


































































































































































































































































































































































































































































































ST25148 5A SWF253 38 
SU300 7K SWF260 38 
SU305 7K SWF261 38 

IS AIR MOVE R PROBLEM? SU306 7K SWF262 38 
SU314 7K SWF263 38 

WANT SU315 7K SWG4A 302 
SU316 7K SWG48 302 
SU320 7K SWG5A 301 

TROUBLE-FRE SU331 7K SWG58 301 
SU332 7K SWG14 302 

• SW101 1E3 SWG16 302 
SW102 1E3 SWG21 301 
SW103 302 SWG40 302 
SW104 302 SWG41 302 

Over 5 million successful in- SW115 1E3 SWG42 302 
stallations! That's the record SW201 1E3 SWG43 302 
of the Howard Unit Bearing SW204 1E3 SWG50 301 

Motor, available only in HOW- SW211 1E3 SWG51 301 

ARD. CYCLOHM Fans and SW212 18 SWG52 301 t-
SW221 1E3 SWG53 301 

Blowers. A complete line en- SW224 1E3 SWG60 302 
gineered to provide greater SW231 1E3 SWG61 302 
output at less cost, and guar- SW301 402 SWG62 302 

anteed for 5 years to require no SW304 4C SWG63 302 

maintenance or re-lubrication. SW305 4E SWG90 304 

For rating tables, prices and SW306 402 SWG91 304 
SW307 402 SWG92 304 

full information, ask for the SW308 48 SWG93 304 
Howard Fan and Blower SW309 401 SWGlOO 301 

bulletins. SW310 401 SWG101 301 
SW311 401 SWG102 301 
SW402 302 SWG103 301 
SW708 1E3 SWGllO 301 
SW930 1E3 SWGlll 301 
SW931 18 SWG112 301 
SW932 1D SWG113 301 
SW933 lF SWG120 302 

ON READER-SERVICE CARD CIRCLE 72 
SW944 1D SWG121 302 
SW945 18 SWG122 302 
SW946 1E3 SWG123 302 
SW948 18 SWG130 302 
SW962 1E3 SWG131 302 
SW5400 302 SWG132 302 
SW5410 302 SWG133 302 
SW5420 302 SWG140 302 
SW5430 302 SWG141 302 
SW5440 302 SWG142 302 
SW5450 304 SWG143 302 
SW5460 3E SWG150 3E 
SW5470 38 SWG151 3E 
SW7400 302 SWG152 3E 
SW7410 302 SWG153 3E 
SW7420 302 SWG170 3E 
SW7430 302 SWG171 3E 
SW7440 302 SWG172 3E 
SW7450 304 SWG173 3E 
SW7460 3E SWG180 3E 
SW7470 38 SWG181 3E 
SWAOl 1E3 SWG182 3E 
SWA02 1E3 SWG183 3E 
SWA04 IF 

SWG210 301 SWA05 1E3 
SWFlO 38 

SWG211 301 
SWG212 301 

SWFll 38 SWG213 301 
SWF12 3B SWG220 302 
SWF13 38 
SWF20 38 SWG221 302 

SWF21 38 SWG222 302 

SWF22 38 SWG223 302 

SWF23 38 SWG230 3E 

SWF50 38 SWG231 3E 

SWF51 38 SWG232 3E 
SWF52 38 SWG233 3E 
SWF53 38 SWG240 302 
SWF250 38 SWG241 302 
SWF251 38 SWG242 302 
SWF252 38 SWG243 302 
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SWG250 
SWG251 
SWG252 
SWG253 
SWG260 
SWG261 
SWG262 
SWG263 
SWG270 
SWG271 
SWG272 
SWG273 

T35-002 
TFF3011 
TFF3013 
TFF3015 
TFF3017 

-T-

TMC40001 
TMC40002 
TMC40003 
TMC40004 
TMC.40005 
TMC40006 
TNG301.1 
TNG30r3 
TNG30:15 
TNG3017 
TNG3031 
TNG3041 
TNG3043 
TNG3045 
TNG3047 
TNG3051 
TNG3111 
TNG3113 
TNG3115 
TNG3117 
TNG3131 
TNG3141 
TNG3143 
TNG3145 
TNG3147 
TNG3211 
TNG3213 
TNG3215 
TNG3217 
TNG3231 
TNG3241 
TNG3243 
TNG3245 
TNG3247 
TNG3251 
TT ,ul103 
TT µ,Ll04 

