 
meet MIL-E-5272A, and will withstand 
extreme moisture and high altitude con
ditions in military and industrial instal
lations. Sealed Switches are available in 
various wire sizes for operation from 6 
to 350 VDC. Self-contained plug-in 
types allow rapid field installation. More 
than 3000 standard designs are shown 
in Bulletin D-460.

Other Ledex products include Rotary
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Solenoid, Syncramentai Stepping Motor, 
Digimotor Stepping Motor and Indexing 
Device, Rotary Solenoid Selector Switch, 
Digimotor Selector Switch.

Switching applications include circuit 
selecting, stepping, counting, program
ming and sequencing.

Mechanical applications of other Le
dex products include actuation of valves, 
vanes, printers, shafts. Write for litera
ture, mentioning application, to Ledex 
Inc., Dayton 2, Ohio; Marsland Engi
neering, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.

High-Gain Tube
Frequency is 1.25 to 1.4 Gc

A grid-pulsed, high-gain tube, the VA-133 can 
be used as an element driver in phased-array 
radars. Deviations from phase linearity are kept 
to a minimum. Gain over 10% bandwidth is ±0.25 
db. Electrical characteristics are: frequency, 1.25 
to 1.4 Gc; bandwidth, 150 me; power output, 
peak, 5 kw; gain, 50 db.

Varian Associates, Dept. ED, 611 Hansen Way, 
Palo Alto, Calif.
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ALL Your Needs

Sensitivity-Noise Figure Nomograms
Aid Receiver Calculations

SENSITIVITY IN MICROVOLTS

NOISE FACTOR

Sensitivity in microvolts is given by
OAKS, PENNA.CORPORATION

RFKTB in volt

Address. RFB
City. (continued on p 208)
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With T taken at 290 K (63F) and K a constant 
at 1.38 x 10-23:

■Zone____ State.

CIRCLE 217 ON READER-SERVICE CARD 
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Synthane Corporation, 42 River Road, Oaks, Pa 

Gentlemen:
Plense send me information about Synthane as a source for 
laminated plastic tubes and parts fabricated from tubes

An Example of
Synthane You-shaped Versatility
At Synthane we have the versatility to give 
you just about everything you want in lami
nated plastic tubing or parts. Over 25 stand
ard grades including those complying with 
governmental specifications. Sizes ID up 
to 26 01). Lengths 18" to 96". Wide range
of wall thicknesses. Selection of colors and 
finishes. Molded and rolled tubing. Variety of 
cross sections—round, oval, square, polyg
onal, etc. Our excellent fabrication facilities 
provide you with finished parts to your 
specifications.
You-»hoped Versatility make» SynMan« a Better Buy in Laminate»

Laminated Plastic 
Tubes

Gilmer S. Pittard, Jr.
Professional Engineer
W. Hyattsville, Md.

U ECEIVER designers often have to consider 
sensitivity requirements for a desired output 

signal plus noise to noise ([S 4- N]/N) ratio. 
With the nomograms given here this calculation 
can be made rapidly and easily. They are based 
on the equations relating noise figure, F, and sen
sitivity, E,.

NOISE FIGURE IN DB
Nomogram for receiver with equivalent noise resistance of 50 ohms.



OF THISINSTEAD

DO THIS

NOISE FACTOR

SENSITIVITY IN MICROVOLTS

NOISE FIGURE IN DB

Nomogram for receiver with equivalent noise resistance of 75 ohms.

where B is the effective receiver bandwidth 
in cycles and
R is the equivalent receiver noise resistance 

If it is desired to convert from sensitivity to
noise figure we can solve Eq. 2 for F:

E,2
(3)F =---------------

6.32 X 10~‘
\ N J

Two nomograms have been prepared to solve 
Eq. 3 for R = 50 ohms and R = 75 ohms, two 
very common values.

In preparing the nomograms Eq. 3 was rewrit
ten as

F - C (3a)

where
C - E,2/ 6.32 X 10-& RB (3b)

The equation for C was plotted on the nomo
gram with C as the horizontal axis. The equation 

208

for F was then plotted, using the same C scale. 
Since C is of no direct use, the horizontal axis 
was not calibrated.

To use the nomograms, start on the vertical 
axis for noise figure (or noise factor) and draw a 
horizontal line to the desired (S 4- N)/N ratio. 
From that intersection draw a vertical line to 
the bandwidth and finish by drawing another 
horizontal line to the sensitivity axis.

If sensitivity is known and the equivalent noise 
figure is desired the above procedure can be re
peated in reverse order.

It is necessary to use either the noise figure 
or noise factor with (S -|- N)/N ratio and sensi
tivity with bandwidth.
Example. If you have a 50-ohm receiver with a 
noise figure of 8 (or a noise factor of 9 db) and 
a 10-ke bandwidth, what sensitivity is required 
to give an (S -f- N)/N ratio of 10 db? This ex
ample is shown in dotted lines on the 50-ohm 
nomogram and gives a sensitivity of 0.379 pv. ■

with American Aluminum 
Quality... Dependability... Service!
And when it comes to quality and depend
able service . . . everyone at American 
Aluminum gets in the act. The minute you 
call American Aluminum, all members of 
our family concentrate on giving you the 
aluminum products that serve your spe
cific needs. From the design to the finished 
product, all under one roof, you can de
pend on American Aluminum for quality 
and service . . . when you need it!

SPECIALISTS IN CONTRACT MANUFACTURING 

OF ALUMINUM FOR THE ELECTRONICS INDUSTRY
¡8
To

Complete fabricating facilities for Deep 
Drawing, Heat Treating, Spinnings, As
sembly, Brake Work, Stampings, Anodizing, 
Welding, Finishing.

Complete die making facilities 
Stock dies on hand for many shapes 

Complete inspection facilities

Send for brochure "ALUMINUM 
FABRICATING FOR INDUSTRY"

AMERICAN ALUMINUM COMPANY
Manufacturers of Aluminum Products 

for industry since 1910

Sheffield Street, Mountainside, New Jersey
CIRCLE 218 ON READER-SERVICE CARD
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NEW LITERATURE

Thermocouples and Pressure Probes 261
Complete specifications, details and prices on 

thermocouples, pressure probes and allied com
ponents are given in a 60-page catalog. The 
stock line of industrial components is made to 
aircraft quality and sold at competitive prices. 
Advanced Dynamics Inc., 16321 Rockside Road, 
Cleveland 37, Ohio.

Black Glass
Information on a special black glass for en

capsulating diodes is given in an eight-page 
brochure. Available as beads or cases, the glass 
is said to protect diodes sensitive to visible and 
IR wavelengths. Transmittance and other prop
erties are detailed in a chart and a table. Sizes, 
sealing techniques, and recommended applica
tions are included. U rite on company letterhead 
to Coming Glass Works, Receiver Bulb Sales 
Dept., Dept. ED. Corning, N.Y.

Electronic Controls
The Electrionic Handbook, 24 pages, covers 

the application of electronic and electric controls 
in commercial and industrial air-conditioning in
stallations. It explains the theory' of electronic 
and electric control and makes comparisons be
tween electronic and pneumatic controls. The 
information in this illustrated booklet is directed 
to heating, ventilating and air-conditioning ap
plications. Barber-Colman Co., 1300 Rock St., 
Rockford, Ill.

Microwave Anechoic Chambers 266
Eccosorb microwave anechoic chambers are 

described in this 32-page brochure. The box type, 
the transverse baffle type, the aperture type and 
the longitudinal baffle type are illustrated. Typi
cal specifications, diagrams and performance 
curves are given. Emerson & Cuming, Inc., Can
ton, Mass.

265 Radiation Effects 270
Bulletin ETD 2564, entitled “Minimizing the 

Effects of Nuclear Radiation on Electronic 
Equipment,” reviews known effects of pulse and 
steady-state radiation on various types of circuits 
and components, and presents comparative data 
showing that thermionic integrated micromodule 
circuits are least susceptible to damage or tem
porary malfunction. General Electric Receiving 
Tube Dept., Owensboro, Ky.

Planar Semiconductors 271
Planar transistors and diodes are described in 

a 12-page brochure. Manufacturing processes 
and advantages over standard techniques are 
discussed. Performance and specifications of six 
transistors and three diodes are given. Fairchild 
Semiconductor Corp., 545 Whisman Road, Moun
tain View, Calif.

Algebraic Language 262 Electronic Components 267 Antennas and Accessories 272

Based on the Algol international algebraic lan
guage system, Algo is used in programing the 
G-15 general purpose digital computer. A 32- 
page manual gives procedures for the represen
tation of numerical data and control statements. 
A complete typical program is included. Bendix 
Corp., Computer Div., 5630 Arbor Vitae St., Los 
Angeles 45. Calif.

More than 4,000 standard electronic compo
nent parts are listed, with buying and engineer
ing information, in a 60-page catalog. Detailed 
schematic illustrations and technical data are 
given. The electrical ratings of most plugs, jacks 
and other connectors are included. Herman H. 
Smith Inc., 2326 Nostrand Ave., Brooklyn 10, 
N.Y.

Specifications for antennas and accessories for 
frequency ranges between 25 and 470 mc are 
given in a 16-page booklet. Vertical and horizon
tal ground plane antennas are described along 
with Yagi arrays of three to 14 elements. Also 
included are antennas for WWV reception at 5, 
10, 15 and 20 mc. Mosley Electronics, Inc., 4610 
N. Lindbergh Blvd., Bridgeton, Mo.

Beam-X Switch 263 Silicone Products 268 Oscilloscope Accessories 273

Illustrated brochure BX-535, 24 pages, covers 
theory of operation, circuit design information 
and characteristic curves of the Beam-X switch. 
Applications include counting, coding, distribut
ing, converting, multiplexing, switching and sam
pling. A maintenance and trouble-shooting sec
tion and a glossary are included. Burroughs 
Corp., Electronic Tube Div., Plainfield, N.J.

Clamps and Couplings 264
Industrial band clamps, couplings, hose 

clamps, flanges and \ -band joints for all applica
tions are described in a 44-page catalog, No. 803. 
Products include band clamps for automotive 
uses, identification tag clamps, pipe repair, join
ing, and sealing clamps, and V-band couplings 
and flanges. Design information and dimensional 
and operating diagrams are given. Aeroquip 
Corp., Marman Div., 11214 Exposition Blvd., 
Los Angeles 64, Calif.

A complete discussion of silicone properties 
and applications for the aerospace industry is 
given in a 16-page reference guide, “Silicones for 
the Spage Age.” Photos, charts and data on sili
cone rubber for insulation and potting, silicone 
varnishes and dielectric fluids are included in 
brochure CDS-276. General Electric Co., Silicone 
Products Dept., Waterford, N.Y.

Standards and Guides 269
Standards, reports, and guides of the EIA are 

listed with price and ordering information in 
bulletin No. 61-127(19). Included are engineer
ing standards for mobile communications sys
tems, phonograph stylus tips, and tube rating 
systems; two reports on maintainability of elec
tronic equipment, and a guide to procurement 
of electron tubes. Electronic Industries Associa
tion, Engineering Dept., Room 2260, 11 W. 42nd 
St., New York 36, N.Y.

Plug-in units for oscilloscopes are described 
in a 32-page booklet. Complete specifications and 
performance characteristics of the 16 units are 
given, with waveform patterns and other illus
trative material for various measurement appli
cations. Prices are included. Tektronix, Inc., Ad
vertising Dept., P. O. Box 500, Beaverton, Ore.

Welding Metallurgy
Ferrous and nonferrous welding metallurgy is 

described in this 122-page, pocket-size booklet. 
Illustrations, tables and diagrams are given. Re
printed from the Welding Handbook, the mate
rial covers temperature changes in welding, 
structure and mechanical properties of metals, 
and weldability of various steel, nickel, copper, 
aluminum, magnesium, and titanium alloys. A 
bibliography is included. Send $2 to American 
Welding Society, Dept. ED, 33 W. 39th St., New 
York 18, N.Y.
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A rocket shot off into space
And soared with commendable grace

Its bird-like ascent
Could only have meant

An Electro-Mec Pot was in place!

Even in outer space
You need Electro-Mec Potentiometers* 

for down-to-earth dependability.

•Write for data sheets and further information about 
our complete line of SUPERPRECISION potentiometers. 
Certified calibration data, including recordings of 
output function are supplied with each instrument. 
If RELIABILITY is your goal, always specify 

ELECTRO-MEC potentiometers.

ELECTRO. MEC
Division of WALTHAM Precision Inttrumant Company, Inc.
47-51 33RD STREET, LONG ISLAND CITY 1, N.Y.

CIRCLE 219 ON READER-SERVICE CARD

NEW LITERATURE
Magnetic Latching Relays 276

Bulletin No. BR-594, two pages, de
scribes series BR-9 magnetic latching re
lays for aerospace and undersea applica
tions. Electrical and mechanical data and 
illustrations of standard mounting con
figurations are given. Babcock Relays, 
Inc., 1640 Babcock Ave., Costa Mesa, 
Calif.

Variable Resistor 277
Dimensional drawings and electrical 

and mechanical specifications on the 
firm’s 3/4-w, style RV 6 variable resistor 
are given in this one-page data sheet. It 
exceeds MIL-R-94B and has a unique 
carbon-ceramic resistance element. Chi
cago Telephone Supply Corp., Elkhart, 
Ind.

Mass Spectrometer 278
Illustrated bulletin 21110, eight pages, 

gives the specifications and applications 

of type 21-110 mass spectrometer. It can 
be used as a standard analytical tool for 
laboratories conducting advanced-mate
rials research. Consolidated Electro
dynamics Corp., 360 Sierra Madre Villa, 
Pasadena, Calif.

Direct-Writing Recorders 279
This illustrated brochure, four pages, 

describes the Mark II portable direct- 
writing recorders. It discusses the choice 
of ink or electric writing for specific ap
plications. Operating data and a diagram 
of an adapter for rack mounting is given. 
Clevite Corp., Brush Instruments Div., 
37th & Perkins, Cleveland 14, Ohio.

Ignitron Excitation Circuits 280
Bulletin PT-50, 16 pages, details typi

cal ignitron excitation circuits which as
sure accurate and reliable firing. Sche
matics, graphs and charts are included 
to illustrate the technical data. General 
Electric Co., Schenectady 5, N.Y.

A Major Technological Advancement in Miniaturization
SWITCHCRAFT 

“MICRO-PLUG"

"MICRO-PLUG" Series 850
• Only 1-1/64" long; 1/4" O.D.
• Sleeve circuit coble clomp.
• Nylon insulation between tip and sleeve 

circuit.
"MICRO-JAX" TR-2A

• Two-conductor single closed circuit design. 
Available as a two-conductor open circuit 
type.

• Internally keyed nylon insulation—mech
anically interlocks springs and solder lugs 
—eliminates shorts.
Write for bulletin.

5529 N. Elston Avo., 
Chicago 30, III.

CmsSIm Res. Atlas Rafis Car*., LU
50 Wieselt Av* Taraata.

CIRCLE 220 ON READER-SERVICE CARD

AND 
“MICRO-JAX"

1/25th the size of standard Switchcraft 
Plugs and Jacks, but with the same 
Uniformity, Dependability and Quality.

Designed for and used on many types of 
Electronic Equipment such as computers, 
data systems, business machines, tran
sistorized portable radios and tape re
corders.

W W W / w
DC OUTPUT COMBINATIONS

0

TR-2A 
"MICRO- 

JAX"

850 
"MICRO

PLUG"

/- SLEEVE TERMINAL 

TIP TERMINAL

DIA > 010’THICK 
WASHER

Select the outputs you need from D/B's 
line of modular supplies; we will assemble 
them into the appropriate Rack Mount- 
|ing Kits as listed below;______________
Kit Model Kit Size Kit Price*

[ THO 

1101 WA

MAX. PANEL 
THICKNESS

AVAILABLE AT ALL LEADING 
ELECTRONICS DISTRIBUTORS

71 19x3'/,x8 15.00
72 19x5'4x9 17.00
73 10x7x9 17.50
74 19x7x14 24.00
75________ 19x8%x14________ 24,50

•Add $5 for switch, pilot light and fuse 
combination. Prices are f.o.b. Pasadena. 
Calif.

DRESSEN-BARNES ELEC

A P0-SECOND GUIDE 
TO OVER 1.000.000 

ELECTRICAL 
COMMNATIONS OF 
MODULAR SUPPLIES 

ASSEMBLED IN RACK 
MOUNTING KITS

RONICS CORPORATION
3BO NORTH VIÑEDO AVENUE PASADENA, CALIFORNIA

CIRCLE 221 ON READER-SERVICE CARD
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Electronic Digital Voltmeter 281
Bulletin 44-1, six pages, describes 

model V 44 all-electronic digital voltme
ter for high-speed measuring and data 
logging applications. Features, drawings 
and technical information on digital out
put data, specifications, applications and 
operating information are given. Non- 
Linear Systems, Inc., Del Mar, Calif.

Switching Diodes 282
Bulletin No. 2105, 12 pages, gives the 

characteristics of series 1N690 and 
1N920 high-current switching diodes. 
The diodes are compared as to current 
characteristics, recovery time, diode ca
pacitance and power rating. Typical per
formance curves are included. Sperry 
Rand Corp., Sperry Semiconductor Div., 
Norwalk, Conn.

Oscilloscope 283
Eight pages of application notes and 

four pages of accessory description for 
model 185A oscilloscope are given. Ap

plication notes Nos. 44A and 44B de
scribe methods of synchronizing high- 
frequency oscilloscopes, and pulse and 
waveform analysis with the 185A. The 
unit is for circuit and component testing. 
Hewlett-Packard Co., 1501 Page Mill 
Road, Palo Alto, Calif.

Direct-Writing Recorders 284
The design, principles and applica

tions of direct-writing recorders are dis
cussed in this 12-page bulletin, No. 5601. 
The firm’s Dynograph recorder is con
sidered in particular, and block diagrams 
accompany the description of its opera
tion. Offner Electronics, Inc., 3900 River 
Road, Schiller Park, Ill.

Valve Data 285
A quick reference brochure, Abridged 

Valve Data, 38 pages, gives brief infor
mations for all this company’s electronic 
tubes up to the time of going to press. 
English Electric Valve Co., Ltd., 
Chelmsford, England.

ADEL
designed for every application

fED ANO 
ITO AIR- 
IANUFAC-

I SPECIFY 
I service 
inginger-

ERVltr-FITTED, I 
NS-'ARE AVAILAI 
ÌGfNAL EQUIPMEN 
IUR REQUIREMEN1

’.nts

lineóla «-DaytonWichita • Dallas * TorontoDISTRICT OFFICES i.

Direct inquiries to 
Huntington Division 
1444 Washington Ave., 
Huntington 4, 
West Virginia

CLAMPS provide cushioned, vibral 
absorbing support for cables, tut 
and piping. 1
BLOCKS provide resilient support 
multiple grouping of lines to olimin 
failures. d
HARNESS STRAPS embody heat and t 
resistant material for temperatures 
above +550°F to below 9!

For safety, flexibility, 
ADEL and be certain of. 
from products that are, 
ing design and the mo: 
A COMPLETE LINE .J 
APPROVED. SPECIFICA' 
CRAFT, MISSILE ANO I 
TURERS WHAT ARE

They cut maintenance and replacement tosti 
.. . performance and reliability far beyond 
specifications of any other Line Support. p

PS/ BLOCKS • HARNESS STRAPS 
try & industrial systems & equipmi
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MODEL CAPACITY

MODEL CU-1500 
(illustrated) dissipates 1500 
watts and sells for $325.00.

COOLING 
UNITS

GUDELACE*...
the lacing tape with 
a NON-SKID tread

CU-50 50 watts

CU-200 150 watts These packaged cooling units are completely self-

CU-500 500 watts

CU-1500 1500 watts

CU-5000 5000 watts

CU-10,000 10,000 watts

CU-50,000 50,000 watts

WRITE TODAY

FO* COMPUTE

contained and consist of a liquid circulator, a liquid 

to air heat exchanger, a reservoir, and flow and 

temperature interlocks as required. They transfer the 

heat from congested locations, where high tempera

ture is detrimental to the operation of other com

ponents, to remotely located locations where the heat 

can be dumped conveniently and where it will not 

affect the operation of other equipment

You can’t see it, but it’s there! Gudelace is 
built to grip—Gudebrod fills flat braided 
nylon with just the right amount of wax to 
produce a non-skid surface. Gudelace con
struction means no slips—so no tight pulls to 
cause strangulation and cold flow.

But Gudelace is soft and flat—stress is dis
tributed evenly over the full width of the tape. 
No worry about cut thru or harshness to 
injure insulation ... or Angers.

Specify Gudelace for real economy—faster 
lacing with fewer rejects.

Writ« for free Data Book.
It shows how Gudelace and 
other Gudebrod lacing materials 
fit your requirements.

INFORMATION! GUDEBROD BROS. SILK CO., INC.

ft . . 208 RIVER ST. • RED BANK, NJ
IMPULSE LABORATORY INC. Phone: SHadyside 1-0404

ELECTRONICS DIVISION EXECUTIVE OFFICES
225 West 34th Sfreot 12 South 12th Street

New York 1, New York Philadolph.a 7, Po.
CIRCLE 224 ON READER-SERVICE CARDCIRCLE 222 ON READER-SERVICE CARD
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Texas Instruments
Philco
General Transistor

Dept. ED-5

FREE ! ik G^oq tLf Lw üu

ELECTRONICS
INDUSTRY, DEFENSE, BROADCAST

Semi-Conductor Headquarters 
For Industry at 

Quantity Prices Competitive 
with Manufacturers

Newark stocks and distributes 
over 450 top lines covering 
every phase of electronics!

Hughes
General Electric

Semi-Conductors
Bendix

• International Rectifier 
• Sylvania • Sarkes Tarzian 
• Hoffman • I.T.&.T. • RCA 
Motorola • Raytheon • Ohmite 
CBS Electronics • Westinghouse

Relays 
Tubes

Switches
Connectors 

* Industrial

Transformers
Test Equipment

Controls
Resistors • Meters • Capacitors 

• Pilot Light Assemblies

★ COMPETITIVE FACTORY PRICES ★ COMPLETE ON-HAND STOCK 
★ IMMEDIATE DELIVERY

Your One-Point Source for All Your Electronic Needs

ELECTRONICS CORPORATION
223 W Madison St., Chicago 6, Illinois
4747 W. Century Blvd., Inglewood, California 
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NEW LITERATURE
High-Ratio Frequency 286

Bulletin A-2024, four pages, describes 
high-ratio frequency comparisons using 
roulette patterns on the ert of types 502, 
503 and 536 oscilloscopes. Circuitry for 
displaying roulette patterns, schematic 
diagrams and waveforms for various 
frequency ratios are given. Tektronix, 
Inc., P.O. Box 500, Beaverton, Ore.

Computing System 287
Bulletin QC-020-R110 describes the 

firm’s model C-20 high-speed computing 
system. Basic, medium and large systems 
and recent improvements are included in 
the brochure. Bendix Corp., Bendix 
Computer Div., 5630 Arbor Vitae, Los 
Angeles 45, Calif.

Data Acquisition Components 288
Applications, features and specifica

tions of four products essential to data 
acquisition systems are listed in this

eight-page bulletin, No. SCE-1. A differ
ential wideband-dc amplifier, a floating 
wideband amplifier, a wideband-imped
ance converter, and a differential isolator 
are described. Computer Engineering 
Associates, Inc., 350 N. Halstead, Pasa
dena, Calif.

Nuclear Instruments 289
Nuclear instruments and systems, de

signed to perform analyzing or counting 
functions, are described in this 40-page 
catalog. It includes specifications and 
applications of both instruments and sys
tems. Hamner Electronics Co., Inc., Box 
531, Princeton, N.J.

Measuring Techniques 290
Application Note No. 50, four pages, il

lustrates the equipment setup and de
scribes measuring techniques for obtain
ing accuracies of 1 in 10°, or higher, in 
one hour using vlf standard broadcasts. 
Hewlett-Packard Co., 1501 Page Mill 
Road, Palo Alto, Calif.

wide-range
REGATRON’
POWER
SUPPLIES

» W
MODEL 219B

laboratories with varied requirements
Wide-range REGATRON Labo
ratory Power Supplies: available 
in O-3OO, 600, or 1000 volts de 
continuously variable, 0-500, 600, 
1000, or 1500 ma .. . load regula
tion to 0.01% or 0.05 V, negligi
ble ripple . . . also 6.3 V ac and 
regulated de bias outputs. For all 
the reasons why leading labora
tories prefer REGATRONS send 
for Bulletin 422.

Model 219B (pictured above)
Main output: 0 to 600 V de, 0 to 

1000 ma.
Load regulation: 0.01% or 0.05 V.
Ripple: 0.0005 V.
Also regulated 0-150 V de bias 
supply and 6.3 V ac CT output, 
ten-turn control, calibrated dial 
with 3 volt vernier, modulation 
input. PRICE: $675 F. O. B 
Eatontown, N. J.

* Registered U.S. Pot. Off. Potenti issued and pending.

ELECTRONIC

MEASUREMENTS
COMPANY. INCORPORATED 

EATONTOWN • NEW JERSEY

Telephone: Liberty 2-0300 TWX: EAT 984

Unique Printed Stripline Circuitry

Micromega Varactor Multiplier
V Iomega's Model FM 6 high efficiency, high power 
varactor multiplier is unique in its use of printed strip 
transmission line resonators at the low frequency of 
150mc FM 6 is to be used for tracking deep space 
probes at the Goldstone Tracking Station of Jet Pro 
pulsion Laboratory

Write for information on solid state microwave devices

EMPLOYMENT Opportunities for physicists 
and engineers •

Micromega Corporation ®
A 134 Del Rey Ave Venice, Calif / EXmont 1-7137 An Affiliate of FXR. Inc

MlCROMEGA FM 6 HIGH POWER VARACTOR MULTI 
PLIER Performance characteristics: Input' Frequency, 
tunable from 145 to 165mc; Output Frequency, tunable 
from 870 to 990mc: Output Bandwidth, 30mc, Multiph 
cation Factor. 3 x 2 6: Conversion Efficiency fa 2w
input. —7db @ —20db spurious output and — 8db ® 
—60db spurious output; Maximum Input Power. 2w; 
Operating Temperature Range. —50° C. to — 75 C.

CIRCLE 226 ON READER-SERVICE CARD 
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Magnetic Transducer Pickups 291
This booklet, No. CPM-50, describes 

the operation of magnetic transducer 
pickups for mechanical-electrical conver
sion without power supplies. A chart 
data on physical size, electrical output, 
temperature range and mating connec
tors of models available. Typical output 
curves and block diagrams are included. 
Electro Products Laboratories, 4501 N. 
Ravenswood Ave., Chicago 40, Ill.

Operational characteristics are given. 
The Thermion is a device that measures 
the thermal environments encountered 
by vacuum tubes. A tube equivalence 
chart is included. Rescon Electronics 
Corp., 151 Bear Hill Road, Waltham 54, 
Mass.

Wire Products 294

Variable Resistors 292
Specifications on six types of model 7 

linear motion variable resistors are con
tained in bulletin 42-1051, four pages. It 
contains dimensional drawings of encap
sulated and nonencapsulated types. 
Globe-Union, Inc., Centralab Div., 900 
E. Keefe Ave., Milwaukee 1, Wis.

Catalog 109, 40 pages, contains indus
trial listings of wire and wire products 
for the electrical and electronics indus
tries. Illustrations and technical infor
mation describe in detail the entire line. 
Columbia Wire and Supply Co., 2580 
W. Irving Park Road, Chicago 18, Ill.

Socket Adapters 295

Thermion 293
Brochure No. 7-8-9, four pages, de

scribes the Thermion’s use in determin
ing thermal reliability for vacuum tubes.

Catalog AS-1, 12 pages, contains de
scriptions of 42 different varieties of 
socket adapters for the testing of solder 
terminal components such as relays and 
transformers. Electronic Engineering Co. 
of Calif., 1601 E. Chestnut Ave., Santa 
Ana, Calif.

HERMETIC SEAL 
TRANSFORMER

HST DIVISION OF DRESSER ELECTRONICS
Multicore Solder plays a continuing and important role in the 
successful history of quality componentry construction of Dresser 
Electronics. HST Division.
HST has designed and built over 100,000 components for our 
nations missile systems, many of which relied on Multicore 
Solder to meet the reliability demands of our space age.
ERSIN Multicore 5-Core Solder costs Dresser Electronics a trifle 
more than ordinary solders . .. but this is negligible compared 
to the vital savings realized through more joints per pound—and 
virtually no costly rejects due to cold or H/R joints. For assembly 
line efficiency, guaranteed by 5 cores of ERSIN flux and fast 
melting thin-wall construction, quality manufacturers rely on 
ERSIN Multicore, the world’s finest solder.

