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When your message means business 

A NORTH AMERICAN PHILIPS COMPANY 

Now—reliable RF Transistors from 900 MHz 
down to 1 MHz for Mobile Communications. 

900 MHz MOBILE APPLICATIONS 

Type Power (W) Freq. (MHz) Gain (db) min. VCC (V) Package 

BLU98 
BLV90 
BLV91 
BLU99 
BLV92 
BLV93 
BLV94 

0.5 
1 
2 
4 
4 
8 
15 

900 
900 
900 
900 
900 
900 
900 

9.0 
7.5 
6.5 
7.3 
8.0 
6.0 
6.0 

12 5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

SOT-103/E1 
SOT-172 
SOT-172 
SOT-122 
SOT-171 
SOT-171 
SOT-171 

30 to 
900 MHz 

Type 

BLW96 
BLV25 
BLV80/28 
BLV33F 
BLV36 
BLU53 
BLV97 
BLV57 

Power (W) 

200 
175 
80 
85 
120 
100 
30 
38 

BASE STATIONS 

Freq. (MHz) Gain (db) mln. VCC (V) Package 

30 
108 
175 
225 
225 
400 
860 
860 

13.5 
10.5 
6.5 

10.5 
10.0 
6.5 
6.5 
6.5 

50 
28 
28 
28 
28 
28 
24 
25 

SOT-121 
SOT-119 
SOT-119 
SOT-119 
SOT-161 
SOT-161 
SOT-171 
SOT-161 

400 to 
512 MHz 

MOBILE APPLICATIONS 

BLU60/12 
BLU45/12 
BLU30/12 
BLU20/12 
BLW82 
BLW81 
BLU99 
BLW80 
BLW79 
BLX65 

60 
45 
30 
20 
30 
10 
5 
4 
2 
2 

470 
470 
470 
470 
470 
470 
470 
470 
470 
470 

4.8 
5.1 
6.0 
6.5 
5.0 
6.0 

10.5 
8.0 
9.0 
6.0 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

SOT-119 
SOT-119 
SOT-119 
SOT-119 
SOT-119 
SOT-122 
SOT-122 
SOT-122 
SOT-122 
TO-39 

175 MHz MOBILE APPLICATIONS 

BLV75/12 
BLV45/12 
BLV30/12 
BLW60C 
BLW31 
BLY89C 
BFQ43 
BFQ42 

75 
45 
30 
45 
28 
25 
4 
2 

175 
175 
175 
175 
175 
175 
175 
175 

7.0 
6.5 
8.2 
5.0 
9.5 
6.0 

12.0 
10.5 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

SOT-119 
SOT-119 
SOT-119 
SOT-120 
SOT-120 
SOT-120 
TO-39E 
TO-39 

66 to 
870 MHz 

AMPLIFIER MODULES FOR LAND MOBILE 

Type Freq (MHz) P In (MW) P Out (W) VCC Package 

BGY32 
BGY33 
BGY35 
BGY36 
BGY43 
BGY40A 
BGY41A 
BGY40B 
BGY41B 
BGY40A 
BGY41C 
BGY45A 
BGY45B 
BGY46A 
BGY47A 
BGY47B 
BGY47C 
BGY22 
8GY23 

68-88 
80-108 
132-156 
148-174 
148-174 
400-440 
400-440 
440-470 
440-470 
470-512 
470-512 
68-88 
144-175 
400-440 
400-440 
430-470 
460-512 
380-512 
380-480 

100 
100 
150 
150 
150 
100 
150 
100 
150 
100 
150 
150 
150 
30 
45 
45 
45 
50 

2.5 WATTS 

20 
20 
20 
20 
13 
7.5 
13 
7.5 
13 
7.5 
13 
30 
30 
1.5 
2.2 
2.2 
2.2 
2.9 
7 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
9.6 
9.6 
9 6 
9.6 

12.5 
12.5 

SOT-132 
SOT-132 
SOT- 132 
SOT-132 
SOT-1 32B 
SOT-1 32C 
SOT-132C 
SOT-1 32C 
SOT-1 32C 
SOT-1 32C 
SOT-1 32C 
SOT-301 -A-03 
SOT-301 -A-03 
SOT-26NC 
SOT-26NC 
SOT-26NC 
SOT-26NC 
SOT-75A 
SOT-75A 

Amperex. 230 Duffy Avenue. Hicksville, New York. 11802. or phone 516/931-6200. TWX 510/221-1839 
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Superior spectral purity at half the price. 
Is there really any other choice? 

3kHz 
offset from carrier I Hz) 

10kHz 30kHz 100kHz 300kHz 

Spectral Purity 

Their price 

Our price 
$18,100 

120 dBc 

130 dBc 

140 dBc 

150 dBc 

dB below earner 

When Fluke introduced the 
6071A synthesized signal genera¬ 
tor, we set out to prove a very 
important point: 

Excellent spectral purity 
doesn’t have to mean high price. 

Consider this. At a U.S. base 
price of only $18,100 the 6071A 
delivers superior spectral purity 
over a broadband frequency range 
of 200 kHz to 1040 MHz. Spurious 
output levels are on the order of 
-90 dBc to -100 dBc. lypical broad¬ 
band noise floor is -150 dBc/Hz. And 
compared with instruments costing 
more than $30,000, our SSB phase 
noise performance specs make the 
6071A the best value in many ap¬ 
plications—especially the design 
and manufacture of modern com¬ 
munications equipment. 

Low noise and high stability 
also make it a logical choice for 
third- and fifth-order intermodula¬ 
tion tests, adjacent channel rejec¬ 
tion and other off-channel type 
tests. Full programmability and 
interactive controls combine to 
make the 6071A uniquely produc¬ 
tive in automated test systems. 

There’s much more we can tell 
you about the 6071A, the 520 MHz 
6070A, and the technology that 
makes such sophisticated instru¬ 
ments easy to use. Just contact your 
local Fluke Sales Representative or 
call us toll free at 1-800-426-0361. 

IN THE U.S. AND NON¬ 
EUROPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box C9090, M/S 250C 
Everett, WA 98206 
(206) 356-5400, Tlx: 152662 

IN EUROPE: 

Fluke (Holland) B.V. 
P.O. Box 5053,5004 EB 
Tilburg, The Netherlands 
(013) 673973, Tlx: 52237 
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mixer 
ASK-1 

500 KHz to 1 GHz from $395 
hi-rel and industrial 
miniature, flatpack, and low profile 

SRA-1 

TFM-2 

SBL-IX 

SBL-1 

LMX-113 

MnnFI FEATURES Freq. (MHz) tConversion Loss (dB) L-R Isolation (dB) 
MUDtL rtftlUltca M one octave total lower mid upper Price/Qty. 

LO-RF IF bandedge range bandedge range bandedge 

SRA-1* the world’s standard ... HTRB tested 5-500 DC-500 5.5 typ 6.5 typ 50 typ 45 typ 35 typ. 11.95 (1-49) 
hi-rel 3 year guarantee 

TFM-2* world’s tiniest hi-rel mixer 1-1000 DC-1000 6.0 typ 7.0 typ 50 typ. 40 typ. 30 typ. 11.95 (6-49) 
only 4 pins for plug-in/flatpack mouting, 

SBL-1 world’s lowest cost industrial 1-500 DC-500 5.5 typ. 6.5 typ 50 typ. 45 typ 35 typ. 3.95 (100) 
mixer, only $4.50, metal case _ 

SBL-IX industrial grade, rugged 10-1000 5-1000 6.0 typ. 7.0 typ. 50 typ. 40 typ. 30 typ. 5.95 (1-4) 
all-metal construction _ 

ASK-1 world’s smallest DBM 1-600 DC-600 5.5 typ. 6.0typ. 50 typ. 35 typ. 30 typ. 5.95(10-49) 
flatpack mounting, plastic case _ 

LMX-113* rugged flatpack, hermeticitv tested 5-1000 DC-1000 6.5 typ. 7.0 typ. 50 typ. 40 typ. 35 typ. 14.95 (6 24) 
thermal shocked to MIL-STD-202 

‘meets MIL-M-28837 1A performance 
units are not QPL listed 

tLO = + 7 dBm 

finding new ways ... 
setting higher standards 

□□Mini-Circuits 
■ ■ ■ ■ a Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500 

Domestic and International Telex 125460 International Telex 6201 56 
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at power levels to 30 kW 
-our design or yours 
Varian EIMAC has complete cav¬ 
ity design and production capa¬ 
bility. We make sure that tube 
and cavity are compatible. If it 
isn’t an off-the-shelf-item, we 
have the designers and engi¬ 
neers for any specific job. 

EIMAC has expertise in all disci¬ 
plines including pulse, CW, FM, 
and TV. We match tube, power, 

bandwidth and operating mode 
to achieve optimum perform¬ 
ance. 

More information on EIMAC 
cavities and tubes is available in 
our Cavity Capability brochure 
from Varian EIMAC. Or for 
prompt consideration of your 
special design requirements, 
contact Product Manager, Var-

EIMAC Cavity 
Matching 

EIMAC Tube 
Tuning Range 

(MHz) Power Output 

CV-2200 
CV-2220 
CV-2225 
CV-2240 
CV-2250 
CV-2400 
CV-2800 
CV-2810 

4CX20.000A 
3CX1500A7 
4CX3500A 

3CX10,000U7 
3CX10,000U7 

8874 
3CX400U7 
3CX400U7 

86-108 
86-108 
86-108 
54-88 
170-227 
420-450 
850-970 
910-970 

30 kW 
1.5 kW 
5kW 
10kWt 
10kWt 

300/1250 W* 
225 W 
190W 

ian EIMAC, or the nearest Varian 
Electron Device Group sales of¬ 
fice. Call or write today. 

Electron Device Group 
Varian EIMAC 
301 Industrial Way 
San Carlos, California 94070 
4155921221 

Varian A.G. 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Tel: (042) 23 25 75 
Telex: 868-841 

■ pulsed power 
tpeak sync, or 2.5 kW combined in translator service varían 
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Microwave circuit designers rely on Alpha 
when they need monolithic beam lead diodes...for 
one very important reason. If they can’t find ex¬ 
actly what they want in our catalog, we’ll go back 
to the drawing board...and chances are we’D come 
up with it. 

It’s our way of letting you get as close as 
possible to your original design requirements...so 
that you don't have to compromise. So why not 
draw on our vast reservoir of experience by taking 
advantage of our unique fabrication capability in 
your next design? Get in touch with us today, and 
we’ll send you more information. 

As one of the world’s largest microwave 
semiconductor manufacturers, Alpha Industries 
makes monolithic diode arrays in antiparallel 
pairs, common cathode pairs, star quads, bridges 
and rings of matched i unctions 
Not only do we provide these 
components in a wide range 
configurations and packages 
we even incorporate 
custom design 
parameters to meet 
specified operating 
characteristics. 

Alpha Semiconductors...Our added 
dimension of flexibility means 
you don’t have to compromise! 

EBAIpha 
The Microwave People 
Alpha Industries, Inc. 
20 Sylvan Road 
Woburn, Massachusetts 01801 
617-935-5150 
TWX: 710-393-1236 
TELEX: 949436 
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Who offers you complete confidence 
in noise figure measurements? 

HP. Of course. 
If you’ve ever measured noise figure, you can 

appreciate its subtle complexity. So we think you’ll 
find HP’s complete array of noise figure hard¬ 
ware, literature, application aids, and engineering 
support very useful in your NF work. 

First, innovative hardware. 
Start with the 8970A Noise Figure Meter — it 

measures noise figure directly to 15 GHz, or can con¬ 
trol an external L.O. for microwave measurements. 

A choice of three noise sources. 
HP covers your applications. Choose the 346B 

for normal use, or the new 346A with its excep¬ 
tionally low change of r from ON to OFF (<0.01). 
Or use the new 346C for work to 26.5 GHz. 

Application/Programming/Product 
Notes and more. 

Nobody gives you more 
technical support than HP. 
Ask for Application Note 
57-1,which gives you basic 
noise figure concepts and a 
glossary of terms, or 

In-depth training seminars. 
HP’s Noise Figure Training ' ¿gÿ,. 

Seminar is designed to help you . 
make even the most subtle 
noise measurements with 
total confidence. 

Plus a world of advice. 
With more than 182 offices located in 

70 countries around the world, there’s 
always an HP service/application engi-
neer nearby to assist you with all your 
noise figure questions. 

Product Note 8970A-1 which 
gives you operational details, measurement set-ups, 
correction routines, and block diagrams. 

For more information about the 8970A and its 
support material, call your local HP sales 
office. Or write, Hewlett-Packard, 1820 I«SI 
Embarcadero Road, Palo Alto, CA 94303. SYSTEMS

0401306A 

HEWLETT 
PACKARD 

INFO/CARD6 



llliBttiBiniii 
Typos in Recent Article 
Dear Sir, 

I have just read Marvin Keter’s article 
“An Easy Method for Measuring Un¬ 
loaded Q (Qu) for an Inductor or Filter 
Tank” in the March/April 1983 issue of 
r.f. design. I enjoyed the article very 
much and feel it will benefit me as 
soon as I get the time to construct the 
necessary test fixture. My intention 
is to use it In conjunction with a net¬ 
work analyzer. 
As valuable as the article is, may I 

point out what I believe to be a few er¬ 
rors in the text. 

1. Table 1, page 64. I believe (in 
the circuit drawing) should be Rc in 
both cases. 

2. Item 3, page 64, R = probably 
should read RL= QUXL. 

3. Item 4, page 64 

RR 9 R R 
Rr = „gj, 1 1- should read R. = _ g.11 L

C 2(R L- R eff) ' R l'R eft 

R’” read Re" =^2RL

4. Item 8 page 65. This equation is 
not familiar to me and, in any case, 
appears to be incorrect. It probably 
should read: 

1 

L = w20(3.96 + Cc) 

The results given as 73.2 mH probab¬ 
ly should read 73.2_H. 