-U­

UC 1001 B 
UC1002B 
UC1003B 
UC1004B 
UC10058 
UC1006B 
UC1501A 
UC1502A 
UC1503A 
UC1504A 
UC1505A 
UC1506A 
UC1507A 
UC1508A 
UC1509A 
UC1510A 
USOlOOA 
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301 
301 
301 
301 
302 
302 
302 
302 

3E 
3E 
3E 
3E 

2H 
38 
38 
38 
38 
5C 
50 
5A 
5C 
BH 
BO 

303 
303 
303 
303 
303 
3D3 
303 
303 
303 

3E 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 

3E 
303 
303 

1E3 
18 
1D 
lA 
lF 
lF 
BL 
BP 
BL 
BP 
BL 
BP 
BL 

BM 
BR 
8R 
5A 

US0101A 
US0102A 
US0103A 

WC1B3G 
WMl08 
WM201 
WM202 

· WM203 
WM204 
WM205 
WM206 
WM20BT 
WM210 
WM211 
WM212 
WM213 
WM214 

· WM215 
WM216 
WM217 
WM221 
WM224 
WM225G 
WM226G 
WM227 
WM231 
WM234G 
WM236G 
WM241G 
WM246 
WM246G 
WM261G 
WM2B6G 
WM296G 
WM503 
WM506 
WM510 
WM556 
WM701 
WM704 
WM1101 
WM1102 
WM1106 

-W-

WM1116 
WM1126 
WM1136 
WM1146 
WM1146Q 
WS112y 
WS115 
WS123 
WS140y 
WS141G 
WS142 
WS143G 
WS144 
WS150 
WS150Q 
WS151 
WS153 
WS161Q 
WS277 
WS371 
WSBlOQ 
WSBllQ 
WS812Q 
WSB13Q 
WSB14Q 
WSB15 
WSB16 
WSS17 
WSB17Q 
WS934 
WS1454 

5A 
5C 
5C 

BC 
BL 

1E3 
18 
18 

1E3 
1J 

1E3 
7C 
1D 

1E3 
18 
18 

1E3 
18 

1E3 
lF 

1E3 
1E3 
18 

1E3 
lF 

1E3 
1D 

1E3 
1E3 
1E3 
1E3 
1E3 
1E3 
1E3 
18 

1E3 
1D 

1E3 
303 
303 

BS 
BN 
BW 
BW 
BW 
BW 
BW 
BE 
BW 
BH 
BH 
BQ 
BH 
BH 
BH 
BH 
lC 
70 
BO 
BH 
so 

2E2 
401 
1E2 
1E3 
1E2 
lEl 
1E2 
lC 
10 
1D 
1D 
ST 
SQ 

4700 Series 

MICRO-MINIATURE 
Highest O 

Variable Air Capacitors 
New Johanson 4700 Series variable air capa• 

citors provide, in micro miniature size, the high 
Q important in demanding aerospace applica­
tions. In addition their ultra-rugged construction 
assures highest reliability in the most critical 
environments. 

Available in printed circuit, turret and threaded 
terminal types. 

SPECIFICATIONS 
Size: .145 diameter, 1f2" length 
Q @ 100 MC, >5000 
Q@ 250 MC, >2000 
Capacity Range: 0.35 pF to 3.5 pF 
Working Voltage: 250 VDC (test voltage, 500 VDC) 
Insulation Resistance: > 106 Megohms 
Temp. Range: -55°C to 125°C 
Temp. Coefficient: 50±50 ppm/°C 

Write today for full data. 

/fl-.~MANUFACTURING 
~W(_J CORPORATION 

400 Rockaway Valley Road, Boonton, N. J. 07005 (201) 334-2676 
• IU.,ECTRONIC ACCURACY THROUGH MECHANICAL. PRECISION . 
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Why IEE rear-projection 
readouts make good reading 
Not the kind of good reading you'd curl 
up with on a rainy night. But a more 
important kind if you're designing 
equipment that requires message dis­
play. Reason is that IEE readouts are 
the most readable readouts around. If 
you've seen them, you know this to be 
fact. If you haven't as yet, here is why 
our readouts make such good reading: 

SINGLE-PLANE PRESENTATION 
No visual hash of tandem-stacked fila~ 
ments. IEE readouts are miniature 
rear-projectors that display the re­
quired messages, one at a time, on a 
non-glare viewing screen. Only the 
message that's "on" is visible. 

lll~:~·JN 
EASY-TO-READ CHARACTERS 

Since IEE readouts can display any­
thing that can be put on film, you're not 
limited to thin wire filament, dotted, or 
segmented digits. Order your IEE read­
outs with familiar, highly legible char­
acters that meet human factors and Mil 
Spec requirements. This section from 
our sample type sheet gives you an idea 
of the· styles available that offer opti­
mal stroke/width/height ratio for good 
legibility. 