ERSIN

SOLDERFIVE-CORE
For information, write Department M E-15-11

MULTICORE SALES CORPORATION, 80 Shore Road, Port Washington, N. Y. B

CIRCLE 228 ON READER-SERVICE CARD
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plated WIRES

Write for Latest Brochure

CIRCLE 229 ON READER-SERVICE CARD

ca// your man

SIGMUND COHN MFG. CO., IMC.

121 SOUTH COLUMBUS AVENUE, MOUNT VERNON, N.Y.

Semiconductor* 
Connector* 

Relay* 
Capacitor* 

Transformer* 
Control* 

Switch** 
Resistor*

Industrial Tubes 
Test Equipment 

Wire A Cable

“'/Allied

ALLIED RADIO
IOO N. WRSTIRN AVE., CHICAGO SO, ILL.

LOS ANGELES, CALIF.I MUnw • INDIANAPOLIS, FT. WAVNI, MISHAWAKA, SOUTH
SEND, IND.: EntorprlM MM • GRAND RAPIDS, MICH.: Entorprlw 75M • MINNEAPOLIS. ST. 
PAUL. MINN.1 Zenith MM • ST. LOUIS. MOu EntorprlM MM • MILWAUKEE. WISC.: Hilltop 4-M20

^OuNl

*7or many years we have 
specialized in continuous 
electroplating of wires with 
emphasis on small sizes (as 
small as .00012"). By 
electroplating it is possible 
to combine the properties 
of metals having widely 
different characteristics. 
Example: a Gold plated 
Tungsten wire combines the 
extremely high tensile 
strength of Tungsten with 
the solderability of Gold. 
Many other combinations 
are possible to suit 
individual requirements.

for fast, expert 
electronic supply 
at factory prices

He's your electronic supply specialist, an expert on 
your needs. He serves you best because he's backed 
by the world's most complete stocks—all major lines, 
all types available—at factory prices. For complete 
supply, for expert help, for same-day shipment— 
“call your man at Allied.”

576-ppp» Allied Catalog— 
Iha matt complota eleclronlct 
supply source for industry. 
We stadi everything we list...

TAylor 9-9100
TWX: CG-2898

One Order to Allied Fills the Whole Bill
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ALL Digits Can Be Read from Any Angle

« readout
PRESENT

Series 
lOooo

^^riceS^OOO
COMPLETE |Q

P Over 1000 
firms throughout ‘ 

the world in just a 
few years prove 
unprecedented 
acceptance of

I EE digital 
") readouts. A

The IEE digital readout puts the digit right up 
front, visible from any angle. Vision is unimpaired 
by stacked characters and sharp, clear-white digits 
provide high-contrast, error-proof reading. Use of 
words, color, and multiple projections offer utmost 
versatility

QUANTITY PRICES 
ON REQUEST

WRITE TODAY 
FOR COMPLETE 

SPECIFICATIONS.

Binary-To-Decimal 
Decoders Available.

Representatives 
in 

Principal Cities

Industrial. Electronic Engineers, Inc.
* Enginett and ManvhKiurtfí of Fully Automatic System« and Digital Readout« 

5528 Vineland Avenue, North Hollywood, California

NEW LITERATURE
Time Delays and Relays 296

Catalog No. 860 describes the firm’s 
line of balanced rotary-armature relays, 
electronic time delays, constant pull-in re
lays, solid-state modules, voltage sensors 
and special products. Environmental 
characteristics, electrical specifications 
and diagrams, and drawings are given. 
Hi-G, Inc., Bradley Field, Windsor 
Locks, Conn.

Bistable Amplifier 297
Bulletin CS60-3, four pages, gives 

specifications and design data for the 
firm’s ultra-sensitive bistable amplifier. 
Applications include detection of reverse 
current and over current in de power
supply systems. Tables, charts and graphs 
are included. Norbatrol Electronics 
Corp., 356 Collins Ave., Pittsburgh 6, 
Pa.

Digital Instruments 298
Bulletin No. 481-1, 12 pages, gives 17 

applications of the NLS-481 digital volt-

meter and the NLS-781 digital ohm
meter. Features, wiring diagrams and 
conversion to ac and low-level de meas
urements for the 481 are given. Specifi
cations and operation information on 
both instruments are included. Non- 
Linear Systems, Inc., Del Mar, Calif.

Semiconductor Circuits 299
Selected semiconductor circuits, using 

precision-etch process transistors are 
shown in Application Notes No. 38004, 
11 pages. The circuits described provide 
a reference of contemporary circuits suit
able for military and industrial electronic 
equipment. Sprague Electric Co., North 
Adams, Mass.

Angular Accelerometers 300
Features, applications and specifica

tions for angular accelerometers are in
cluded in this six-page brochure. The 
units described are for control and 
measurement of missile and aircraft 
flight dynamics, structural analysis of in-

CIRCLE 231 ON READER-SERVICE CARD

Rack mounted 
32 VOLT DC 

POWER SUPPLY 
$265 net

16% regulation: no load to full load

WHY PAY $250—$650 MORE
for regulation you DON'T need I

The Electro Model NFBR with its 16% regulation is absolutely adequate 
in most applications. Where super regulation is not required, you’re money 
ahead when you buy the Electro NFBR.

Accidental "Short" Protection . . . Heinemann circuit breaker
safeguards equipment and NFBR.
Continuously Variable Output. . . 0-32 volts to 15 amperes,
0-40 volts to 3 amperes.
Low Ripple . . . less than % % at top load.
High Performance . .. Silicon rectifiers increase efficiency.
Good Internal Impedance ... 0.5 ohms at 32 volts.

NFBR operates electronic equipment, radios, missiles, aircraft, other low 
voltage devices. NFB without rack . . . $235 net.

"lectro
... in stock at your distributor. Write for Bulletin NFB today!

Elictro Products Laboratories
4501-U Roventwood, Chicago 40 III., LOngboach 1-1707 

Canada: Atlas Radio Ltd , Toronto

METAL FABRICATIONS
TO CLOSE TOLERANCES
Industrial designers demand close 
tolerances and accurate fast production 
The Falstrom Company, one of America's 
leading metal fabricators, 
has been meeting these demands for 
almost 90 years. Growing with 
industry. Falstrom is constantly adding 
to its extensive metalworking facilities 
Falstrom fabricates consoles, 
chassis, weldments, in 
stainless steel, aluminum, 
magnesium and other metals.

WRITE OR CALL 
FOR FREE BULLETIN!

FALST 
COMP

rem C»«rt, Passaic, New Jersey

SEE US AT THE DESIGN ENGINEERING SHOW
Detroit— Cobo Hall—Booth S21

CIRCLE 233 ON READER-SERVICE CARD
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duced angular acceleration, monitor and 
control of servo systems and closing the 
loop in inertial guidance systems. Don
ner Scientific Co., Concord, Calif.

Ferrule-Terminal Resistors 301
Bulletin No. 7350, 12 pages, describes 

and illustrates the F, NIF- and SIF- 
series glass-jacketed power-wirewound 
resistors. Ratings on standard, non-induc
tive, and super non-inductive winding 
designs are given. Dimensional diagrams, 
characteristics and applications are in
cluded. Sprague Electric Co., North 
Adams, Mass.

Traveling-Wave Tubes 302
This catalog lists over 85 traveling

wave tubes covering the vhf through 
Ku-bands. Included are low-noise ampli
fiers, solenoid, ppm and electrostatically 
focused forward-wave amplifiers, volt
age-tuned backward-wave amplifiers and 
oscillators and special-purpose tubes.

Characteristics and application data are 
given. Huggins Laboratories, Inc., 999 
E. Arques Ave., Sunnyvale, Calif.

Transistorized Power Supply 303
This two-page bulletin gives perform

ance characteristics for model HC40-50 
transistorized power supply. The unit is 
for powering computing equipment 
where low ripple, close regulation, free
dom from transients and fast response 
are important. Specifications, price and 
delivery information is included. Mid- 
Eastern Electronics, Inc., 32 Commerce 
St., Springfield, N.J.

Magnetic Reed Switches 304
This six-page bulletin describes mod

els DRG-1 and DRS-5 magnetic reed 
switches. It contains charts and diagrams 
on actuation methods and mechanism, 
test charts for life expectancy, the 
method of code identification, and a per
manent magnet chart. Specifications are 
given. Hamlin, Inc., Lake and Grove Sts., 
Lake Mills, Wis.

STUD AND TURRET 
TERMINALBLOCKS

FOR WIRING CONVENIENCE
For faster, better, and more appropriate terminations, 
Kulka offers all their popular terminal blocks with your 
choice of terminal. Now you can choose from regular screw
type, solder-turret, feed-through, threaded stud, or any 
combination of terminals to best suit your specific require- 

wditf mo ments. And, you can call your own choice of finishes — 
electro-tinned, silver-plated, or even gold-plated over silver. 

COMPLETE Kulka maintains complete design and consultation services 
DETAILS to aid customers in the proper terminal selection. Send us

your requirements, or...

KULKA ELECTRIC CORP.
633-843 SO. FULTON AVINUi, MOUNT VERNON. N. V.

CIRCLE 235 ON READER-SERVICE CARD

GLO-MELT
DISTANCE SOLDERING

... for Perfect 
leod-to-pin joints 
on All sizes of A/N 
and similar connections

GL0-MEU
... for Fast-Efficient 
Accurate-Permanent
connections.

POWER UNITS • HANDPIECES • ACCESSORIES 
for all jobs from Micro-Miniature to Heavy-Current connectors 
WRITE TOR DESCRITTIVE LITERATURE, PRICES AND NEAREST DISTRIBUTOR

AMERICAN ELECTRICAL
GLOMFL7 division

HEATER

n = —- “Q
11» FAST ECONOMICAL gy
I «S'?.

। Con^”^ T
Our modern plant and facilities for I I
turning, grinding, milling, drilling, PpJ

I threading, heat-treating and electro- w 1»
_  plating are available for small or on I 

large volume. Simple or intricate, prototypes
flanged or tapered designs from .020"
to 1.00" diameters. Send drawings 
and specifications for quotations.

prototypes
and sample 
quantities

INSTRUMENT SPECIALTIES
r»octssEO~ CO INC

270 Bergen Boulevard V 
Little Fall», New Jersey 
Telephone: CLifford 6-3500

D E T R Q I T
CIRCLE 236 ON READER-SERVICE CARDCIRCLE 234 ON READER-SERVICE CARD
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DESIGN DECISIONS
Featuring th« clever and unueuat 
in packaging, appearance deeian, 
ana circuitry in electronic equipment.

TTENDEES at Dr. William Shockley’s lec
ture on four-layer diodes, given recently at 

the Eighth Annual Cleveland Electronics Con
ference, were treated to a demonstration of music 
played through an amplifier devoid of tubes or 
transistors—diodes were the only active elements. 
Response of the amplifier extended from de to 
over 15 kc, with average audio pow er about 2 w. 
The improved version of the amplifier, shown in 
Fig. 1. delivers about 10-w average audio powrer 
into a speaker or resistive load.

Pulse-Width Modulator
Activates Flip-Flop Output

In basic principle the device consists of tw'o 
sections—a pulse-width modulator operating from 
the input signal, and a bistable multivibrator or 
Hip-flop producing a square wave which will 
vary in symmetry in accordance with the applied 
signal. A transducer such as a loudspeaker can 
be used to sense changes in symmetry and thus 
reproduce the original signal.

Fig. 1 show’s a modulator w’hich operates at 
37.5 kc. more than double the highest audio fre-

216

Fig. 1. The diode-equipped ampli
fier shown delivers approximately 
10-w average audio power to a 
speaker load.

No 'Tubes, No Transistors in Hi-Fi Amplifier—
|ust Diodes

quency to be amplified. The modulator consists 
of a relaxation oscillator using a four-layer 
Shockley diode switch which fires at 40 v. When 
this device fires, it discharges capacitor Ci 
through resistor R2, producing a 40-v negative 
pulse; a sawtooth waveform is produced at B 
the top of Ci — Di (see Fig. 3).

The second section of the modulator is another 
Shockley four-layer semiconductor relaxation os
cillator operating at 37.5 kc with this oscillator 
operating from a negative supply voltage to pro
duce a negative going sawtooth waveform at the 
top of C3 — D2.

A voltage divider, consisting of R3 and R4, al
lows a small portion of the positive going saw
tooth which appears at the top of Ci — Di to be 
applied to the bottom of D2; thus D2 fires when 
the combined negative and positive sawtooth 
signals reach a difference potential equal to the 
firing voltage of D2 (in this case 50 v). When D2 
fires, it discharges C3 through R7 producing a 
negative pulse of approximately 40 v.

The two relaxation oscillators operate in syn
chronism because of their interconnection and the 

phase relation between these oscillators is af
fected by the sawtooth slope as well as the firing 
voltage of each diode. A small ac signal applied 
as shown changes the firing point of Di and thus 
phase modulates the pulses from Di and D2. 
Symmetry is adjusted with R5 or R,,.

The output stage is a bistable multivibrator 
consisting of two Shockley switching devices and 
is switched from side to side with the pulses sup
plied by the two relaxation oscillators. W hen no 
modulation is present, the speaker sees a square 
wave of 37.5 kc and a net audio signal of zero. 
As the symmetry is varied from side to side with 
an audio input signal, the transducer sees one 
diode conducting for a longer time than the other 
one; thus the transducer sees an audio compo
nent in the form of a zero-line shift.

Up to Several Kw Possible 
At Efficiencies Up to 100%

Since Shockley switching diodes are available 
with switching voltages ranging from 20 to 200 v 
and currents from 50 ma to 5 amp, it is possible 
to match almost any load from 2 ohms to 30,000

Fig. 2 Breadboard model of the diode amplifier.
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SYLVANIA LIGHTING-DESIGNED FOR DESIGN ENGINEERS

270

Fig. 3. Waveforms at various sections of the pulse
width modulator and output flip-flop.

»0* 160* 270* 360*

360

OFF

ohms without the use of an output transformer. 
Power input from one watt to several kilowatts is 
practical with various loads, and peak power 
efficiency approaching 100 per cent could result 
from careful design.

The modulator stage shown in Fig. 1 requires 
between 1- to 2-v rms audio signal for full modu
lation and this input signal may be injected in 
either low or high impedance points in the cir
cuit; very high impedance is seen, for instance, 
between the point of R3 and R^ and diode Dj. 
The sensitivity of the modulator may be changed 
by altering the ratio of R3 to R<; a smaller saw
tooth injected into D2 produces greater sensitiv
ity, but problems of noise and instability will re
sult from too much reduction in the sawtooth 
amplitude. Power gains in the order of 10“ to 10“ 
are possible with modulator sensitivity unaltered 
by output power level.

Practical applications of the amplifier might 
include high-power public address systems, trans
mitter modulators, servo systems, instrumentation 
amplifiers, vibration table exciters, sonar, elec
tric organ amplifiers, and high-fidelity and phono
graph amplifiers.

Michael J. Cudahy, Cozzens and Cudahy, 
Skokie, IU.

puts a dramatic idea in appliance design
Now you can design exciting new sales appeal into 
almost any appliance with Panelescent®( electro
luminescent) lamps.
For example, in the control panel of a room air 
conditioner. This startling new form of light glows 
beautifully in the dark, makes a control panel 
clearly visible in dim rooms or during the night.
Not a bulb, not a tube, but a sheet of metal with 
an electrified coating, the Panelescent lamp is 
virtually indestructible, gives off no heat, either. 
Installation by mass assembly is simple. No sockets,

SYLVANIA
SUBSIDIARY OF 

GENERAL TELEPHONE «ELECTRONICS
CIRCLE 237 ON READER-SERVICE CARD

bulbs, fragile parts, or complicated assemblies. 
Panelescent lamps use a minute amount of cur
rent, glow for years without ever needing to be 
switched on or off.
See your Sylvania representative for more infor
mation about how Panelescent lamps can be used 
to improve a new product you’re planning. Or write 
now to Special Products Division, Sylvania Elec
tric Products Inc., 60 Boston St., Salem, Mass.
With 6000 different kinds of lamps

SYLVANIA LIGHTS THE WAY

GENERAL
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Two 4-Bit Transfer Gates (Actual Size) Twelve Capacitor Input Diode Clamps (Actual Size)

DESIGN DECISIONS
Painted Checks and Stripes 

Help Cool Explorer VIII
A novel application of protective coloration 

helps keep the instrumentation in Explorer VIII 
within a temperature range of 0 to 50 C. Almost 
1,400 squares of red, iron-oxide, silicone paint 
cover 347 sq in. of the satellite’s skin while strips 
and patches of silver paint cover an additional 
610 sq in. Together, these paints cover 38 per 
cent of the satellite’s sandblasted aluminum sur
face.

The red, an insulating paint, is highly resistive 
to ultraviolet radiation. Though the silver, a con
ductive paint, is not as effective thermally as the 
red, it was used to keep the satellite’s skin as 
conductive as possible to minimize its effect on 
the ionosphere.

The effects of the exterior paints, which were 
sprayed on through masks, were supplemented 
by the use of a white silicone paint on the in
terior of the satellite’s skin.

This application of paint as a thermal-design 
element was developed at the Marchal Space 
Flight Center of NASA in Huntsville, Ala.

Squares of red and stripes and patches of silver paint 
help keep instruments in Explorer VIII comfortably cool.

Three Binary Circuits with Set-Reset Gates 
(Actual Size)

Five 4-lnput NOR Gates (Actual Size)

An example of Intermountain Solid State Circuit design capability...

HIGH RELIABILITY SOLID STATE PRINTED CIRCUIT CARDS

CURTISS-WRIGHT 
CORPORATION 

Electronics Division 
Inter Mountain Branch

5400 Aconta Road, S. E. P.O. Box 8324 
Albuquerqua, New Mexico 

Telephone: Amherd 3-2474

For circuits, instruments and systems ... the Intermountain Branch of 
the Curtiss-Wright Electronics Division will utilize its highly developed 
solid state circuit design techniques to design and process Standard or 
High Density Miniaturized Solid State Printed Circuit Cards, com
parable to the high quality units shown above. Proven reliable in opera
tional Intermountain instruments and systems, these precision built Solid 
State printed circuit cards can be tailored to your specifications and 
requirements — meet exacting standards of quality, reliability and per
formance over a wide range of operating conditions. Write today for 
information or a quotation on your Solid State Printed Circuit 
requirements.

CIRCLE 238 ON READER-SERVICE CARD

Half-Disk Mounted Circuits 
Save Space, Provide Access

An unusual packaging configuration saves 
space and maximizes circuit access in a Ber- 
noulli-Disk recorder designed for satellite instru
mentation. Manufactured by Laboratory for 
Electronics, Inc., the BD-48A includes 14 half
disks on which almost all the circuitry is 
mounted.

Each half-disk can be swung through a wide
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Swing-out half-disks provide access to circuitry in 
compact, magnetic-disk recorder for satellite instru
mentation.

“NEW TWIST” 
ADDED TO SELF-CHECK 

RATE OF TURN GYRO
In the new Rate of Turn Gyroscope, Model JRS 
Series, self-check determinations go beyond the usual 
wheel speed performance test. Now a gimbal operation 
check has been added.

When a signal is initiated from the control panel, a 
torquer within the gyro twists the gimbal. The result
ing pickoff signal, identical to that caused by an actual 
rate of turn, verifies the gyro’s state of readiness. With 
this exclusive feature added to the self-check tests, the 
Model JRS provides a more complete performance 
report than conventional self-check gyros. Manual 
“press-to-test” can be eliminated by programming an 
automatic integrity check into the countdown sequence.

This new Honeywell Rate of Turn Gyro is a proven 
reliable instrument designed expressly for flight control 
and instrumentation in missiles and aircraft where 
severe ambient conditions prevail. Viscous damping is 
temperature compensated to maintain virtually constant 
damping ratio over the entire operating range of — 65° F 
to +160°F.
Honeywell inertial components and engineering experi
ence are available to assist in the solution of your gyro 
problems. Write for Bulletin JRS to Minneapolis- 
Honeywell, Boston Division, Dept. 10, 1400 Soldiers 
Field Road, Boston 35, Mass., or call your local Mili
tary Products Group Office. Sales and Service offices in 
all principal cities of the world.

arc to give access to any mounted component. 
In operation, the half-disks are anchored in place 
by rods which slide down through sleeves on the 
outer edges of the cards. The centers of the cards 
arc supported on slits on the center column.

The rotating, flexible, magnetic disk on which 
information is recorded is in the lower part of the 
housing shown in the photo.

Rings of reed contacts surround solenoid-driven 
permanent magnet in high-speed rotary switch. The 
cover has been removed from the deck at the right to 
expose the glass-enclosed reed contacts.

ELECTRONIC DESIGN • May 10, 1961

Honeywell Rate Gyro, 
Model JRS Series.
Shown approx. Mi size

Honeywell

High Speed Rotary Switch 
Uses Rotating Magnet To Close Reeds

A new rotary switch uses a novel but simple 
technique to provide high-speed operation with 
very long life. Switch decks consist of rings of 24, 
uold-plated, reed contacts, hermetically scaled in 
nitrogen. These contacts, completely isolated 
from each other, are closed in sequence by the 
rotation of a permanent magnet.

The magnet can be driven by a rotary solenoid 
as in the accompanying photograph, or it can be 
driven by a small motor for commutator applica
tions. When motor driven, the switch can be op
erated at 6,000 rpm. The manufacturer, Hatha
way Instruments, Inc. of Denver, rates the 
contacts to pass 100 ma for 10 million operations. 
The reeds can close in 0.1 msec. PERFORMANCE DATA

• EXCELLENT LINEARITY: As low as 0.25% of 
full scale

• LOW HYSTERESIS: Less than 0.1% of full 
scale

• LOW THRESHOLD: Less than 0 01 deg/sec
• MICROSYN PICKOFF: Variable reluctance type 

providing infinite resolution and high signal- 
to-noise ratio

• FULL SCALE RATE: As low as 10 deg/sec
• FULL SCALE OUTPUT: Up to 15 volts
• RUGGED: Withstands 100 G shock
• VIBRATION: Operates at 12 G to 2,000 cps
• SIZE: 2.11' diam. x 4.60' long
• WEIGHT: 2.2 lbs.

Consult Honeywell 1er your specific 
gyro requirements

(a> Gimbal is free to rotate
(b) Restraining Spring is able to return 

gimbal to zero position
(c) Pickoff generates proper signal, pro

portionate to gimbal deflection
(d) Gimbal Deflection is proportionate to 

given torque exerted upon it
(e) Gyro Wheel rotates at proper speed
(f) Damping Ratio of gyro is within ac

ceptable limits

CIRCLE 239 ON READER-SERVICE CARD
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DESIGN DECISIONS

ASSEMBLY PRODUCTS INC
CHESTERLAND 17 OHIO

CIRCLE 751 ON READER-SERVICE CARO
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Scaled-down mode) of Essex-class carrier helps en
gineer design shipboard antenna Model is rotated on 
15-ft-diam turntable, 65 ft away from the discone an
tennas in the background. A copper covering on a 
zinc-coated, cement slab serves as the ground plane 
between the turntable nnd the disccnes

Here you see. at about four- 
fifths actual size, A. P l.’s 
new and handily compact fem 
perature control, the Model 
450 Temp-Tendor. It's a natu
ral for “built-in” jobs. Measur
ing just 4" x 414” x Sy?" 
overall, it's as easy to mount 
as a panel meter, requires no 
more than a meter-sized panel 
space. And it goes for a re
markably low OEM price. • For 
your money you get: a time
proportioning control capable 
if maintaining temperature to 

ithin ±1°F. of set-point, 
■with built-in t/c length com
pensation adjustment, t/c

How important is
PULSE WIDTH 

in electronic welding?

break protection, fail-safe cir
cuitry, instantly adjustable set
point. and a number of other 
features usually found only in 
instruments many times Temp
Tender's modest size and cost. 
Available in eight standard 
ranges, from 0-300° F to G 
2500°F Our Data Sheet No. 
24 will give you detailed spec
ifications Drop us a line, and 
we’ll put a copy in the mail.

CIRCLE 752 ON READER-SERVICE CARD
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Copies of this valuable Illus
trated study, the first of its kind 
released by any manufacturer, 
are available on request. Write 
or wire today for your FREE 
copy of the PULSE STUDY.

'MP-TENl
< PYRQMETEj

"Oceanated" Roof Simulates Sea 
For Ship Antenna System

A 6,000 sq-ft cement slab, covered with cop
per-sprayed zinc, serves as the sea for extensive 
tests of shipboard antennas. The slab, which has 
the conductivity of the sea, serves with a large 
area of wire mesh as an effective ground plane. 
On the roof of Developmental Engineering 
Corp.’s laboratories at Leesburg, Va., the sea-like 
antenna-test facility includes the largest turn
table built by private industry, a circular, rotating 
base with a 15-ft diameter.

In testing antenna stnictures, DECO engi
neers mount copper-sprayed, wooden, scaled 
ship models at the center of the turntable; they 
cover the superstructure with brass or copper; 
and they duplicate every exterior detail of the 
ship which can affect communications.

The ship, with its scaled-down antenna struc
ture is rotated about 65 ft away from three, dif
ferent-sized, discone antennas, transmitting 
scaled-up frequencies (50 to 2,000 me). By meas
uring the reception of the model antenna, at an 
instrumentation room under the turntable, the 
engineers can improve or relocate the antenna to 
conform with the ship’s design.

Often, they can incorporate parts of the ship’s 
superstructure, like the smoke stacks and masts, 
in the antenna design. Occasionally, they can 
recommend changes in the ship’s superstructure.

The superstructure of a ship invariably causes 
problems for antenna designers because it radi
ates under antenna excitation. In one application, 
engineers encountered difficulty in designing a 
broadband wire antenna with good omnidirec
tional coverage and good impedance characteris-

SMALLER 
TEMP.

CONTROL 
PRICED 

FOR THE

Very important!
Too-long pulses waste weld 
energy—cause discoloration 
and deformation. Too-short 
pulses can also give unsatis
factory welds. ■ An exhaus
tive research study, just 
completed, shows the re
sults of pulse width tests of 
Hughes welding power 
supplies. ■ Tests were made 
during actual welding of 
high and low conductivity 
metals. Pulse widths varied 
from 0.0008 to 0.0025 sec. 
■ Scope photos show how 
proper design of the weld 
transformer to match capac
itor discharge characteris
tics produces the shortest 
practical welding pulse.



NEED AC-OPERATED MILITARY RELAYS?

Relay shown l'A times actual size

CIRCLE 754 ON READER-SERVICE CARD

Good-enough-to-eat filler for epoxy encapsulent 
keeps busy buoy buoyant. Buttered popcorn does it.

READALL READOUT NEWS 
from Union Switch & Signal

Rectifier circuits... full
wave bridge and biM-wwe 
...usr bithesi quality 
miniature silicon diodes. 
Note potted construction

READALLS reduce 
equipment requirements... 
simplify circuitry
Because Rendalls are capable of so many 
functions, there is no need for the transis
tors, relays, magnetic cores and diodes and 
membrane translator units required to 
back up less sophisticated readout devices. 
Write for Bulletin 1057.

UNION SWITCH A SIGNAL 
mviSION OF WESTINGHOUSE AIR BRAKE COMPANY-----  

PITTSBURGH 18, PENNSYLVANIA 

CIRCLE 753 ON READER-SERVICE CARD

New 64-Character READALL* 
Readout Instrument designed 
for use in low-level and 
solid-state circuitry
I he new sealed case 64-character Readall 
Readout Instrument was designed espe
cially to meet the severe environmental 
requirements of MIL-E-5422D and other 
military specifications. The sealed case 
provides reliable operation at 100% hu
midity and at altitudes up to 50.000 feet.

The great reduction in the amount of 
associated equipment required when 
Readall Readout Instruments are used 
simplifies circuitry. Outstanding features 
in this one small package are: readability 
of display, binary decoding, data storage 
and electrical readout.

This new Readall is back-lighted with 
two miniature aircraft-type lamps. Even if 
one lamp fails, readability is assured. Un
der normal conditions the black-and-white 
character belt is readable even without 
internal illumination.

The new Union sealed case 64-charac
ter Readall is long and weighs just 
14 ounces. It will inate with military stand
ard connector MS-24013, and is a com
panion to the Union sealed case 12-char- 
acter Readall. Write for Bulletin 1066.

tics over a three-to-one frequency range. This 
problem was magnified by parasitic radiation 
from the ship’s superstructure and from other an
tennas.

In this case, incorporating two smoke stacks, 
the main mast, and two boat cranes as part of 
the antenna eliminated the problem.