5. Appendix III page 67. The denom¬ 
inator of the equation following EQ(9) 
reads Q X1par should probably read 

1_ 

QX par

6. Appendix IV page 68. This last 
comment is probably a bit nit picking 
and involves the derivation of the in¬ 
ductance error. The derived equation 
is of course, correct as shown. How¬ 
ever, the derivation seems more com¬ 
plex than necessary in that it involves 
using the product rule, multiplying 
both numerator and denominator by 
dC and then substituting for LC. A 
simpler way might be: 

LC=w 02

L = Wo2C’ 

dL= ’(^cFdC

Variable 
Capacitors 

Johanson air and sapphire dielectric variable capacitors 
are designed for RF applications from HF through micro¬ 
wave frequencies. They incorporate a patented self- lock¬ 
ing constant torque drive mechanism which insures uni¬ 
form torque and low dynamic noise, Johanson Thin-Trim' 
and Seal -Trim" capacitors are an advanced development 
in micro-miniaturized variable capacitors. They feature 
low drift rates and high Q and are ideal for high frequency 
applications. Thin-Trim" and Seal-Trim" incorporate the 
Johanson square drive tuning mechanism to assure non¬ 
slip tamper proof adjustments. 

Electronic Accuracy through Mechanical Precision 

Manufacturing Corporation 
Rockaway Valley Road Boonton, New Jersey 07005 

201-334-2676 TWX 710-987-8367 
Johanson products are covered by 

U S Patent No Re 30.406. U S Patent No 3.701.932: U S Patent No 4 179.722 

INFO/CARD7 
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Fight static with static 
/\ and discharge 

all your worries 

Electrostatic Discharge (ESD) affects most electronics from IC’s 
to printed circuit boards and computers. As a manufacturer, 
ESD can damage your products and your reputation unless you 
properly design and test for it. 

Electro-Metrics ESD Simulator provides the ability to generate 
repeatable, fast-risetime, high voltage waveforms (static) 

to simulate human or inanimate object effects. 

EDS-200 Features: 
□ Output variable to 30kv (with digital display) 
□ Repeatable, fast-risetime waveform 
□ Simulates human or inanimate object 

waveform with high accuracy 
□ Counter/timer controlled or free-running 
□ Compact and portable 

Discharge Probes 
DC Model has high voltage on the output tip when 
the unit is operational. As you move the tip toward 
ground, the discharge occurs when the electric field 
exceeds the breakdown strength of the air. 

Pulsed Model does not have high voltage on the output 
until the switch is closed. This feature allows you 
more flexibility, and you can even hold the tip directly 
against the hardware to drive ground currents. 

Other Products 

EDS-200 

□ EDS-100 (DC only) 
□ EDS-400 (IC and component testing) 
□ EDS-400A (Computer-controlled IC 

and component testing) 

Electrostatic Discharge Simulator Electro-Metrics also offers a number of other ESD 
products including fast transient ESD monitors and 
add-on resistors for discharge units. ESD design 
and engineering services are also available as well 
as custom product design, engineering and 
manufacturing services. 

For more information, call or write today. 

100 Church Street 
Amsterdam, New York 12010 ELECTRO-METRICS 

A PENRIL COMPANY 

Tel.: (518) 843-2600 
TWX: 710-446-4798 
INFO/CARD8 



ONOLITHIC 
ICROWAVE 
ODAMPS 

micro-X 

70mil 

Now! MMICs out of the 
lab and onto the shelf. 
Avantek® MODAMP™ 

silicon monolithic microwave 
amplifiers are the new alterna¬ 
tive to hybrid modules—small, 
highly-reliable cascadable 
building blocks for frequencies 
through 3 GHz. And, they are 
now in production and avail¬ 
able from stock. 

Available in micro-X and 70-
mil transistor packages, 
MODAMP monolithic am¬ 
plifiers permit greatly in¬ 
creased circuit and packaging 
density, while meeting the per¬ 
formance and reliability re¬ 
quirements of both military 
and commercial applications. 

In any application, the 
MODAMP monolithic am¬ 
plifier assures highly predict¬ 
able, reliable performance 
without fine-grain gain ripple, 
and with excellent temperature 
stability. 

$21.80 in 100 piece quantities.* 
Contact your nearest Avantek repre¬ 
sentative or call us for details on 
this latest family of Avantek modular 
amplifier products. 

Wwo/snwBur«N Applied Specialists, Inc. ** ' " 
(Applied Engineering Consultants) 
Washington, D.C., Virginia 
Maryland (301) 595-5373 
Baltimore (301) 792-2211 

(800) 638-8555 
Component Distributors, Inc. (Beacon) 
Ft. Lauderdale, FL (305) 971-4950 
Huntsville, AL (205) 883-7501 
Raleigh, NC (919) 781-0262 

Peak Distributors, Inc. (Dytec Central) 
Arlington Heights, IL (312) 255-0707 

Pen Stock Company (Cain-White&Co.) 
Los Altos, CA (415) 948-6552 
Sertek, Inc. (Cain Technology) 
Los Angeles, CA (213) 476-2251 

(714) 997-7311 

Spirit Electronics, Inc. (Thorson) 
Scottsdale, AZ (602) 998-1533 

Avantek 
Semiconductor Marketing 
3175 Bowers Avenue 
Santa Clara, California 95051 
(408) 727-0700 

MODAMP silicon monolithic 
amplifiers are now available, 
and priced from $10.25 to 

Copyright 1983 Avantek, Inc. 
Avantek is a registered trademark of Avantek, Inc. 

‘U.S. Domestic Prices Only 

No Single Component Tells the Entire Avantek Story 
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Part II 

GAIN, CAPTURE AREA, AND 
TRANSMISSION LOSS FOR 
GROUNDED MONOPOLES 
AND ELEVATED DIPOLES 

Part II continues the development of basic formulas for the gain, 
capture area and other parameters of dipoles and monopoles by 
extending treatment to sky-paths and other useful variations. 

By John W. Ames 
William A. Edson 
SRI International 
Menlo Park, CA 94025 

Part I of this article which appears in the November/ 
December issue of r.f. design develops basic formulas 
for the gain, capture area, and other parameters of dipoles 
and monopoles. The following pages complete the treat¬ 
ment by extending it to sky-wave paths and other useful 
variations. 

Sky Waves 

Figure 5 introduces a break in the ground plan, so 
that pure surface waves no longer can travel from trans¬ 
mitter to receiver. The only coupling is provided by an 
elevated reflector, which corresponds to refraction in the 
ionosphere, or to a direct space path in a circumstance 
in which two isolated ground plans are multually visible. 

Although the lossy section of ground suppresses the 
surface wave and any reflections from the surface, the 
ground in the immediate vicinity of the monopole remains 
intact, and causes local doubling of the electric field. 
The appropriate gains for the two forms of receiving 
antenna are, therefore, 3 for the monopole and 1.5 for the 
dipole. As before, we assume that the reflector (ionosphere) 
is sufficiently far above the ground so that the surface wave 

does not terminate on it, but that it is low enough so that 
d is a good approximation to the path distance, and the 
maxima of the antenna patterns are applicable. A straight¬ 
forward application of Eq. (4) with the gain values from 
Table 1 gives a normalized received power of 9 for the 
monopole-to-monopole case and 4.5 for monopole to 
dipole. For these particular circumstances, and unlike the 
example in Figure 3, the effective capture area of the 
monopole is double (not half) that of the dipole. 

It is important to note that relections to the dipole from 
the surface have been excluded, which may or may not 
correspond to a particular installation. 

If the power received on a monopole is used to compute 
incident power density, by Eq. (10), some means must be 
employed to determine whether surface or space waves 
are being received. In the surface-wave case, the appropriate 
capture area is 0.06 À2, and the resulting power density 
for the incident wave and the field in the immediate 
vicinity of the monopole are equal. In the space-wave case, 
the gain and capture area are four times greater, 0.24 À2, and 
the resulting power density applies to the incident space 
wave, and not to the field at the monopole. 

12 January/February 



The self-consistency of this conclusion can be verified 
by noting from Table 2 that the power received on a 
monopole via space wave, Figure 5, is four times greater 
than that received via surface wave, Figure 3. Because the 
capture area applicable to the space-wave case is four 
times larger than that for the surface-wave cases, it 
follows that the power density inferred by dividing received 
power by capture area, Eq. (10), would be equal in the two 
cases, as it must be by Eq. (11). 

In many applications, a dipole or one of its derivatives, 
such as a yagi or a log-periodic antenna, is mounted to take 
advantage of reflection from nearby ground (Figure 6). 
Again considering incident sky waves, and assuming that 
pattern maxima apply, we see that two waves reach the 
dipole and add in phase to double the voltage, which 
quadruples the received power. Thus, the effective gain 
of such a dipole is four times that of a dipole in free 
space, or 6 (7.78 dB) for short dipoles. This is the value 
that a manufacturer would normally advertise. The cor¬ 
responding normalized received power, in Table 2, is 18. 
Note that there is no corresponding local-reflection 
increase for a monopole at the receiving location because 
use of the reflection from the immediate vicinity is 
inherent in the operation of the basic monopole. That is, 
if there were no ground immediately around the monopole, 
there would be no monopole. 
The capture area for the combination of dipole and ground 

enclosed by the dashed line in Figure 6 may be computed 
by using Eq. (13); it is equal to 0.48 À2. The power density 
that results from dividing available power by capture area 
(Eq. 10) is, therefore, that which would exist in the vicinity 
of the antenna in the absence of the ground; in other words 
the power density of a single ray reaching the combined 
antenna/ground. The power density at the dipole itself is 
four times greater because of the reflection, but the capture 
area of the dipole alone is only 0.12 À2. 
The results tabulated so far are self-consistent, but require 
care in making comparisons. The power density versus 
range (Eq. 11) for a single-mode space wave is the same 
as for a single-mode surface wave (assuming both are 
transmitted by a monopole). A dipole that receives only a 
space wave, as in Figure 5, will, therefore, capture the same 
power as a dipole receiving a surface wave, Figure 3 
(4.5 in Table 2). 

If we refer back to Figure 6 and imagine a monopole 
located just below the dipole, we can say that the monopole 
and the dipole experience the same power density; there¬ 
fore, the 18-to-9 ratio of received power is consistent with 
Eqs. (23) and (24). To confirm that Figure 6 represents 
a locally uniform power density (in height) while Figure 5 
does not, we must recognize that in both cases the mono-
pole is, in effect immersed in both direct and reflected 

waves. In Figure 5, the wave that would reflect up to the 
dipole has been suppressed. As discussed earlier, the 
“reflected” wave at the monopole is incorporated in the 
basic monopole formulas, and cannot be suppressed. 

Replacing the monopole transmitter in Figure 6 with a 
dipole leads to the configuration in Figure 7. Again the 
surface and direct waves are suppressed, but local ground 
reflections are included. In these circumstances, antennas 
are no'mally designed to make use of the reflection from 
nearby ground, and the gain is usually specified in terms 
of an elevation pattern, the maximum of which assumes 
the existence of a perfect local ground reflection. To 
correctly compute the gain of the antennas as installed, 
the four separate ray paths must be considered. First, 
a ray can go directly from the transmitting dipole to the 
elevated reflector and then directly to the receiving dipole. 
Another ray can reflect off the ground in front of the 
transmitting dipole, then proceed to the receiving dipole 
via the reflector. A third ray can be the converse of the 
second, while the fourth ray can involve a ground reflection 
at both ends. If we assume that the paths add in phase, 
which is equivalent to requiring that the gross path be at 
the angle of the pattern maximum of each antenna as 
installed, the received voltage is four times the received 
voltage for the single-ray case, and the power will be 16 
times as great, for a normalized received power of 36. The 
effective gain of each installed dipole is therefore 6, as 
given in Table 1, and the basic transmission loss is given 
by Eq. (4). 

More complex combinations of paths than those 
discussed here should be handled as separate paths rather 
than attempting to deduce effective antenna gains. For 
example, transmission between two monopoles via both 
ground and sky wave leads to a normalized received power 
of 

-J- / / 3 X 3 + \/ 3 X 3 Y = 20.25 (28) 
“ \ A / W 4 / 

Use of Barrick’ s Transmission Loss 
Barrick [1971] has derived corrections to the basic trans¬ 

mission loss for surface-wave propagation over the ocean, 
including effects of earth curvature and various degrees of 
ocean roughness. His results are referred to the ex¬ 
pression 

(29) 

FIGURE 6 SKY WAVE WITH ONE LOCAL GROUND REFLECTION 

r.f. design 
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MINIATURE 
WIDEBAND PIN 
DIODE SWITCHES 

14 

Now you can select the state-
of- th e art miniature wideband 
pin diode switch you need from 
our stock AMC Series SW 2000 
pin switches (SPST and SPDT) 
measure only 1" H x 1.2" W x 
0 75 L. And, hundreds of these 
units have already been used to 
solve solid state switching 
design problems in communica¬ 
tion, aerospace, microprocessor 
and surveillance applications. 
Check these specifications: 

• SPST through SP5T Con 
figurations Available 

• Frequency 2 2000 MHz 
(usable to 4000 MHz) 

• Switching Time. 5 usee 
Typical 

• insertion loss 1 5 dB, maxi¬ 
mum (SPOT) 

• Isolation 40 dB minimum 
• SMA connectors 
• RFI Control Terminals 
• RF Power 1 watt CW 
• Available with one load 

TTL Drivers 
Standard models and quan¬ 

tities available from stock. 
Special switches designed to 
your specifications 

For solutions in solid state 
switching contact 

American 
MICROWAVE CORP. 
6835 Olney-Laytonsville Road 
Gaithersburg Maryland 20879 

(301)948-6800 

FIGURE 8 MEASURED APPARENT EFFECTIVE HEIGHT vs FREQUENCY 

Errata 
In part 1 in the last issue, the following errors were noticed. 
The corrected equations should be: 

w 3 y 3x2 3X3 ( * ) 
W, - 4nd2 4 4n - 4 ' 4nd ' 
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The high performance 
requirements of your 
RECEIVING 
SYSTEM 

can be realized with 
Reaction Instruments’ 
standard or customized 
Receiving Equipment. 