BALANCED BRIGHTNESS/CONTRAST RATIO , 
The chart below is a reasonable f ac­
simile of character brightness and how 

it affects readability. The background 
is constant, but the brightness increases 
from left to right. You can draw your 
own conclusions, armed with the fact 
that IEE readouts give you up to 90 
foot lamberts of brightness. Brightness, 
however, isn't the sole factor in judging 
readability. Background contrast is 
equally important- a fact we've simu­
lated below, reading from left to right. 

mm 
Obviously, brightness without contrast 
or vice versa, doesn't do much for read­
ability. A balanced ratio of both gives 
you the crisp legibility of IEE readouts. 

IEE's unique combination of single­
plane projection, flat viewing screen, 
balanced ratio of brightness/contrast, 
and big, bold characters makes for 
wide-angle clarity and long viewing 
distances. 

OTHER WAYS IEE READOUTS MAKE GOOD SENSE 
As if the superior readability of our 
readouts weren't enough, here are a 
few reasons why IEE readouts make 
good sense in other areas : 

BPI 
INFINITE DISPLAY VERSATILITY 

Because our readouts use lamps, lenses, 
film, and a screen, they can display lit­
erally anything that can be put on film. 
That means you have up to 12 message 
positions with each readout to display 
any combination of letters, words, num­
bers, symbols, and even colors! 

FIVE SIZES TO PICK FROM 
IEE readouts now come in five sizes 
providing maximum character heights 
of%",%", 1", 2", and 3%". The smallest 
is the new Series 340 readout that's 
only %, ~, H x 1h '" W, yet can be read from 
30 feet away. The largest, the Series 
80, is clearly legible from 100 feet away. 

EASY TO OPERATE 
IEE readouts are available with volt­
age requirements from 6 to 28 volts, 
depending on lamps specified. Commer­
cial or MS lamps may be used, with up 
to 30,000 hours of operation per lamp. 
Lamps may be rapidly replaced without 
tools of any kind. 

Our readouts operate from straight 
decimal input or will accept conven­
tional binary codes when used with IEE 
low-current driver/decoders. 

For more proof why IEE rear-projec­
tion readouts make good reading, send 
us your inquiry. You'll see for yourself 
why they've been making the best seller 
list, year after year! 

INDUSTRIAL 
ELECTRONIC 
ENGINEERS, INC. 

7720 Lemona Avenue, Van Nuys, California 
Phone: (213) 787-0311 • TWX (910) 495-1707 

Representatives in Principal Cities 0 1966 1•e; 
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For free reprints ... 
. just circle the numbers 

on your Reader-Service Card. 
Planning to use MOS arrays? 
Learn which factors influence 
equipment weight, size and pow­
er as well as system cost. Circle 
Reader-Service No. 510. 

New FETs replace tubes in audio 
equipment on a one-for-one basis. 
The advantages include higher 
gain and reduced distortion, with 
little parameter drift. Circle 
Reader-Service No. 511. 

Its what's up front that counts 
when good noise performance is 
needed in integrated amplifiers. 
An analysis of direct-coupled cas­
cades proves the point. Circle 
Reader-Service No. 512. 

A FET operating at UHF? 
That's right. And here's how to 
design a high-gain, low-noise, 
stable 500 MHz amplifier with 
field-effect transistors. Circle 
Reader-Service No. 513. 

Simplify N AND-circuit synthes­
is in your next logic design. Here 
are the various methods for im­
plementing a logic function en­
tirely with N AND gates. Circle 
Reader-Service No. 514. 

ELECTRONIC DESIGN 

• 



with Tl semiconductor instrumentation 
MODEL 553 DYNA MIC TEST SYSTEM (upperright) 

for single-socket d-c and dynamic testing of I C's, 
thin films, modules, discrete semiconductors. 
The 553 makes digitally-programmed automatic 
measurements with an accuracy of 1 % of read­
ing. Operators can easily learn to program tests 
using simple mnemonic language. 

MODEL 665 TRANSISTOR TEST SYSTEM (upper left) 

for transistors and diodes features fast pro­
gram changes. Change paper tape program in 10 
seconds. Make any number of d-c and pulse 
tests with programmable socket configuration. 

MODEL 6358 RESISTIVITY METER 
A portable a-c 
test instrument 
for measuring 
bulk, slice and 
sheet resistiv­
ity of semicon­
ductor material. 
A 5-point probe 
gives high accu-

racy. Range is ~~liiiiiiiiii, 
from .001 to 300 · 
ohm-cm fs; 0.1 
to 3000 ohms/ sq. 