These relays are identical in size and weight to Hart’s widely 
specified Series R and S d-c relays and meet the same specifi
cations*. And, thanks to their unique design, they provide the 
same shock resistance (to 50G), the same vibration resistance 
(to 20G-2000 cps), and the same performance under temper
atures ranging from — 65°C to +125°C. Contact ratings from 
dry circuit to 10 amps, 115 volts a-c resistive and 30 volts 
d-c resistive.

The complete line of “Diamond H” miniature hermetically- 
sealed relays includes hundreds of models. Contact ratings, 
pull-in and drop-out times, temperature, vibration and shock 
ratings, mounting arrangements and other specifications can 
be varied to meet your particular performance requirements. 
Ask for descriptive literature and specification list.

For reliable switching try "Diamond H" 
Series RA and SA relays with a-c coils
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Buoy, Oh Buoy 
Buttered Popcorn!

Buttered popcorn serves as the filler for rhw 
encapsulent in a rugged, light-flashing, marker 
buoy. A buoy which may be dropped into the 
sea from any altitude must be very rugged if it is 
not to shatter on impact. Its electronic compo
nents must be held rigidly in place. This rigidity 
requirement would normally call for a very 
tough and heavy encapsulent.

But a buoy has to float. Designing a floatable 
device to take as much as 10,000 g of impact 
shock can call for unusual measures The tasty 
solution by engineers at ACR Electronics Corp., 
551 W. 22nd St., New York, was remarkably 
simple.

They filled the compartment containing the 
electronics with buttered popcorn. They then 
poured Araldite epoxy over the filler. It filled the 
interstices but didn’t saturate the popcorn be
cause the butter prevented its penetration.

This unusual encapsulation technique saved 
80 per cent of the weight of full encapsulation. 
According to ACR’s David Rush, there was no 
loss in strength. Mr. Rush admits, however, to a 
mysterious loss of popcorn—on the production 
line.

'HART
MANUFACTURING COMPANY

210 Bartholomew Avenue 
Hartford 1, Conn.

Phone JAckson 5-3491



IDEAS FOR DESIGN

Vote for the
Most Valuable Idea 

in the Issue
Vote for the Ideas you feel merit the $50 

.Most Valuable of Issue award. You may vote 
for one or more by circling the corresponding 
numbers on the Reader-Service Card.

Choose the Ideas which suggest a solution 
to a problem of your own or stimulate your 
thinking or which you think are just plain 
clever.

The Most Valuable of Issue Ideas will be 
eligible for the $1,000 Idea of the Year award.

And after you’ve voted, why not send in an 
Idea of your own?

High-Gain Pulse Amplifier 738 
Uses Complementary Transistors

R3

Second stage in high-gain pulse amplifier is prevented 
from saturating by voltage drop across RI.

High-current gain without excessive storage 
time can be easily obtained from a two-stage 
transistor pulse amplifier by using complemen
tary transistors connected so that the second 
stage is prevented from saturating.

By biasing QI (network not shown) so that the 
voltage drop across RI is one volt, the voltage 
from the collector to base of Q2 can never go be
low this value. Q2 cannot saturate and storage 
time is held to a minimum.

The circuit is well suited for driving 50- to 
90-ohm transmission lines with 4- to 8-v pulses. 
For opposite polarity pulses substitute npn tran
sistors and a positive battery voltage.

H. F. Stearns, Engineer, Technical Products 
Operation, General Electric Co., Syracuse, N.Y.

Vote this Idea the Most Valuable of Issue by 
circling its Reader-Service number.
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Pulsing Capacitor Eliminates 743 
False Triggers Due To Switch Bounce

In circuits using inexpensive spring-loaded 
pushbutton or toggle switches for single pulse 
triggering, switch bounce can produce unwanted 
trigger pulses following the initial trigger. These 
false trigger pulses can cause erratic or unstable 
operation in many triggering circuits.

The circuit shown produces a single trigger 
pulse with a sharp leading edge and suppresses 
all other unwanted triggers.

Before the switch is depressed, Ct is charged 
to — E. Thus, the voltage on C\ reverse biases 
CRi and isolates — E from the circuit to be trig
gered. When Sj is depressed, Ci discharges 
rapidly through the low resistance of Rt pro
ducing a sharp positive-going pulse on the plate 
of CRi. With CRt now forward biased, the pulse 
passes through to the circuit.

When the switch is released, the armature 
may bounce against the normally closed contact 
due to the spring tension. This bouncing action 
causes the generation of the undesired triggers.

The suppressing action of the circuit takes 
place the instant the switch is released and 
returns to the NC contact. Capacitor Ci imme
diately tries to recharge to — E, but cannot do 
so because of the large value of R2. This long 
time constant (R2C() does not allow Ci to charge 
to a sufficient level fast enough to produce an
other trigger pulse. As the armature bounces 
off the NC contact, Ci merely retains its charge. 
Each successive bounce allows Ci to charge 
slightly more to — E. This continues until the 
switch is at rest on the NC contact at which 
time Ci completes its charge to — E in an expo

False trigger pulses due to contact bounce are elimi
nated by push-button triggering the circuit from charged 
capacitor Q, instead of directly from the power source. 
Diode CRi isolates the triggered circuit after the switch 
is spring-returned from its NO position and bounces on 
the NC contact.

nential manner. Resistors and R2 also act as 
are suppressors to protect the switch.

For negative going triggers, the voltage E is 
positive and the diode connections are reversed.

With this simple arrangement, any inexpen
sive switch can be used for stable triggering 
without any additional circuitry for suppression 
of unwanted pulses.

Richard C. Sylvesta, Senior Technician, Luma- 
tron Electronics, Inc., New Hyde Park, L. I.,

Vote this Idea the Most Valuable of Issue by 
circling its Reader-Service number.

741Bypassed Bias Resistor
Increases Emitter-Follower Input Z

Bypassing of base-bias resistance by capacitor Ci 
reduces the resistor s effect on input impedance of 
emitter follower.

In conventional transistor emitter-follower cir
cuits, the input impedance is limited by the 
values of the base bias resistors. This limitation 
can be removed by connecting the circuit as 
shown in the figure.

Forward bias resistor Ri 4- R2 is divided into 
two equal parts and by-passed to the emitter by 
capacitor Ci. The emitter resistor is tapped as 
high as possible by resistor R3 while still main
taining proper temperature bias conditions.

The value of R2 does not affect the input im
pedance because of regenerative action in the 
emitter load. Capacitor Ci puts R2 and R3 effec
tively in parallel for alternating currents. Re
sistor Ri has no effect on the input impedance 
because it is in parallel with the low output of 
the stage.

Donald W. Bramer, Engineer, General Rail
way Signal Co., Rochester, N. Y.

Vote this Idea the Most Valuable of Issue by 
circling its Reader-Service number.
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How You Can Participate
Rules For Awards

SEVENTH ANNIVERSARY AWARDS

IDEAS-FOR-DESIGN Entry Blank

2.

3.

The

Name Title

Company Name

Address

For Additional Entry Blanks, circle 750 on 
Reader-Service Card.

with:
1.
2.
3.
4.

new circuits or circuit modifications
new design techniques
designs for new production methods 
clever use of new materials or new
components in design

Idea (State the problem and then give your solution. Include sketches or photos that will help get the idea across.)

I have not submitted my Idea for Design for publication elsewhere. It is entirely original with me and does not violate or infringe any copyrighis. 
patents or trademarks or the 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 Elictronic 
Dksign. 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.

Ideas-for-Design Editor 
Electronic Design 
830 Third Ave.
New York 22, N. Y.

Here's how you can participate in Ideas 
for Designs Seventh Anniversary Awards: 
All engineer readers of Electronic De

sign are eligible.
Entries must be accompanied by filled-out Of

ficial Entry Blank or facsimile. Ideas sub
mitted must be original with the author, and 
must not have been previously published 
(publication in internal company magazines 
and literature excepted).

Ideas suitable for publication should deal

5. design or drafting aids
6. new methods of packaging
7. design short cuts
8. cost saving tips

Awards:
Each Idea published will receive an 
honorarium of $20.
Ideas judged Most Valuable of Issue will 
receive $50.
The Idea judged to be Idea of the Year 
will receive the Grand Prize of $1,000 
in cash.
Idea of the Year will be selected from

amongst those judged to be Most Valuable 
of Issue.

Most Valuable of Issue and Idea of the Year 
will be selected by the readers of Elec
tronic Design. Votes will be cast by cir
cling keyed numbers on Reader-Service 
Cards. Payment will be made eight weeks 
after Ideas are published.

Exclusive publishing rights for all Ideas will 
remain with the Hayden Publishing Co.

(Use separate sheet if necessary)

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.
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power supplies
POWER SOURCES two newCONSIDER

Aren’t these the benefitsASK YOURSELF

today, for completethe importance of a warranty that WRITE OR PHONEWEIGH

CIRCLE 755 ON READER-SERVICE CARD
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specifications on POWER SOURCES high and 
low voltage solid state power supplies.

Oversize heat-conducting wafers, made of materials 
such as Berlox (BeO), can be added to micromodules to 
increase their ability to dissipate internal heat. Wafer 
conducts heat from interior of package to its outer 
edges.

covers both lines for five full years. And this in
eludes all semiconductor components.

I’ve been looking for in a transistor-regulated 
power supply?” Then . . .

ELECTRONIC DESIGN • May 10, 1961

lines of power supplies . . . one high and one low 
voltage. Both lines feature the exclusive POWER 
SOURCES, INC., regulator circuit that fully pro
tects transistors without DC fuses or circuit break
ers. This means total protection for supply and 
load without limiting current

The wafers can be made from materials such 
as Berlox (BeO). This material has good heat 
conductivity' and high insulation qualities. It can 
also be readily formed or molded into thin 
(0.020 in.) wafers.

Donald J. Abel, Section Head, Du Mont Mili
tary Electronics Div, Fairchild Camera U In
strument Corp., Clifton, N.J.
Vote this Idea the Most Valuable of Issue by 
circling its Reader-Service number.

• OVER-SIZE 
HEAT CONDUCTING

WAFER

ADD UP . . . other POWER SOURCES advan
tages such as Transient-Free Output . . . Cooling 
Systems designed for long life, trouble-free opera
tion . . . Compactness - . . New low prices. And 
. . . 10-day delivery!

Heat-Conducting Wafers 744 
Dissipate Heat in Micromodules

The heat-dissipating ability of micromodule 
package designs can be considerably increased 
by building into the package wafers whose sole 
function is to transfer heat.

These wafers can be placed in the package in 
close proximity to the heat-producing compo
nents. They are made slightly over-size so that 
their edges protrude through the outer package 
shell.

The wafers absorb heat produced within the 
package and conduct it to their outer edges. 
There, the heat is either released into the air or 
conducted down through the supporting wires. 
Or. the wafer edges can be contacted by an 
over-all package heat sink.

POWER SOURCES, INC
BURLINGTON, MASSACHUSETTS

Model PS4330M
0-36 volts DC out 
at 30 amps maximum

Model PS4232M 
115-325 volts DC out 
at 1.5 amp maximum

'400 cps available on order

SPECIFICATIONS
LOW VOLTAGE HIGH VOLTAGE

MODEL 
PS4305M

MODEL 
PS4315M

MODEL 
PS4330M

MODEL 
PS4222M

MODEL 
PS4230M

MODEL 
PS4232M

Voltage Range (VDC) 0-36 0-36 0-36 32-215 90-300 115-325
Current Range (amps) 0-5 0-15 0-30 0-1.5 0-1.5 0-1.5
AC Input (Volts) 105-125 105-125 105-125 105-125 105-125 105-125
AC Input (CPS) 50-60* 50-60* 50-60* 50-60* 50-60* 50-60*
Regulation-Line (105-125V) 0.025% 0.025% 0.025% 0.1% 0.1% 0.1%
Regulation-Load (0 to full load) 0.05% 0.05% 0.05% 0.1% 0.1% 0.1%

Cooling Free Air Forced Forced Forced Forced Forced
Convection Air Air Air Air Air

Ripple (RMS) in Millivolts I 1 1 3 3 3
Panel Height 3W 5 ye 8’A" 5%* 5 ye

Price $525 $825 $1375 $685 $710 $750
(Note: If meters not desired deduct $30 and drop “M” from model number)



742 PUTTING MAGNETICS TO WORK

used to isolate

Sign up for the Magnetics self-improvement course

You don’t know how to work with E
INPUT

CIRCLE 756 ON READER-SERVICE CARD
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Here’s free help to enable you to improve yourself—and 
your position as a magnetic circuit designer. You need it if:

Low-Pass Filter Converts 
Square Waves To Sine

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.

ELECTRONIC DESIGN • May 10, 1961

ciuce the size of magnetic amplifier circuits. Most men 
who design amplifiers for cramped operation in mis
siles have found it invaluable.

2700 >ieoa

distortion.
The transistor amplify

MAGNETICS INC, DEPT. ED-86, BUTLER, PA.
Pieate enroll m* in your free celf-improvement count, and tend mt 
"How To Reduct Magnetic Circuit Size and Reipontt Time '

SC WAVE •» O22M’

against load variations and to restore the ampli
tude losses. Thus, several filters may be cas
caded to obtain lower distortion without having 
the losses accumulate. This also allows operation 
at slightly higher square-wave frequencies— 
above the filter cut-off frequency.

With 5 per cent tolerance components a 
square-wave frequency range ratio of 1.35:1 is 
permissible for output distortion less than 5 per 
cent and amplitude stability of ±3 db. Thirteen 
different circuits were developed to cover u con
tinuous frequency range from 6.4 kc to 265 kc 
without the need for tuning.

In the circuit shown an output sine-wave am
plitude of 6 v peak-to-peak is obtained from an 
input square-wave amplitude of 8 v peak-to- 
peak with R = 3.9 K. Lower values of R require 
less input amplitude for 6-v output.

A. square-to-sine wave converter can be read
ily designed by passing the square wave into a 
low-pass filter whose cut-off frequency is the 
same as the square wave’s fundamental.

A constant-k, low-pass filter has zero attenua
tion from zero to its cut-off frequency. Above 
this frequency its response falls off at the rate of 
approximately 12 db per octave. Therefore, if 
the cut-off frequency and the fundamental of the 
input square wave are the same, the output 
waveform will contain almost all of the funda
mental. However, it will contain only about 25 
per cent of the second harmonic and only about 
12 per cent of the third harmonic. Since the 
relative harmonic contents of a square wave are 
0 per cent second and 33 per cent third, the re
sulting sine wave will have less than 5 per cent

fOR 8 Ske TO ll,5kc: L‘B2OO/xh 
C - 047pt

*®K SINE WAVE 

— O OUTPUT

titto

company 

oddrau .

Square wave input is converted to sine wave output 
after it is passed through the low-pass filter. Transistor 
stage amplifies signal to desired level.

William H. Ferwalt, Senior Engineer, Engi
neered Electronics Co., Santa Ana, Calif.

Vote this Idea the Most Valuable of Issue by 
circling its Reader-Service number

What’s more, you may oniv vaguely remember 
„ . NI . . . .H=.4ir—z—, so how can you use it to cut circuit

AHL

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’ ar a working tool while you were in school. Yet 
this science has opened frontiers of static control which 
makes an understanding imperative if y ou are to do your 
job—and further your career. For your sake (and for 
ours, too, because we manufacture and sell high perme-



With Eastman 910 Adhesive IDEAS FOR DESIGN

Ultra-miniature components bonded in seconds

Eastman Eastmanno larger than

Adhesive
Adhesive

firm bonds in seconds to
VP TUBE

LOAD

bonds are made

CIRCLE 757 ON READ'R SERVICE C’RO

STANDARD

dials

assemblies

CRUCIBLE STEEL COMPANY OF AMERICA
CIRCLE 759 ON READER-SERVICE CARD

226

PUSH
PULL 

INPUT

SETS FAST Makes 
minutes.

by flowing the thin, clear adhesive 
into tiny spaces, and this is accom-

There are over 150 components in 
Sonotone’s new Model “66” hearing
aid—yet the housing 
a lump of sugar. 
In this example of 
miniaturization at 
its finest. Sonotone 
uses Eastman 910 
Adhesive in more 
than a dozen fasten
ing operations, join
ing parts made of 
plastic, rubber and 
metal. Many of the

The use of a voltage regulator tube eliminates 
the need for high dissipation resistive networks.

H. A. Wittlinger, Engineer, Radio Corp, of 
America, Harrison, N.J.

Vote this Idea the Most Valuable of Issue by 
circling its Reader-Service number

VERSATILE -Joins virtually any combination of 
material*.
NIGH STRENGTH-Up to 5,000 Ib./inJ depend 
inj on the material* being bonded.
READY TO USE-No catalyst or mixing necev 
*ary.
CURES AT ROOM TEMPERATURE—No heat re
quired to Initiate or accelerate setting.
CONTACT PRESSURE SUFFICIENT
LOW SHRINKAGE—Virtually no shrinkage on set
ting as neither solvent nor heat is used.
GOES FAR-One-pound package contains about 
14,000 one-drop applications
The use of Eastman 910 Adhesive is not sur 
gested at temperatures above 175°F., or in 
the presence of extreme moisture for pro
longed periods.
See Sweet’s 1961 Product Design File lOd/Ea.

CRUCIBLE’S HANDBOOK CAN HELP AVOID MIS
TAKES IN PERMANENT MAGNET DESIGN. Now 
design errors can be eliminated from permanent magnet 
gap dimensions, sizes, alloys, etc. Refer to this 346-page 
Crucible Permanent Magnet Handbook. It’s the most 
complete reference of its kind! It gives all the data you 
need to design permanent magnets into generators, 
meters, compasses, hi-fi and TV systems, etc. It also 
discusses ferromagnetism, electromagnetic theory, and 
over 60 different magnet materials, For your copy of 
this Permanent Magnet Handbook, send check or money 
order lor $10* to Crucible Steel Company of America, 
Four Gateway Center, P.O. Box 88. Pittsburgh 30, Pa.

Add 4Ot for state sales tax if you are located in Pennsylvania.
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Here are the types of bonds that can be made with Eastman 910 Adhesive
Among the stronger: Natural rubber, SBR, Buna N. most types of neoprene, steel, aluminum. brass, 
copper, most woods, vinyls, phenolics, cellulosics, polyesters, polyurethanes, and nylon.
Among the weaker polystyrene, polyethylene and fluoro-hydrocarbon plastics I sheer strengths up 
to 150 lbs./ in.’).

RC-Discharge Display Rapidly 740 
Measures Tantalum Capacitors

Often it is necessary to make fairly accurate 
measurements of the leakage resistance and 
capacity of tantalum capacitors. Commercial 
testers operating at comparatively high voltage 
and signal levels cannot do the job.

A simple method, based on the fundamental 
equation of the capacitor’s discharge curve

V. - V.erdK

leads to the use of a circuit that can check both 
capacity and leakage with one measurement in 
a minimum of time.

The circuit uses a battery whose value is 
approximately the rating of the capacitor, a 
switch and a scope with a calibrated time scale. 
The capacitor is charged in position 1 and dis
charged into the known input impedance of the 
scope, position 2. Usually this impedance is 
about 1 meg. The scope traces the discharge 
curve of the capacitor. The capacitance value 
can be found from the point at which t = RC 
or the point where the voltage is 37 per cent

here is no 
adhesive

... in any thermosetting 
plastic material No tool 
in^ cost Most parts meet 
military specs H rife bo 
complete catalog.

kuiz-kasch
1421 South Broadway. Dayton 1, Ohio 
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VR Tube Replaces Screen 745 
Resistor in Push-Pull Output Stage

A voltage regulator tube can be used as a 
series regulator to maintain a constant difference 
voltage between two loads.

For example, in an audio output stage it is 
desirable to operate the screen grids of a push
pull output stage at 75 to 150 v below the plate 
supply voltage. Use of a dropping resistor poses 
a problem because of variation in screen 
current between signal and no signal conditions.

plished without stringing or balling.
£astman 910 Adhesive will form 

bonds with almost any kind of material.
Skeptical? Then 

M*nd $5 for a trial 
kit and try it on 
your toughest job. 
Kits and further 

H information are 
available from 
Armstrong Cork

‘i Company, Indus- 
trialAdhesivesDivi-

sion, 9103 Ithaca St., Lancaster, Pa., 
or from Eastman Chemical Products, 
Inc., Dept. ED-5, Kingsport. Tenn.

TO DRIVER 
STAGES B

Use of VR tube eliminates screen dropping resistor 
reduces screen voltage swing



■TC «160 msec

*U. S. Patent No. 2,911,572.

»ippica«

.05 watt-secOSCILLOSCOPE

THE SIPP1CAN CORPORATION

CIRCLE 760 ON READER-SERVICE CARD

DRAKE

full scale sensi'2%. 1
$588.00.Price

MINIATURE LIGHTING SPECIALISTS
CIRCLE 761 ON READER-SERVICE CARD CIRCLE 762 ON READER-SERVICE CARD
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SEND FOR DATA SHEET 593A 
WITH füll DETAILS AND 

SPECIFICATIONS

Vote this Idea the Most Valuable of Issue by 
circling its Reader-Service number.

bration to insure identical production line 
energy sources.
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MARION * MASSACHUSETTS

REVOLUTIONARY PINCER HEAD 
(shown) unequalled electrode stiffness, low
est inertia, identical pressure settings from 
0 to 5 Ibs.; deepest throat (9" >, horizontal 
operation and built-in work light provide 
best operator visibility for construction of 
highly dense circuit modules and small as
semblies.

NEW VERTICAL HEAD combines similar 
precision with lowest possible inertia ond 
friction for delicate crosswire and matrix 
welding.

UNIQUE POWER SUPPLY features all 
transistorized circuitry, highly efficient pulse 
transformer for millsec. — range weld pulse, 
complete voltage regulation (less than ±

MILLISECONDS
50 IOO 150 200 250 300 350 400

For complimentary information on 
this equipment and accessory sup
plies, write to

Type 405 Series: 1 cps to 
500 kc Direct reading in 
degrees; no amplitude ad
justment no frequency ad
justment Accuracy 0.25* 
or 2% Price — $548.00 
and up.
Type 202: 20 cps to 500

Type 20581 Senes: 15 me 
to 1500 me. Accuracy 
0.05* or 1%. Measures 
down to millivolt. Price — 
$1193.00 and up
Type 208 Phase Shifter: 
0 to 360*, continuously 
adjustable. Accuracy 0.1*. 
Price — $445 00 and up.

tation where higher voltages are involved. Relatively 
inexpensive, they house telephone slide base lamps 
w hich offer the best selection in the 24 to 55 volt range, 
varying from low drain lamps of 17 milliamperes to 
high brightness lamps of 5.2 watts.

Nos. 135 and 137 are available with a selec- »6 
non of glass lenses in all colors, with deluxe J J 4' 
numerals or letters filled with black, fired 
enamel. No. 136 is supplied with red, amber £$ ipfl 
or white nylon cap which protrudes 13/16' w“ n 
from the panel. All units mount in 15/32* 
or 1/2* dia. hole, on 23/32* centers. Lamps ”«* 
are easily removed from front of panel. r \

Type 205-A1-A2. 100 kc to 
15 me. Accuracy 0.05* or 
1%. Sensitivity 0.04 volt 
fu*' scale. Pi .re—$625 00 
and up.

PLUG-IN HEADS j»tach directly to the 
closely regulated, solid state capacitance 
discharge power supply, for complete repro
ducibility between weld stations; between 
weld laboratory ond production floor

THUS Ri_EA<*g£XI5<n«g 
C* 16/xfd

Tantalum Capacitor, Cx, is discharged into the verti
cal plates of an oscilloscope Values of capacitance and 
leakage resistance are used from the discharge curve

ASSUME Rm « I meg 

tec • mfd» FOR I TC

of the initial value.
The point at which the voltage has discharged, 

close to zero, reveals the leakage resistance 
of the capacitor. The ratio between the voltage 
remaining across the scope probe and the dis
charge voltage is the ratio of the known scope 
impedance to the capacitor’s leakage resistance.

Calibrating or marking the scope template can 
make all these readings instantaneous and lends 
itself to go-no-go testing operations.

For very low values of capacity on the order 
of 0.01 uf. the 10:1 attenuator probe of a typi
cal manufacturer is 10 meg. This gives a time 
constant of 0.1 sec which provides a rapid and 
convenient value for display on the most inex
pensive of scopes. It should be noted that only 
the value of the battery is necessary for vertical 
calibration of the scope since all measured quan
tities are ratios or functions of this voltage.

In the example shown, the low’ value of leak
age, 15 meg, would result in a slight correction 
if the discharge value is figured on the basis of 
the entire vertical scale. Allowable tolerances 
on the value of C would indicate whether or not 
a smaller value of R should be used to eliminate 
this correction. In the circuit R, represents a 
smaller value of R used with high capacity values 
to reduce the time constant to less than 1 sec. 
When switching back to the higher impedance 
a determination of leakage could then be made.

Melvin Cuherman, Test Engineering Manager, 
ASW Div., Loral Electronics Co., Bronx, N. Y.

now available for Miniature Welding - .
The new Sippican Welder, designed by the inventors of High Density Electronic 

Packaging*, solves the problem of obtaining reliable production welds in precision 
fabrication of todays welded electronics.

Indicator Light A
Assemblies for IM
SLIDE BASE LAMPS V *

134
Here are three styles of Assemblies 94 
designed for data processing equip
ment and other electronic instrumen-

ELECTRONICS LAB., INC 
249 Terhune Avenue 
Passaic. New Jersey

CHICAGO 31, ILLINOIS

PHASE 
METERS
I CPS TO 1500 MC

ACCURACY 1% or 0.05

DRAKE 
MANUFACTURING COMPANY



RUSSIAN TRANSLATIONS
J. George Adashko

Matrix Tables for T ransistor T wo-Port Networks
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H)

l/l

E
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Circuit 1

r.i L-I^l
1

-Yu

i

i

Circuit 2

hl
1

|y|
' Y„ Yu “

-Fn -(Yn+y)_

bl
'Yn+y Fu ‘

Yu -F„

Hl
i r-y» i ' 

yu+yL-iyi -y«_

1/1
i

Y„
"-F„ -1 ‘
_ lyl -r‘L

Hl
1 

In
"F„ 1 “
jy| Fu + F_

THE ANALYSIS of elaborate circuitry by two- 
port network theory is made easier by tables 

of matrices for the component two-port networks. 
Tables have been published for networks with 
passive elements and with vacuum tubes,1 and 
also for transistors23 in terms of the Z(R) pa
rameters.

The matrix tables presented here have been 
calculated for transistor circuits with passive ele
ments. To illustrate the procedure used to deter
mine each of the matrices, we will derive the 
matrices for circuit 2—a grounded-emitter con
figuration. The generalized method of node volt
ages is used in the derivation; 4-5'8 the nodes of 
the circuit are marked on the diagram.

Derivation of Matrices For 
Grounded Emitter Circuit 2

The derivation is based on the use of the gen
eralized transistor matrix,5 and on the formula 
for converting the determinant of the node-volt
age method to the z-matrix of the equivalent 
two-port network.8

M
at

ric
es

Circuit 3

hl
j_l%+r y I»-y "
|y| Lr —F,. _(yll+y)_

[wl
fyn+y y»-y "
[y-y« -(y„+y)_

Hl
i

1 
1

£
- 

1

ST
1 

—
 

1

I_______
IYn + Y

1/1
1 ~Y-Yu -1 ‘

_ |yi y-y».Yu + Y

(al 1 ~y»+Y 1 “
_ in Kn + y_y-y«

m Knyii-FnKn + r Ys

The generalized matrix of circuit 1 is.

1 2 0

1 Yu + Y r„ — (Yn-Fl it 4-Y)

2 y» Ym ~(Ym+Y„)

0 -(Yn + Yn+Y) -(Yn + Yn) Ym+Ym+Ym 
fy„+y

and the determinant of the equivalent matrix is:

(1)

To derive the z-matrix,8 we determine the co
factors of determinant 1:

|Y|« = |Y|n = Yn- |Y|.m = | Y|„ - Y„ + Y
m. = ipi» = -Yu. irk = 1^» = - 
and then expand the determinant:

IY| = (F11+ D Y„ - YUY*

Yn (2)

(3)
With the notation of determinants 2 and 3, the 

(tert continued on p 230)
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Circuit 4

-(Yu+Y)_

1
-y»

n»+rL in

in
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Circuit 5

Circuit 6 G AMPERES
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if hard work and technical skill were the only requirements, almost anyone could build superior meters. But In 
many meter applications, success depends on the disciplined imagination of gifted designers and engineers. This 
is where Honeywell is outstanding. We can design and assemble panel instruments to solve any specific problems 
you may have. In fact, there's an excellent chance that we've already done so ■ To find out more about quality 
instruments from Honeywell, get in touch with our representative in your area. He’s listed in the classified

IMPORTANT 
COMPONENT 
IN EVERY 
HONEYWELL 
METER

ELECTRONIC DESIGN • May 10, 1961

pages of your telephone directory. Or contact us directly: 
Precision Meter Division, Minneapolis-Honeywell Regulator Company, 
Manchester, New Hampshire, U.S.A. In Canada, Honeywell Controls 
Limited, Toronto 17, Ontario. HONEYWELL INTERNATIONAL 
Sales and service offices in all principal cities of the world.