Your Choice 
For High Quality 
Communications 

Equipment 

IF DISPLAYS 

Reaction Instruments’ Model 
695 IF Display is a compact C.R.T. 
unit capable of displaying the spectrum 
of either a 21.4 MHz or 160 MHz IF in a single 
unit. It offers selectable LIN or LOG amplitude 
response, variable sweep widths, and forward and 
reverse frequency sweep which enables it to be used with 
receivers supplying either erect or inverted output spectrums. 
A switch selectable marker is used to identify the center 

I frequency. 

The compact Model 695 IF Display is housed in a half 
rack 1 3/4” chassis. 

z- REACTION INSTRUMENTS - s

MODEL 695 IF DISPLAY - < MARKER 

Please Write or Call 

REACTION 
KLJÊk INSTRUMENTS 
1916 Isaac Newton Square West 

Reston. Virginia 22090 
Phone: (703)471-6060 

Multicouplers • Receivers • Signal Distribution • Frequency Converters • Processo 
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which is correct for two isotropic antennas coupled by a 
direct wave and one perfect reflection — similar to our 
Figure 2. This procedure leads to a requirement to describe 
all antennas “as though they were in free space,” even 
monopoles that have no existence without their ground 
plane. 
We have used Eq. (6) consistently for path loss and to 

deduce values of antenna gain that are consistent with 
this usage. We may, therefore, use Barrick’s [1971] results 
simply by adding 6 dB to his curves whenever he reports 
a value for transmission loss itself, and by using his 
corrections to transmission loss directly. The resulting 
value of basic transmission loss may then be used with 
the values of antenna gain given in Table 1. 

Radiation Resistance 
The concept of radiation resistance is required for many 

calculations of antenna performance. Jordan [Secs. 10.03 
and 10.04 (1950)] gives a good discussion of radiation 
resistance. The power radiated by a current element of 
length, i with uniform rms current, I, at a wave¬ 
length, À, is given in Eq. 10-53 in Jordan [1950] as 

! i \2 
P = 80 n2̂ — j I2 . (3Q) 

The coefficent of I2 that yields power is conveniently 
identified as a resistance, specifically the radiation 
resistance R defined by 

„ / current \ „ „ / » \2
R - = 80n2 [_) (31) 

\element / \ i / 

Check our expanded line of temperature 
compensated crystal oscillators. It includes both 
military and commercial models in frequently 
specified styles — with stock frequencies available 
fast! Here’s a quick look at our lineup, including the 
new hermetically sealed TCXO-30 and TCXO-32 
now in production. 

The application of the concept of radiation resistance to 
short real antennas, i.e., those having triangular rather than 
uniform current distribution, is succinctly described by 
Jordan [1950] as follows: 

“For the same current I (at the terminals) the (short) 
practical dipole of length t will radiate only one-quarter 
as much power as the current element of the same length, 
which has the current I throughout its entire length. 
(The field intensities at every point are reduced to one-
half, and the power density will be reduced to one-quarter.) 
Therefore, the radiation resistance of a practical short 
dipole is one-quarter that of the current element of the 
same length. That is 

Model No. TCXO-22 TCXO-24 TCXO-26 TCXO-30 TCXO-32 

Freq. Range 3 MHz to 15 MHz 

Stock Freq. 4, 5, 10 MHz 

Stability 
vs Temp. 
(PPM°C) 

±1, ±5 

(Oto +55°C) 

±1 
(Oto 
+70°C) 

±3 
(-40° to 
-85°C) 

±1 
(-40° to 
+85°C) 

Case Style Epoxy Metal with Hermetic Seal 

R (short dipole) = 20 n2
2_\ 

à / 

2 
(32) 

Contact Dale today for complete price and delivery 
information, plus assistance with custom models. 

Phone 602-967-7874 

DALE 

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282 

The monopole of height h, or a short vertical antenna 
mounted on a reflecting plane, produces the same field 
intensities above the plane as does the dipole of length 
t = 2h when both are fed with the same current. How¬ 
ever, the short vertical antenna radiates only through the 
hemispherical surface above the plane, so its radiated 
power is only one-half that of the corresponding dipole. 
Therefore, the radiation resistance of the monopole of 
height h = H2 is 

/1\2
R (monopole) = 10n2l— j 

= 40n2LL.Y . (33) 
' à / 

These formulas hold strictly for very short antennas only, 
but they are good approximations for dipoles of lengths 
up to one quarter wavelength, and monopoles of heights 
up to one-eighth wavelength.” 
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Precision Trimmer Capacitors 

PRECISION TRIMMER CAPACITORS^ 
SEALED, NON-ROTATING PISTON, MULTITURN, STABLE 

“THE CAPLESS SEALED TRIMMER” 

AIR DIELECTRIC 
Up to 14 pF max C 
Economical 
Q > 5000 at 100MHz 
TC +50±50 ppm/°C 

GLASS DIELECTRIC 
• Up to 180pF max C 
• Q > 800 at 20 MHz 
• TC0±50or150ppm/°C 
»40% smaller than MIL. 

□ Send Samples □ Send Catalogue 
Dielectric □ Air □ Glass □ Sapphire 
Capacitance _ pF max 
Mounting □ Panel □ Vertical P C. □ Horizontal P C. 

U Other -
Specs: -

SAPPHIRE 
• Miniature y8" diam. 
• Up to 8 pF max C 
• Q > 3000 at 200 MHz 
• TC 0±50 ppm/°C 

Name -

Firm _ M.S-

Address __ 
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This card expires March 31, 1984 

For information on products or services direct from the manufacturer, simply fill the blanks or 
use the peel-off label on the cover and circle INFO/CARD numbers below. 

Name_ 
Company _ 
Address_ 
City/State/Zip 

co^-- Title 
ro^ 

S i g n at u re _ __ Date-

r.f. design FREE SUBSCRIPTION AND CHANGE OF ADDRESS FORM 
□ New Subscription □ Renewal □ Changeofaddress 

1. Please send me/continue sending me r.f. design free □ yes □ no 
2. _ _ __ __ 

Signature Title Date 
3. Please check the one classification which best describes your business: 

to □ Aircraft communica 
tion equipment mfr. 

20 □ Broadcasting equip¬ 
ment mfr. 

30 □ CATV equipment mfr. 
40 □ Mobile communica 

tion equipment mfr. 
50 □ Ground communica 

tion equipment mfr. 

140 0 Video communication 
equipment mfr. 

130 □ Telemetering equip¬ 
ment 

60 □ Instrument and test 
equipment mfr. 

70 □ Consumer electronic 
mfr. 

100 □ Marine Communica¬ 
tion equipment mfrs. 

110 □ Government Military. 
Aerospace. ECM. EW 
radar mfrs. 

120 □ Navigation Equip 
ment mfrs. 

80 □ Components mfrs. 

90 □ Labs and consultants 
150 □ Users of electrical 

equipment 
170 □ Distributors 
180 □ Libraries 

□ Other 
(Please specify) 

4. PLEASE CHECK ONE 
JOB TITLE: 

01 □ R-F Engineering Manager 
02 □ R.F. Engineer 
09 □ Other_ 

(Please specify) 

FOR CHANGE OF ADDRESS you must affix label from cover 
or provide old address below 

Your name Title 

Company name Div/Dept 

Your name 

Company name 

Address □ Home □ Office Address 

Title 

Div/Dept. 

□ Home □ Office 



NO POSTAGE 
NECESSARY 
IF MAILED 

IN THE 
UNITED STATES 

BUSINESS REPLY CARD 
FIRST CLASS PERMIT NO. 38 HANOVER, N.J 

POSTAGE WILL BE PAID BY ADDRESSEE 

Voltronics -
CORPORATION ■■■■■■■■■■■■ 

P.O. Box 366, East Hanover, New Jersey 07936 

Voltronics Corporation 
P.O. Box 366 

East Hanover, New Jersey 07936 
(201 ) 887-1 51 7 
INFO/CARD 12 
Free Catalog 

Precision Trimmer Capacitors 

NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 

BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 1314 DENVER, COLORADO 

POSTAGE WILL BE PAID BY ADDRESSEE 

r.f. design 
Cardiff Publishing Company 
P.O. Box 6275 
Duluth, Mn. 55806 

BUSINESS REPLY MAIL 
_ FIRST CLASS PERMIT NO. 1314 DENVER, COLORADO 

POSTAGE WILL BE PAID BY ADDRESSEE 

r.f. design 
Cardiff Publishing Company 
P.O. Box 6317 
Duluth, MN 55806 

■ 



NEC 
N-Channel GaAs Dual-Gate MESFET 
"The New Generation" 
With NEC's "new generation" GaAs MESFET, NE41137, you 

can obtain the most reliable performance in your high volume 
production of amplifiers and mixers. The NE41137 is a N-Channel GaAs 
Dual-Gate MESFET in a low cost disk-mold package with its reliability 
assured by NEC's quality control procedures. The device is ideal for a 
wide variety of low noise applications through 2 GHz and is now deliverable 
in high volume at a very competitive price. 

So, if you specify NEC, there will be no more trade-offs for 
performance, reliability, or price .... because you've got 
the best from the technology leader. 

Low Crss: 0.03 pF typ. 

High Gps: 20 dB typ. at 900 MHz 

Low NF: 1.3 dB typ. at 900 MHz 

Low Cost 

SYMBOLS 

Vdsx 

Vgis 

VGZS 

Id 

Pt 

lYfs I 

Css 

Crss 

Gps 

NF 

V ■ ' ■ i 

_ PARAMETERS 

Drain to Source Voltage_ 

Gate 1 to Source Voltage 

Gate 2 to Source Voltage_ 

Drain Current_ 

Total Power Dissipation_ 

Forward Transfer Admittance at Vds 5V, Vgzs 0, Id 10 mA, f 1.0 kHz 

Input Capacitance at Vds 5V, Vgzs 0, Id 10 mA f I MHz_ 

Reverse Transfer Capacitance at Vds 5V, Vgzs 0, Id 10 mA, f 1 MHz 

Power Gain at Vds 5V, Vgzs 0, Id 10 mA, f 900 MHz_ 

Noise figure at Vds 5 V, Vgzs 0, Id 10 mA, f 900 MHz 

UNITS 

V 

V 

V 

mA 

mW 

mS 

pF 

pF 
dB 

dB 

MIN TYP MAX 

10 

80 

200 

20 

1.5 

16 

30 

2.0 

0.03 

20 

1.3 

2.5 
0.04 

2.5 

CALIFORNIA EASTERN LABORATORIES. INC.—U.S. and Canada 
Exclusive sales agents for NEC Corporation, Microwave Semiconductor Products. 

Headquarters, Santa Clara, CA 95050 • 3005 Democracy Way • (408)988-3500 • Tlx. 34-6393 or 171197 
In Europe Contact: NEC Electronics (Europe)GmbH • Oberrather Strasse 4 • 4000 Dusseldorf 30 • West Germany 
Tel 0211/650301 • Tlx. 841/8581353 or 8587419 
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MICROWAVE 
CERAMIC CHIP 
CAPACITORS... 

The preceding derivation is important because occasion¬ 
ally Eq. (31) is encountered, quoted as the radiation 
resistance of a short dipole, without a prominent caveat 
that the current has been assumed to be uniform. 
The triangular current distribution ceases to be a good 

approximation for dipoles longer than approximatley À/4, 
or monopoles higher than À/8. In such cases the sinusoidal 
current distribution is a good approximation. On this 
basis and through a lengthy calculation [Jordan, Sec. 
10.06 (1950); Ramo and Whinnery, Sec, 21.07 (1955)], we 
obtain 73 Q for the radiation resistance of a A/2 dipole, 
and half that, or 36.5 Q, for a grounded A/4 monopole. 
(The approximate values given by Eqs. (32) and (33) would 
be 50 Q and 25ß respectively.) 

Effective Height 
Effective height, he, is a convenient quantity for relating 

the output of a receiving antenna to the field incident 
in its vicinity, i.e., the field that would exist in the absence 
of the antenna, but not the ground plane. It has physical 
credibility only for vertically polarized radiation, such as 
that characteristic of monopoles. Effective height is defined 
as the ratio of antenna open-circuit voltage to incident 
field strength. Its numerical value is derived [Kraus (1950)] 
by noting that 

_ Ef2
P 120n 

(34) 

and that the power available to a conjugate-matched load 
is 

Murata Erie has the largest selection of VHF 
thru microwave monolithic ceramic capacitors 
in chip and leaded configurations in the in¬ 
dustry — NPO to X7R T.C.’s, high Q and high 
power units are all included. What’s more, 
Murata Erie is the leader in the application of 
automated production and advanced quality 
control technology, assuring uniform and 
highly reliable components. 

FIXED & VARIABLE 
CAPACITORS for HF. VHF. UHF & Microwave Applications 

CAIAlOGNO 5803 

u 

Write for our 
comprehensive 
catalog/specifi-
cation manual 
that features de¬ 
tailed perform¬ 
ance data for all 
major capacitor 
parameters 
through 10 GHz. 
It’s free! 
Murata Erie 
North America, 
Inc., 1148 
Franklin Rd., SE, 
Marietta, GA 
30067, or call 
404-952-9777. 