INDUSTRIAL 
PRODUCTS 
GROUP 

T EXAS INSTRUMENTS 
INCORPORATED 

APPARATUS DIVISION 
P. O . BOX 66027 HOUSTON , TEXAS 77006 

ON READER-SERVICE CARD CIRCLE 76 
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UNICIRCUIT® mW RTL 
INTEGRATED CIRCUITS 

Types US-0908 through 
US-0921 ... Fully inter­
changeable mW digital 
building blocks featur­
ing power consumption 
of 4 mW/node and prop­
agation delay of 40 nsec 

ON READER-SERVICE CIRCLE 102 

UNICIRCUIT® CUSTOM 
HYBRID CIRCUITS 

Combine monolithic sil icon circuits with 
tantal.um or Ni -Cr alloy resistors . Close 
resistance tolerances, low temperature 
coefficient. Resistor matching, ± Yz 3. 

ON READER-SERVICE CIRCLE 105 

DIGIT Al-TO-ANALOG 
CONVERSION CIRCUITS 

UT-1000- Four-bit ladder network 

UT-4001- Ladder switch for driving 
resistor ladder networks 

UT-4024- Buffer amplifier 

ON READER-SERVICE CIRCLE 108 

DIFFERENTIAL AMPLIFIER 
TRANSISTOR PAIRS 

~ 
T0-18 T0-5 FLAT 
CASE CASE · PACK 

NPN or PNP • Matched characteristics. 
hFE = 10-203. ~VBE = 5-20 mV. 
LWeE /Temp = 5-20µV /°C. 

ON READER-SERVICE CIRCLE 103 

LOW-COST HERMETICALLY­
SEALED PLANAR TRANSISTORS 

TN SERIES (NPN) 
High Voltage Switches 
Low Level Ampl ifiers 

High Speed Switch/Amplifiers 
Choppers 

Power Ampl ifiers 
Core Drivers 

TQ SERIES (PNP) 
Low Level Amplifiers 

High Gain Switch/ Ampl ifiers 10_5 
High Speed Switches CASE 

ON READER-SERVICE CIRCLE 106 

TW-3000 MICROPOWER PNP 
SILICON HIGH-SPEED 

SWITCHING TRANSISTORS 

T0-18 
CASE 

Fastest switching transistor 
available in the 
1 to lOOµA range 

C;b = 0.7 pF typ., 1.5 pF max. 

Cob = 1.5 pF typ., 2.5 pF max. 
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SPRAGUE COMPONENTS 

INTEGRATED CIRCUITS 
THIN-FILM MICROCIRCUITS 
! RANS ISTORS 
CAPACITORS 
RESISTORS 
4SS · 6128 

PULSE TRANSFORMERS 
INTERFERENCE FILTERS 
PULSE·FORMING NOWORKS 
TOROIDAL INDUCTORS 
ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
BOBBIN and TAPE WOUND MAGNETIC ·CORES 
SILICON RECTIFIER GATE CONTROLS 
FUNCTIONAL DIGITAL CIRCUITS 

II 

UNICIRCUIT® RCTL 
INTEGRATED CIRCUITS 

(SX actual size) 

Sprague Series US-0100 ••• a com­
plete line of monolithic digital build­
i ng bloc ks featuring low power 
consumption (2 mW typ.) 

ON READER-SERVICE CIRCLE 101 
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MULTIPLE TRANSISTORS 
(NPN-PNP PAIRS/QUADS) 

ltiffflff 
AMPLIFIERS SWITCHES CHOPPERS 

Pairs 

2 NPN 
2 PNP 
1 NPN- 1 PNP 

Quads 
4 NPN 
4 PNP 
2 NPN- 2 PNP 

ON READER-SERVICE CIRCLE 104 

SILICON ALLOY 
REPLACEMENT TRANSISTORS 

FULL PLANAR RELIABILITY 

2N327A 
2N328A 
2N329A 

2N945 
2N946 
2N1025 

2Nl026 
2Nl469 
2Nl917 

Sprague makes 82 standard high­
emitter-voltage full planar silicon alloy 
replacement types. 

ON READER-SERVICE CIRCLE 107 
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For complete technical data 
on any of these products, 

write to: 
Technical Literature Service 
Sprague Electric Company 

347 Marshall Street 
North Adams, Mass. 01247 

::ZC" 

SPRllGUE® 
THE MARK OF RELIABILITY 
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