CIRCLE 763 ON READER-SERVICE CARD

Honeywell

Ml IYILY.-Ym -(Yu+^+Y,),

UI
Yn+Yi+Yi ^n + Y»

_ Y,-Y., -(Y„+Ys)_

Ml
1 fY^-Yn 1 '

Yu + Y. + Y, [ —|Y| Y.-Yu

Í/1
1 I“ Y. + Y,, -1 '

Ym+Y,|_ |Y| y.-y„

Ui
i r Ym+Yi i

Y,-yJl |Y| Yu+Y.+Y^



RUSSIAN TRANSLATIONS
•matrix is

Circuit

TEKTRONIX BMI» OSCILLOSCOPE
Used in Development of High-Speed Welder

Circuit 5

110»

$1075Stooû

CIRCLE 764 ON READER-SERVICE CARD
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For a demonstration of the Type 516 Oscilloscope 
in your own dual-trace (or single-trace) application, 
call your Tektronix Field Engineer.

SPECIAL MODELS AVAILABLE 
Type 516 MOD IM (50-400 cycl<is) .................................. 
Typ* 516 MOD 1MB (significantly improved writing rate at 

6-KV on 6 div by 10 div viewing area—each div 
equals 0.85 cm) . ...

Balti Tibre (Towson) Md • Boston (Le«mgton) Mass

ELECTRONIC DESIGN • Moy 10, 1961

jürtjjfiklL» New, high-speed, precision welder developed 
at MAXIM CONTROLS COMPANY utilizes 
a controlled gate pulse—rather than capaci
tance decay—for joining high-temperature 

alloy materials, such as those used in manufacturing struc
tural “honeycomb” cores.

In development of this new welder the Tektronix Type 516 
Oscilloscope was used for critical timing and amplitude meas
urements. It was used by the Project Engineer for monitoring 
the time length of individual welds—since as many as six 
welds can be set to occur simultaneously or any number, 
sequentially—and for observing the constant amplitude and 
width of gate signals—thus assuring uniform bonds at speeds 
up to 2000 welds per second.

For your own research and development projects, con
sider the Type 516 Oscilloscope. Its dual-trace facility—with 
independent controls for each amplifier channel—permits 
you to position, attenuate, or invert the input signals as nec
essary for detailed analysis of their relative amplitudes, phase 
differences, time-delay characteristics. Its extremely reliable 
performance ideally suits the Type 516 for laboratory appli
cations within the de to 15 me range.

Adjusting pulse width and 
height (of welding signal) from 
newly developed Welding Con
trol apparatus developed by 
MAXIM CONTROLS COMPANY, 
Portland, Oregon

By observing the dual-trace 
display on the Tektronix Type 
516 Oscilloscope, the Project 
Engineer easily checks a weld
ing gate output (lower trace) 
with respect to the trigger 
pulses (upper trace) and quickly 
notes any variations.

Tektronix, Inc.
P. O. Box 500 • B eave Ion Oregon 

Phone Mitchell 4-0161 • TWX—BEAV311 • Cable, TEKTRONIX

Using 3 for the denominator of each element 
(text continued on p 232)

Denver. Colo • Detroit (Lathrup Village) Mich • End.cott (Endwell) N.Y • Greensboro, N C. • Houston, Texas • ind<4 
Encmo • West Los Angeles) • Minneapolis. Mmn • Montreat Quebec. Canada • New York City Area (Albertson, I I, N Y 
Poughkeepsie, N Y • San Diego, Cahf. • San Francisco (Pato Atto) Calif • St Petersburg. Fla • Syracuse. N Y. • Toro«

CHARACTERISTICS
4 Operating Modes

Both channels electronically switched — either on alternate 
sweeps or at a free-runnin j rate of about 150 kc. Or each channel 
separately.

Vertical Amplifier
Frequency Response—de to 15 me (at 3 db down).
Risetime—23 nanoseconds.
Sensitivity—SO mv/div to 20 v/div in 9 calibrated steps.

Continuously variable uncalibrated from 50 mv/div to 50 v/div.
Constant Input Impedance—at all attenuator settings.

Sweep Range and Magnification
Linear Sweep—0.2 psec/div tr 2 sec/div in 22 calibrated rates.

Variable uncalibrated from 0.2 /¿sec/div to 6 sec/div.
Sweep Magnification—5X-magnifier extends calibrated sweep 

rate to 40 nsec/div.
Triggering Facilities

Fully automatic or amplitude-level selection (preset or manual) 
on rising or falling slope of signal, with AC or DC coupling, 
internal, external, or line—also, high-frequency sync to 20 me.

Tektronix Cathode-Ray Tube
5-inch ert at 4 KV accelerating potential provides bright trace 

on 8 div by 10 div viewing area—each div equals 1 cm.
Amplitude Calibrator

11 square wave voltages, from 50 mv to 100 volts, peaK-to-peak, 
available from front panel.

Regulated Power Supplies
All critical de voltages electronically regulated

Size and Weight
13X* high x 9%’ wide x 21X" deep—approximately 39 pounds.

Y • ' h. aqo (Park Ridge) lit • Cleveland, Ofuo • Dallas. Texas • Dayton, Ohio 
Kansas C»ty (Mission) Kan • Los Angeles, Cahf. Area (East Los Angeles. 

N ■ Un-on, NJ). Orlando, Fla • PhUadeiph.a. Pa • Phoenix (Scottsdale) Ar/ 
Ont. Canada • Washington, DC. (Annandale. Va ).

1 1 '
Kii + Fi + Fi _ -|F| Yt-¥u_
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Circuit 10

¿2

Fig. 1. illustrative example derives the d- 
matrix for this circuit.

( 'ircuit 9

F.s

(a|
1

Y ti 4"
~Y„ 1 ‘
_!F| f5_

F| Y n y «—1 ,i

i r Vu -(Fu^f,,)!

Fl j ii+1 « -(F,+F)

1 ■Fu+r« i

_ -in 1 ii 4-1 u_

1 ~Y„ 1
V ii + Y ti _in f5+f
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Waters new 
sealed

PT% 
potentiometer

Dust! Corrosion! Moisture! Vapors! All are foes of potentiometer reliability, yet ordinarily costly to 
keep out. Now, however, Waters introduces a new plastic case pot, the PT%, meeting military 
sealed pot specs (MIL-R-19A, MIL-R-19/1A), yet priced no higher than many commercial grade pots! 
“0” ring shaft seal and complete internal sealing virtually eliminate 
environmental problems. Provides the same protection as encapsu
lation in less space. Resistance element is a copper mandrel wound 
with wire alloy which has a temperature coefficient of 20 P.P.M. per 
degree C. Resistance range 1 to 20,000 ohms. Dissipates 1.5 watts 
at 40°C. Available with split or plain bushings. Write for Bulletin 
PT 760.

WATERS MANUFACTURING, INC. * WAYLAND * MASS
POTENTIOMETERS • COIL FORMS • POT HOOK« PANEL MOUNTS • TORQUE WATCH« GAUGES • CTROLS METER/CONTROLLER • INSTRUMENTS 
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A Completely New, Advanced Design RUSSIAN TRANSLATIONS

TRUE RMS LEVEL RECORDER
with the determinant

Circuit 11

Circuit 12

Write tor Complete Information •NOW!

Sfate

CIRCLE 76« ON READER-SERVICE CARD
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of this matrix, and bringing the denominator out
side the matrix sign, we obtain:

■ Records all signals DC to 200 kc/s
■ Accuracy with True RMS readout
■ True RMS Dynamic Range off 75 db
■ A Nucleus ffor Integrated Test Systems

Gantteman
Piva» tenu ma

Q I 4 K Btocltur* on Modal 2305
O I 4 K Compiate Line Catalog

Numa

Com pony__________________________

Addre»i

This is a basic instrument for measuring and recording the 
True RMS, average or peak level of AC signals ranging in 
frequency from 10 c/s to 200,000 c/s and DC to 10 c/s 
signals through an internal chopper.
Typical fields in which the Level Recorder finds broad appli
cation are calibration or frequency response of transducers 
and electronic devices, spectrograms for noise or vibration, 
and reverberation decay curves.
The Level Recorder design concept serves as the heart of the 
Bruel & Kjaer line of integrated instruments. Smooth running test 
procedures requiring a minimum of operator attention can be 
set up by utilizing the recorder’s automatic or remote controls 
and the synchronized tuning drive for companion instruments.

ELECTRONIC DESIGN • May 10, 1961

inL-y« -afu + nJ
The z-matrix is given in the table in this form,

cuit. To convert to the other matrices we use 
(text continued on p 234)

-

B & K INSTRUMENTS, Inc
3030 W 106th STREET • CLEVELAND 11. OHIO . CLearwater 1 8430

J_r F„+F -(F»+F„+F)"
|F|LF,i+Fm+F ~(FÄ+r) _

ui
’ Fj+F _(F„+Fn+F)”
_F„+Fn+F -(Fn+F) _

Hl
1

Fs+F
■Fu+Fu+F I
. — |F| F„ + F*»+r

l/l
1

Yu+Y
"F«+F„+F -J '
_ |F| Fn+Fn+F

la]
1 I" F„+F 1 “

Fm + Fm+F L |F| F#+F



Standard ‘Specials’
in Shallcross

Miniature Switches
Circuit 13

MAXIMUM CIRCUIT SWITCHING
IN MINIMUM SPACE

Circuit 14

C1RCLC 767 ON READER-SFRVTCE CARO
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CLUSTER ARM ROTORS—for progruttlv» 
therting ar progressivo-making circuits

Fig. 2. (a) Circuit of Fig 1 is broken down into simpler 
two-port networks.

SPRING RETURN ROTORS—on either 
or both diractions of rotor travel.

24-dock 
Miniatura

Dual-Shaft 
Miniature

ELECTRONIC DESIGN • May 10, 19Ó1

Here’s a positive approach to mini
aturization—a way to handle more 
circuits per cubic inch! Conserva
tively estimated, over 650 circuits 
may be switched in only 38 cubic 
inches by a Shallcross Miniature 
Series switch ... and with the qual
ity and reliability only a button
contact, multi-leaf wiper arm switch 
can provide. In one recent applica
tion, the single 24-deck Shallcross 
Miniature switch shown above re
placed four “subminiature” units.

Equally impressive space advan
tages are possible with dual concen
tric shaft versions of the Shallcross 
Miniature Series. Either shaft may

Solenoid- Operated 
Switches M^td

RRI-WIRED a HARNESSED SWITCHES — Docks pra- 
wirod before panging to reduce your production costs 
and time.

For indirect switching of com
plex circuits, or to avoid “over 
stepping” positions in critical 
circuits, most Shallcross Minia
ture Switches can be furnished 
with solenoid operation. Out
line your circuit requirements 
for a prompt recommendation 
by Shallcross engineers.

GOLD HATED CONTACTS t TERMINALS—for the 
ultimate in maintaining low, stable contact resistance 
under corrosive conditions.

For complete detail», write for 
Shallcross Switch Bulletin

operate up to five of a total of ten 
decks The inner shaft may also 
control a rheostat, variable capaci
tor, or other device.

If, in addition to size, switch qual
ity is also your concern, the follow
ing highlights substantiate why 
Shallcross Miniature Switch users 
repeatedly specify these switches, 
and no others, for critical airborne, 
missile control, and computer ap
plications.
Low Initial contact resistance—less than 
0.002 ohm.
Stable contact resistance—05 milli
ohm for 10,000 operations.
Highly immuno to vibration demage— 
exceeds MIL-S-3786 requirements.
Uncompromised material quality—silver 
button contacts, silver alloy, multi
leaf, self-cleaning wipers; diallyl 
phthalate rotors; epoxy - laminate 
decks (filament woven with glass 
fiber).
Designed to applicable MIL-S-37SA 
Specifications.
Minimum thermocouple effects—similar 
materials for all current-carrying 
parts.
excellent RF characteristics.
Minimum depth—1" first deck, %' each 
additional deck.
Maximum Versatility—up to 32 posi
tions, 1 to 4 poles, shorting or non
shorting in the same switch, 1 to 24 
decks, ball detents, many special 
modifications.

circuit
news



TO THE ENGINEER

who can use a little honest trickery

CAN

There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full.
That’s because AE has had years of experi
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges-and in automatic control devices.
If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug
gestions can simplify the control package.
They can also show you why AE relays and 
stepping switches cost you less in the long 
run.
For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating 

AUTOMATIC ELECTRIC
Subsidiary of (mmual)

GENERAL TELEPHONE 4 ELECTRONICS ‘ '

pawl that never binds, never breaks, elim
inates the necessity of ever readjusting 
armature stroke, does away with double
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into!
You’ll also be interested in knowing that AE 
is equipped to deliver completely wired and 
assembled control units designed to your 
specifications.
If you need timed impulses at equal or 
unequal time intervals, accurately spaced, 
send for more information on these high
speed, multi-contact rotary stepping 
switches. Just write the Director, Control 
Equipment Sales, Automatic Electric, 
Northlake, Illinois. Ask for Circular 1698-J.

RUSSIAN TRANSLATIONS
the following conversion equations.

To convert from the z-matrix to the {/-matrix:

toi-

222 212

1*1 1*1
2n 211

1*1 1*1
Substituting in Eq. 6 the corresponding ele-

(text continued on p 236)

Circuit 16
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Circuit 15
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EVEN AT HIGH 
TEMPERATURES, MYLAR* 

HELPS MOTORS RUN 
TROUBLE-FREE LONGER!

¥

Mylar* polyester film resists the three 
main causes of motor failure—heat, hu
midity and physical stress. Tempera
tures in the Class B range have relatively 
little effect on the electrical characteris
tics of “Mylar”. It’s also 35 times more 
moisture-repellent than rag paper... 8 
times stronger... and can’t dry out be
cause it contains no plasticizer. "Mylar” 
also helps reduce size and weight of 
motors, and gives them an extra safety 
margin from shock because it repels 
moisture so well.

Capacitors benefit from "Mylar”, too. 
Last longer, are more reliable ... at no 
greater cost than paper units for simi
lar service. In a wide variety of applica
tions, "Mylar” can improve performance, 
lower costs. Here are some more rea
sons: • dielectric strength of 4,000 
v/mil.** • thermal stability from -60°C. 
to over 150°C. • resistance to chemicals, 
aging, abrasion and tearing. Best of all, 
you can use less, often pay less ... be
cause you get all these advantages in 
thinnergauges. Evaluate "Mylar”for your 
product. Write for free booklet (SC) detail
ing properties and applications. Du Pont 
Co., Film Dept., Wilmington98, Delaware.

BETTES THINGS FOR BETTER UVING 
... THROUGH CHEMISTRY

*Regisfered Du Pont Trademark.
♦♦ASTM D-149.

CIRCLE 769 ON READER-SERVICE CARD
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RUSSIAN TRANSLATIONS

The d, f, and a matrices are;

Circuit 19

236

ments of the matrix 5, we obtain after transfor
mation:

The North Electric Rotary Stepping Switch is a 
versatile tool in the hands of the imaginative 
design engineer, giving him a new flexibility in 
circuit approach.

Reliable service, long life and positive action are 
prime characteristics of this unique Switch.

Selection, sequential operation, scanning and 
totalizing are but a few of the tasks this Switch is 
handling—where can it help you?

For detailed specifications, write

ELECTRONIC DESIGN • May 10, 1961

As life became more complex, man found that his 
muscle alone could not accomplish all the tasks that 
evolved upon him.

Becoming a “builder" made it necessary to lift weights 
beyond human strength alone. Man found that a pole, 
supported at a point along its length, could be used to 
lift or move objects far heavier than he alone could lift 
or move. The principle of the lever was applied in many 
ways—versatility of application is a characteristic of all 
engineering principles.

Similarly, it is characteristic of soundly engineered equip
ment that its versatility is unlimited to the extent of man’s 
imaginative application.

ELECTRONETICS DIVISION

NORTH ELECTRIC COMPANY
155 5 MARKET ST, GALION, OHIO 
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Each of these matrices

Circuit 21

Circuit 22

RCA SEMICONDUCTOR A MATERIALS DIVISION FIELD OFFICES

237

5805 Excelsior Blvd., WE 9-0576

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-

WH 4-2900 • Minneapolis

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. E-18-NN-1 
Somerville, N.J.

ELECTRONIC DESIGN • May 10, 1961

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.

EAST: Newark, N. J., 744 Brood St., HU 5-3900 • Earlton, N J., 605 Marlton Fike, 
HA 8-4602 • Syracuse 3, Now York, 731 Jarno* St., Room 402, GR 4-5591. NORTH
EAST: Needham Height* 94, Ma*«.; 64 "A” Street, HI 4-7200. SOUTHEAST: Orlando, 
Fla., 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

WEST: Lo» Angolo* 54, Calif., Box 54074, RA 3-8361 • Burlingame, Calif., 1838 El 
Camino Real, OX 7-1620. SOUTHWEST: Dallas 7, Toxa*, 7905 Carpenter Freeway, 
FL 7-8167. GOV T.: Dayton, Ohio, 224 N. Wilkinson St., BA 6-2366 • Washington,

(Fn+nt+n)-(ra+n+n)

is listed in the table.
(text continued on p 238)

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA

«4-W«

Solve Computer Assembly. Reliability, And Size^roblems

wnntMM

PRECISION WIRED .
RCA FERRITE MEMORY STACKS



.tentiometer
alike.

Borg

other

for the

The significant difference 
is the name

RUSSIAN TRANSLATIONS

BORG
(continued from p 236)

To simplify the notation, we use the symbol:

More than 
four basic

with Po1 . svnonomou. -onS
BOtg ^pX
in X» f°ur 86 Med «hetever con I are 

And no«. are «connnended^ foctor o£ travel.
Potenúomete^ voltages ' ^ion> aupon the

«IX* or slacked variable.
\ead-scre ^ounte . q ohms to . distributor,
\i\ series can a\ues from „nresentatuæ’ 

Resistance uchnical r I d be\ow.

name 
rebabé

See y°uT
or write

22 (H)

The determinants of these matrices are some-

Circuit 23

300 standard model variations are derived from the
series of Borg Trimming Micropot" Potentiometers

-{Y^Y.
-<YS + Yt\

2800 Series
High temperature, wire
wound. Highest quality 
series . . . 100% immersion- 
tested for leakage. Request 
data sheet BED-A173.

990 Series
High temperature, wire
wound. High quality series 
. . . O-ring sealed against 
leakage. Request data 
sheet BED-A133.

992 Series
1053C temperature max., 
wirewound; to 50,000 ohm 
rating O-ring sealed against 
leakage. Request data sheet 
BED-A172.

993 Series
105°C temperature max., 
deposited carbon film ele
ment; up to 1 megohm rat
ing. Request data sheet 
BED-A172.

MICROPOT 
« 1011 OIK. 1 ■

Shown Actual S i«

CHARACTERISTICS 2800 Series* 990 Series 992 Series 993 Series

Length and Width BC x .28" 114" x .28* 1J4" x .28* 114" x .28"
Depth .360’ max. * * .360" max.** .360’ max. * * 5/16"

Power Dissipation 1 watt at IIO3 C 1 watt at 110 C 1 watt at 40 C 0.5 watt at 40 C
Resistance Range 10 to 50K ohms 10 to SOKohms 10 to 50K ohms 20K ohms to 1 megohm
Temperature Extremes —60°C to +175°C —60°C to +175°C -55 C to +105 C —55°C to +105 C
Dielectric Strength 500 V AC, 60 cycle 500 V AC, 60 cycle 500 V AC, 60 cycle 500 V AC, 60 cycle

Adjustment full range 40 turns full range 40 turns full range 40 turns full range 25 turns

Terminal types: wire leads (Li; solder lugs (SL); printed circuit (PC). Color-coded wire leads are 12"; solder lugs and 
printed circuit terminals are gold-plated for perfect solderability.

"Each unit 100% tested against leakage. ""Dependent upon terminal selection.

BORG BORG EQUIPMENT DIVISION 
Amphenol-Borg Electronics Corporation 

Janesville, Wisconsin • Phone Pleasant 4-6616

+ YXYs+Y,)

Circuit 24

I z 1
1 1 s + 1 i + Y, —(Yu + Yu + Yj)

LYu + Fu + Y»
— I 1 11 +1 1 + 1 ï)

Hl
1 Yn + Yu+Yj 1

— |Y| Yu + ln + Yj_Yu + Y^Yj

[/I
1

Yg+Y i+Y i
Yn + Yji + Ti — 1

1 Y| Yu + Yu + Yi

[al
1 “Ys+Y.+ Y, 1

|Y| Yu + Y^Y,Yn + Yn + Y)

Micropof" Potentiometers • MicrodialK Turns-Counting Dials • Sub-Fractionol Horseoower Motors • Frequency ond Time Standards
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times used in design. These are:

'y\ = — Y ; z 
f -

(12)

We see from 12 that the determinants of all 
matrices can be expressed in terms of quantities 
listed in the matrix table.

Illustrative Example Derives 
d-Matrix For Circuit of Fig. 1

Let us derive the d-matrix for the circuit of 
Fig. 1. Fig. 2a shows the same circuit, broken up 
into simpler two-port networks (series-parallel 
connection). The matrix of the resultant two-port 
network is equal to the sum of the d-matrices of 
the simpler networks. Fig. 2b is the general rep
resentation of such a connection.

From the table (circuit 10) we determine the 
d-matrix of the upper network, that is, the d- 
matrix of the grounded-base transistor:

(13)
22.

The cf-matrix of the lower L-network is:

id] =

The sum of the two matrices can be readily 
shown to be:

M =

Thus, the general formulas of two-port theory 
yield all the design relations for the circuit of 
Fig. 1. This example is illustrative of the sim
plicity of the method.

Translated from “Matrix Tables For Transistor 
Two-Port Networks,” E. N. Garmash, Radiotekh- 
nika. No. 12, December, 1960, pp. 43-50.

HEIL»
TYPE 10, ACTUAL SIZE

iV'

SIZE, 1-3/8" x 1-3/8" x 3/8"

This frequency standard (360 or 400 cy.) 
is accurate to i 25 parts per million at 

10° to 35°C. The tuning fork is made from 
Iso-elastic alloy and is approximately 1 inch 

long Fork aging has been greatly minimized 
Compensation in the circuit provides a mini

mum rate change throughout the useful life of 
the power cell (over a year). External power of 

1.4 volts at approximately 6 microamperes can 
also power the unit. An hermetically sealed model, 

Type 15, is also available.

TYPE 3007

For more than 20 years, this com
pany has made frequency standards and fork oscillators within the 
range of 30 to 30,000 cycles for applications where consistent accuracy 
and rugged dependability are demanded. A few examples are shown 
and described here.

Some users integrate these units into instruments of their own manufac
ture. Others rely on our experience and facilities to develop complete 
operating assemblies to meet their special needs.

You are invited to submit any problems within the area of our activities 
for study by our engineering staff.

AND TUNING FORK OSCILLATORS

TYPE K-5A FREQUENCY STANDARD
Size, 3(4" x3"x IV
Weight, 1 'A lbs.
Frequency: 400 cycles
Accuracy: .03%, —55° to + 7T C
Input: 28V DC ±10%
Output: 400 cy. approx, sq. wave 

at 115V into 4000 ohm load (approx. 4W)

TYPE 2007-6 FREQUENCY STANDARD
Transistorized, Silicon type
Size, H4" dia., x 3Vi" H., Wt., 7 oz.
Frequencies: 360 to 1000 cy.
Accuracies:

2007-6 ± .02% (—50° to +85°C)
R2007-6 ± .002% (4-15° to +35°C)

W2007-6 ± .005% (-65° to +85°C)
Input: 10 to 30V DC at 6 ma.
Output: Multitap, 75 to 100,000 ohms

TYPE 25 PRECISION FORK
Size, dia. x 2%"
Weight: 2 ounces
Frequencies: 200 to 1000 cy. (specify)
Accuracies:

R-25T and R-25V ± .002% (15° to 35°C) 
25T and 25V ± .02% (—65° to 85°C)

For use with tubes or transistors.

TYPE 15 FREQUENCY STANDARD
Similar to Type 10 (illustrated) except 

with silicon transistor, hermetically sealed 
and vibration resistant.

Size, 1" x 2" x 2" high
Tolerance, ± .01% from —40°C to -f- 71 °C
Output: .IV at 50,000 ohms source impedance.

Reference*
1. E. V Zelyakh, Fundamentals of Electric Network Theory. 
Acad. Sci. Press, 1951.
2. R.
3. R.
4. V.
5. E.

Shea, Principles of Transistor Circuits, Wiley, 1953.
Shea, Low-Frequency Transistor Amplifiers.
P. Sigorskiy, Radiotekhnika, Vol. 9, No. 4, 1954.
N. Garmash, ibid. vol. 13, No 7, 1958.

(iTb
1 American Time Products, Inc.

61-20 Woodside Ave., Woodside 77, L.I., N. Y.

6. Ibid., Vol. 14, No 11, 1958.
7. Kh. I. Cheme, Radiotekhnika, vol. 12, No 7, 1957.
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GERMAN ABSTRACTS E. Brenner

Note that the elements of the “incremental' Network

in+CI.

InûR,

ûen

240

Fig. 1. (a) A typical branch; (b) Changes in branch 
caused by incremental characteristics, (c) "Incremental" 
branch; Ae» and r» are defined in Eqs. (2) and (3) re
spectively.

network depend only on the currents in the 
original network and on the incremental char
acteristics. Thus the increments can be calcu
lated by superimposing the increments caused 
by one element change at any one time. (The 
stability of the network is assumed in the entire 
discussion.)

ELECTRONIC DESIGN • May 10, 1961

Rn+ÛR,

Vratsanos’ theorem (see ED

This shows that the increment Ai» can be cal
culated if each branch is replaced by the branch 
of Fig. lc. Each branch carries the increment of 
current Ai», has an incremental source Ae» and 
incremental resistance r», where:

Nonlinear Networks Analyzed by 
Superimposing Increments

Consider a stable nonlinear resistance network 
with constant voltage sources (or an analogous 
system such as a magnetic circuit) consisting of 
B branches and J junctions. In general, each 
branch consists of a voltage source Ea and a 
series element with voltage-current characteris
tics v»(i») where L is the branch current. Refer
ence polarities are as in Fig. la. If a small change

occurs in the voltage-current characteristic from 
v^i*) to o»*(i»), as indicated in Fig. 2, the new 
typical branch is as shown in Fig. lb. The direct 
application of KirchofFs laws to both the original 
and the modified network, together with the as
sumption of small change, yields:

OCCASIONALLY it is of interest to consider 
how the performance of a network changes 

if the elements in the network change character
istics incrementally. In the case of linear net
works one deals with small changes in element 
values, while in the case of nonlinear networks 
one may be concerned with a small change in 
the characteristic curves that describe the ele
ments. Linear Networks Yield

Compensation Theorem

Application of the above ideas to linear net
works results in the familiar compensation 
theorem: An incremental resistance change in a 

branch of a linear network can be accounted for 
by an incremental source t»AR», Fig. 3. The same 
procedure applies for linear networks with ac 
sources if phasors and complex impedances are 
used.

A further result is the generalization of

Vnl’n)

VnGn)

Fig. 2. Voltage current characteristic 
changes from v(i) to v*(0- Fig. 3. Application of Fig. 1 

to linear network results in 
compensation theorem.



I„àZ,

THERE’S EVEN MORE TO THIS

If N impedances experience small fractional
changes, then the total change in input current is

CIRCLE

Fig. 4. Increment in Z„ can be represented by c com 
pensating source

and the change in input impedance

Where highest quality 
Is in volume production
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From a dual proof, the input admittance incre
ment Y is related to changes in branch admit
tance by

Abstracted from an article by E. Schwartz, 
Archiv der Elektrischen Uebertragung, Vol 14, 
No. 9, September I960, pp 405-410.

Theorem,” Sept. 15, 1957, p 174). To calculate 
the change in driving point impedance Z due 
to a small change in a branch impedance AZ„«Z„ 
one relates the change in input current caused 
by the change in Z„ to the change in driving 
point impedance:

and, representing the increment in Z. by a com
pensating source, Fig. 4, one obtains, from the 
reciprocity theorem:

This small “F” unit contains the oversize junction that is characteristic 
of all Tarzian silicon rectifiers. The result is big performance; 
specifically, lower temperature rise, longer life, increased reliability, and 
the capacity to handle inrush currents well above normal circuit requirements

Furthermore, present production of Series F units is at the rate of 
tens of thousands per day. Production of these units to date is in the 
millions. Performance testing and life testing go on continuously, of course. 
The experience of users is not only favorable, but extremely large.
And prices are realistic, to say the least.