MURATA ERIE NORTH AMERICA. INC. 

E 2
w, = , (35) 

4M 

where 
E( = RMS field strength, 
Eoc = antenna open circuit voltage, 
R = radiation resistance. 

Combining Eqs. (10), (34), and (35), we have 

Eoc2 _ E,2A 
4R ~ 120n 

or 

h2 = = 4RA . (36) 

E2 120n 
f 

Using the values for R and A derived previously, we have, 
after some manipulation, 

he (short dipole) = jf/2 , (37) 

and 

he (short monopole, surface wave) = h/2 . (38) 

These expressions are correct in all cases if evaluated 
using the total field at the antenna element. They are also 
correct for the arriving ray when no local reflection is 
involved, i.e., a dipole in space or a monopole receiving 
a surface wave. The larger values indicated by the fourth 
footnote in Table 1 relate the open-circuit voltage to the 
ray arriving in the vicinity of an antenna-ground combination, 
such as an elevated dipole or a monopole receiving a space 
wave. 
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When looking for a Synthesizer 
for frequency agile systems (such 
as FSK, secure communications 
or radar), our new Model 5135A 
is the fastest now on the market. 
Latest in our series of 160 MHz 
units, it completes frequency 
changes as large as 10 MHz in 
less than 1 /isec (5 psec for 
larger ones). For low-noise, 
phase-coherent radar systems, 
switching is also phase-
continuous with frequency 

changes of 100 kHz or less. 

Its .001 Hz resolution over the 
full 160 MHz range makes it 
ideal as a local oscillator, where 
small frequency changes are 
reflected as large ones in a 
transmitted signal. Adjacent 
channel interference for high 
resolution systems is kept to a 
minimum by our very low SSB 
phase noise of - 95 dBc/Hz, as 
close as 10 Hz from the carrier. 

To find out how this unique 
synthesizer can fit your 
application, contact us or your 
local Wavetek representative. 

Wavetek Rockland Scientific, Inc. 
10 Volvo Drive 
Rockleigh, NI 07647 
(201) 767-7900 

VAVETEK-

1 /zsec switching 
makes it hard 
to eavesdrop 
or interrupt... 

and our NEW Synthesizer 
has 1 /¿sec switching, 
the fastest you can buy 

Model 5135A 
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SWITCHES 
PLANAR PACKAGED 

THIN-FILM MICS 
• Hermetically Sealed 
• 883 B Screening Available 

SPECIFICATIONS 

Frequency 2-4 GHz 

Switching Speed 500 nanoseconds max 

Isolation 50 dB minimum 

Insertion Loss 1.2 dB maximum 

RF Power +10 dBm maximum 

VSWR 1.3/1 typical 

Impedance 50 ohms 

Size* .625x ,750x .136 inches 

SP2T/PN DS0379 SP4T/PN DS0378 

Control 2 line TTL 4 line TTL 

DC +5V at 25mA max 
Power —5V at 18mA max 

+5V at 40mA max 
—5V at 30mA max 

Application To Practical Antennas 
The idealized antennas considered here are similar to 

many practical antennas, with the result that the gain 
values in Table 1 can be used directly. For example, 
inverted cone antennas are manufactured by both Granger 
Associates (Model 1794)* and TCI (Model 550)t; both are 
specified as having low-angle gain over perfect ground of 
approximately 5 dBi, which is equivalent to the 5.16 dB 
given in Table 1 for the quarter-wave monopole. The detailed 
gain-versus-elevation angle patterns given by the manu¬ 
facturers, including any corrections for imperfect ground, 
would be used with Eq. (4) for all purposes except reception 
of surface waves, for which they would be reduced by 6 dB 
from the 0-degree perfect-ground value, that is, to approxi¬ 
mately -1 dBi. (The latter assumes a good local grounding 
system, though not the good ground of infinite area 
necessary to maintain +5-dBi sky-wave gain at 0-degrees 
takeoff angle.) 

Vertically polarized antennas consisting of arrays of 
dipoles provide still higher values of gain. For example, the 
near-horizon gain of the Granger Model 1703* antenna 
is 11 dBi and that of the TCI Model 503f is 12 dBi. For 
sky waves these antennas correspond to dipoles employing 
a ground reflection as in Figure 6. Their 3 or 4 dB of gain 
above the 8.17 dBi of a dipole over ground results from 
the array action. When employed for reception of surface 
waves, the ground reflection is absent, and, like any other 
antenna, these units would have 6 dB less gain than they 
do for sky waves. The proper gain value to use for the 
Granger or TCI antennas for surface-wave reception 
would, therefore, be 5 or 6 dBi. Note that although the 
antenna itself does not require a local ground, the 
strength of the surface wave itself depends on ground 
constants. 

Horizontally polarized antennas are treated the same as 
vertically polarized dipoles, except that their gain is always 
a maximum at some angle above the horizon, and they 
neither launch nor receive surface waves. For example, 
the Granger Model 1765 broadband dipole, with a maximum 
gain of approximately 8 dB, corresponds to the À/2 
dipole-over-a-ground of Table 1. 
‘Granger Associates, 3101 Scott Boulevard, Santa Clara, 
CA 95051. 
tTCI, 1625 Stierlin Road, Mountain View, CA 94045. 

2300 varieties of MIC & 
Connectorized Solid-State 
Switches, RF Relays, 
Delay Lines, Step 
Attenuators & Voltage 
Control Attenuators... 

Active Receiving Antennas 
Receiving antennas that combine a low-noise preamplifier 

with a short, vertical monopole antenna are called active 
receiving antennas and are useful in several applications. 
The effective gain of such antennas can be determined 
by measuring an apparent effective height and calculating 
a corresponding gain. A report by Thowless [1978] describes 
a measurement method and results for three commercially 
available antennas. 
A known surface wave field, E(, is generated on a flat 

conducting plane, and the resulting output open circuit 
voltage, Eoc , of the antenna system is measured. The ratio 
Eo(/E( is the apparent effective height, h'e, in meters. From 
Eqs. (23) and (36), we have 

,2 _ 4Rg slcÀ2 
ne(sfc) —

4n(120n) 
(39) 

22 

DAICO INDUSTRIES, INC. 

2351 East Del Amo Blvd., Compton, CA 90220 
Telephone: (213) 631-1143 • TWX 910-346-6741 
©1983 Daico Industries. Inc 
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mp83426K 

and 

9Sfc ~ 

120"2h?,s,c, 

RA2

or 

Gs(c = -35.8 + 20 log 10 (h'efMHz)dBi . 

(40) 

(41) 
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Now there is a new standard for 
versatility in programmable signal 
generators. The Wavetek Model 
3510 Programmable Signal 
Generator. 

Its RF output frequency is 
settable from 1 to 1040 MHz in 100 
Hz increments and has a 
calibrated output level from -137 to 
+13 dBm. in .1 dB steps. Internal 
modulation frequencies can be set 
between 80 Hz and 10 kHz in 10 Hz 
increments. 
The control capabilities of the 

3510 are equally outstanding, with 
GPIB programming as standard 
equipment, and a unique user-

friendly front panel entry system. 
Every control function except the 

on/off switch is accessible via the 
GPIB. Wavetek programming 
conventions let you send 
instructions in free format. A non¬ 
volatile memory stores 32 complete 
instrument setups for fast test 
sequences. Bus-controlled 
frequency changes can be made 
in as little as 40 ms, 50 times faster 
than some other programmables. 
The non-volatile memory and 

free-format entry system are also 
available at the front panel for 
manual control, along with a 
"scratch pad" memory that lets you 

modify settings as often as you 
wish before changing the output. 
Our new standard for versatility 

makes the Wavetek Model 3510 
Signal Generator ideal for both 
engineering and production 
applications. The 3510 is easy to 
use, and at $6195, it's easy to buy. 

For complete description or 
demonstration, call Toll Free 
800-428-4424 and ask for Ext. 3510. 
In Indiana, call 317/788-5960, or 
write Wavetek Indiana, Inc., 5808 
Churchman, PO. Box 190, Beech 
Grove, IN 46107. 

Wavetek 

Introducing the most versatile 
signal generator you can buy. 

Just what you'd expect 
from Wavetek. 
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Dual, ultra Low Noise FET CD860 

Figure 9. 
Gain of Marconi Active Antenna 

This dual FET is designed for low level amplifiers 
with input noise voltage typically 1.4nVVHz at 
1 kHz. Device has min. Gm of 25,000 pMho per 
side, assuring voltage gain of 25 min. with IK drain 
load. The 10mA operating point is easily held due to 
low pinch-off voltage, as source follower. CD860 has 
typical output impedance of 24 ohms. Gm is matched 
to ±5% and VPO to ±25mV. 

TELEDYNE 
CRYSTALONICS 
147 Sherman St. . Cambridge, MA 02140 
Tel. (617) 491-1670 • TWX: 710-320-1196 
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Cost-effective, 
reliable filter solutions 
to RFI/EMI problems 

LMI 
manufactures 
a broad line of 
high performance, 
long life power and 
communications line 
filters, filter panels, 
and power factor 
correction networks. 
These are now widely 
used in shielded 
rooms, data proces¬ 
sing centers, com¬ 
munications centers, 
hospitals, ground 

designed 
and manu¬ 
factured to 

MIL-F-15733E, UL 
and other specs; our 
communications line 

filters exceed 
M1L-STD-HBK.-232. 

All models have 
standard power sys¬ 

tems, voltages, current 
and frequency ratings 
for easy interface with 

circuit breakers and UL 
and NEC requirements. 

support facilities, 
shielded cabinets and other 
secure or RF controlled areas. 
Our power line filters are 

Write or call for catalog F-300. 
LectroMagnetics, Inc. 
6056 West Jefferson Blvd. 
Los Angeles, CA 90016 
(213) 870-9383 

LMI LectroMagnetics, Inc. 

The notation h'e follows that of Thowless [1978] to indicate 
an apparent effective height because the output voltage 
is a function of the amplifier parameters as well as of the 
antenna element itself. R is the nominal output impedance 
of the active antenna amplifier, normally 50Q. The subscript 
(sfc) serves as a reminder that the measurement employs 
surface waves; therefore, the derived gain applies to 
reception of surface waves. As discussed earlier, the gain 
for sky waves would be 

g = 4gSfc 

or 

G = Gslc + 6 dB . (42) 

Thowless [1978] has measured the apparent effective 
height of a Marconi Model H-33-5500-01 active antenna, 
with the results plotted in Figure 8. For the accuracy 
required in system modeling, 0.5 m is an adequate approxi¬ 
mation to the apparent effective height. If we apply Eqs. 
(41) and (42), we obtain the gain (for sky waves) plotted 
in Figure 9, which is equivalent to, and within 1 or 2 dB of 
equaling, Figure 7 of Thowless [1978]. The dashed line 
shows the linear approximation 

G(dBi) = -36 + 20log 10fMHz , (43) 

which is useful for system modeling. 

Conclusion 
The concepts of basic transmission loss, antenna gain, 

power density, capture area, and effective height can be 
made compatible for practical calculations with surface and 
space waves, but at the expense of attibuting to a morSpole 
6 dB less gain when it is receiving surface waves than 
when it is receiving space waves or transmitting either 
space or surface waves. 
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REF LEVEL INPUT ATTEN LOG SCALE 
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Many of today’s complex instrumentation systems 
depend on programmable frequency synthesizers. 
Varian Instrument Division, Palo Alto, is using 
PTS 160 and PTS 200 low noise sources in their 
state-of-the-art-products. 
The reliability record established by these 
synthesizers over the years has been outstanding. 
If you need VHF-UHF Synthesizers for precision 
frequency control in your system or lab, 
follow the leaders, specify PTS with confidence. 

, -.1, - FREQUENCY SYNTHESIZER MODELS 
I T- > 40 MHz, 160 MHz, 200 MHz, 500 MHz 



Methodology for the Design 
of Narrow Band, Low Noise 

Microwave Amplifiers 

By Arturo Serrano Santoyo, Jose Luis Medina Monroy 
Cl CESE Research Center, Baja California, Mexico 

The technique presented in this article is based on the 
selection of a reflection coefficient r that provides the 

minimum noise factor as well as moderate gain for a single 
stage microwave amplifier. By means of a simple computa¬ 
tional algorithm, it is possible to obtain the desired value of 
r for a given narrow frequency range. From this value of r, 
the input and output matching circuit elements of the active 
device can be calculated directly. 

I. Introduction 
There are basically two methods used in the design of a 

low noise microwave amplifier, network synthesis or trial 
and error using the Smith Chart. Network synthesis gives 
fast and efficient results when proper computer programs 
are used. Trial and error method is based on the selection 
of input and output reflection coefficients from which proper 
matching networks are calculated. One way to obtain such 
reflection coefficients is by using circles of constant gain 
and noise figure displayed in the Smith Chart. When the de¬ 
sign of the amplifier is performed at several frequencies, 
this method becomes very tedious due to the large number 
of circles involved. 

In the technique presented in this article, instead of using 
the circles to arrive at the proper reflection coefficients, a 
simple computer algorithm that provides the desired T is 
used. By means of this algorithm, graphs of noise figure and 
gain versus input reflection coefficient Toi , are obtained for 
a particular frequency range. 

II. Description of the Design Method 
A basic block diagram of a microwave amplifier is shown 

in Fig. 1. The transistor used to describe the present tech¬ 
nique is the GaAsFET HFET1101 whose noise and S para¬ 
meters for the 3.7-4.2 GHz frequency band are shown in 
Table I. 12. 