In short, wc don’t know of anybody who makes more of these, or 
who makes them better, or who makes them at less cost. Do they meet 
your requirements? Write for the facts you need for decision. Application 
engineering service is also available without cost or obligation.

SARKES TARZIAN, INC.
World** Leading Manufacturers ot TV and FM Taner* • Clewed Circuit TV Systems • Broadcall 

Equipment • Air Trimmer* • FM Radios • Magnetic ReeordingTepe • Semiconductor Devices
SEMICONDUCTOR DIVISION • BLOOM INOTON, INDIANA 
In Canada. 700 Weston Toronto 9 • Export: Ad Aurtema, Inc., Nau York 
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of recent papers and literature

Development Trends

stemsless than

Write for free literature on both TELE-SOLV G and TELE-SOLV

READER-SERVICE CARE

PRODUCTION

UNIVERSAL
introduces the

MODEL LS-1F.O.» NEW YORK

MODEL

it interrupts

Send for further information

MANUFACTURING COMPANY, Inc.
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application. TELE-SOLV is up to 10 times faster, yet costs 
comparable products

TELE-SOLV G. This gelatinous, self-activating stripping 
agent is an advanced formulation which combines all 
of the outstanding properties of TELE-SOLV, but is 
specifically designed for the easy removal of Epoxy 
and Polyester Resins from contoured and vertical 
surfaces. This new stripping agent is also particularly 
useful for large area surfaces when these parts can 
not be dipped in liquid TELE-SOLV. TELE-SOLV G is 
applied by brushing or spatula. Telephone

counts the 
the beam.

ing if too much build-up of 
occurs on one side of coil.

COMPACT”-TOROIDAL WINDING MACHINE
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With no damage to components or materials, this self activating liquid 
causes the coatings to flake from the part being stripped In most cases 
the resin can then be re processed, and the components can be 
recoated after repairs or changes have been made.
TELE-SOLV is a controllable stripping agent. Its process can be halted 
at any step for the removal of parts, when complete stripping is not 
required. TELE-SOLV will not corrode, discolor, or otherwise affect 
copper, aluminum, ferrous metals or resin-based enamels
TELE-SOLV is non-flammable, and requires no special equipment for

SEMICONDUCTOR1ZED

POWER SUPPLY

NOW!
CONTINUOUS

NARMCO - for high-performance materials. Formuiators of 
Structural and Industrial Adhesives - Reinforced Plastic Laminating 
Materials Ablative and Molding Compounds - Insulating Compounds

CIRCLE 775 ON

Automatic core rotation for 
either 360° continuous winding or 
180° segmental winding attach
ments. This unit has high-speed, 
4-digit predetermining transistor
ized electric counter with photo
electric pick-up that actually

116AED Grove Street, Irvington 11, N.J. ESsea 4-9*00 

The most COMPLETE line ol TOROIDAL equipment in the world.

TECHNICAL advances in telephony during the 
next ten years will revolve around the pro

gressive introduction of new devices such as 
semiconductors and new techniques such as digi
tal transmission schemes.

The advent of transistors has made it possible 
to introduce amplification into the telephone sets 
with the power coming from the exchanges. This 
would permit a better quality transmitter than 
the present carbon granule types. The attenua
tion in the local networks would be increased 
still further, though this would lower the cost of 
the line plant only slightly.

Although the familiar bell signal is adequate, 
there is the alternate possibility of using a tran
sistor conversion of the ringing current to a voice
frequency current which operated a signal gen
erator, possibly in the receiver itself. The sound 
would be much pleasanter but the price might 
be prohibitive and price rules at this level.

Keysets will definitely replace dials The Bell 
Laboratory concept is a voice-frequency system, 
each digit consists of two frequencies, each from 
two groups of four frequencies. This appears to 
be the best system devised so far. It is insus
ceptible to speech interference and does not re
quire polarity reversal in keying position.

These new features, speech amplification, call
signalling devices and keyset impulsing, are 
characteristic of the telephone sets for electronic 
systems which are now at advanced stages of 
study. Amplifying and active units must be pro
vided for calling and impulsing, the former 
because an electronic exchange cannot send ordi
nary current, only voice frequency. It was there-

IMMEDIATE DELIVERY

A WglMJ 1700 SHAMES DRIVE, WESTBURY, NEW YORK 
ED|cwmO 3-0200 (LO Orea Caü 516'

CIRCLE 776 ON READER-SERVICE CARD

permits a 

PRICE 
REDUCTION

This new high speed toroidal coil 
winding machine has the exclusive 
Universal feature, quick "twist
locking" interchangeable winding 
heads. With different heads the 
machine does either random or ac
curate layer winding. Wire range 
»20 to #46 AWG; maximum 
winding speed 1200 RPM; coil 
sizes from subminiature (finished 
I D .065") to 5W O.D. Machine 
can re orient a coil during wind

Price $2,750

WITH • .05% regulation—500/AV ripple 

* ROBOTIC short circuit protection

I in ] • HEATRAN electronic heat transfei

NARMCO MATERIALS DIVISION 
SUBSIDIARY OF TELECOMPUTING CORPORATION 
100 VICTORIA STREET, COSTA MESA. CALIF • LIBERTY 0 1144 MADISON 6 7023

UNIVERSAL

THE CONTROLLABLE 
STRIPPING AGENT

for removal of epoxy 
or po!yester resin coatings



fore a natural step to introduce transmitter am
plification as well. Where RF Attenuation 

is Critical

Design 
with

Automatic Switching-
Humble Crossbar Has Its Day

The past decade has been characterized by the 
breakthrough of the crossbar systems on a broad 
front. The crossbar switch has remained essen
tially unchanged for more than 40 years, the only 
modification being its adaption to other manu
facturing methods. The crossbar systems have 
achieved a high degree of perfection. Their 
build-up has been governed by system engineer
ing philosophy with a sound economic compro
mise between functions and components. It may 
appear strange that nowhere in the world has a 
cheaper switch been developed with equal per
formance. The reason, of course, is that the whole 
direction of developmental work has been to- I 
wards electronic systems.

The developmental work on electronic ex
changes has now reached the point at which the 
first field trial at Morris, Ill., is under way. But 
it is already clear that, apart from military appli
cations, the future of electronics in telephone ex
changes is more a question of price than of new 
and improved functional facilities. Part of the 
economic problem is that entirely new telephone 
sets would be required with electronic systems.

HEXCEL HONEYCOMB

The Ferreed,
Interim Electromechanical Device

The very fact that new telephones will be re
quired, and that no suitable semiconductor has 
been found for the switching networks, is the 
reason for Bell’s production of the ferreed. This 
is a relay with a magnetic lock built around a 
square-loop ferrite core. The relay has two 
“make” contacts in two separate glass tubes. 
They are used in hybrid systems in which they 
perform the switching functions while electronic 
devices perform the memory and logic functions. 
The ferreed relay is extremely rapid for an elec
tromechanical device, requiring only one 60-^sec 
pulse to operate. (The speed of an electronic 
marker can be used.) However more relays must 
be introduced for transmitter feed, ringing, ring
trip and clearing. Therefore, though the ferreed 
is compatible with electronic devices, the result
ing hybrid system is far removed from an all- 
electronic system.

The use of metallic honeycomb in attenuating 
RF noise is an example of honeycomb’s unique 
properties combining to provide several re
quired end results. Honeycomb is extremely 
effective in this application, not only because 
of its ability to filter out radio frequency 
noise, but because it provides an extremely 
low pressure drop whether directionalizing 
air flow or merely serving as a grille. In other 
instances, honeycomb’s RF filter properties 
combine with its light-directional or light
diffusing properties to place the sources of 
light in a well-lighted test room outside the 
electrically shielded area. Through correct 
choice of cell size and cell depth, all proper
ties will operate near optimum levels.

Honeycomb at High and 
Low Frequencies
Two conditions may be critical in the attenu
ation of RF noise, although not usually in 
the same installation. The first concerns 
energy at the higher frequencies. Here, the 
cut-off frequency, or maximum frequency at 
which aluminum honeycomb will effectively 
block energy radiation, should be well above 
any frequency actually encountered. The 
cut-off frequency is a function of the cell 
size and cell depth of the honeycomb filter. 
Cell sizes are available in % inch and % 
inch in visual-grade honeycomb and down 
to % inch in the less uniform structural 
grades, with cell depth as great as 24". In 
practice, the honeycomb most commonly 
used is a %-in. cell with a cell depth of 
to 1".
The second critical condition of attenuation 
is at the low frequency end of the radio 
noise spectrum. In this area, choice of ma
terials is more limited, since the shielding 
may require material of higher permeability, 
such as iron. Correct selection of material, 
cell size, cell depth and foil gauge, however, 
will assure effective frequency attenuation.

RF Shielding and 
Light Transmission
Where light is to be transmitted through an 
RF shield, the honeycomb filter must first 
be able to perform its primary electrical 
function. For signaling devices, where a 
beam of parallel light is passed through the

Integrated Systems 
Are Another Possibility

Which way telephone systems will go-to- 
wards conventional systems with limited inter
spersion of electronic elements, or all-electronic 
systems—is not easy to say. There is still another 
possibility', an integrated switching and transmis
sion system. The Bell Laboratories ESSEX sys-

honeycomb louver in a direction parallel to 
the cell axes, the correct combination of cell 
size and depth are not critical. For general 
illumination, however, in a full-lighted ceil
ing, the ratio of cell depth to cell size must 
be kept as low as possible, the honeycomb 
panel must be electrically grounded, and 
proper finish must be used on the cell walls. 
The light transmission properties of alumi
num honeycomb are primarily a function of 
the cut-off angle (the angle whose tangent 
is the ratio of cell depth to cell size), 
relative position of the honeycomb at light 
sources, and the reflectance of the floor, 
walls, and ceiling.

World leader in honeycomb
Executive Offices. 2332 Fourth Street, Berkeley, California 
Plants: Oakland and Berkeley, Calif.; Havre de Grace, Md. 
Sales Offices: Long Island City, N. Y.; Chicago, III.; Fort Worth, Texas,-

Inglewood. Calif.
CIRCLE 77« ON READER-SERVICE CARD

As an example of honeycomb’s light trans
mission properties, a typical Coefficient of 
Utilization (light transmission efficiency) 
for a large room would be about .40, assum
ing the installation of honeycomb with a cell 
depth of .433 in., cut-off angles of 60°, and 
optimum plenum conditions. A light level 
of 100 foot-candles with a Visual Comfort 
Index of 96 would be quite practicable in 
this installation. Increasing the cell depth 
would lower the Coefficient of Utilization, 
but would give an even higher Visual Com
fort Index.
If your design problems could benefit from 
additional information about the RF shield
ing and light-directionalizing properties of 
honeycomb, send for TSB-113, “RF Shield
ing Properties of Metallic Honeycomb”; 
HLB-101, “Lighting Properties of Etched 
HONEYLITE”; and TSB-102, “Air Direc
tional Properties of Honeycomb”. Write 
Dept. L-5.
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DIGEST
tem is an example of this. It has time division 
multiplex throughout with line concentrators 
based on pulse amplitude modulation (PAM). In 
the line concentrator, a change is made to pulse
code modulation (PCM ) and all other communi
cation in the system is on PCM basis.

First “Full-Integrated”
System Proposed In Sweden

A more radical system has been proposed in 
Sweden. This system also employs time division 
multiplex with PCM transmission between ex
changes. In principle, the subscriber’s line net
work also works on a four-wire basis. On the 
grounds of cost, however, four wires cannot be 
used physically. Instead, ordinary analog trans
mission is used in one direction and delta modu
lation in the other. The delta modulation takes 
place in a central data processor which stores 
the last amplitude value for each conversation. 
The difference between the present and stored 
amplitudes constitutes the value in the delta
modulation sequence which is forwarded to line 
concentrator and telephone set. The telephone set 
demodulates the signal for the receiver. The sys
tem may embody the TASI (Time Assignment 
Speech Interpolation) method entirely and 
achieve a radical savings in circuits.

The advantages of integrated systems unfor
tunately only become noticeable if fairly large 
portions of a telephone are converted. The ad
vantages come from the same information car
riers throughout the system.

Westinghouse extends design capa
bilities for switching tubes. Difficult switch tube or device problems can be solved by expe
rienced Westinghouse engineers who are system design oriented. For example: To protect a low 
noise S-Band traveling-wave tube from 250 KW peak power at 1 KW average without serious deg
radation of noise figure—Westinghouse developed the WX-4404 pre-TR tube with a maximum 
insertions loss of 0.2 db. Power incident on the TWT is reduced to less than 100 watts peak. Other 
example: To protect the receiver of a C-band pulse doppler radar employing a ferrite circulator from 
transmitter power up to 1 KW peak power and 100 W average power reflected from the antenna 
without degrading system performance—Westinghouse developed the WX-4405 crystal protector 
with a maximum recovery time of 0.2 microseconds. Crystal receiver is protected at power levels 
from zero to 1 KW peak. What about your prob
lem? Write on your company letterhead to: 
Westinghouse Electric Corporation, Elmira, 
N.Y. You can be sure ... if it’s Westinghouse.

CIRCLE 779 ON READER-SERVICi CARD 
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Transistor Systems
Cheaper For Transmission

For carrier systems, the trend has been to
wards larger bandwidths in coaxial cables. Sys
tems up to 12 me exist. In a few years, 36-mc 
systems should be both technically feasible and 
economically desirable.

Carrier systems are being progressively tran
sistorized. Transistor amplifiers for 12-mc coaxial 
systems are within reach. The only doubt con
cerns the shock resistance of high-frequency tran
sistors. Otherwise transistor systems are proving 
cheaper than tube systems.

Even if bandwidth on the whole has become 
cheaper, there is a tendency to cut the band
width on expensive circuits. On the Atlantic 
cables, the compromise of 3 kc instead of 4 kc 
spacing on the telephone channels is logical. In 
the TASI system, which is on the verge of a 
switching technique, the number of channels has 
been doubled. In the TASI sytem, a channel is 
seized only if there is speech on the line. Vocoder 
systems that would permit large reductions in

ELECTRONIC DESIGN • May 10, 1961



bandwidth are under development but it appears 
doubtful if they will be low enough in cost for 
commercial telephony.

Short Haul Systems
Have Been Disappointing

There has been much talk during the fifties of 
short-haul carrier systems. The results have been 
disappointing. It seems impossible to cut the 
costs below a certain level, and there would be 
no economic gain at distances below about 40 
kilometers. Among the cost items must be 
counted the line signal receiving equipment. The 
line signals must be sent at levels which can be 
transmitted over the system. These levels are an 
order of magnitude too low for operating the 
relays and other equipment in the exchanges. 
A radically new idea is needed.

Two other “short-haul” systems have been dis
cussed: the TJ and the PCM systems.

The TJ system is a radio link system for the 
frequency range 10,700-11,700 mc. It can handle 
240 telephone channels or one TV channel. It 
has a base band of 5 mc, fm modulation, and a 
400-mw output direct from a klystron. The maxi
mum length of the entire link is 500 kilometers. 
Line of sight transmission is used between the 
relay stations which are 40-60 kilometers apart. 
Otherwise the TJ system is based on the same 
principles as the TH system and may be said to 
be an intermediate step between the TD and TH 
systems.

Digital Systems
A Possibility

The PCM system, T-l, is a 24-channel, time
division multiplex system with a 1,536-mc bit fre
quency. Total length for one system planned is 
200 km. Transmission is in existing four-wire 
cables. Repeater spacing is about 2 km. As in all 
digital systems the terminal equipment is fairly 
complicated while the relay stations are very 
simple.

It is doubtful when a PCM system will become 
profitable. The present prices of semiconductors 
are much too high.

Cost Is Factor
In Waveguide Systems

In the fields of radio link and waveguide sys
tems, the AT&T group in the USA has been the 
leader. The critical question is whether the milli
meter wave generators (klystrons or backward
wave oscillators) can be built cheaply enough. 
It is possible that tunnel diodes may be used in
stead of traveling-wave tubes for the regenera
tive amplifiers.

Abstracted from: Trends of Development in 
Telephony. C. Jacobaeus, Ericsson Review, Vol. 
XXXVII, No. 4, I960, Stockholm, Sweden.
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10 us pulse separated from 4 us pulse by 1.2 /is space. Trace A: 100-kc 
system input. Trace B: 100-kc output. Trace C: CM-100 output. Sweep 
Rate: 10 us/cm. Vertical Deflection: ,5v/cm.

REVEAL 
HIDDEN DATA 

with the

MINCOM 
SERIES 
CM-1OO

Pulses recorded on any standard 100-kc system reveal previously undisclosed data when played 
back on the Mincom Series CM-100 Video Instrumentation Recorder/Reproducer. At 60 ips, a 
prerecorded tape from a standard 100-kc recorder will present on the CM-100 an improved fre
quency response of 200-220 kc ± 4 db with a practical limit of 250 kc. CM-100’s superior play
back heads and phase-compensating electronics produce better rise time, correcting for phase 
shift and overshoot. This recovery of hidden data is only one of the advantages of the CM-100, a 
7 or 14-track 1-megacycle system which is now performing predetection recording/reproducing 
on an operational basis —in FM, FM/FM modulation, PCM and PCM/FM. Write for specifications.

.. WHERE RESEARCH IS THE KEY TO TOMORROW

IVIINCOM DIVISION JVJinnesota Joining and Manufacturing company
2049 SO. BARRINGTON AVE., LOS ANGELES 25, CALIFORNIA • 529 PENN BLDG., 425 13th STREET N.W.. WASHINGTON 4, D.C.
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Universal Millivolt 
Subcarrier Oscillator

For your aerospace telemetry needs here 
is a new Subcarrier Oscillator with true 
differential input... direct actuation 
from outputs of grounded or ungrounded 
thermocouples, strain gage bridges and 
any transducer with millivolt level out
put. Other features include isolated in
put and output, high common mode re
jection with no D.C. level restrictions 
and all silicon semiconductors.

Tele-Dynamics’ Type 1254A directly 
replaces the combination of preamplifier 
and high-level subcarrier oscillator now 
used in FM telemetry and assures reliable 
operation in aerospace environments.

For detailed technical bulletins, call 
the American Bosch Arma marketing 
offices in Washington, Dayton or Los 
Angeles. Or write or call Tele-Dynamics 
Division, American Bosch Arma Corpo
ration, 5000 Parkside Avenue, Philadel
phia 31, Pa. Telephone: TRinity 8-3000.

For use in low to medium-power single
sideband applications, the Penta PL-177 A 
beam pentode provides higher output, 
greater efficiency and less distortion than 
comparably rated tubes and at frequen
cies up to 175 Me. Of nearly equal im
portance is the small size of the PL-177A: 
slightly over two inches in diameter and 
less than four inches from the base to 
the top of the plate cap.
The superiority of the PL-177A results 
from the use of Penta’s exclusive, pat
ented vane-type suppressor grid, which 
channels the electron flow to provide true 
beam-tube performance.
Operating as a Class-ABj linear R-F 
amplifier, a single PL-177A will ___  
deliver up to 210 watts of useful« —- 
output In 1 lass-C service, oneMNAB 
PI -177 L will 'i id»’ 2D
Plate ’ oltages as high as JOOO^MHK 
volt* < H. b< used, yvt the

HIGHER OUTPUT, GREATER EFFICIENCY 
FROM PL177A BEAM PEHTODE
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TELE-DYNAMICS
DIVISION

will operate with nearly equal efficiency 
at only 600 volts.
The PL-177A, rated at 75 watts plate 
dissipation, is both mechanically and 
electrically rugged, and can withstand 
prolonged periods of overload operation. 
This Penta beam pentode is the answer 
to many application problems wherein a 
small, dependable tube, capable of oper
ation at full ratings well into the VHF 
range, is required.
Write for the PL-177A data sheet, and 
for your free copy of “Transmitting Tubes 
for Linear Amplifier Service,” which ex
plains in detail why Penta beam pentodes 
are clearly superior

a PENTA LABORATORIES, INC.
■ 312 North Nopal Street

’BN . Santa Barbara, Calif
K Trad« Ma'k Rtj U.S Pol 0«.

Your editorial in the Jan. 18 edition of Elec
tronic Design stating “that the design engineer 
did not know what he was doing,” is—to quote 
a well-worn but applicable phrase—“putting the 
shoe on the wrong foot.”

Let’s review the arguments from the design 
engineer’s point of view. I contend that the main 
reason that equipment arrives at a site with sys
tem discrepancies is that the systems engineer did 
not do his job in the first place.

Ill be gracious enough to overlook the fact 
that the systems engineer was inadequately 
trained and far inexperienced and assume that 
the error was not premeditated. But uninten
tional or not, the fact remains: the design engi
neer is forced to make assumptions when the 
detailed information is not or cannot be had 
from a systems group used to dealing in general
ities. When the assumptions later cause a dis
crepancy, the blame is laid on the design en
gineer, when, in reality, the original cause lies 
with insufficient information from a systems 
group.

And don’t say it’s the design engineer’s fault 
if he did not get the information. Sincere efforts 
cannot avail against the paper-work ramparts of 
a solidly built systems group—especially one 
oriented on military paper work “procedures” 
and classified information “channels.” Only head
knocking, from the top down, can clear congested 
“channels,” and the design engineer is in a poor 
position to slice through the red tape from the 
bottom up and procure the information.

In addition so many systems men consider 
themselves such hardware geniuses (some are, 
some are not) that they spend most of their time 
telling the design group how to build a piece of 
gear and not what to build in terms of functional 
requirements.

Your choice of examples to illustrate the in
eptitude of the design group was ill-chosen. For 
example:

“. . . the impedance match between units was 
way off.”

You politely ignore the problem of whether 
the output or input impedances of a unit were 
within the specified tolerances. This is the logical 
checkout procedure—not the measurement of 
“impedance match."

Specifically impedances may be purposely mis
matched. Maximum power gain is not always the 
prime consideration in some circuits. Very often 
maximum voltage transfer to a fixed load or opti-

TELEMETRY BY
TELE-DYNAMICS

components in Booth E 50 at the National 
Telemetering Conference May 22nd, 23rd, 
24th at Sheraton Towers, Chicago.



SOLUTION

HUNTING
PROBLEM

With these

PERMANENTLY
RECORD

OSCILLOSCOPE SPECIFICATIONS

FREQUENCY: 60 cps

TRACES
in 2 to 10 seconds!
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FAIRCHILD 
CAMERA AND 
INSTRUMENT 
CORPORATION

Model F 286 record« two 
traces on each print, 
each one holt full size.

For literature and prices, 
write to Industrial Products Di
vision, Fairchild Camera and In
strument Corp., 580 Midland 
Ave., Yonkers, N.Y. Dept. ED-5.

DAMPED HYSTERESIS SYNCHRONOUS MOTOR — MODEL FBC3830H-41

Noël B. Braymer 
Project Engineer 
Electro Instruments Inc 
San Diego, Calif.

Arnold E. Larson 
Project Engineer 
Philco Corp.
Los Gatos, California

Your editorial “Don’t Trust the Design Engi
neer’ misrepresents a grievous problem. The 
systems engineer is in a hot seat, and only the 
most competent people should ever reach this 
position. However, using the design engineer as 
a scapegoat is like the captain of a ship blaming 
a lowly seaman for difficulties or shipwreck.

It has been a scandal in this industry that sys
tems engineers often do not even attempt to 
specify the performance, inputs or outputs or 
other characteristics of the building blocks from 
which their systems are assembled. A typical 
specification is 99 per cent “boiler plate”: legal 
forms, Buy American, wage-hour laws and trivia.

The only way to return engineering to the lab 
is to start at the source, at the captain of the 
ship. Components, subassemblies, pieces of 
equipment are not created in a vacuum. If the 
systems engineer does not or cannot define the 
functions to be performed, that systems engineer 
and that project will always be in trouble.

I am writing in reference to your editorial in 
the Jan. 18 issue. As a wave-filter engineer, J 
don’t like the assumption that “the design engi
neer must be assumed to be wrong.”

J am not familiar with the number of rejects 
received at Canaveral, but 1 do know that all 
fields of engineering are specialized, and I be
lieve that changes made by people at the work
ing end only prove that the requirements set 
fortfi to the design engineer were not correct in 
the beginning.

As an example, you stated that impedance 
measurements were made and presumed errors

Model F 296 makes full-size photo 
record of single transients 
or identical repetitive phenomena.

No special photographic skills 
are needed with a Fairchild
Polaroid Oscilloscope Camera. 
Two models are available. One 
records single, direcUreading, 
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.

115 volts, single phase 
3600/1800/900 rpm 
1/20- 1/40- 1/100 
2.2/1.4/0.9 amps 
14/14/11

mum noise or distortion conditions will dictate a 
mismatch.

So I say stick to measuring the output and in
put impedances to see if they meet specs, and do 
systems engineering on matching source and 
load at the site. . . .

Therefore 1 say to the systems engineer, if you 
had not waited until you got to the site to start 
engineering, you would not have had the prob
lems in the first place. Correct information on 
what is required in early phases of the project 
will reduce these headaches much more than 
recriminations from the launching pad.
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APPLICATIONS — Ideally suited to data and video recorder applications, 
machine tool controls, computer applications, or any application where low 
noise, low initial hunting of output shaft, and quick speed recovery is 

required May imc assist in solving your hysteresis synchronous motor hunt
ing problems?

Write for additional information, or send for hysteresis synchronous and 
torque motor catalog.

'Shown above are illustrations of initial hunting or oscillation and constant speed 
recovery patterns of damped (damping ratio of 0.7 to 0.9), and undamped hyster
esis synchronous motors.

CIRCLE 784 ON READER-SERVICE CARD

Fairchild-Polaroid 
Oscilloscope 
Cameras you can

VOLTAGE: 
SPEED: 

RATED HORSEPOWER 
INPUT POWER 

RATED TORQUE (in-oz)

imc Magnetics Corp 
EASTERN DIVISION
570 Main Street
Westbury, L I., N.Y. 
El» 4-7070
TWX WESTBURY N.Y 5250 U
OTHER PRODUCTS, propeller and vans
axial fan*/centrifugal blowers/heat 
exchangers/dynamoton and inverters/servo 
motors and motor tachometers/torque 
motors/induction motors/dc motors

It is characteristic of hysteresis synchronous motors that any 
variation in the applied voltage, frequency, or load will cause an initial 
hunting or oscillation of the output shaft However, this condition can be 
controlled ¡ITIC hysteresis synchronous motor, model FBC3830H-41 is 
designed to minimize hunting or oscillating characteristics.

The built-in damping capabilities of this 3 speed motor results in fast 
return to the original steady state condition. Single speed as well as multiple 
speed damped units are available.
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Write for complete technical information... see for yourself 
how performance reliability increases through the PotPot technique
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The exclusive Clarostat PotPot encapsulation technique 
is available for standard Clarostat potentiometers 

and switches. It consists of a pre-sealing operation with a moisture test 
before encapsulation in a high density compound of desirable electrical

and mechanical properties. Shaft and bushing assemblies are completely sealed.

'World's Fastest' Disputed
On p. 45, bottom col. 1, of your Nov. 28 issue, 

you mention exhibition of the Creed punch, 
which, “it claims is the world’s fastest.” Since our 
3,000-word-per minute Model GP-2 was released 
more than two years ago, it is a relief to see 
others beginning to enter the field of high-speed, 
punch-tape recording. . . .

Charles F. West, President 
Soroban Engineering, Inc. 
Melbourne, Fla.

> See p 150, ED, September 16, 1959, for a de
scription of the GP-2.

Electronic Chewing Gum Editorial 
Draws Big Response
The closest thing—silver wax . . .

In regard to your editorial in the Feb. 1, 1961 
issue of Electronic Design, about an electronic 
chewing gum, I would like to call your attention 
to a product which meets or could meet your 
requirements. Several years ago we developed a 
conductive wax for making internal connections 
in our wafer cell batteries such as the 2U6 and 
the P6M. “Silver Wax” is a suspension of silver 
plated copper powder in a suitable binder. It is 
very conductive.

The “silver wax” is usually applied with a 
small amount of heat, less than 100 C in tem
perature, to one or both parts to be joined. The 
joint is later made by pressing the parts together. 
Temporary connections could be ifiade without 
heat by simply pressing the leads and a wad of 
silver wax together. The leads will not be dam
aged so they can be soldered at a later time if 
desired. The silver wax can also be re-used.

The melting point, strength of the joint, and 
other physical properties of the silver wax can 
be altered by changing the binder. A gum, adhe
sive, epoxy, lacquer, or almost any other vehicle 
could be used to obtain the special properties to 
meet various requirements.

Silver wax is presently sold in bulk form to

LETTERS
were corrected. In the wave-filter field, it is some
times desirable to purposely mismatch for better 
results. People changing termination can affect 
the original design performance that the design 
engineer desired. Instead of outward blaming of 
the design engineer, 1 think that the whole sys
tem should be reviewed from start to delivery.

Ed Dombrosky, Wave Filter Engineer 
Interference Control Field Service Laboratory 
Sprague Electric Co.
Dayton, Ohio

COMPLETE
PROTECTION
FOR MAXIMUM
RELIABILITY

New performance reliability under the most adverse 
moisture, sand, dust, corrosive and explosive 
atmospheres, temperature cycling, low temperature 
storage and operating conditions, is sealed in through 
the Clarostat PotPot encapsulation technique. This is the 
answer for maximum reliability of potentiometers, , 
switches, and other components, or combination 
assemblies. Potpot encapsulation meets 
MIL-E-52 specification.

PotPot super encapsulation 
seals in factory-fresh performance, 
seals out troubles...



POWER SUPPLIESHIGH VOLTAGE

Room curing epoxy silver solders
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meet your
pecific

needs

Samuel Ringel 
Epoxy Products, Inc. 
Irvington, N.J.

The only drawback is that curing is in terms 
of hours and not seconds.

Designed to power photomultiplier tubes 
and ionization chambers... for research 
and development of traveling wave tubes 
and backward wave oscillators.

After reading your editorial on electronic 
chewing gum in the Feb. 1 issue of Electronic 
Design, we thought you might be interested in 
hearing a little bit about our epoxy silver solder. 
We think it’s the closest thing you’ll find to elec
tronic chewing gum on the market.

Epoxy silver solder has extremely low resist
ance—0.0001 ohm-cm (approximately the re
sistance of mercury). It can be applied at room 
temperature and therefore can be conveniently 
carried for use any place it’s needed. Unlike 
soldering, it doesn’t require an electrical outlet. 
We think it’s ideal for heat-sensitive components 
such as transistors and diodes, since even when 
a rapid cure is desired, heat curing temperature 
can be as low as 85 C.

Jake all epoxy materials, it has excellent bond
ing characteristics and outstanding shear 
strength. The shear strength of a steel-to-steel 
bond is 320 psi. Since it will bond dissimilar ma
terials, it finds useful applications in the cap on 
vacuum tubes and grounding aluminum compo
nents to steel chassis.

Actually, the electronics industry is just begin
ning to scrape the surface of potential uses for 
this product. We think the future will see its uses 
increase until it literally becomes an electronic 
chewing gum.

other manufacturers at about $4.50 per pound. 
We welcome further inquiries.

C. J. Vander Yacht 
Burgess Battery Co. 
Freeport, Ill.

► The sample tested by this editor did not test 
well in shear or tension. Other vehicles men
tioned may be better.

JOHN FLUKE precision High Voltage 
Power Supplies offer complete coverage up 
to 10 KV. In addition to high calibration 
accuracy, tight line-load regulation, fine 
voltage resolution, and excellent long term 
stability; many other plus features are pro
vided the design engineer. For example: 
difficulties resulting from corona, jitter, 
bounce or overshoot are non-existent in 
jf supplies. The capability of the John Fluke 
Co. to keep pace with industry demand is 
evidenced by the fact that most of these 
instruments have been introduced within 
the past year.

MANUFACTURING CO., INC.
P O BOX 7161. SEATTLE 33, WASHINGTON

Encapsulate joint in acrylic resin . . .
Your editorial in the current issue of Elec

tronic Design prompts us to advise you—and 
your readers—of a new acrylic resin, Quickmount, 
which may have specific application in the elec
tronic field.

While it may never replace Wrigley’s, it has 
its own compensating advantages such as solu
bility, self-curing, moldability and time saving 
factors perhaps even more beneficial—no sticky 
fingers!

Quickmount is a powder and liquid combina
tion which mixed in a few minutes time, pours 
into a mold or mounting ring and solidifies into a 
relatively clear, hard substance in a short while. 
Its primary use, since its introduction a few

JOHN FLUKE

MODEL 402M ¿T'600V

MODEL 410A i

MODEL 408A ^J07

MODEL 409A

MODEL 412A ¿TAT*

MODEL 405 O6™3™07

All price* quoted F.O B., Factory, Seattle. Prices und technical data subiect to change without notice

MODEL VOLTAGE CURRENT REGULATION STABILITY 
PER HOUR

MAX RIPPLE 
RMS RESOLUTION PRICE

UNE LOAD

4GM 170-1530V 0-3 ma 0.01% 0.4% 0.02% 
(Per Day) 0.002% 85V steps $335.00

402M 500-1600V 0-1 ma 0.03% 0.03% 0.01% 5mv lOOmv $320.00

412A 500-2010V 0-15 ma 0 01% 0.01% 0 005% 5mv lOmv $455.00

405 6003100V 0-15 ma 0.01% 0.005% 0 005% 5mv lOmv $595.00

408A 500-6010V 0-20 ma 001% 0 01% 0005% 5mv lOmv $695.00

410A 1000-10 010V 0-10 ma 0.01% 0.01% 0 005% 5mv lOmv $1095.00
_ 1 Â



Gertsch announces:

the CRB line of 
complex ratio bridges

Ideal for voltage and phase comparison.
Measures complex voltage ratios—both in-phase and 
quadrature—with high accuracy.

Available in small, transistorized units to completely automatic, self
nulling types.

These Gertsch CRB instruments are designed for testing 
3- or 4-terminal networks, including transformers, syn
chros, resolvers, gyros, and transducers. The Gertsch 
line includes:
SOLID STATE BRIDGE—Model CRB-4. Instrument is fully 
transistorized . . . highly accurate. A self-contained, 
phase-sensitive null indicator permits rapid measure
ments. R« + R,, voltage ratios are read from concentric 
switch dials. Battery or line operation . . 
mounting. Operating frequency range 
Weight 20 pounds.

. case or rack 
380-420 cps.

COMPLEX RATIO BRIDGE—Models CRB-1 B and CRB-2B.
In these units, quadrature component reading is indicated 
either as rectangular coordinate, tan 0, or 0 directly in 
degrees. Useful for measuring angles as small as 001°. 
Six-place resolution, with high accuracy. Cabinet or rack 
mounting.

CRB-1 B 30-1,000 cps
CRB 2B 50-3,000 cps

AUTOMATIC COMPLEX RATIO

2.5 f or 200 V max. 
.35 f or 200 V max.

BRIDGE—Model CRB-3. A
self-nulling AC bridge with digital readout of both 
in-phase and quadrature voltage ratios. Excellent for 
production testing.
Accuracy of bridge is .002% max. Five-place resolution, 
with automatic quadrant indication. Unit is self- 
contained, requiring no external calibration sources, and 
is equipped for external printer readout.

Complete literature on all units sent on request. Bulletin CRB.

GERTSCH PRODUCTS, INC.
3211 S. La Cienega Blvd., Los Angeles 16, Calif • UPton 0-2761 • VErmont 9-2201 
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months ago, has been rapid, multiple preparation 
of metallurgical specimen mounts without the 
application of heat or pressure.

Our literature has been directed to metal
lurgists, mostly to those connected with steel, 
where such tests are commonplace. However, in
quiries indicate that the missile, aircraft, and 
electronic fields may also have use for such a 
product. It can be poured in a thin film over a 
circuit board for instance and bind all wires, 
components, etc. together quickly, efficiently and 
in no time at all. The wires would still have to 
be twisted together, however!

An important manufacturer of power tubes is 
buying a lot of the product, and we suspect its 
use is other than metallurgical.

We enclose for your information a little folder 
on the product and if you feel it would have ap
plication anywhere in your field, we would be 
delighted to send data along to any who request.

Edward M. Power III
Fulton Metallurgical Products Corp. 
Pittsburgh, Pa.

Let us show 
you how to 

KEEP 
COMPONENT 

COSTS 
DOWN!

Do away with connections . ..
I would like to comment on your recent edi

torial in Electronic Design discussing “elec
tronic chewing-gum.” Although the chewing-gum 
idea is attractive at first glance, a little reflection 
will show some of its inherent disadvantages. My 
conclusions are based on several years experi
ence with various quick-assembly systems.

The need for chewing-gum assembly methods 
arises from the “seat of the pants” method of cir
cuit development. In these days when short lead 
time from block diagram to finished hardware is 
the rule, there is seldom sufficient time available 
to develop a circuit by starting with an approxi
mate design and then “tweaking” the circuit pa
rameters until proper output operation is ob
tained.

A more efficient way to develop circuits uses a 
directed testing approach which follows a thor
ough analytical design of the circuit. If layout is 
not a factor in the circuit performance a quick 
assembly using essentially self-supported compo
nents soldered with a blob technique is sufficient 
to check the design. This method of design-test
ing is especially useful for lumped circuits, par
ticularly digital circuits, where worst case design 
tolerancing is being checked in the quick as
sembly.

With other classes of circuit, particularly low- 
level analog types, the assembly includes distrib
uted parameters which cannot generally be pre
dicted, nor reproduced by any “chewing-gum” 
assembly. In these cases it is necessary to start

Art Wire specializes in wire forms de
signed for today's automatic production 
lines . . . manufactured with the pre 
cision and uniformity that assure the 
economy of an uninterrupted work flow. 
Reduced down time, and the lower 
costs made possible by Art Wire's mod
ern production methods mean greater 
savings to you, and greater profit in 
your operations.

ART WIRE AND STAMPING CO. 
17 Boydan Black. Newark 2, N J.
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UNCLUTTERED

contacts. RF shielding such as metallic
the type used by'eatherstripping.

C.I equipment. The probably

protection from DC voltagetion; or meter
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Here are meters, free of frills 
and tinsel, executed in hand
some good-taste with sensible 
proportions to fit and enhance 
any panel board.

Besides their aesthetic quali
ties, reckman® Panel Meters do 
an unbeatable metering job. 
They an* of all-metal construc
tion with steel movement enclo
sure. and are unaffected by 
magnetic panel materials or 
stray RF They are dust-free 
and sealed to 25* Hg The 4"x6' 
model shown has a 4.7* long 
scale arc for clear, shadowless 
readability, beckman Panel 
Meters have a standard mount
ing configuration, and are inter 
changeable with other meters 
of like dimensions. Special 
scale plates and bezel colors ar e 
available.

(1) its combination of high sensitivity and 
stability in hard-knock applications, (2) 
the 'special" characteristics you can get, 
usually at non - special prices, and (3) the 
fact that the relay works the way the 
specs say it does.

CLEAN • CLASSIC

At tbt VESJQN ENQ3NEEMNQ SHOW 
Sigma products en display at Booth 2tl 

^(ay 22 • 2 J C»l» Hall, Dttrvtt

Best news of all . 30 day de
livery! Drop us a line or contact 
your nearest Helipot represent
ative for details on the beckman 
line, AC and DC Voltmeters, 
Ammeters, Milliammeters, 
Microammeters or Expanded 
Scale Meters.

use as 
mesh ‘
Robinson for bonding of their shock mounts, is a 
similar material, as is plain steel wool.

The material could be formed in a small cube, 
or it could be mounted on an insulated mounting 
base.

The application would, of course, be limited, 
however, you did say “electronic chewing gum.” 

Marvin Tepper 
Raytheon Co. 
Burlington, Mass.

Except for depressions, floods and famines, 
the sales of one of our real old-timers have 
been booming every year since its intro
duction in 1944. The whole thing got 
started when wc were requested to build a 
precision DC relay for floating mines that 
would surely work after it and the mine 
had been dropped out of an airplane. We 
tried, and the relay worked — until the 
mine went off. After the smoke cleared, 
and small, long-lived rectifiers and diodes 
came along, an AC version was hatched. 
Seventeen years later, it’s no surprise (to 
us, at least) that 34 standard variations 
have successfully found their way into 
customers’ circuits.

Fred W. Wills
Bell Telephone Labs 
Whippany, N.J.

k The proper nomogram for the formula above 
will he published in a future issue.

This has been No. 113 in an endless series 
of messages designed to focus public 
attention on Sigma’s sincere desire to 
sell relays.
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This acme of perfection, reliability and joy 
to the Management’s heart is the Series 5, 
which is used in either AC or DC circuits 
to provide: release and operate points 
very close together; break delay, constant 
operate voltage despite wide temperature 
variation; dual coils for differential opera-

with a design which is as complete as a practical 
mathematical solution allows and then test the 
design in the final layout. In these cases a chew
ing-gum breadboard may confuse results by in
troducing parameters which are not adaptable to 
final layouts.

In summary, I am suggesting that variations in 
circuits be handled mathematically rather than 
experimentally, and that the design be based on 
extreme value parameters so that a large number 
of intermediate-value cases do not need to be 
physically assembled and tested. If most of the 
development time is spent in analysis, the need 
for quick assembly methods is not apparent.

Howard J. Carter 
EPSCO-West 
Anaheim, Calif.

k Do you “tweakers” have anything to say for 
yourselves?

or current overloads. The 5"can operate 
on as little as 1 mw., contacts will switch 
up to 3 amps (depending on sensitivity), 
and available enclosures range from none 
to hermetically sealed.

The Series 5 relay is now widely used in 
burglar alarms, coin-operated arcade 
games, temperature monitoring controls 
with Sigma Magnetic Amplifier Relays, 
boiler water salinity controls, battery 
chargers and R/C models, as well as in

POTS : MOTORS : METERS
Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California

Nomograph in Error
Dear Sir:

Your March 15 issue contains a “Nomograph 
for Determining Surface Areas of Paraboloidal 
Devices.”

This nomograph purports to solve the area as 
a function of the parameters a, the focal length, 
and L, the depth of the dish.

In terms of a and L it can be shown that the 
area of a paraboloid is

Suggests RF shielding knitted wire . . .
Your Electronic Chewing Gum editorial may 

have been tongue in cheek. However, on p 85 of 
the same issue is an advertisement of a metallic 
mesh, called knitted wire, that is designed for

A = ~[(a* + aL)*'* - a*].

The nomograph in your magazine is a solution 
only for a = 1 and L = 1. For other values of the 
arguments it is in error by a large (but no con
stant) factor. SIGMA

SIGMA INSTRUMENTS, INC.
91 Pearl Street, So. Braintree 85, Mass.

CIRCLE 790 ON READER-SERVICE CARD
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NOTES

Turnover among

RCA Victor Co. Montreal—William R.
Atkins, 26, University of London
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Mail your subscription renewal today. 
Get every issue of ELECTRONIC DESIGN

engineering and scientific
staffs costs U.S. industry more than $300 million 
annually, says Dr. Frederick J. Gaudet, Stevens 
Institute of Technology, Hoboken, N.J.

A National Society of Professional Engineers 
newsletter quotes the director of Stevens’ Labo
ratory for Psychological Studies as saying this 
figure includes recruiting and training but not 
the more elusive costs in project slowdowns and 
loss of contracts.

ELECTRONIC DESIGN • Moy 10, 1961

Three Recent Discoveries That Can 
Make You More Efficient

Four Radio Corp, ol America engineers are 
seeking advanced degrees under RCA’s David 
Sarnoff Scholarship Awards. The grants, which 
range as high as $6,000, include full tuition costs, 
allowances for books, and a stipend of $2,500 to 
$4,000, depending on marital status. The men 
are in the following RCA divisions:
Surface Comm. Div., Defense Electronics Prods., 

Camden, N.J.—Jack Y. Robertson, 20, Uni
versity of Calif.

RCA Laboratories, Princeton, N. J.—Karl H. 
Zaininger, 31, Princeton University, and 
Steven R. Hofstein, 22, Princeton University.

Want to get things done faster*? Research 
has discovered easily used ways and means:

■ Experiments at the Max Planck Insti
tute indicate that in an eight-hour day three 
spaced five-minute coffee breaks are more 
beneficial than one 15-minute break. Rea
son: the first five minutes of a rest period 
give the most relaxation.

• Long Island University researchers 
have found that most people are more alert 
on their feet than when sitting down. Pac
ing back and forth can help you think bet
ter (though it may not help your fellow 
engineers).

■ Carefully controlled experiments show 
that in the execution of physical labor, 
grunting and groaning on the job can actu
ally increase your strength by as much as 
5 per cent!

YOUR
NEWS AND

THANKS FOR SHARING THE LOAD, DR. MAXWELL!
Your equations together with Newton’s Laws serve as a basis for explaining classical electro
magnetic phenomena. Most important among the outgrowths of your theory are radio and 
its allied invention, radar. At AC, we are using techniques for the generation and propagation 
of electromagnetic waves to increase the total capabilities of the B-52 weapons system.
If you are interested in applying yesterday’s theories, like Maxwell’s, to today’s Mach 2 and 
3 aircraft, and if you have a BS, MS or PhD in EE, ME, Physics or Math, please contact 
Mr. G. F. Raasch, Director of Scientific and Professional Employment, Dept. G, 7929 South 
Howell, Milwaukee 1, Wisconsin.

AC SPARK PLUG THE ELECTRONICS DIVISION OF GENERAL MOTORS
CIRCLE 901 ON CAREER INQUIRY FORM
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ELECTRONIC OES.N (^R |NQUIRY SERVICE USE BEFORE JUNE 21,1961

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 
this section. Then circle the numbers 
bottom of the form that correspond 
numbers of the ads that interest you.

cds in 
at the 
to the

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 
with you.

Painstaking procedures have been set up to 
ensure that your application receives com
plete, confidential protection. We take the 
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 i 
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 now!

Name

Home Address

Date of Birth

After completing, mail career form to ELECTRONIC DESIGN, 830 Third Avenue, New York, 
N. Y. Our Reader Service Department will forward copies to the companies you select below.

(Please print with a soft pencil or type.)

T elephone

City Zone State

Place of Birth Citizenship

Position Desired

Dates
Educational History

Degree HonorsMajorCollege

Recent Special Training

Company City and State
Employment History

Dates Title Engineering Specialty

Outstanding Engineering and Administrative Experience

Professional Societies

Published Articles

Minimum Salary Requirements (Optional)________________________________________
Use section below instead of Reader 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
900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921

I 925 926 928 929 930 931 932 933 934 935 936 937 939 940 941 942 943



National Courses

Areas

Immediate

Opportunity

For immediate consideration, write in strictest confidence to Mr. R Bach, Dept. 76-ME

LIGHT MILITARY ELECTRONICS DEPARTMENT

GENERAL ELECTRIC
254 ELECTRONIC DESIGN • May 10, 1961

FRENCH ROAD, UTICA, NEW YORK 

CIRCLE 902 ON CAREER INQUIRY FORM

Four Courses Subject of
Summer Sessions at University of Philadelphia

A coordinated presentation of engineering de
velopments of the past five years in each of the 
following four fields will be the subject of Uni
versity of Pennsylvania summer sessions from 
June 4 to July 15: Modem Radar Techniques, 
New Devices for Amplification and Switching, 
Communication Theory and Information Han
dling, Logic, Switching Systems, and Automata, 
Four Summer Sessions at University of Pennsyl
vania. Participants will attend class six hours a 
day, five days a week, 60 hours in all. Teaching 
staff is being assembled “from the forward ranks 
of industry.” Enrollment fee is $250 per program. 
For further details, write to: Professor Morris 
Rubinoff, coordinator, 1961 special summer ses
sion, Moore School of Electrical Engineering, 
University of Pennsylvania, Philadelphia 4, Pa.

All Qualified 
Applicants Will 
Receive Consideration 
For Employment 
Without Regard to 
Race, Creed, Color 
or National Origin.

ENGINEER-IMPROVEMENT 
COURSES AND SEMINARS

#3 stage tunnel diode 
resistor shift register.
Includes 3 tunnel 
diodes ond six resistors 
per stage. Photo 
retouched for reproduction.

Of special importance to career-oriented 
scientists and engineers is the fact that Light 
Military’s approach to thin film circuitry and 
microelectronic module development is both 
research and application oriented.
Simultaneous with basic and applied research 
studies are equally intense engineering efforts 
to practicalize new concepts and apply them

early in the cycle to advance development and 
design programs now underway in airborne, 
missile and satellite communications; guidance 
and digital data processing systems.
If your experience is in any of the above areas, 
and you want to move forward rapidly as a 
member of one of our growing research or de
velopment groups, we invite your early inquiry.

Direct Energy-Conversion Systems 
University of Wisconsin, May 23-24

One of the University of Wisconsin’s Engineer
ing Institute courses. These courses are usually 
2-5 days duration and are designed to keep engi
neers up on recent developments. For this and 
other courses throughout the year, write: Engi
neering Institutes, University Extension Div., 
3030 Stadium, University of Wisconsin, Madison 
6, Wise.

Engineering Writing Courses
MIT, June 19-23

The fifth special summer program in Scientific 
and Engineering Reports is designed to help 
technical persons who are involved in writing 
and editing scientific and engineering reports to 
improve their writing skills. Contact Robert R. 
Rathbone, director, Summer Sessions, Massachu
setts Institute of Technology, Cambridge 39, 
Mass.

Math for Operations Research 
at Purdue, June 5-15

Ten-day course at Purdue University will cover 
construction of mathematical models represent
ing the operation of industrial management or a 
military organization, inventory’ control models, 
waiting line models, linear programing, simplex 
method, transportation methods, production 
scheduling models, search theory, cost-effective
ness studies, and system analysis. Write: Division 
of Adult Education, Purdue University, Lafay
ette, Ind.

High Vacuum Technology 

Microelectronic Circuit Development 
Evaporation Process Engineering 

Semiconductor Design and Applications 

Thin Film Circuit Applications 

Circuit Packaging design 

Chemical Process Engineering 

Thin Film Process Engineering 

Solid Slate Physics

CHOOSE YOUR OPPORTUNITY IN MICROELECTRONICS

From Applied Research 
to Product Application»

at G.E.’s Light Military 
Electronics Department



THINKING AHEAD

Post Office Box 208, 15-AG, Bedford, Massachusetts

A brochure more fully describing MITRE 
and its activities is available upon reguest.

Openings are also available at 5WTR£’s facilities 
Montgomery, Alabama and Tort ll’alton Beach, Florida

ENGINEERS • SCIENTISTS

to provide technical advice and system engineering 
support for the development of command and 
control systems for the Aerospace Defense 
Environment of this decade.

to assist in the formulation of the new system 
requirements of the 70’s and beyond. As part of 
its work activity, MITRE has a comprehensive 
program of analytical studies relating to antici
pated threats and countermeasures to meet them 
in such critical areas as:

Inquiries may be directed in confidence to 
Vice President —Technical Operations

These broad technical objectives offer exceptional 
opportunities for well-trained engineers and scientists.

This is one of the responsibilities of The MITRE 
Corporation. MITRE, an independent system engineering 
organization, is engaged in the design, development and 
evaluation of the Command and Control Systems for the 
future. As Technical Advisor to the Air Force Electronics 
Systems Division, MITRE’s tasks are:

Advanced ICBM Defense 
Satellite Interceptors 

Advanced Strategic Delivery Systems 
Ferret and Intelligence Processing Systems 

Survivability Techniques

to the Command and Control System 
Requirements of the ’70’s

CIRCLE 903 ON CAREER INQUIRY FORM
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MITRE
HUJixnEn

CAN YOU QUALIFY FOR A CAREER WITH PAN AM?

Growth of 
Pan American's Guided 

Missiles Range Division has created 
new and unusUal career opportunities for 

qualified engineers and physicists. These posi

Engineers, Systems Engineers, Physicists and Math
ematicians with B S , M.S and Ph D degrees and ex

perience in the following fields: ■ RADAR-CW ■ RADAR- 
Pulse ■ OPTICS ■ INFRA RED ■ TELEMETRY ■ COM 

MUNICATIONS ■ TIMING ■ COMPUTERS ■ DATA HAN
DLING ■ GMRD — a technical organization with operations at 
Patrick Air Force Base. Cape Canaveral, and stations along 
the path of the Atlantic Missile Range —is now beginning its 
8th year as prime contractor to the U. S Air Force. In addition 
to excellent company benefits and the pleasures, of Florida 
living, Pan Am offers you the unique advantage of 90% 
world-wide air travel discounts. Please address your 

resume in confidence to: Mr David C. Trott, Jr., Em
ployment Manager, Dept L-40 Guided Missiles

Range Division PAN AMERICAN WORLD 
AIRWAYS, INC. . . P. O. Box 4187, 

M. U 113. . Patrick Air Force 
Base, Florida



ELIABILITY
the effect

You can bring new meaning to your career in engi

CIRCLE 905 ON CAREER INQUIRY FORM
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neering by investigating opportunities in state-of-the-art 
developments at ACF. Experienced engineers at all 
levels are cordially invited to inquire about challenging 
positions in the following fields:

Send resume to- Mr. Robert J. Reid 
Professional Employment Supervisor 

at our Rivetdale facility. Dept. 436

For additional detail* about this 
petition or other interesting career 
opportunities, direct your inquiry to 
Professional Staff Appointments

of space environment on 
electronic hardware

COMMUNICATIONS 
MICROWAVE COMPONENTS & SYSTEMS 

ANALOG & DIGITAL TECHNIQUES 
SOLID STATE CIRCUITRY 

OPTICS & INFRARED 
FIELD ENGINEERING

The Applied Physics Labora
tory will provide you with a 
professional atmosphere con
ducive to creative effort as 
well as the tools and technical 
support required to tackle these 
and related problems. Our 
modern laboratory is located 
an equal distance between 
Washington, D. C. and Balti
more, offering you a choice of 
country, suburban or city living

As part of its Transit Satellite 
Program, The Applied Physics 
Laboratory is establishing a 
group of scientists and engi
neers to study the effect of 
space environments on the 
electronic instrumentation 
used in satellites and to design 
and develop electronics pos
sessing a long life in space. 
To qualify for assignment to 
this group, responding relia
bility engineers must be able 
to assume responsibilities such 
as the development of experi
ments, establishing techniques 
of quality control on a labora
tory scale, and analysis of 
electronic instrumentation.

CIRCLE 90« ON CAREER INQUIRY FORM
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These openings involve assignments at >ur laboratories located 
in suburban Washington, D.C. and the New York metropolitan 
area at Paramus, New Jersey. Pleasant residential neighbor
hoods provide readily available housing. Advanced study under 
tuition refund may be conducted at nearby universities. All 
qualified applicants will receive consideration for employment 
without regard to race, creed, color or national origin.

ENGINEERS 
PHYSICISTS

The Applied Physics Laboratory 
The Johns Hopkins University

M33 Georgia Venue. Siber Spring, MdACT ELECTRONICS DIVISION
AOI" INDUSTRIES

RIVERDALE, MARYLAND* HYATTSVILLE. MARYLAND* PARAMUS, NEW JERSEY

CAREER COURSES
Design of Experiments 
al Purdue, June 7-17

A course for those concerned with planning 
and interpreting industrial experiments will be 
given at Purdue University, June 7-17. It will be 
an advanced course intended for persons whose 
previous statistical training includes tests on 
hypotheses, linear correlations, and at least an 
introduction to the analysis of variance. Topics 
will include: a review of analysis of variance, 
principles of experimental design, variance com
ponent analysis, radomized blocks and latin 
squares, factorial experiments, split plot designs, 
confounding in factorial experiments, incomplete 
block designs, fractional replications, and intro
duction to evolutionary operations. Write: Divi
sion of Adult Education. Purdue University, 
Lafayette, Ind.
Two-Week Summer Courses 
at MIT, Cambridge, Mass.

Beginning Tuesday, June 13: experimental 
techniques, materials science, and industrial dy
namics.

Beginning Monday, June 19: industrial photo
elasticity (one week only), engineering magneto
hydrodynamics, elements of textile structural 
mechanics (one week), probabilistic methods in 
the control of operations, planning marketing 
strategy and tactics, technology of reinforced 
plastics (one week), and scientific and engineer
ing reports (one week).

Beginning Monday, June 26: nondestructive 
testing (one week), advanced mechanics of tex
tile structures (one week), dynamics and control 
of chemical engineering processes, fundamentals 
and applications of selected surface phenomena, 
and science of adhesion (one week).

Beginning Monday, July 10: Fundamentals of 
strain gage techniques (one week).

Beginning Monday, July 17: applications of 
strain gage techniques (one week), the continu
ous glass making process, city and regional plan
ning, and infrared spectroscopy-technique (one 
week).

Beginning Monday, July 24: infrared spec
troscopy-applications.

Beginning Monday, July 31: techniques of 
high-speed photography (one week), and prob
lems of high-powered radar system design.

Beginning Monday, August 14: Advanced high
way engineering (one week), and radar astron
omy (one week).

Beginning Monday, August 28: shear strength 
behavior of cohesive soils.