Fig. 2 shows the location of S,,* and To for the HFET1101 
in the inferior, central and superior frequencies of the band. 
The particular region in which the gain and noise figure 
graphs are going to be obtained are also shown. 
As it is generally known, matching to S,/ provides maxi¬ 

mum unilateral transducer gain for the input circuit. Match¬ 
ing to To gives minimum noise figure. S„* and To for a par¬ 
ticular device and frequency are in general different. This 

conflict has to be resolved depending on the requirements 
of the desired amplifier and on the properties of the active de¬ 
vice and matching circuits. If a minimum noise amplifier is 
desired, the optimum input reflection coefficient Toi will be 
equal to To and the output reflection coefficient Too can be 
calculated by equation 13

roo — I s22 + § 12^21^01 
i-s„r oi

d) 

A compromise between maximum gain and minimum 
noise figure can be established considering the values of To 
and S,/ fora particular device. In the case of the HFET1101, 
it can be observed from Fig. 2 that the variation of r? towards 
S* improves the gain, but at the same time the noise figure 
increases. On the other hand, variation of S„* towards To 
decreases the gain, but improves the noise figure value. 
The methodology proposed for the design of a narrow 

band low noise microwave amplifier for a particular fre¬ 
quency range consists of the following steps: 

1) Selection of the desired ror To obtain the proper input 
reflection coefficient, a simple computer program performs 
three basic operations: i) Variation of reflection coefficient 
from To to S,/ in a straight path, that is to say, varying 
simultaneously the magnitude and angle of 11 . Fig. 3 shows 
results of this operation, ii) Variation of the angle of Toi 

fixing the magnitude constant. Fig. 4 shows results of this 
operation having |T J = 0.6 and varying the angle of roj from 
70° to 130°. iii) Variation of |Toj | fixing the angle constant. 
Fig.5 shows results for this operation obtained with zT^ 
= 100° and varying |T oi | from 0.3 to 0.9 

2) the output reflection coefficient r«, is calculated by 
equation 1. 

3) Noise figure for each TOI selected is obtained with equa¬ 
tion 2 as follows4: 

i 4r |r -r i2 
FR(dB) = 10 log I Fmin + (2) 

where rn is the equivalent normalized noise resistance, Fmin 
is the minimum noise figure. 

4) Transducer gain for the amplifier stage is calculated 
by equation 3.5
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Drive ESD problems 
into the ground! 
NEW Instrument Specialties devices ground high 
voltage static discharge with minimum contact stress! 

You know how Instrument Specialties’ shielding strips have helped solve your interference 
control problems. Now, a design breakthrough can provide your answer to grounding high 
voltage discharge. 
These new assemblies provide optimum contact force with a minimum of stress on the 
contact. Material is either brass, or beryllium coppper, with all its inherent advantages. 
Mounting is compatible with all surface textures and materials. Moreover, a complete 
spectrum of platings is available to ensure galvanic compatibility. 

A few typical, off-the-shelf assemblies are shown here. Special designs, engineered 
precisely to meet your requirements, can be produced with a minimum of lead time. And 
there’s no charge for consultation. 

The Instrument Specialties’ “Mushroom” is a two-piece assembly 
consisting of a beryllium copper top plate and plastic push rivet 
which mounts through a .250 inch diameter hole. 

97-700 

The “Pop-Up” is a spring-loaded brass assembly in a serrated cup for 
easy snap-in mounting. One pound of compression pressure yields 
over 1000 pounds contact force per square inch. 

97-710 

Used with both the Mushroom and Pop-Up assemblies, this brass 
contact plate acts as a mating surface of consistent quality which 
mounts in the opposing plane. 

97-720 

These beryllium copper grounding bars are mounted on chassis and 
cabinet frame components by riveting, heat staking, or by using 
common hardware such as screws and fasteners. Redundancy of 
contact points is attained by varying the number of fingers. Instru¬ 
ment Specialties also offers many custom variations. 

97-733 

To get your copy of our complete manual, discussing theoretical and 
practical aspects of interference and grounding problems and their 
solutions, use the Reader Service Card. Or, write directly to the 
address shown below, Attn: Dept. RF-U. 

INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 
Specialists in beryllium copper since 1938 
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metelics 
STATE-OF-THE-ART 
MICROWAVE DIODES 

SCHOTTKY 
SERIES-T 

BEAM LEAD 

AVAILABLE NOW IN 
MEDIUM BARRIER 

• VERY TIGHT MATCHING 
• STRONG BEAMS 

Typical Specifications 
MS-40,241-B10 

Cjo = .08 pF 
RD @ 5 mA = 15ÍÍ 

MSS-40,248-B10 
Cjo = .12 pF 
RD @ 5 mA = 12Í1 

MSS-40,255-B10 
Cjo = .25 pF 
RD @ 5 mA - 10Í) 

ALSO AVAILABLE IN 
EPOXY OR HERMETIC 

PACKAGES 

OTHER 
NEW PRODUCTS 
FROM METELICS 
COMING SOON: 

LOW BARRIER 
& 

HIGH BARRIER 
VERSIONS OF 

SERIES-T 

Write or call for information 

METELICS CORPORATION 
1031 East Duane, Suite #D 
Sunnyvale, CA 94086 
Telephone: (408) 737-8181 
TWX. 910-339-9537 
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transformers 

3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295

Choose impedance ratios from 1:1 up to 36:1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55831 requirements*). 
Fast risetime and low droop for pulse applications; 
up to 1000 M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 

Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 
’units are not QPL listed 

jvailab16 ' 
computer-aul 

finding new ways. .. 
setting higher standards 

Q Mini-Circuits 
■ ■ ■ ■ a Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 
P.O. Box 166. Brooklyn, New York 11235 (21 2) 934-4500 

Domestic and International Telex 125460 International Telex 620156 

C71 Rev. Orig. 
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CURTIS RFI FILTERS... GT(dB) = 10log 
is 21l2d-|ro,|2)(i-|r„|2) 

Ki-s^rja-s^oo ) - (s 12s21rojrœ)|2 (3) 

5) Having obtained Fol and r„ from the graphs shown in 
figs. 3, 4 and 5, the associated impedances are as follows6: 

OWE. +

(4) 

^oiroitoilsintAFp,^)) 

i+ir oi(o)l2-2IWos(^rol(o) ) 

Filters are 1009b Tested for 
Quality, Spec Compliance. 
Specify Curtis RFI power line filters to meet FCC/VDE 
requirements on conducted noise emission and get the best 
"Noise Traps" you can buy . . . Best because only Curtis 
tests for quality and spec compliance, including insertion 
loss, on a 100% production basis . . . Best because of our 
rigorous component qualification program and thorough 
incoming and on-line inspection procedures . . . Best be¬ 
cause of our computer-controlled 100% safety and per¬ 
formance testing to demanding customer requirements. 

Curtis offers a wide choice of 1, 3, 6, 10 and 20-amp 
models for common and differential mode noise. We 
give you more termination options — wire, quick-connect, 
IEC connectors, PC mount, and screw terminals. Our 
custom design capabilities give you an even wider variety of 
package and terminal styles. 

We re always ready to provide application engineering 
assistance. We can compliance-test your equipment, too, 
in our R F l/EMI test lab. Fast turnaround is assured with 
computer-generated graphics and test reports. 

Come to Curtis for a better "Noise Trap" . . . competitive 
prices . . . and better customer service. 

CURTIS INDUSTRIES. INC 
8000 W. Tower Ave., Milwaukee, Wl 53223 
Phone (414) 354-1500, Twx 910-262-3035 
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6) From the impedance values given by equation 4 the 
matching circuits are easily obtained. There are several 
methods widely described in the literature7'8 9. 
The behavior of gain and noise figure for each of the fre¬ 

quencies in the analysis can be observed from fig. 3. If a 
minimum noise amplifier is desired, it is convenient to 
select that corresponding to ro at the highest frequency. 
This is done to compensate frequency roll-over effects of 
the transistor, If a minimum noise figure amplifier is not 
desired, or if a higher gain value is necessary, the selection 
of another roi can be easily don by means of fig. 3. 
The graphs of figs. 4 and 5 show the behavior of gain and 

noise figure when the same roi is presented in the whole fre¬ 
quency range. This situation is not particularly true in prac¬ 
tice because for each frequency there is a value of Foi . How¬ 
ever, for some narrowband designs the approximation can 
be acceptable. 

III. Design Example 
The requirements of the amplifier for the design example 

are: 
Maximum Noise Figure 1.8 dB 
Minimum Gain 10 dB 
Frequency Range (3.7-4.2) GHz. 
The transistor used for the example is the HFET1101 

whose parameters are given in Table I. Using the methodol¬ 
ogy proposed in this article, a Foi is selected from Fig. 4. The 
specific roi selected is roi = 0.6'-105°. For this particular 
roi , we obtain FR = 1.64 dB and G = 12.29 dB at the central 
frequency. At the highest and lowest frequency we observe 
that a noise figure FR= 1.68 can be obtained with a gain 
flatness of around 1 dB in the whole frequency range. For 
the roi selected, rœ is obtained by equation 1) giving r„ = 
0.69^73.81 °. 
The associated impedances are calculated from equation 

4) giving: 

zoi = 19.155 + ¡34.692 and Z„ = 23.922 + ¡60.765 

To calculate the matching networks, an in-house com¬ 
puter program was used 7. This program gives the electrical 
length and impedance value of each one of the matching 
circuit elements. The values for Z and © are show in Table 
II. This same program has the capabilities of analyzing the 
behavior of the complete amplifier stage in the whole fre¬ 
quency range. Final results for this amplifier stage are shown 
in Table III. By further optimization 10 of the network elements, 
the general behavior of the amplifier can be improved. Tables 
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WATKINS-JOHNSON COMPANY n : a recognized leader in electronics for over twenty-five years; the 
standard of comparison in oscillator performance and technology (See Voltage Controlled Oscillator) 

Capabilities include: wideband tunable sources for ECM systems or 
simulators, narrowband oscillators for radar or guidance applica¬ 
tions, fixed-frequency cavity oscillators for up or down conversion, 
TO-8 or microstrip oscillators for small low-cost requirements and 
also oscillators for other applications which require the high-speed 
tuning capability of a VCO. 
A combination of design simplicity and high quality standards 

assures that Watkins-Johnson VCOs can be guaranteed and 
qualified to rigorous MIL-spec requirements. Selected units have 
been qualified to MIL-E-5400 and MIL-E-26400. A number of 
Watkins-Johnson oscillators have been qualified for high reliability 
programs and have undergone extensive screening. 
Complete details, including price and delivery are available from 

Watkins-Johnson Company, VCO Applications Engineering, 
440 Kings Village Road, Scotts Valley, CA 95066. 

440 Kings Village Road, Scotts Valley, CA 95066 • Telephone (408) 438-2100, ext. 259 
uud WATKINS-JOHNSON 
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frequency 
doublers 

to +15 dBm input 

1 to 1000 MHz 
only $21 95 (5-24) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

micro-miniature, 0.5 x 0.23 in. 
pc board area 

flat pack or plug-in mounting 

high rejection of 
odd order harmonics, 40 dB 

low conversion loss, 13 dB 

hermetically sealed 

ruggedly constructed 
MIL-M-28837 performance* 
*Units are not QPL listed 

SK-2 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
INPUT 
OUTPUT 

1-500 
2-1000 

CONVERSION LOSS, dB 
1-100 MHZ 

100-300 MHz 
300-500 MHz 
Spurious Harmonic Output. dB 
2-200 MHz F1 

F3 
200-600 MHz F1 

F3 
600-1000 MHz F1 

F3 

TYP. 
13 
13.5 
14.0 
TYP. 
-40 
-50 
-25 
-40 

-20 
-30 

MAX. 
15 
15.5 
16.5 
MIN. 
-30 
-40 
-20 
-30 
-15 
-25 

For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Goldbookor EEM 

finding new ways ... 
setting higher standards 

C^Mini-Circuits 
A Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200 
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10 Good 
Reasons 
why you can depend on the 
new EMC-50 Microwave EMI Receiver 
Electro-Metrics has re-designed the EMC-50 
Interference Analyzer to make it even more 
useful to you. Now the updated EMC-50 
combines a number of performance advan¬ 
tages in one convenient package — and 
becomes your only real choice. 

Here are ten good reasons why: 

1 Wide range. Five RF bands cover 500 MHz 
to 18 GHz (expandable to 40 GHz) 

2 Entire front-end is remotable (up to 100') 
to permit locating unit near antenna. 

3 TYacked YIG preselection reduces front 
end overloading. 

4 Built-in sweep function permits spectrum 
analyzer-type CRT display. 

5 Linear and log IF for accurate low level 
readings plus wide dynamic range. 

6 130dB calibrated measurement range 
with 60dB meter display. 

7 Linear average detection satisfies FCC 
requirements. 

8 3dB bandwidths of 100 kHz, 1 MHz and 
10 MHz (20 MHz @ -6dB). 

9 Tÿpical CW sensitivity: 2dB(/izV) 
or -105dBm. 

10 X-Y plots 1 to 5 bands on a single sheet 
with adjustable Peak Hold. 

So whether you're doing emissions testing or 
working with radar, satellites or security com¬ 
munications, if you're using microwaves, the 
advanced EMC-50 Microwave EMI Receiver 
will do it all — accurately and reliably. 

Automate your emissions and 
susceptibility testing with the 
CCS-750 computer-controlled system 
Your EMC-50 Microwave EMI Receiver can 
provide faster and more comprehensive EMI 
measurements when it is part of the Electro¬ 
Metrics CCS-750, which includes a Digital 
Interface Unit and desk-top computer system. 

With this system, signal strength vs. 
frequency is displayed directly, with auto¬ 
matic correction for antenna factors and RF 
attenuation. And all data can be stored for later 
use. An IEEE-488 Interface Bus controls signal 
sources as well as all other test parameters, 
and facilitates integration with other 
automated equipment. 