For details on course subject matter and tui
tion fees, write: Special Summer Programs, 
Massachusetts Institute of Technology, Cam
bridge 39, Mass.

where your status as an 
individual and your career 

in engineering grow 
hand in hand- 

day by day



offers

ELECmONK TEST
in MILITARY AND COMMERCIAL
RESEARCH AND DEVELOPMENT

SOME OF THE IMMEDIATE OPENINGS

THE NATIONAL CASH REGISTER COMPANY, dayton 9, OHIO

77 YEARS OF HELPING BUSINESS SAVE MONEY

CIRCLE 90S ON CAREER INQUIRY FORM
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KANSAS CITY DIVISION
95th & Troost, Kansas City 41, Missouri

EQUIPMENT 
DESIGNERS

T. F. Wade, Techni
cal Placement G3-3, 
The National Cash 
Register Company, 
Day ton 9, Ohio

new and expanding opportunities 
at Dayton, Ohio

For personal interview 
«end resume to: 

Mr. T. H. Tillman 
Box 303-UD

For these and other professional level opportunities in chai 
lenging areas of work, write to:

B Digital Circuit & Logic Designers
B Test Equipment Engineers 
■ Electronic Systems Engineers
B Technical Writers

B Electronic Engineers
B Component Engineers
B Semiconductor Research Physicists
B Solid State Physicists

nECHtONK ma paoautM«
HVWIfH» CHEMICAL PtOAUCTt 

appinc nacwints - cash tttttrttt 
accobhfinc macnimes • act paper

senion engineer — SUBCONTRACT liaison BSEE and 3-5 
years’ experience procurement of electronic equipment, 
contracts, and specifications.
logic engineer: BSEE and 3-5 years’ experience in design 
of logic systems in digital data processing equipment.
communications engineer: BSEE with 3-5 years’ com
munications experience specializing in long distance propa
gation techniques with particular emphasis on solutions 
to multipath effects in the high frequency range.
circuit design engineer: BSEE and 3-5 years’ experience 
in design and development of solid state digital circuitry. 
Must have experience in circuit design for reliable opera-

scientific and technical manager: PhD and 10 years’ experi
ence in Air to Ground Comm, and Digital Data Processing 
Systems.
proiect engineer—system functional: MSEE and 5-7 years’ 
experience design of military electronic equipment with 
some experience in logic design, electronic packaging, and 
test equipment design.
PROJECT ENGINEER —AIRBORNE EQUIPMENT DESIGN: MSEE and
5-7 years’ experience in design of airborne military equip
ment of comm, and digital type crystal oscillator and crys
tal filter experience desired.
project engineer ■ reliability: BSEE and 5-7 years’ experi
ence with reliability techniques applied to military elec
tronic equipment.

tion under worst case conditions. Background in airborne 
and ground support test equipment desired.
test engineer — environmental: BSEE 2-3 years’ experi
ence planning and performing environmental tests on 
military electronic equipment.
engineering specialist: BS and 3-5 years’ experience in 
preparation of technical reports and documents. Must have 
good working knowledge of electronic equipment.
filter design engineer: BSEE and 3-5 years’ experience in 
design and development of bandpass filter networks.
component engineers: BSEE and 3-5 years’ experience in 
specifications and testing components for reliability de
termination in military environments.
fabrication manager: BSEE plus 5-7 years’ experience in 
fabrication of military electronic equipment including some 
subcontract liaison and supervisori’ experience.
mechanical engineer: BSME plus 3-5 years’ experience in 
layout of electronic assemblies and shock mounting.

CIRCLE 907 ON CAREER INQUIRY FORM
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BENDIX
Kansas City 

needs

It isn't unusual for our specialty pack
aged electronic test instrumentation to 
be more sophisticated than the prod
ucts it is designed to test The reason 
for this is that our AEC prime contract 
requires standards of quality which 
are far beyond the ordinary.

Since we do unusually demanding 
work, we ha«» an unusually interesting 
department Our engineers ore con
stantly wrestling with new and unex
plored problems They contribute to 
project teams in the solution of unique 
testing assignments with responsibility 
from design to actual use. As a result, 
these engineers have the almost un
paralleled experience of seeing their 
brain children converted into practical 
hardware.

This is no place for a beginner or a 
drone. What others treat os the "State 
of the Art," we consider commonplace, 
and you'll need both training and ex
perience to qualify. We prefer an E.E 
who is familiar with test equipment 
problems and inspection techniques. 
Past association with military elec
tronics equipment or experience in 
precision measurement of mass pro
duced items would help to equip you 
for this position Machine shop experi
ence would also be useful.

II you can qualify, we promise you an 
exceptionally rewarding spot with one 
of the nation's most vital industries. 
We offer unusually generous company 
benefits in a Midwestern community 
which is famous for its beauty and 
low cost-of-living. All replies will be 
strictly confidential.

ONE OF THE WORLDS MOST SUCCESSFUL CORPORATIONS



y Consider, for example, basic diffusion studies of P impurities in N germanium, and associated problems in thermal conversion and 
JJj impurity density distribution./That’s where Morris Chang (MIT ’52) started as product engineer at Texas Instruments Semiconductor- 
Oc Components division in 1958. His immediate objective was to develop NPN diffused base HF germanium transistors. But more 
y than that, his overriding goal was to develop a producible product. With impressive speed, Chang moved his product from original 

idea into mass production and saw it successfully sold to military and commercial markets./Chang, too, moved forward. He was 
made supervisor of diffused device engineering and today has advanced to manager of device development in Tl's germanium 
products group, working on very HF switchers ond amplifiers, epitaxial techniques and surface and reliability studies./Unique 
success story? No — an example of the professional growth opportunity fostered by a fast-growing, aggressive company. 
/Unique opportunity? We think so. TI is engineer-managed, sales-minded. It all adds up to a rewarding environment for the engineer 
who wants to see his ideas take form as new products.

SEMICONDUCTOR-COMPONENTS DIVISION

Texas Instruments

Your Invitation 
to Come Alive! 

at TI 
• •.where the engineer 

and his product 
grow fast

RSVP We'd like you to knew more about TI: It* opportunities and the rewarding way of life that it* T«xa* location afford*. We'd like, at the some time. 
Io knew more about yov. A confldenttal exchange of information may prove the catalyst to lead you to th. professional fulfillment you've established as 

yew personal goaf. Writ.: C A. Iwle, Pept. 114, T.xe* Instruments Incorporated, Eemico.ductor-Compoe.wts Pivlsloa, P. 0. Box 5011, Polio* 11, Texes.

CAREER COURSES
Two-Week Analog Computer Course 
in Los Angeles, June 5-16

A two-week course designed to give the 
student a working knowledge of the analog com
puter, its programing, scaling, and application 
to problems in such fields as mechanical and 
electrical engineering, chemical and process in
dustries, and aircraft and missile systems. Spon
sored by Electronic Associates, Inc., Long 
Branch, N.J. For further information on this and 
other West Coast EIA courses during the year, 
contact, Director, Los Angeles Computation 
Center. 1500 East Imperial Highway, El Se
gundo, Calif.

Colorado State University, July 10-14

A one-week course and workshop for writers, 
engineers and administrators. The course will 
cover technical communication from basic report 
writing to public relations writing. Designated 
“Workshop JT-161,” it carries two quarter credits. 
Tuition is $50.00. Contact Director, Institute in 
Technical and Industrial Communications, Colo
rado State University, Fort Collins, Colo.

Radio Propagation Course
Boulder, Colo., July 31-Aug. 18

National Bureau of Standards’ central radio 
propagation laboratory, Boulder, Colo., will con
duct a three-week course on the fundamentals 
and design considerations of modern radio propa
gation communication systems.

The course will consider communication via 
the entire range of usable radio frequencies and 
will extend into the modes of propagation which 
are being explored for the future. System design 
and frequency allocation will be the two pre
dominant emphasis of the course. It will be 
divided up into tropospheric propagation (to 
Aug. 4) and ionospheric propagation (starting 
Aug. 7). Tuition will be $100 for the first part, 
$200 for the second and $300 for both parts.

Contact Edmund II. Brown, educational direc
tor, Boulder Laboratories, NBS, Boulder, Colo.

Quality Control Course 
at Purdue, Sept. 5-15

Purdue University will hold a 10-day course 
on quality control from Sept. 5 to Sept. 15. Topics 
will include significance tests and confidence in
tervals, significance of differences, linear correla
tion and regression, single sampling for measure
ments, sequential sampling for measurements, 
multiple correlation, and analysis of variance. 
Write: Division of Adult Education, Purdue 
University, Lafayette, Ind.

ELECTRONIC DESIGN • May 10, 1961258



PAPER DEADLINES

WILL YOU

FROM NOW?

RSVP
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MOTOROLA me

August 15: Deadline for abstracts of papers for 
the 13th annual fall convention and technical ex
hibit of the Audio Engineering Society, to be 
held Oct. 10, 11, 12 and 13 at the Hotel New 
Yorker, New York City. Suggested topics: disc 
recording and reproducing; magnetic tape re
cording; loudspeakers and systems; artificial re
verberation; stereophony; architectural acoustics; 
amplifiers; standards of measurement and per
formance; electronic musical instruments; speech 
analysis and synthesis; compression and expan
sion; bioacoustics; psychoacoustical engineering; 
other audio applications (hearing aids, etc.), and 
tuners. Send abstracts and complete papers to 
Hermon II. Scott, chairman, convention commit
tee, AES, 111 Powder Mill Road, Maynard, Mass.

July 15: Deadline for 500-word summaries of 
papers on theme “Communicating Ideas—The 
Modern Engineer’s Function.” These will be for 
the IRE’s East Lansing Symposium on Engineer
ing Writing and Speech, which will be held 
Oct. 16-17 at the Kellogg Center for Continuing 
Education, Michigan State University, East 
Lansing, Mich. Send papers to J. D. Chapline, 
program chairman, Philco Corp., 3900 Welsh 
Road, Willow Grove, Pa.

ELECTRONIC DESIGN • May 10, 1961

At Texas Instruments, solid-state 
device development engineers will find 
the opportunity to pioneer in the 
application of unique phenomena in 
semiconductor matériels to create spe
cialized components Studies invulve 
high-speed, high frequency meso 
transistors; epitaxial devices; com
puter devices, and new devices of your 
own creation

REQUIREMENTS: degree in Electrical 
Engineering, Physical Chemistry or 
Physics and experience in semicon
ductor or related development areas.

July 1 : Deadline for rough draft and 500-word 
abstract of 25-minute papers for the International 
Symposium on Aero-Space Nuclear Propulsion, 
to be held in Las Vegas, Nev., Oct. 23-26. It will 
be sponsored jointly by the IRE, Atomic Energy 
Commission and National Aeronautics and Space 
Administration. Subjects include instrumentation, 
control systems, engine simulation, and engine 
dynamics aspects of aero-space nuclear propul
sion and nuclear auxiliary power, as well as ra
diation and temperature effects on instruments 
and controls. Send information to P. M. Uthe, 
University of California, Lawrence Radiation 
Laboratory, Box 808, Livermore, Calif.

TEXAS INSTRUMENTS 
S-C DIVISION 

offers you

MR. W. H. HAUSMANN 
Engineering Personnel Mgr. Dept 
4545 Augusta Blvd., Chicago 51, I

Transistor applications 
Crystal engineering 
Sales engineering

June 20: Deadline for 100 word-abstracts and 
two-page summaries for the 1961 Eastern Joint 
Computer Conference, to be held Dec. 12-14 at 
the Sheraton-Park Hotel. Washington. D.C. The 
conference theme will be “Computers—Key to 
Total Systems Control,” and papers are being 
requested in such areas as business-management 
control, military and space command control sys
tems, industrial-process control, real-time sys
tems, network control, man-machine systems, 
self-organizing systems, high-speed digital data, 
and high-speed digital data communications. 
Send information to Bruce G. Oldfield, program 
chairman, IBM Federal Systems Div., 326 E. 
Montgomery Ave., Rockville, Md.

• Radar transmitter» and receivers
• Radar circuit design
• Electronic countermeasure systems
• Military communications equipment design
• Pulse circuit design
• IF strip design
• Device using kylstrom. traveling wave tube 

and backward wave oscillator
• Display and storage devices

2-WAY RADIO COMMUNICATIONS
• VHF t UHF receiver
• Transmitter design and development
• Power supply
• Systems engineering
■ Antenna design
• Selective signaling

Design ol VHF & UHF FM communications 
in portable or subminiature development 
Microwave field engineers 
Transistor switching circuit design 
Logic circuit design 
T.V. circuit design engineering 
Home radio design 
New product design 
Auto radio design 
Mechanical engineering 
Semi-conductor device development 
Semi-conductor application work

Perhaps you've been doing as well as you'd expected—up to now. But, if 
you're apprehensive about the future—if you've wished your assignments 
were more stimulating—your work more rewarding—you owe it to yourself to 
invest! jite the opportunities at Motorola.

Here you will be encouraged to use all of your creative talents. You'll work 
on projects that spark vision, that inspire imagination B ¡cause Motorola is 
an “engineer's company" you'll be working with respected men who can 
contribute to your growth—men who are quick to recognize and advance 
skill. You'll be working for a secure, diversified company not wholly dependent 
on one single market.

There are dozens of fine opportunities covering a wide range of fields of 
interest—just a few of which are listed below

Write today. We’ll send you a complete description of "Your Life at 
Motorola"—in Chicago; Phoenix; Riverside, California; Culver City, California; 
Minneapolis, Minnesota. Naturally your request will be kept in complete 
confidence.

1. A key position with the 
leader in the field.

2. Real opportunity for per
sonal, professional ad
vancement.

3. Relaxed living in modern 
Dallas, Texas.

An invitation to
DEVICE 

DEVELOPMENT 
ENGINEERS

TEXAS INSTRUMENTS INCORPORATED
Semiconductor-Components Division 
Mr C. A. Besio
Box 5012, Dept 116, Dallas 22, Texas
For more information on opportunities for 
Device Development Engineers with TI in 
Texas, please return coupon together with 
brief statement of your qualifications.
NAME_______________________________________

A DDIESS____________________________________

CITY________________________________________

STATE___ __________________________________

My field it___________________________________

ENGINEERS 
WHERE



POSITIONS OPEN 
FOR INQUIRING 
MINDS IN
MANUFACTURING
RESEARCH 
ENGINEERING!

FROM 
DARING 
AND
DOING — New space communications concepts

Consider a career at PHILCO Western Devel
opment Laboratories, on the San Francisco 
Peninsula. New concepts of communications 
with lunar reaches and beyond can be your 
projects. Here you devise and "do”, unencum
bered by dogma or dialectics. Constantly 
expanding programs and new research assign
ments assure you personal recognition and 
advancement.

PHILCO Western Development Laboratories 
pioneers in all phases of space communica
tions, with important and growing projects that

include satellite instrumentation, range design 
and operation, missile tracking, data handling 
and control equipment.

Your family will enioy Northern California. 
You ski, swim and sail in season, or just bask, 
with both the opportunity and wherewithal 
to enjoy your favorite diversions. PHILCO 
Western Development Laboratories is indeed a 
fortunate conjuncture of challenging work and 
affluent living. For information on opportuni
ties in electronic engineering, for men with 
degrees from B.S. to Ph.D., please write Mr. 
W. E. Daly, Dept. D-5.

PHILCO WESTERN DEVELOPMENT LABORATORIES
3875 Fabian Way, Palo Alto, California

CIRCLE 910 ON CAREER INQUIRY FORM

ENGINEERING SPECIAL PROJECTS
Bendix of Kansas City, Missouri needs 
three Manufacturing Research Engineers 
to do original work with new materials, 
and dose, more exacting work with ordi
nary materials—Minds that will inquire 
into the many branches of technology 
and bring together that combination of 
techniques capable of producing a unique 
product. As a Prime Contractor for the 
Atomic Energy Commission, our function 
is to give the Weapon Designer the 
greatest possible latitude in exploiting 
new materials and techniques. We do 
this by paralleling his design work with 
advanced development of manufacturing 
processes during the design phase. The 
control of processes must frequently be 
so precise that automation is required 
for that reason alone—production quan
tity notwithstanding.
Engineers who can fill these positions 
must combine original thought with solid 
training in the basic physical sciences. 
They must be able to combine the rea
soning of several disciplines in the de
velopment of a solution. Minimum re
quirements include:

Bachelor's Degree in Mechanical, 
Chemical or Electrical Engineering.

4* Strength in one or more of the 
following fields: subminiature trans
former and toroid production, plas
tic and rubber formulation and 
fabrication, sheet metal fabrica
tion, heavy and small parts ma
chining, and fabrication and as
sembly of precise and delicate 
electrical and electronic assemblies 
requiring special environmental 
facilities.

These are responsible positions for en
gineers who are qualified to do original 
and creative work, and who con demon
strate by a record of past professional 
accomplishment that they possess this 
ability. Ours is one of the nation's most 
vital industries. We offer unusually gen
erous company benefits in a Midwestern 
community which is famous for its beauty 
and low cost-of-living. All replies will 
be strictly confidential.
For personal interview send resume to 

Mr. K. L. Beardsley
Box 303-UD

KANSAS CITY DIVISION
95th & Troost, Kansas City 41, Missouri

CIRCLE 911 ON CAREER INQUIRY CARD
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If computers process data in mathematical terms, how can 
they be instructed to handle information and applications 
that are not essentially arithmetic? IBM, in cooperation 
with the U.S. Air Force, is finding some answers through 
research in automatic language translation systems.

ACF Industries . .
AMP, Incorporated...................
Ace Electronics Associates, Inc. 
Adel Precision Products.......... 
Ad-Yu Electronics Lab., Inc. . 
Aerospace Corporation ............  
Air-Marine Motors, Inc.............  
Aladdin Electronics ................

•Alden Products Company . . .
Allen Bradley Co.........................

•Allied Control Company, Inc. 
Allied Radio............................. 
Amco Engineering Co............
American 
American 
American 
American 
American 
American

. 256
.. . 25
... 138
... 211
... 227
... 263
... 97
... 39
... 52
120 A-B

Aluminum Company............ 
Bosch Arma Corp ..............  
Electrical Heater Company 
Electronic Laboratories, Inc. 
Machine and Foundry Co. . 
Time Products, Inc...............

'Amperes Electronic Corporation..............  
Amphenol-Borg Electronics Corporation . 
Applied Physic* Laboratory, The ...........  
Arco Electronics Inc......................................

'Arnold Engineering Company, The . . . . 
Art Wire and Stamping Co. ....................

•Assemply Products, Inc.................................
Augat Bros., Inc. ...........................................
Automatic Electric ......................................

BAK Instruments, Inc. ...................
•Ballantine Laboratories, Inc................ 
Barber-Colman Company ............... 
Belden Mfg. Co..................................... 
Bell Telephone Laboratories .......... 
Bendix Corporation, The,

Eclipse Pioneer Div.........................
Bendix Corporation, The, 

Kansas City Div. ............
Bendix Corporation, Tire, 

Red Bank Div....................... .. . . .
Bendix Corporation, The, 

Scintilla Div.........................     ,
Bodine Electric Co................................ .
Borg Equipment Div., 

Amphenol-Borg Electronics Corp.
Boston Insulated Wire & Cable Co. 
Brand Rex .....................................   . .

Bristol Co.. The .................................  
Bulova Electronics Division ..........

•CTS I-orp-riti n 
CBS Electronics

161 
213 
143
209 
216 
215
200
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239
99
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256
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33

250
220 
153 
234

. . 232

. . 74 
54. 55 
.. 27 
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114

257, 260

150

107
157

184,

100,
Cadillac Associates, Inc..........................
California Technical Industries ..............
Cambridge Thermionic Corporation . ..

•Cannon Electric Company................... .. ..
Canoga Electronics Corporation..............
Carborundum Co.. The ............................

238
7«

185
152

7

69
101
156
192
124

87
3

151
*Celco Constantine Engineering Labs. Inc. 144

Centralab, The Electronics Div. of 
Globe-Union, Inc. ................... 10«

Century Electronics It Instruments, Inc. Ill

•Manufacturers’ catalog appears in 1960-19S1 
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Machine translation of idioms, for example, is teaching 
us a great deal about information processing. An idio
matic phrase mav have a meaning quite different from 
the sum of its individual words, and a system that merely 
matches these words won’t come close to translating it. 
One solution is an “expanded electronic dictionary” that 
contains idioms and grammatical instructions as well as 
single words. Mork is now under way to clarify meaning 
further by automatic syntactical analysis.
Systems research such as this requires its own kind of

translation —the translation of an idea into a working 
system. For people with this ability, who like to travel 
beyond the boundaries of their specialized areas, IBM 
offers unusual opportunity. If you’re interested in any 
of the fields in which IBM is making important advances 
— semiconductors, microw aves, magnetics, superconduc
tivity—and have a degree and experience in engineering, 
mathematics or one of the sciences, we’d like to hear 
from you.

Applications will be considered without regard to race, 
creed, color or national origin. Please write to:
Manager of Technical Employment 
IBM Corporation, Dept. 555E2.
590 Madison Avenue IBM

AUTOMATIC LANGUAGE TRANSLATION

muoio nojiíi arou
From the same field the berry

Six of one,
half a dozen

fest bonnet blanc et blanc bonnet of the

It is hat white and white hat other
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Engineers-Scientists

General Electric Invites Your Participation 248

182

'Dale Electronics,

Div. of

204

163
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on 264

design workbook.

as time and

sign.

262

142
138

By receiving ELECTRONIC DESIGN at work, 
you’re getting extra values from it. These extra

Electronic 
Electronic 
Electronic 
Electronic

121
196

214
136
249

181
104

Fairchild 
' F airchild 
Falstrom

214

1 fill

Daystrom, Inc.
Delco Radio, 1

112
105
227
210

226

211
210

Convair-Astronautics, 
General Dynamics

Coming Glass Works 
Crucible Steel Co. < 
Cubic Corporation .

most 
effective

Design ...................
Designers' Catalog 
Measurements Co.,

FXR, Inc.........................
Faber-Castell Pencil Co.

In Its Professional Placement Program

148, 194,

GENERAL ELECTRIC’S 
PROFESSIONAL PLACEMENT CENTER
570 Lexington Avenue, New York, N. Y. (G.E. Headquarters Bldg I .

G-M Laboratories, Inc. 
Gamewell Co., The ..

receive the personal attention of a 
member of this Center’s staff. A 
search of current openings will be 
initiated and appropriate opportuni
ties offered for your consideration.

The value of this program to 
you is not only in its immediate 
benefits, but also in future ones. If 
nothing now available meets your 
specifications — or if you prefer to 
review opportunities at some other 
time - this same letter will remain 
in our “active file” and will prompt 
a renewed search at a later date.

One letter assures your considera
tion for the position that best fits you 
whenever it arises in G.E. Depart
ments across the country, today, 3 
months from now, or any time in 
the future.

Here’s how this program works 
for you General Electric’s Profes
sional Placement Center has 
up-to-date knowledge of technical 
openings and scientific activities 
within the company.

One descriptive letter, outlining 
your background and interests, will

• Manufacturer»’ catalog appears in 1960-1961 
Electronic Designees’ Catalog

72A-B 
. 158 
. 226 
. 168 
. 218

Camera and Instruments Corp. 247
Semiconductor Corporation 18, 19

Openings in technological fields 
include rocket, non-conventional 
propulsion techniques; air, sea and 
industrial nuclear power; naviga
tion, guidance, communication and 
control systems; computers; indus
trial and military electronic com
ponents; detection, surveillance 
display, and countermeasure equip
ment.

This program is open only to men 
with BS, MS or Doctoral Degrees. 
To be included write to Mr 17 G. 
Marmiroli today, Section 76-SME.

Eastman Chemical Products Inc. 
Electro Impulse Laboratories Inc 
Electro-Mec ......................

* Electro-Moti ve Mfg. Co., Inc. .
Electro Products Laboratories . .

Arriving at the plant, ELECTRONIC DESIGN 
brings new ideas to be applied to your current 
projects. You and your fellow designers can discuss 
timely topics together—expressing your views and 
comments- while the news is fresh in your minds. 
And, when searching for sources, for products, for 
new techniques, you need look no further than the 
copies of ELECTRONIC DESIGN right on your 
desk.

ELECTRONIC DESIGN • May 10, 1961

If you don’t receive your copies where you work, write to our Circulation Department and request that vour 
subscription be addressed to you at your plant. By putting ELECTRONIC DESIGN on the job you’ll be 
getting the most value from it.

values—known to marketing a b 
(dace utilities—add to the usefulness of any item. 
Only in-plant distribution gives you: Time Value— 
because ELECTRONIC DESIGN arrives precisely 
when you can use it best . . . while you’re working; 
Place Value—because it arrives where it can really 
be put to work ... on the job, at the point of de-

'Fenwal Electronics...................
'Fluke Mfg. Co., Inc., John .
Food Machinery and Chemical 

Corporation ........................
Fusité Corp., The ...................

General Motors Corp...................
De Momay-Bonardi ........................
Deutsch Co., The ............................
Dick Company, A. B......................
Diehl Manufacturing Company . .
Dorsett Laboratories, Inc................

’Dow Corning Corporation .........
Drake Manufacturing Co..............
Dressen-Barnes Electronic Corp.

•DuMont Laboratories, Allen H. .
Duncan Electronics Inc................
DuPont de Nemours & Co., E. I.

Electro Chemicals Dept. . . .
DuPont de Nemours 6, Co., E. I 

Film Dept.................................

A recent circulation estimate revealed that 95% of ELECTRONIC DESIGN’S readers receive the magazine 
at their plants—on the job where it is most effective as a design workbook.
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0 Clairex Corporation . ......................

Clare & Company, C. P........... .. .
•Clarostat Mfg. Co., Inc..................
Clary Corporation................... .. . . .
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. Inc. ........ 24 A-B-C-D
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Engineered Electronics Company ............ 12
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Epsco, Incorporated ................ 53
Epsco-West ......... ................   94
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General Electric Company, 
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General Electric’s Professional 
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General Electric Company, Voltage 
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•Industrial Electronic Engineers, Inc.............. 214
Industrial Timer Corporation..................... 165
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International Resistance Company......................  90

•JFD Electronic Corporation ................... 49
Johns Hopkins University, The................. 256

•Kay Electric Company............................ 2
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Key Resistor Corporation ............................ 10
Kintel, Div. of Cohu Electronics, Inc. . . 5
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2nd Edition

electronic and electromechanical 
engineers in a unique role

The engineers and scientists of Aerospace Corporation are in the fore
front of a rapidly advancing state-of-the-art in sensing and information 
systems. Their unique role: a critical civilian link uniting government 
and the scientific-industrial team responsible for development of space 
systems and advanced ballistic missiles. In providing scientific and tech
nical leadership to every element of this team, they are engaged in a broad 
spectrum of activities, from formulation of new concepts to technical 
review and supervision of hardware development by industry. Specific 
areas of interest include inertial and radio guidance.'automatic control, 
communications, instrumentation, space- and ground-based computing, 
telemetering, tracking, auxiliary power, infrared, television, optics, and 
photography. Now more men of superior ability are needed; highly 
motivated engineers and scientists with demonstrated achievement, 
maturity, and judgment, beyond the norm. Such men are urged to write 
Mr. George Herndon, Aerospace Corporation, Room 111, P. O. Box 
95081, Los Angeles 45, California.

Organized in the public interest and dedicated to providing objective leadership 
in the advancement and application of space science and 

technology for the United States Government.

AEROSPACE CORPORATION
ELECTRONIC DESIGN • May 10, 1961 263
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Advertiser Pagelooking for a special potentiometer?

reach for \ EDC
C a

Ct
1 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

Laboratory for Electronics, Inc. 
Lambda Electronics Corporation 
Ledex, Inc...................................... 
Lermer Plastics, Inc. .. ............  
Line Electric Company ..........  

‘Litton Industries...........................

. . 204 
88. 89 
. . 206 
.. 156 
.. 136 
.. 190

Lockheed Missiles and Space Division 198-199

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.

■ srL ->pt à

McLean Engineering Laboratories 
Magnetic Research Corporation . . 
'Magnetics, Inc...............................
Mallory & Co., Inc., P. R.............
Marconi Instrument ......................
Micro-Mega Corp.............................
Microwave Associates, Inc............ 
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... 96 

... 15 

...225 
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Minneapolis-Honeywell Regulator Co., 
Boston Div.................................................

Minneapolis-Honeywell Regulator Co., 
Precision Meter Div. .. ................. ..
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183 
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96
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13. 144 A-B
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............ 246
............  6

Phelps Dodge Copper Products Corp. . 66, 67
Philadelphia Bronze & Brau Corp.

•Philbrick Researches, Inc., George A. ... 202
•Philco, Lansdale Division............................. 9
Philco Western Development Labs..............260

•Polarad Electronics Corporation .... 194 A-B
Porter Co., H. K., Riverside-Alloy Metal 

Div...................................................... 128-129
Post Co., Frederick 
Potter & Brumfield 
Power Designs, Inc.

21
116
242

•Manufacturers* catalog appears in 1960-1961
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191R F Products, Div. of Amphenol-Borg

192,Rantec Corporation

133

187

of 4 peak to peak129

NEW SANBORN SYSTEM
OFFERS DIRECT READOUT, 8 TO 24 CHANNELS, ALL SOLID STATE CIRCUITS, FOR RACK
MOUNTING OR INDIVIDUAL CASES.

173

1OOO ohms137

COMMON MODE PERFORMANCE Rejection

LINEARITY VA% of full scale (8

Spulai

237
193

197
201

19b 
265 
196 
241
135

115
139

224
120
161

160
Ibi

231
175
251
162
227

119
112
193
152
149
210

217
207
167

12 attenuator 
gain control.

Power Source*. Inc. 
Process Gear Co, 1 
Prodelm. Inc............

Sprague Electric Company 
Stackpole Carbon Company 
Staedtler, Inc., J. S...............

Sage Electronic* Corporation ..
Sanborn Company .....................
Sander* Associates, Inc.............

•Sarkes Tarzian, Inc....................
Schweber Electronics..............

•Sealectro Corporation................
Sei-Rex Corporation .........
Set Screw ir Mfg. Co. .......
Shallcr «i Mfg. Co.....................

•Sierra Electronic Corporation
•Sigma Instruments, Inc.............

Simmons Fastener Corporation 
Sippuin Corporation, Thu . . .

•Statham Instruments Co.................................
Stewart Engineering Corp........................... ..
Stromberg Carlson ........................ .. ..............
Struthers-Dunn, Inc........................................ .
Switchcraft, Inc. ................... .. .................. .. ..

•Sylvania Electric Products, Inc., Electronic

Contact your Sanborn Sale» - Engineering Repre
sentative for complete tpecificatione and applica
tion» engineering assistance. Offices throughout 
the U. S„ Canada and foreign countries.

listante must ba kept below 
on mv range* only.

Here’s the one system that lets you record inputs from DC to 
5 KC within 3 db at 4” peak-to-peak amplitudes, without 
changing galvanometers. The “650” system consists of an 8- 
channel medium gain, general purpose amplifier unit driving 
a high speed, high resolution optical oscillographic recorder. 
It can be easily built into your system, packaged in a mobile 
cabinet or housed in individual cases. The single-chassis, 7' 
high amplifier module has 8 separate channels, complete from 
floating and guarded inputs to galvanometer outputs; each chan
nel comprises a front end modulator and input transformer, 
carrier amplifier, demodulator, filter and driver amplifier. 
Tower Supply and Master Oscillator Power Amplifier are 
built-in. All amplifier elements are plug-in transistorized 
units for easy servicing.
Immediately readable recordings are made on 8' wide daylight
loading ultra-violet-sensitive charts which require no chemical 
development. Features of the 1234' high recorder unit in
clude 9 electrically controlled chart speeds from 34' to 
100'sec; calibrated monitoring screen; automatic trace iden
tification and timing lines at 0.01 or 0.1 sec. intervals; 
amplitude lines spaced 0.1' apart which can be blanked from 

fef 34» 34, 34 or all of chart. Recorder is available with an 
& 8-, 16- or 24-channel galvanometer block which is then

J equipped with the number of galvanometer elements 
desired by the customer. Either the Recorder or Ampli
fier are also available as individual units for use with 

. other equipment.

INPUT RESISTANCE 
floating and

Tube* Div..................................
Sylvania Electric Products. In 

conductor Div.........................
Sylvania Electric Product*. Inc.

Product* Div................................
Synthane Corporation...................
Syntron Company................... .. ...
Syntronic Instrument*. Inc...........

GAIN STABILITY Better than 1%to 50° C. and 
for lino voltage variation from 103 to 
127 volt*.

MONITOR OUTPUT On front panel; pro
vide* ±1v full »cole aero» 100,000 

ohm load (

•Raytheon Co., Industrial Components Div.
Raytheon Co., Equipment Div.....................
Raytheon Co., Microwave and Power Tube

Div., Magnetics Operation* ...................
I>avtheoi) Co., Microwave and Power Tube

at least 140 db at DC, tolerance to 
+ 500 volts, max.

100,000 ohms all ranges, 
guarded; DC source re-

POWER REQUIREMENTS 103-127 volts, 
60 cycle AC, 625 watt*

Raytheon Co., Special Microwave Devices 
Operation*............................... ................

Rhode & Schwarz ...........................................
Rome Cable, a Div. of Alcoa...................
Rosemount Engineering Company............

... 96A-B 
Semi

Slater Electric Inc........... .. ..............................
Somers Bra» Co.. Inc...................................

•Sorensen A Co.................................................
Space Technology Laboratories. Inc...........
Spectrol Electronics Corporation ...............

•Sperry Microwave Electronic* Co. .....
•Sperry Semiconductor Div. of Sperry Rand

Corp..................................................................

Radio Corporation of America, Semicon
ductor A Material* Div..............................

•Manufacturer*’ catalog appears tn 1900-1961 
Lixcrnowic Designer»’ Cxixxuu
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Technology Instrument Corporation.........  78
Tektronix, Inc....................   230
Telecomputing Corp................................  242
Texas Instruments Incorporated . . 68, 258, 259

•Thermal American Fused Quartz Co. . . . 124
Transco Products, Inc..................................... 200
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•Tung-Sol Electric, Inc................................... 195
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Air Brake ...........   221
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Div.............................................................. 155
Universal Mfg. Co., Inc................................ 242
Utica Drop Forge & Tool Division............  14

Valpey Crystal Corp....................................... 157
Varian Associates .......................................... 170
Vickers, Incorporated ................................... 82
Vitramon, Inc................................................... 17

Wakefield Engineering, Inc.............................120
Waters Manufacturing. Inc.............................. 231
Western Devices, Inc..................................... 165

•Westinghouse Electric Corporation 
134, 135, 244

Whitso, Inc......................................   74
Wright Division of Sperry Rand ............ 29

Zierick Mfg. Corp............. .. ...........................  157

WHICH OF THESE 7 DC POWER
j want flexibility and versatility in the power supply

line of highly regulated, ripple-free, temperature - 

current supplies, to heavy current-low voltage instruments.

NEW!
$ 723A, 500 ma output, 0 to 40 v. Transistorized, programmable remotely
£ 723A can be programmed remotely and is especially useful in systems applications where a num
ber of measurements are made automatically at different voltages. Output voltage may be changed 
merely by changing the value of an external resistance, as with stepping switches for programmed 
tests. Low noise and ripple make the 723A particularly applicable to low level measurement. New, 
modular $ package combines compactness with rack-mount and bench-top versatility.

Regulated Output 
Load Regulation*.
Line Regulation 
Noise and Ripple 
Remote Programming

Output Impedancs 
Size;
Price:

SPECIFICATIONS
0 to 40 v dc; 0 to 500 ma de
< 0.1% or 2 mv (whichever is greater) change from 0 to 500 ma
< 0.05% or 5 mv for ± 10% line voltage change
< 200 rV
External resistance can cont-ol output voltage at rata of 25 
ohms/volt
< 30 milliohms at 10 cps
•%' x 5W x H's 21 lbs
$225.00

722AR, 2 amps, 60 v output. Transistorized, easy monitoring
Electronic Designers’ Catalog

Advertising Representatives
Adv. Sale» 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

High regulation over complete voltage range, highly stable output. Extremely low noise and ripple 
insure clean measurements. High impedance remote sensing input, which connects directly to the 
load through wires independent from supply leads regulates the voltage at the load itself despite an 
IR drop in long supply leads. Separate meters measure current and voltage continuously for easy 
monitoring. Continuously variable control limits output current.

Reguiatel Output: 
Load Regulation: 
Une Regulation: 
Noise and Ripple: 
Output Impedance: 
Size: 
Price:

SPECIFICATIONS
G to 60 v dC; 0 to 2 amps de
< 5 mv change for 0 to 2 amps change
< 2.5 mv change for ± 10% line voltage change
< 250 #v
DC, < 2.5 milliohms; ac < 5 milliohms in series with 4 Mh 
19' x 5V«' x 12'; 34 lbs.
$525.00

$ 721A, 0 to 30 v, 150 ma output, versatile, only $145.001
This ultra compact 4 pounds of power sup
ply gives you easiest possible output volt
age monitoring, with a large, easy-to-read 
meter, plus a four-step current limiter for 
positive overload protection. Several 721’s 
may be operated in parallel or cascaded 
for extra flexibility.

Regulated Output: 
Load Regulation* 
Uno Regulation;

Moise and Ripple: 
Output Impedance 
SiZOi 
Price;

SPECIFICATIONS
0 to 30 v de? 0 to 150 ma
< 0.3% or 30 mv (whichever is greater) no load to full load
< ± 0.3% or 15 mv (whichever 1« greater) for
± 10% line voltage change
< 150 i>v rms
< 0.2 ohms in mtIm with 30 #h
7' i 4%' g 5%**, 4 lbs.
$149.00
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IO 20

22
23
24
25

30
31
32
33

40

42
43

50
51
52
53

60
61
62

70
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Zona Stata

28
29

35
36
37
38
39

45
46

48
49

55 
M 
57 
58 
59

64
65
66
67
68
69

72
73

80 
81
82 
»3

90
91
92
93

75
76
77
78
79

85 
Ri
87 
88
89

95
96
97
98
99

100
101
102
103
104
105
106
107
108
109

110

112

119

120
121
122
123
124
125
126
127
128
129

130 
131
132 
133
134 
135
136 
137
138 
139

140

142
143

148
149

150
151
152
153

155
156
157 
158
159

160
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162
163 
164
165
166
167
168
169

170
171
172
173

175
176
177
178
179
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181
182
183

185
186
187
188
189

190 
191
192
193
194
195 
196 
197
198 
199

200 210
201
202
203
204
205
206 
207 
208 
209

211
212
213

220
221
222
223

214 224
215
216
217
218
219

225
226
227
228
229

230
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232
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235
236
237
238
239
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242 
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246
247
248
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251
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260 
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262 
263
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270
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272
273
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276
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279

280 
281
282 
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284
285 
286 
267 
2» -
289

290 
291
292 
293
294 
295
296 
297 
298
299

300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590
301 311 321 331 341 351 361 371 381 391 401 411 421 431 441 451 461 471 481 491 501 511 521 531 541 551 561 571 581 591
302 312 322 332 342 352 362 372 382 392 402 412 422 432 442 452 462 472 482 492 502 j12 522 532 542 552 562 572 582 592
303 313 323 333 343 353 363 373 383 393 403 413 423 433 443 453 463 473 483 493 503 513 523 533 543 553 563 573 583 593
304 314 324 334 344 354 364 374 384 394 404 414 424 434 444 454 464 474 484 494 504 514 524 534 544 554 564 574 584 594
305 315 325 335 345 355 365 375 385 395 405 415 425 435 445 455 465 475 485 495 505 515 525 535 545 555 565 575 585 595
306 316 326 336 346 356 366 376 386 396 406 416 426 436 446 456 466 476 486 496 506 516 526 536 546 556 566 576 586 596
307 317 327 337 347 357 367 377 387 397 407 417 427 437 447 457 467 477 487 497 507 517 527 537 547 557 567 577 587 597
308 318 32S 338 348 358 368 378 388 398 408 418 428 438 448 458 468 478 488 498 508 518 528 538 548 558 568 578 588 598
309 319 329 339 349 359 369 379 389 399 409 419 429 439 449 459 469 479 489 499 509 519 529 539 549 559 569 579 589 599

600 610 620 630 640
601
602
603
604
605

611
612
613
614
615

606 616
607 617
608 618
609 619

621
622
623
624
625
626
627
628
629

631
632
633
634
635
636
637
638
639

641 
642
643 
644 
645 
646
647 
648
649

650 
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660 
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663
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667 
668
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674

680
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684

675 ¿85
676
677
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687
688
689

690
691
692
693
694
695
696
697
698
699

700
701
702
703
704
705
706
707
708
709

710

712
713

720 730 740
721 731 741
722 732 742
723 733 743

715
716

718
719

725 735 745
726 736 746
727 737 747
728 738 748
729 739 749

750 760 770
751 761 771
752 762 772
753 763 773
754 764 774
755 765 775
756 766 776
757 767 777
758 768 778
759 769 779

780 
781
782
783
784
785 
786 
787
788
789

790 
791
792 
793 
794 
795
796 
797 
798 
799

800 SIO 820 830 840
801
802
803
804
805
806 
807
80S
809

811
812
813

816
817
818
819

821 831 841
822 832 842
823 833 843
824 834 844
825 835 845
826 836 846
827 837 847
828 838 648
829 839 849

850 860 870 880 890
851 861 871 881 891
852 862 872 882 892
853 863 873 883 893
854 864 874 884 894
855 865 875 885 895
856 866 876 886 896

,857 867 877 887 897
858 868 878 888 898
859 869 879 889 899
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For Change of Addreri 
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Q I Do Design Work 
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300 310 320 330 340 350 360 370 380 390 400 410 •20 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590
301 311 321 331 341 351 361 371 381 391 401 411 421 431 441 451 461 471 481 491 501 511 521 531 541 551 561 571 581 591
302 312 322 332 342 352 362 372 382 392 402 412 422 432 442 452 462 472 482 492 502 j12 522 532 542 552 562 572 582 592
303 313 323 333 343 353 363 373 383 393 403 413 423 433 443 453 463 473 483 493 503 513 523 533 543 553 563 573 583 593
304 314 324 334 344 354 364 374 384 394 404 414 424 434 444 454 464 474 484 494 504 514 524 534 544 554 564 574 584 594
305 315 325 335 345 355 365 375 385 395 405 415 425 435 445 455 465 475 485 495 505 515 525 535 545 555 565 575 585 595
306 316 326 336 346 356 366 376 386 396 406 416 426 436 446 456 466 476 486 496 506 516 526 536 546 556 566 576 586 596
307 317 327 337 347 357 367 377 387 397 407 417 427 437 447 457 467 477 487 497 507 517 527 537 547 557 567 577 587 597
308 318 328 338 348 358 368 378 388 398 408 418 428 438 448 458 46S 478 488 498 508 518 528 538 548 558 568 578 588 598
309 319 329 339 349 359 369 379 389 399 409 419 429 439 449 459 469 479 489 499 509 519 529 539 549 559 569 579 589 599
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SUPPLIES BEST FITS YOUR NEEDS?
on your bench, and V offers the world’s most varied

stable laboratory power supplies I From high voltage-low

V is ready to meet your requirement

NEW!
726AR, 2 amps, 45 v output. Transistorized, programmable!

This newest member of the ip transistorized power supply family provides remote programming plus 
the same high regulation, stable output over a wide range of line and load conditions as other instru
ments in the % 720 Series. Model 726AR is especially useful for applications requiring accurate, 
repeatable voltages, such as component or production testing. A continuously variable current limiter 
protects circuits under test from accidental overload-damage. Remote sensing feature.

SPECIFICATIONS
1 Regulated Output: 0 to 45 v de; J to 2 amps de

Remote Programming External resistance can control output voltage at rate of 100 
ohms/volt

load Regulation: < 5 mv change for 0 to 2 amps change
Line Regulation < 2 5 mv change for ± 10% line voltage change
Noise and Ripple < 250 pv
Output Impedance: DC, < 2 5 milliohms; ac < 5 milliohms in series with 4 ^h
Site 19* x 5V«” x 12”; 34 lbs

1 Price; $500 00

PLUS THESE LAB AND FIELD-PROVED VACUUM TUBE POWER SUPPLIES
for high voltage-low current applications:

$ 711A 
Laboratory 
Power Supply

DC output 0 to 500 v, 100 ma max; ac output 
6.3 v, 6 amps, or 1Z6 v, 3 amps. DC regula
tion 0.5%.

Inexpensive, versatile high voltage, low cur
rent power supply. Metered voltage and 
current 6 711A, $250.00 (cabinet); V 711AR, 
$255.00 (rack mount).

I & 712B

Power Supply

DC output 0 to 500 v, 200 ma max; bias sup
ply 0 to —150 v, 5 ma max; ac output, 6.3 v, 
10 amps max. Regulation 0.01% at 500 v.

High quality, high voltage supply; particu
larly good transient response, regulation 
and stability. 9 712B, $390.00 (cabinet); 
712BR, $375.00 (rack mount).

& 715A
Klystron

I Power Supply

Beam supply —230 v to —400 v, 40 ma max; 
reflector supply 0 to —900 v below beam 
supply, 10 ^a max; ac output 6.3 v, 1.3 amps. 
Modulation capabilities.

Klystron supply, inexpensive general pur
pose instrument $ 715A, $325.00 (cabinet).

HEWLETT-PACKARD COMPANY
1067K 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 Pillard No. 1 

Cable "HEWPACKSA"
Geneva, Switzerland
Tel. No. (022) 26. 43. 36

Publisher: Robert E Ahrensdorf
Editor: Edward E. Grazda
Managing Editor: James A. Lippke 
Technical Editor»: G. H. Rostky, 
H. Bierman, R. H. Cushman, 
M. W. Meisels, A Rosenblatt, 
A. W. Solda
New» Editors: R. Haavind, 
A. Comeretto
Washington Editor: J. J. Christie 
West Coast Editor: T. E. Mount 
Contributing Editors: J G. Adashko, 
E. Brenner, B. Bernstein
Editorial Assistants: R. N. Ross, 
C. H. Farley
Editorial Production: D. S. Viebig, 
A Abramoff
Art Director: R. A. Schulze
Art Assistants: O Mitch, J. Aruego 
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M. Spector
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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
ing advertisements.

To reserve the right to refuse any 
advertisement.

Readers noting errors or misstatements 
of facts are encouraged to write the 
editor.

Subscription Policy
Electronic Design is circulated only to qual
ified design engineers of U. S. manufactur
ing companies, industrial consultants and 
?ovemment agencies. If design for manu- 

acturing 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 
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RCA presents... 
PACKAGED SOLID-STATE 
MICROWAVE OSCILLATORS 
AND AMPLIFIERS

Now, RCA takes a major step ahead in microwave technology—to integrate packaged 
microwave circuits with RCA developed solid-state diodes and provide an important, new 
line of components for the needs of microwave designers. Low power requirements, 
and compact packaging using RCA Semiconductor and Materials Division's latest tunnel 
and varactor diodes open new possibilities -for miniaturization, improved systems reli
ability, and systems cost reduction. Here are the first members of a growing family 
of packaged microwave circuits.

In addition to the performance characteristics of the packaged circuits shown here. RCA 
Solid-State Microwave Oscillators and Amplifiers can be designed to meet your special 
requirements for gain, power, frequency, and noise characteristics. For delivery quota
tions and technical data on circuits to meet your needs, contact the RCA Field Office 
nearest you. Or write: Microwave Marketing, RCA Electron Tube Div.. Harrison. N.J.

1. Fixed-Tuned Tunnel-Diode Oscillator (Dev No SS-107)

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA

specified frequency between 500-2000 Me DC input: 160 
ma at 0 40 volt.

2. Helix Parametric Amplifier (Dev. No SS-IOOOl Stable mini
mum gain of 15 db from 2200-2300 Me with a 5-7 5 db 
noise factor Typical saturated power output of 1 milliwatt; 
with 300 milliwatts pump power at 3000 Me

3. Tunnel-Diode Amplifier (Dev. No SS-500) Stable minimum 
gain of 15 db from 1275-1325 Me with 6 db max noise fac
tor, including typical circulator loss. Saturated power out
put of 30 microwatts. DC input; 10 ma at 0 1 volt.

4. Tunable Low-Noise Parametric Amplifier (Dev No SS-1002) 
Tunable with 5 Me bandwidth from 1250-1350 Me. with 
stable minimum gain of 15 db. Max no.se factor. 3 db. Sat
urated power output of 05 milliwatt, with 60 milliwatts 
pump power at 10,800 Me.

5. Tunable Tunnel-Diode Oscillator (Dev. No SS-100) Delivers 
a minimum power output of 0 3 milliwatt from 1050-1400 
Me Coax, output. DC input: 30 ma at 0 2 volt.

RCA Electron Tube Division Field Offices
INDUSTRIAL PRODUCTS SALES

Detroit 2, Michigan, 714 New Center Building. TR 5-5600 • 
Newark 2. N J . 744 Broad St. HU 5-3900 • Chicago 54, 
Illinois, Suite 1154, Merchandise Mart Plaza, WH 4-2900 • 
Los Angeles, California, 6801 East Washington Boulevard. 
RA 3-8361 • Burlingame, California. 1838 El Camino Real,
Ox 7-1620.

GOVERNMENT SALES
Harrison, N J., 415 South 5th St HU 5-3900 • Dayton 2. 
Ohio. 224 North Wilkinson St. BA 6-2366 • Washington 7, 
D C . 1725 "K” St, N W FE 7-8500


	ELECTRONIC DESIGN-ONE DAY SERVICE USE BEFORE JUNE 21st, 1961

	ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE JUNE 21st, 1961

	KAY VIDEO FREQUENCY SWEEPING OSCILLATOR AND FREQUENCY MARKERS

	NEWS

	U.S. Faces Difficult Decision on Air-Traffic Control

	NEWS

	Industry Preparing for Push in FM Stereo


	Pyrolytic Graphite Investigated as Organic Semiconductor

	SPRAGUE

	ENGINEERED ELECTRONICS COMPANY

	HIGH PERFORMANCE MICROMINIATURIZED

	HIGH CONDUCTANCE MICRO-DIODE

	Bell Building Antenna in Maine For Satellite Communication Test

	Checkout Study Aims to Improve Complex AF Weapon Systems

	NEWS


	U. S. Space Man Relies on Advanced Systems Design

	PECIFICATION SUMMARY

	NEWS

	Dr. Morris J. Levin


	NEW PRODUCTS

	DOG-GONE... here's a

	New techniques reduce size of 2.5 megawatt

	Price $415.



	MEASURES PEAK

	ALCOA

	The versatile transistor servo amplifier by DIEHL

	SILICONE NEWS from Dow Corning

	Flexible from -1OO to 300F

	Rigid, Void-Free Protection

	For Rapid Heat Dissipation



	REGULATED POWER SUPPLIES

	0- 34 VDC 5, 10 and 20 Amp 20-105 VDC 2, 4 and 8 Amp 75-330 VDC 0.8,1.5 and 3 Amp

	2N756A SERIES SMESAN TRANSISTORS

	M, INCORPORATED

	NEW SYLVANIA 9-T9 TYPES!

	SAVE TIME AND MONEY... reduce the

	NANOSECOND PENNIE ..In your

	SAVE TIME AND MONEY right from the start


	«ITER DESIGN right from j

	with



	PADT40

	Specify the new Amperex P A D T 40

	PNP Germanium Switching Transistor

	NEW PRODUCTS


	than

	A.W.FABER-CASTEU

	Direct

	Writing

	Up to 56 Channels

	NEW PRODUCTS

	Eclipse-Pioneer Division


	NEW PRODUCTS



	ALLEN - BRADLEY

	JUST ASK DELCO. For even though our catalog lists only a handful of germanium power transistors, there is only a handful out of all those ever catalogued that we don’t make. And those only because nobody ever asked for them.

	We’ve made, by the millions, both large and small power transistors. Both diamond and round base. Both industrial and military types. And each in a wide variety of parameters that have proved themselves reliable in nearly every conceivable application.

	You get Delco transistors fast. You get Delco transistors in any quantity. And for all their high reliability, you get

	them reasonably priced. All you have to do is contact our nearest sales office-and ask for them.

	NEW PRODUCTS

	NEW PRODUCTS



	YOUR COPY IS READY

	NEW PRODUCTS


	•••Mi

	amco WOOG’s

	I

	NEWEST ULTRA HIGH SPEED

	TRANSISTORS FROM PSI

	TRANSISTORS

	for 3 SPECIAL

	APPLICATIONS

	PT600

	PT601

	Low Vce (sat)

	High Current

	Fast Switching

	Controlled Ive

	TRIPLE DIFFUSED MESA CONSTRUCTION




	INDIUM

	1, 2, 4 and 12-POLE ENCAPSULATED TYPES

	AUGAT

	VIDEOGRAPH

	MODEL 980 CHARACTER GENERATOR


	ABDICK

	TIMING NETWORKS highly reliable

	NEW PRODUCTS

	•ÄÄ



	New Du Pont Resistor Compositions are easy to apply... permit you to vary resistance values by blending the compositions

	NEW PRODUCTS

	TIMING CONTROLS

	DELAY

	FOR FULL ENGINEERING DETAILS. CIRCLE INQUIRY CARD NO. 243

	FOR FULL ENGINEERING DETAILS. CIRCLE INQUIRY CARD NO. 244

	FOR FULL ENGINEERING DETAILS, CIRCLE INQUIRY CARD NO. 245

	The UCINITE COMPANY

	BIG NEWS in high-temperature precision-molded insulation

	NEW PRODUCTS



	62O“BB”ceramoplastic


	COMPLETE LINE

	OF VERSATILE, EFFICIENT

	WAVEGOIDE WATER LOADS

	How to Simulate Antennas In Systems With Waveguides

	Nomograph Speeds Design Of Tunable Coaxial Cavities

	FUNDAMENTALLY

	SPEAKING

	MICROWAVE PRODUCTS

	division of American EnKa Corporation

	100% tested from factory stock

	POLARAD


	MICROWAVE

	GENERATORS

	MOST FEATURES

	BUSINESS REPLY CARD

	POLARAD ELECTRONICS CORPORATION

	BROAD BAND CAVITY WAVEMETERS

	DE MORNAY-BONARDI

	GET MICRO-MOLDED MINIATURE MYLAR*CAPACITORS FROM...

	Telemetry Receiver

	521

	Coaxial Switch

	581

	Reflex Klystron

	453


	POLYSKOP

	REPLACES FIVE UNITS

	Voltage Reference

	494

	Laboratory Receiver	563

	Waveguide Windows


	SCHWARZ

	Pulse Amplifier	462




	COAXIAL B A 0 BROAD - tLorand •

	A FERRITE T a ioni ai



	Ledex Hermetically Sealed Rotary Switch BASIC INFORMATION

	X-Band Filters

	High-Gain Tube

	with American Aluminum Quality... Dependability... Service!

	NEW LITERATURE


	A Major Technological Advancement in Miniaturization

	SWITCHCRAFT “MICRO-PLUG"

	AND “MICRO-JAX"


	ELECTRONICS

	ELECTRONICS CORPORATION

	ELECTRONIC

	MEASUREMENTS

	FIVE-CORE

	MULTICORE SALES CORPORATION, 80 Shore Road, Port Washington, N. Y. B


	for fast, expert electronic supply at factory prices

	TAylor 9-9100

	NEW LITERATURE

	WHY PAY $250—$650 MORE

	for regulation you DON'T need I


	METAL FABRICATIONS

	TO CLOSE TOLERANCES

	FALST COMP

	DESIGN DECISIONS

	Painted Checks and Stripes Help Cool Explorer VIII


	An example of Intermountain Solid State Circuit design capability...


	HIGH RELIABILITY SOLID STATE PRINTED CIRCUIT CARDS

	“NEW TWIST” ADDED TO SELF-CHECK RATE OF TURN GYRO

	High Speed Rotary Switch Uses Rotating Magnet To Close Reeds

	High-Gain Pulse Amplifier 738 Uses Complementary Transistors

	Pulsing Capacitor Eliminates 743 False Triggers Due To Switch Bounce

	Increases Emitter-Follower Input Z

	|Y|« = |Y|n = Yn- |Y|.m = | Y|„ - Y„ + Y

	IY| = (F11+ D Y„ - YUY*




	Waters new sealed

	PT% potentiometer

	RUSSIAN TRANSLATIONS

	LETTERS

	Advancement

	Your Goal?

	Use

	CONFIDENTIAL

	Action Form

	CAREER COURSES

	POSITIONS OPEN FOR INQUIRING MINDS IN



	MANUFACTURING

	RESEARCH ENGINEERING!

	KANSAS CITY DIVISION



	WHICH OF THESE 7 DC POWER

	$ 723A, 500 ma output, 0 to 40 v. Transistorized, programmable remotely

	722AR, 2 amps, 60 v output. Transistorized, easy monitoring

	$ 721A, 0 to 30 v, 150 ma output, versatile, only $145.001

	ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE JUNE 21st, 1961

	ELECTRONIC DESIGN ONE DAY SERVICE USE BEFORE JUNE 21st, 1961

	ELECTRONIC DESIGN

	ELECTRONIC DESIGN


	SUPPLIES BEST FITS YOUR NEEDS?

	NEW!

	726AR, 2 amps, 45 v output. Transistorized, programmable!