For more information about Electro-Metrics 
EMC-50 or CCS-750, call or write today. 

100 CHURCH STREET 

AMSTERDAM, N.Y. 12010 ELECTRO-METRICS 
A PENR/L COMPANY 

TEL (518) 843-2600 

TWX: 710-446-4798 
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FREQ. Sn S21 S12 S22 Fmin Fq . rn

(GHz) (MAG ANG) (MAG ANG) (MAG ANG) (MAG ANG) (dB) (MAG ANG) 

3.7 0.813 -94.4 1.990 88.3 0.067 29.6 0.067 -56.0 1.548 0.635 91.7 0.454 

3.95 0.792 -102.4 1.995 81.1 0.070 26.0 0.569 -60.8 1.600 0.618 98.0 0.463 

4.2 0.780 -107.0 1.936 76.9 0.071 23.7 0.653 -63.7 1.660 0.614 101.5 0.42 

TABLE I 

HFETllOl S AND NOISE PARAMETERS 

IV and V show the final results of the designed amplifier. 
Fig. 6) shows the structure of the designed amplifier when 
DUROID 5880” substrate is used. 

IV. Conclusions 
The technique presented in this article provides an alter¬ 

native design methodology. There are at the present several 

computer programs that help the high frequency electronics 
designer in his task. This one in particular, is a simple tech¬ 
nique by which narrow band designs can be obtained with 
satisfactory results. Accuracy in the method depends on 
the bandwidth magnitude on the precision of the measured 
S parameters and on the quality of the matching networks. 
The analysis and the information provided by this method¬ 
ology have been of great importance for the design of low 
noise TVRO microwave in our laboratory. □ 

EQUIPMENT 
MUST MEET 
FCC RULES 

SERIES JX5900 
FILTERS 
...U.L. Recognized, 
C.S.A. Certified, VDE Licensed 

• General-purpose EMI/RFI line filters for equipment 
to comply with FCC and international standards. 

• Meet 10 kHz to 30 MHz attenuation requirements. 
• For operation at 125 or 250 volts, 50-60 Hz. 

Write for Engineering Bulletin 8216 to 
Technical Literature Service, Sprague Electric Co. 
709 Marshall Street #709 _ 4SF-1155R2 

North Adams, Mass. 01247. 

THE BROAD-LINE PRODUCER 
OF ELECTRONIC PARTS 

SPRAGUE 
a Fann Central unit 
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ANNOUNCING 
INE ENO Of 
IK Ga AS CRISIS. 

Feel like you’re waiting 
in line every time you order 
gallium arsenide devices? 

Maybe it’s bad enough 
when they’re standard 
products you’re after. 
And just plain intoler¬ 

able when you need something 
tn^Hp tn vmiv çnppç packaged gunn diodes maue io your specs. The rugged re]iabie, 

Woll horo’c roll oí standard for signal generation up to 24 GHz. 
VV vil, 11CI v&I C11C1. Available to your exact specifications. 
. . rui» e Feature low noise and power Announcing a full line of tosoomw. 

high performance gallium 
arsenide diodes for C Band to milli¬ 
meter applications, made the way 
you need them, available when you 
need them. , 
And they’re all from Fre- \ ¿ 

quency Sources. So you know 

PLATED 
GUNN CHIPS 
The ideal “chip form” Gunns 
for hybrid circuits. Feature 

power up to 500mW 
and 6% efficiency. 
Wide band 
widths up to 
18 GHz. 

HIGH Q TUNING 

highest Q (up to 
16,000) and lowest series 

of any tuning varac¬ 
tor in the industry. Made to your 

specs in voltages from 15 to 60 volts. RF 
through millimeter tuning. 

they’ve been measured, tested, 
retested and optimized in some 

MULTIPLIER AND PARAMP VARACTORS 
Extremely sensitive for paramps, extraordinarily efficient for 
multipliers. Available in a wide range of hermetic packages to 
match your exact application — from S Band through millimeter. 

of the most advanced microwave 
circuits anywhere. 
We have a sales and engineering sup¬ 

port staff eager to help you find exactly 
the right gallium arsenide diode solution 
for your special problem. Why not call 
today? 

FREQUENCY 
SOURCES 
SEMICONDUCTOR [DIVISION 
A SUBSIDIARY OF LORAL CORPORATION 

16 Maple Road 
Chelmsford, MA 01824 
(617) 256-8101 
TWX (710) 343-0404 
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11.5dB ELEM II TYPE Z(OHMS) 6(DEGREES) 

directional 
couplers 

1 LT 50.000 20.000 

2 CS 700pf -

3 LT 25.000 53.158 

M i 'l 1

0.5 to 500 MHz 
only $1195 »49 

IN STOCK.. .. IMMEDIATE DELIVERY 

• MIL-C-15370/18-002 
performance* 

• low insertion loss, 0.85dB 

• high directivity, 25dB 

• flat coupling, ±0.5dB 

• miniature, 0.4 x 0.8 x 0.4 in. 

• hermetically-sealed 

• 1 year guarantee 
*Units are not QPL listed 

PDC 10-1 SPECIFICATIONS 

FREQUENCY (MHz) 0.5-500 
COUPLING, dB 11.5 
INSERTION LOSS. dB TYP. MAX. 
one octave band edge 0.65 1.0 
total range 0.85 1.3 
DIRECTIVITY, dB TYP. MIN. 
low range 32 25 
mid range 32 25 
upper range 22 15 
IMPEDANCE 50 ohms. 

For complete specifications and performance 
curves refer to the Microwaves Product 
Data Director, the Goldbook, EEM. 
or Mini-Circuits catalog 

finding new ways ... 
setting higher standards 

[^Mini-Circuits 
A Division of Scientific Components Corporation 

Worlds largest manufacturer of Double Balanced Mixers 

2625E. 14th St. B’klyn, N.Y. 11235(212)769-0200 
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4 LT 94.871 28.410 

5 TR HFET101 -

6 LT 95.000 34.737 

7 LT 38.884 85.501 

8 CS 700pf -

9 LT 50.000 20.000 

TRANSMISSION LINE - LT 

CONCENTRATED SERIES CAPACITOR - CS 

ACTIVE DEVICE - TR 

TABLE II 

VALUES OF Z AND 0 FOR THE DESIGN EXAMPLE 

FREQ. NF G VSWRI VSWRO 

(GHZ) (dB) (dB) 

3.70 1.825 11.638 6.14 2.22 

3.95 1.640 12.059 3.64 1.026 

4.20 1.671 10.889 3.74 1.734 

TABLE III 
GENERAL CHARACTERISTICS OF THE DESIGNED AMPLIFIER 
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Now, HP packs more value 
into its economical RF spectrum 

analyzers with digital 
display and rugged portability. 

levels specified under MIL-T-28800 C 
Type III, Class 3, Style C performance tests. 
A choice of RF plug-ins covers 
your applications. 
Notable performance specifications of 
the 8557A and 8558B plug-ins include 
70 dB dynamic measurement range, 
1 kHz to 3 MHz variable resolution, 

Measuring RF signals? HP's economy RF spectrum 
analyzers now give you even more value for your 
money. We've added digital display, versatile data 
I/O and rugged portability to the excellent 
performance and operating simplicity of these 
popular spectrum analyzers. The new HP 853A 
digital display spectrum analyzer mainframe with 
the HP 8557A (10 kHz-350 MHz) or 8558B (100 
kHz-1500 MHz) spectrum analyzer plug-in 
combines accurate performance and simple 
three-knob operation to meet a wide range of RF 
measurement applications. 
Digital display adds clarity and 
convenience. 
The HP 853A provides two independent 480-by 
800-point resolution traces for flexibility in 
storing trace data and monitoring signal changes. 
You get a crisp, flicker-free, easy-to-read display. 
And the microprocessor-managed display system 
includes maximum hold for storing peak signal 
values, digital averaging over successive sweeps to 
reduce noise effects, and trace normalization to 
help detect signal changes in a crowded spectrum. 
Rugged portability lets you take it 
almost anywhere. 
The 853A is designed for transportable use in 
rigorous environments. Weighing less than 48 lbs., 
the analyzers can be taken outdoors for field test 
use , or easily moved around lab and production sites. 
The 853A comes with a tilt-bail handle, rubber 
bumpers, and a drip-proof front panel cover. What’s 
more, the HP 853A with plug-in installed is type-
tested to meet shock, vibration and driptest 
5301201 

full range frequency response of 
±1 dB and 70 dB IF substitution amplitude 

accuracy of ± 1 dB. Basic measurements require 
only a three-knob sequence: TUNE to a signal 
and read frequency from the LED display, narrow 
the FREQUENCY SPAN for closer analysis and 
adjust REFERENCE LEVEL to read amplitude 
directly. Resolution and sweep speed are auto¬ 
matically adjusted. 

U.S.A, list prices for the plug-ins are: HP 8557A 
(350 MHz) $6,520; HP 8558B 11500 MHz) $7,925. 
The new 853A display mainframe is listed at $5,550* 

For a permanent 
record or com¬ 
parison of many 
displays, the 
853A push¬ 

button controls 
can directly 

operate an HP-IB 
plotter for hard copy data 

i .ji i recording. Or connect the 
853A to a computer (like 

systems the Hp.85) via Hp.IB and get

trace I/O as well as operator prompts 
on the CRT 

To add portability and digital display con¬ 
venience to your RF spectrum analysis applications, 
call your nearest HP sales office and ask for 
"Instruments'.' For the same simplicity and per¬ 
formance in microwave applications, ask about 
HP's economical microwave plug-in for the 853A. 
For more information about these instruments, 
write Hewlett-Packard, 1820 Embarcadero Road^z 
Palo Alto, CA 94303. 

•U.S.A, list prices only 
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plug-in 
attenuators 

DC to 1500 MHz 
only $l 95 (1.000 qty.) 

$3 95(10-49) 

IN STOCK. .. IMMEDIATE DELIVERY 

• rugged... meets MIL-STD-202 
• hi-stability, thick-film construction 

• miniature 0.4 x 0.8 x 0.4 in. 

• flat frequency response. .. 
±0.3dB (typ.) 

• VSWR less than 1.2: 1 (typ.) 

• 1W maximum power 

• designer's kit available, 
4 of each type (12 units) $39.95 

ELEM II TYPE Z(OHMS) 6(DEGREES) 

1 LT 50.000 20.000 

2 CS 700pf -

3 LT 26.000 55.000 

4 LT 81.000 34.000 

5 TR HFET1101 -

6 LT 87.000 35.000 

7 LT 31.000 64.000 

8 CS 700pf -

9 LT 50.000 20.000 

TABLE IV. 
OPTIMIZED VALUES FOR THE MATCHING CIRCUIT ELEMENTS 

SPECIFICATIONS 

MODEL ATTEN. ATTEN. TOL. 
AT-3 3 dB ±0.2 dB 
AT-6 6 dB ±0.3 dB 
AT-10 10 dB ±0.3 dB 
AT-20 20 dB ±0.3 dB 

For complete specifications and performance 
curves refer to the Microwaves Product 
Data Director, the Goldbook EEM. 
or Mini-Circuits catalog 

finding new ways ... 
setting higher standards 

C^Mini-Circuits 
A Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 

2625E . 14th St. B’klyn, N.Y. 11235(212) 769-0200 

C94-3 REV. ORIG. 
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FREQ. NF G VSWRI VSWRO 

(GHz) (dB) (dB) 

3.70 1.764 10.841 5.06 3.22 

3.95 1.620 11.426 3.61 1.78 

4.20 1.700 10.816 4.09 1.13 

TABLE V. OPTIMIZED RESULTS FOR THE DESIGNED AMPLIFIER 



ONAL TECHNI 
Areas of test, measurement & 
inspection technology 
covered by technical program 
& exhibit: 
Robotics & Machine Vision 
Test Data Analysis 
CAM/CAD/CAT 
Electro-Optics Test 
Image Analysis for 

Test & Inspection 
Factory of the Future-Test, 

Measurement & Inspection 
Subassembly/System ATE 
Test Software 
VLSI Test 
Component Test 
Test Instruments 
Communication Test 
Microwave Test 
Economics of Testing 
Process Monitoring 
T est/Analysis/Services 
Optical Inspection 
Failure Analysis 
Microelectronics Measurement 
Fiber Optics Test 
EMI/RFI Test & Evaluation 
Precision Instruments 
Production/QA/ATE 
Test Hardware 
Test & Measurement World Expo, 
215 Brighton Avenue 
Boston, MA 02134 617/254-1445 

For more 
information, 
fill out 
and send 
coupon below 

INFO/CARD3Í 

YES, I'M INTERESTED. 
Please send me detailed information on the 1984 Test & Meas 

urement World Expo technical program as soon as it is available. 
I want to show my products as an exhibitor at Test & 

Measurement World Expo. 
Please have a Representative phone me. 

NAME 

TITLE 

COMPANY 

MS/OEPT. 

AOORESS 

CITY/STATE/ZIP 

TELEPHONE 

Return coupon to: Test & Measurement World Expo. 
215 Brighton Avenue. Boston. MA 02134 



Improved Testing for EMC 
Gasket Performance 

A New Coaxial Test Fixture for Evaluating EMC Gasket Material Effectiveness 

By William Stickney 
Instrument Specialties Company, Inc. 

Electromagnetic shields are used to minimize the trans¬ 
mission of electromagnetic energy across their bound¬ 

ary, either to protect sensitive circuitry from ambient inter¬ 
ference, or to prevent unacceptable EMI emissions. Electro¬ 
magnetic compatibility (EMC) gaskets maintain the con¬ 
tinuity of a shield across joints and closures, and are thus 
commonly used around doors, access panels, ventilation 
openings, cable connectors, and many other components. 

Typical gasket materials are metal finger stock, conduc¬ 
tive elastomer, compressed wire mesh, elastomer filled 
screen, oriented wire mesh, and helical metal strip; each 
has its advantages. These materials are available in a variety 
of sizes and shapes, and some also function as environ¬ 
mental seals. Parameters used to select a proper material 
for an application include: shielding effectiveness, size, 
weight, closure force, corrosion resistance, ease of instal¬ 
lation, fatigue life, and cost. Of all the gasket material char¬ 
acteristics, effectiveness is the most difficult to measure. 
Two methods of evaluating EMC gasket material effec¬ 

tiveness are in use today: radiated energy measurement, 
and conducted energy measurement. 
The radiated energy approach is the older of the two meth¬ 

ods and is based on MIL-STD-285. In this procedure, gasket 
material is used to seal an opening in a shielded enclosure. 
A transmitting antenna is located outside of the enclosure, 

and a receiving antenna is located inside. Effectiveness is 
basically the difference in measured signal strength inside 
the enclosure before and after the gasket is installed. Poor 
repeatability resulting from enclosure resonance, reflec¬ 
tions, and antenna loading, as well as a lack of standardi¬ 
zation in mechanical dimensions severely limit the use of 
radiated measurements in determing gasket performance. 
The conducted energy method is described in SAE-ARP-

1705: “Coaxial test procedure to measure the RF Shielding 
Characteristics of EMI Gasket Materials”. This standard 
describes a test method for determining the “Transfer Im¬ 
pedance” of a gasket material using a small coaxial fixture 
and relatively simple instrumentation. In the transfer impe¬ 
dance test, illustrated in Figure 1, a signal is applied through 
a 50 ohm load to a gasket specimen clampled between 2 
plates. Transfer impedance is proportional to the ratio be¬ 
tween signal voltage and measured voltage across the test 
fixture. This method has excellent repeatability and is sen¬ 
sitive enough to detect small differences in performance 
between different materials, finishes, or loads. 
The conventional coaxial test fixture described in SAE-

ARP-1705 uses a pressurized diaphram to apply load to the 
gasket material. Load is calculated by multiplying diaphram 
area by a pressure gauge reading. Inaccuracies can result 
from diaphram stiffness, guage error, and poor regulator 
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...your window of reliability for 
frequency control. 
Application assistance during component selection. Quality assurance 
through all phases of production. Performance that meets the specifica¬ 
tions. And delivery that meets the schedule. 

These are some of the factors that make Bliley the preferred supplier of 
crystals and oscillators for aerospace, defense, and commercial applications. 

Boasting and bragging? You bet we are! We think it's important for you to 
know about us. The success of your project could depend on it. 

Call or write for our new catalog C/D. 

We re The First Name In Frequency Control 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd. 
P.O. Box 3428, Erie, PA 16508 
(814) 838-3571 TWX 510-696-6886 

INF0/CARD34 



• Radiated Susceptibility Testing 10 kHz -18 GHz 
• Enclosure Treated with R.F. Anechoic Material 
• Emissions Testing: 20 Hz to 18 GHz 
• Modern Semi-Automatic Swept EMI Receivers 
• Mobile EMI Vans for Remote Site Testing 
• 25 Years of EMI/EMC Experience 
• EMC Consulting; Custom EMI Filter Designs 

Call or Write For Capabilities Brochure! 

GENISCO 
TECHNOLOGY CCRPORAT1CN 
EMC Engineering Services Division 

18435 Susana Rd., Rancho Dominguez, CA 90221 ,(213) 537-4750, TWX: 910-346-6773 
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HIGH DYNAMIC RANGE 

RF AMPLIFIERS 

Janel offers a wide variety of high dynamic 
range RF Amplifiers. The chart below shows a 
sampling of what's available. All feature high 
guaranteed performance and yet are 
competitively priced. Many models are 
available from stock. 

Model Frequency Gain 

PF811 
PF749-1 
PF804 
PF7410C 
PF797A 

0.1 -32 MHz 
146-174 
215-320 
406-512 
800-960 

17.5dB 
16.5 
27 
16.5 
19.5 

N.F. 

4 5dB 
4.0 
4.0 

5.0 

3rd I.P. 

+ 42dBm 
+ 35 
+ 35 
+ 35 
+ 35 

In addition to RF Amplifiers, Janel manufactures a wide range of stan¬ 
dard Power Dividers and other rf components. Custom designs can be 
provided for unusual applications. For detailed information, call or 
write Janel Laboratories, Inc., 33890 Eastgate Circle. Corvallis. OR 
97333. Telephone (503) 757-1134. 

JANEL LABORATORIES 

performance. Tests on conductive elastomer gaskets re¬ 
quiring heavy loads produce an accumulated error that is 
insignificantly small. However, certain materials, such as 
Beryllium Copper finger stock, are used at compression 
loads typically one-tenth to one-onehundredth as heavy 
as conductive elastomers. In this light-load range, the ac¬ 
cumulated error is significant, and cannot be compensated 
for by a calibration procedure. 

Gasket loading of less than approximately 10 pounds per 
linear inch cannot be applied by the diaphram assembly be¬ 
cause pressure regulators typcially will not work below a 
setting of 5 psi. The diaphram is also limited in usable de¬ 
fixtures for measuring high deflection, low force EMI gas¬ 
ten percent from free height, this limited range presents no 
problems. However, Beryllium Copper finger stock can typ¬ 
ically be compressed 75% from free height, a distance which 
exceeds the diaphram range. Thus, expensive special tool¬ 
ing and repeated remounting of specimens are required to 
test these large deflection materials in the conventional 
fixtures. 

Test Fixture Design 

A new coaxial test fixture design was obviously necessary 
in order to make practical the testing of low force, large 
compression materials. Requirements included a specimen 
height range of 0-0.5 inches, a load range of 0-800 pounds, 
and the ability to calibrate load readings, particularly at 
light settings. A simple, inexpensive test plate design was 
considered desirable so that a variety of mating surfaces 
could be investigated. Such plates would accommodate a 
variety of gasket materials and allow quick changeover from 
one material to another. 

Instrument Specialities Co., Inc. has designed and built 
a coaxial test fixture (Figure 2.) for transfer impedance meas¬ 
urement which meets the requirements for testing all types 
of shielding gasket materials including Beryllium Copper 
finger stock. The new fixture has the same 6” diameter as 
the standard fixture, for easy data correlation. Heavy wall 
welded steel construction was chosen to prevent mechani¬ 
cal distortion under heavy loads. Housing components are 
tin plated to assure corrosion free low impedance electrical 
contact. Three, 2 inch bore single acting pneumatic cylinders 
are used to apply load to the gasket material. Single acting 
air cylinders, unlike diaphrams, have return spring preload 
which must be overcome before any motion occurs. Pre-
loading eliminates the problem of poor regulator perform¬ 
ance below 5 psi, since the motion threshold occurs at a 
higher pressure. The three cylinders can apply both heavy 
enough loads to test conductive elastomers, and light 
enough loads to test Be-Cu finger stock within a height range 
of 0-.5 inches. The air cylinders are a reliable, inexpensive 
alternative to the troublesome diaphram assembly in the 

I standard fixture. 
Force is applied to the test plate at only three distinct 

points, and three load cells are used to measure the force. 
A load cell is mounted on each cylinder rod and can swivel 
to accommodate uneven test plate alignment. Unlike the 
diaphram assembly, the load cells provide direct force meas¬ 
urement. Calibration can be accomplished easily by placing 
an appropriate standard weight on the lower test plate and 
recording the load cell reading. If a gasket material is to be 
tested at a fixed height rather than a fixed load, non-con-
ductive coaxial spacers are installed in the gap between the 
test plates along with the material specimen. Air pressure 
is set high enough to seat the spacer against the top plate, 
and the load reading is ignored. 

Test plate design is greatly simplified in the Instrument 
Specialties Company fixture because no diaphram seal is 
needed. The standard lower plate is a disk with a threaded 
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Fixed Pads 
FP-45 From $11.50 (BNC) ( l-49pcs) 

DC to 2 GHz, 50 ohms, 1W_ 

3, 6, 10 and 20dB, BNC_ 

FP-50 From $15.00 (BNC) ( l-9pcs) 

DC to 2 GHz, 50 ohms, 1W 

1 to 20dB, BNC/TNC/N/SMA 

FP-75 From $15.00 (BNC) ( l-9pcs) 

DC to 1200 MHz, 75 ohms, 1W 

1 to 20dB, BNC/TNC/N/F_ 

FP-50 and FP-75 are individually calibrated at 

30 MHz and 1 GHz 

FP-22 Economy Series_ 

DC to 18 GHz, SMA, 2W 

1 to 3dB, ±.75/6dB,±l/10dB,±1.25/20dB,±1.5 

FP-27 High Specification Series 

DC to 8 GHz, SMA, 2W 

1,2,3 and 6dB. ±0.3/10 to 20 dB,±0.5 

FP-28 High Specification Series 

DC 12 GHz, SMA,2W_ 

1,2,3 and 6dB, ±0.3/10 to 20dB,±0.5 

FP-29 High Specification Series 

DC to 18 GHz, SMA, 2W 

1,2,3 and 6dB, ±0.3/10 to 20dB,±0.5 

HFP-50 High Power Pads 

DC-1 GHz, 50 ohms, 1W 

l,2,3,6,10,20dB, BNC/TNC/N 

YOUR KIND OF WORK DEMANDS OUR KIND OF QUALITY 

Texscan 
Texscan Instruments • 2446 North Shadeland Avenue • Indianapolis, Indiana 46219 • Phone: (317) 357-8781 

Texscan GMBH • Peshelanger 11 • D-8000, Muenchen 83 • West Germany • TLX: 841 622915 TXSCN D 
Texscan Instruments • 1 Northbridge Road • Berkhamsted, HP4 1EH • Hertfordshire -England • TLX: 851 82258 TEXCAN G 
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hole in the center. The upper plate is rectangular with a 
threaded hole in the center and 6 bolt holes around the pe¬ 
rimeter. No other machining is necessary unless special 
fastener holes are needed to mount a specimen. Plate mate¬ 
rial can be any metal or conductive composite capable of with¬ 
standing the desired test load. Changeover time from one 
specimen to another is less than 5 minutes, excluding time 
to mount the specimen. RF continuity is maintained with the 
movable bottom plate by means of 2 silver plated Be-Cu 
finger rings sliding within the center bore of a silver plated 
center conductor. This conductor is screwed into the center 
hole of the lower test plate and is located by a phenolic insul¬ 
ation plate which is supported by the air cylinders. The fix¬ 
ture is closed by bolting down the top plate with 6 cap screws. 
A variety of instrumentation packages can be used with 

the transfer impedance measurement fixtures, using either 

a manual or computer controlled system. A computer sys¬ 
tem requires less time to perform a test and provides a con¬ 
venient vehicle for storage and retrieval of the resulting data. 
Since transfer impedance data is usually presented graph¬ 
ically, a computer-driven digital X-Y plotter can be used to 
good advantage. This test set up is shown in Figure 3. 

All instrumentation systems for transfer impedance 
measurement include a signal source and some type of re¬ 
ceiver. Both instruments should be capable of a frequency 
range of approximately 10 KHz to 1 GHz, since relative val¬ 
ues can be measured over this range. Absolute accuracy, 
however, is limited by fixture resonance which first occurs 
at approximately 700 MHz. Signal generator requirements 
must include output amplitude at least 140 dB above the 
smallest signal which the receiver is capable of reading. For 
automated testing, the signal generator must have a con-
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PRECISION CRYSTAL 
OSCILLATORS 

SERIES 8000 

stant voltage output, regardless of load. Suitable receiving 
instruments include spectrum analyzers, wave analyzers, 
and EMI receivers (tuneable RF microvoltmeter). If a com¬ 
puter system is to be used, IEEE 488 compatible instru¬ 
ments are most convenient. Interconnections are made with 
50 ohm coaxial cable using type N connectors, and should 
be as short as possible to minimize signal losses. 

Instrument Specialties Co., Inc. has run a series of Trans¬ 
fer Impedance tests using the new fixture design. Com¬ 
puter controlled instrumentation was used, with a spectrum 
analyzer as a receiver. Repeatability across the spectrum 
from 10 KHz to 1 GHz was found to be plus or minus 1 dB, 
which is approximately the accuracy of the instruments. 
With this level of repeatability, subtle differences in effec¬ 
tiveness between various specimen geometries, plated fin¬ 
ishes, mating surface conditions, and test loads were ob¬ 
served. Tests were performed using beryllium copper finger 
stock, conductive elastomers, oriented wire mesh, and 
metal spiral gasket materials. Special tooling was required 
only for those materials which must be mounted with 
mechanical fasteners. Test duration, including setup, was 
only 30 minutes due to fast specimen changeover and auto¬ 
mated instrument operation. Although most of the tests 
were run using spacers to control specimen height, some 
were run without spacers and loaded according to force 
readings. Load settings could be maintained anywhere be¬ 
tween 2 and 100 pounds per linear inch. Tests were con¬ 
ducted over the full height range of 0 to 0.5 inches with no 
special tooling or setup procedures. 

Conclusion 
In actual use, the Instrument Specialties Co. transfer im¬ 

pedance test fixture has proven superior to conventional 
fixtures for measuring high deflection, low force EMI gas¬ 
ket materials. Since other materials can also be tested with 
equivalent accuracy and convenience the new fixture pro¬ 
vides a nearly ideal method for evaluating the relative effec¬ 
tiveness of common EMI gasket materials. 

STANDARD FREQUENCY 5.0 MHz 
AGING RATE _ MODEL ER8001 1 X 10- 9/day 

MODEL ER8003 1 X 10- 1°/day 
MODEL ER8005 5 x 10- 11/day 

PHASE NOISE _ SSB 1 Hz BW at 10 Hz offset 
MODEL ER8001 ... 124 db 
MODEL ER8003 ... 135 db 

INPUT VOLTAGE _12 VDC ± 10% STANDARD 
OUTPUT _ SINE-WAVE 1VRMS INTO 50 

ohm LOAD 
SIZE _ MODEL ER8001 and 

MODEL ER8003 
2” X 2” x 4” H 
MODEL ER8005 
2.25” X 2.25” x 4.25” H 

OPTIONS _ MANY OPTIONS ARE AVAIL¬ 
ABLE TO INTERFACE WITH 
YOUR REQUIREMENTS 

ELECTRONIC RESEARCH COMPANY SERIES 8000 
PRECISION OVENIZED CRYSTAL OSCILLATORS 
ARE THE ULTIMATE CHOICE WHERE PROVEN 
RELIABILITY AND FREQUENCY STABILITY IS RE¬ 
QUIRED. THESE OSCILLATORS ARE IDEAL FOR 
APPLICATIONS WHERE A PRECISION TIME BASE 
IS TO BE MULTIPLIED OR SYNTHESIZED RE¬ 
QUIRING A LOW PHASE NOISE SOURCE. ALL 
ELECTRONIC RESEARCH COMPANY’S OSCIL¬ 
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC¬ 
TURED BY ERC FOR MAXIMUM CONTROL ON 
ALL PARAMETERS TO INSURE PERFORMANCE 
SPECIFICATIONS. IF YOUR APPLICATION RE¬ 
QUIRES SUPERIOR OSCILLATOR PERFORMANCE 
CALL US OR WRITE FOR OUR COMPLIMENTARY 
CATALOGUE. 

For information and prices, send your specifications to: 

ere 

electronic research company 
7618 Wedd, Overland Park, Kansas 66204 
TWX:(910) 749-6477 
Telephone: (913) 631-6700 

r.f. design 
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If you checked any or all of the 
items below, then you must order 
from Wavetek. Because Wavetek 
specializes in small, lightweight, 
high-performance programmable 
attenuators for OEM systems. 
They're available in 50- or 

75-ohm versions covering a 
frequency range up to DC to 
2000 MHz. They have a switching I 
life of 10 million operations and a 
switching speed of less than 
8 milliseconds with a typical 
12 VDC address. 

In addition to three standard 
configurations, Wavetek 
programmable attenuators can be 

World's smallest 
DC-2 GHz programmable attenuator 

custom-designed for your specific 
applications. And we can produce 
them in volume quantities at 
surprisingly low prices. 

For complete information, contact 
Wavetek Indiana, Inc., 5808 
Churchman, PO. Box 190, Beech 

Grove, IN 46107. Or call TOLL-FREE 
1-800 428-4424. In Indiana, call (317) 
787-3332 TWX 810-341-3226. 

Wavetek 
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ECM: > 
The . 
Core of 
America’s 
Defense 

Northrop DSD Electronic Counter¬ 
measures Technology is the heartbeat 
of today’s national defense. It quickens 
to the challenge and represents our 
ability to out-think . . . out-maneuver 

. . and out-calculate rapidly. 

Experienced professionals can join our 
opportunities and work along with an 
outstanding team of R&D engineers in 
an exciting, technologically progressive 
and advanced product design and 
development environment. 

Northrop DSD. The Core of advanced 
ECM technology. The place for a new 
career. 

MAKING ADVANCED 
TECHNOLOGY WORK 

ELECTRICAL DESIGN/ 
DEVELOPMENT 
ENGINEERS 
Positions require BSEE or equivalent, 
and design and development ex¬ 
perience in one of the following 
specialized areas: 

RECEIVERS: Conceptual design, 
fabrication, and test of state-of-the-art 
receiver systems for ECM/Elint applica¬ 
tions. Familiarity with system architec¬ 
ture, signal processing (26GHz frequen¬ 
cy range), and channelized, set-on, and 
micro-scan techniques is desirable. 

ANALOG: Specialist in videoamplifiers, 
filters, A/D and D/A conversion; 
background should include feedback 
theory analysis and computer-aided cir¬ 
cuit analysis. 

MANUFACTURING 
TEST EQUIPMENT 
DESIGN ENGINEERS 
Individuals with BSEE, BSCE, BSCS or 
equivalent, and related experience. Pro¬ 
jects will involve design of automated/ 
semi-automated test equipment 
systems. 

• HARDWARE: Microprocessor/MSI, 
LSI, analog and RF circuits. 

• SOFTWARE: Real-time microproces¬ 
sor controlled software programming 
in Assembly, PASCAL and Fortran. 

Northrop offers an outstanding salary 
and comprehensive benefits package 
including complete medical and dental 
coverage, company supported savings 
program, profit sharing and more. For 
immediate consideration, please for¬ 
ward resume with salary requirements 
to: Manager, Professional Employ¬ 
ment. 

POWER SUPPLIES: Develop high/low 
voltage linear/switching power systems 
and modulators: magnetics and feed¬ 
back theory analysis. 
MICROWAVE: Active/passive micro¬ 
wave integrated circuit design (2-26 
GHz); familiarity with filter detectors, 
wave guides, high frequency solid state 
amplifiers and S-parameters. 

PROJECT ENGINEERS 
BSEE, or equivalent; experience in one 
of the following areas' 

• High efficiency broad band solid state 
RF power amplifiers having precision 
linearity. Strong documentation skills 
required. 

• Military receiver HW design for preci¬ 
sion phase track receivers to DOA re¬ 
quirements using ultra-precision inter-

NORTHROP 
CORPORATION 
DEFENSE SYSTEMS DIVISION 
500 Hicks Road, 
Rolling Meadows, IL 60008 
We are an equal opportunity employer 
and encourage minorities, females, 
veterans and the handicapped to 
apply. U.S. CITIZENSHIP REQUIRED. 

nal phase/amplitude alignment. 
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Network Analyzer, 
5 Hz to 200 MHz 

High-performance network analysis 
for bench use or automatic testing is 
now simple and cost effective with 
Hewlett-Packard’s new Model 3577A 
network analyzer. This analyzer expands 
testing capabilities for device char¬ 
acterization in the R & D lab and 
production test. High accuracy and 
resolution over the 5 Hz to 200 MHz 
frequency range are now available in 
a single product. Measurements can 

be made over the analyzer’s 100-dB 
dynamic range with up to 0.02-dB 
and 0.2-degree dynamic accuracy. In 
the 1-Hz resolution bandwidth, critical 

low-level measurements can be made 
with -130 dBm sensitivity. The dis¬ 
play marker shows points of interest 
to 0.001 dB, 0.005 degree and 0.001 -Hz 
resolution. The HP 3577A network 
analyzer is $23,500. The HP 35677A 
(50-ohm) and HP 35677B (75-ohm) 
S-parameter test sets are $3,500. 
Delivery is estimated at six weeks 
ARO. Hewlett-Packard Company, Palo 
Alto, CA 94303, INFO/CARD #140. 

CATV RF Transistors 
Motorola introduces two CATV RF 

transistors, the MRF586 and MRF587. 
These devices have guaranteed func¬ 
tional tests, such as noise figure and 
gain associated with noise figure. 
They are designed and characterized 
to be direct replacements for TRW’s 
LT1001A and LT2001. The primary 
applications for the MRF586 and 
MRF587 are cable television distri¬ 
bution amplifiers and set top con¬ 
verters. They are also ideal for elec¬ 
tronic instrumentation manufacturers 
who need wide band, low noise amp¬ 
lifiers up to 500 MHz. Pricing is: 

MRF586 $2.20 (100-999), MRF587 $9.55 
(100-999). Sample quantities are im¬ 
mediately available from warehouse 
stock, and production quantities will 
be available both from the factory and 
through authorized Motorola distribu¬ 
tors in approximately 6 weeks from 
date of order. Motorola Semicon¬ 
ductor Products Inc., Phoenix, AZ 
85036, INFO/CARD #139. 

Linear Amplitude 
Modulator/Demodulator 
The model 2A linear detector/modu-

lator has been introduced by T-TECH 
Co. to tackle the common RF instru-

Quality on a budget 
75DR-003 Dual Rotary Attenuator DC-1000 MHz $160.00 

75S002 Solid State Coax Switch 1-500 MHz $70.00 
75B-002 Pushbutton Attenuator DC-500 MHz $80.00 

JFW Industries, Inc. 
2719 E. Troy Avenue 

Indianapolis, Indiana 46203 
(317) 783-9875 
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The vital connection 

? 

RF coaxial connections can be 
serious business. Radar and 
navigation, for example, demand 
"clean" frequency connections 
to maintain operational integrity 

At ITT Cannon, we take RF 
connections very seriously 
A good example of our longtime 
commitment to RF interconnects 
is the unique engineering test 
facilities we maintain. These facili¬ 
ties contain a screen test room 
that blocks atmospheric noise 
so that high-frequency readings 
can be measured up to 26 GHz. 
And an engineering section 
especially devoted to special 
RF connection applications. 

When it comes to special RF 
interconnects, we feel we can 
answer any need — quickly and 
economically 

We can perform difficult RF 
interconnects in dense environ¬ 
ments requiring low VSWR. 
We can also provide high-
performance RF coaxial con¬ 
nections that mate instantly in 
"blind black box" rack and 
panel applications. Connections 

Custom RF Connectors, 
featuring the PHP Series 

that are float-mounted to reduce 
vibration and shock. 

Our custom-designed PHP 
Series is a high-performance, 
low-insertion-force, blind-mate 
series of RF coaxial connectors 
which require no threading 
and are especially well-suited 
for countermeasure electronic 

> equipment. 
Also, the PHP Series con¬ 

figurations can be packaged 
in standard mil-spec connector 
envelopes. 

Challenge us with your 
special RF coaxial interconnect 
requirements. Give us a call and 
well give you a quote. 

ITT Cannon, Phoenix, a 
Division of the ITT Corporation, 
2801 Air Lane, Phoenix, AZ 
85034. Telephone: (602) 
275-4792. In Europe, contact 
ITT Cannon, 105A rue Colonel 
Bourg, B.3 1140 Brussels, 
Belgium. Phone: 02/735-6094. 

CANNON ITT 
The Global Connection 
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ELECTRONIC ENGINEER (RF) wanting Southern IDAHO sports and recreation, 

state-of-the-art mobile communication challenges and professional growth should consider US 

COMMUNICATIONS CORPORATION. 
Junior and Senior grade professional RF electrical engineers with BS or MS degrees for assignments 
in new product development programs for exciting new mobile communications hardware/software. 

RF TECHNICIANS • Two year AA or equivalent education with proven record in RF 

Engineering Laboratory work are encouraged to apply. 

Please reply with resume and salary history to: 

US COMMUNICATIONS CORPORATION 
A SUBSIDIARY OF 

¡XI JOHNSON 
' SECTION M 

P.O. Box 268 • Twin Falls, ID 83303-0268 
AN EQUAL OPPORTUNITY EMPLOYER M/F 

HERE’S WHAT R.F. CERAMIC 
ENGINEERS WITH GROWTH 
POTENTIAL ARE WEARING 

mentation and communications prob¬ 
lem of difficulty in obtaining linear 
AM detection and modulation in high-
modulation index applications at high 
RF and baseband frequencies. The 
model 2A device uses a new pa¬ 
tented technique of indirect base¬ 
band high-speed feedback. In one of 
its operational modes, the new T-
TECH model 2A can be used as a 
“zero-distortion” amplitude modulator. 
Total harmonic AM distortion is less 
than 0.15% for a 95% modulated 
carrier using 1 kHz sinewave modula¬ 
tion. Modulation bandwidth is 200 kHz. 
Modulator output impedance is 50 
ohms at up tq 1 volt RMS, with 
at least 10% linear overrange. Input 
impedance is 1 meg ohm. In addition, 

I the model 2A can be used closed-
loop with its own special diodes, 
“zero-distortion” amplitude modulator, 

I built-in servo loop and self-contained 
10 MHz quartz carrier source to 

When you wear an em¬ 
ployee badge of Motorola 
Inc., you’ll be part of our 
expansion plans which 
are now underway. At 
the Components Division, 
Ceramic Products Oper¬ 
ation of our Communica¬ 
tions Sector, we are build¬ 
ing a team of highly spe¬ 
cialized Engineers to 
push the state-of-the-art 
in R. ECeramics technol¬ 
ogy. Join us now, and be 
an important team mem¬ 
ber of our growth and 
expansion to service a 
world wide market. 

Plating 
Chemist 
Requires 5 or more years 
electroding systems ex¬ 
perience with emphasis 
on chemical plating and 
vacuum techniques, pref¬ 
erably in a batch chem¬ 
ical plating operation. 
Knowledge of surface 
physics and surface 
chemistry would be help¬ 
ful. BS or MS in Chemis¬ 
try preferred. 

Ceramic Process Engineer 
BS Ceramic Engineer preferred with at least 
0-3 years production experience. This position 
will have responsibility for maintaining process 
control in the areas of body preparation, fab¬ 
ricating and firing. Knowledge of statistics 
would be desireable 

Sr. Filter Design Engineer 
Requires a minimum of 3-5 years experience 
in R. E filter design, including advanced tuning 
capabilities BSEE/ME preferred. 

R.F. Applications Engineer 
Requires 5 or more years experience in both 
Electrical Engineering and Marketing with 
emphasis in RE communications. BSEE 
preferred. 

Electrical Engineer 
BSEE preferred with emphasis in R E tech¬ 
nology required. 

Ceramist-
Materials & Processing 
Requires a minimum of 3-4 years experience 
in the production of dielectric ceramics. Expe¬ 
rience in the area of low loss materials 
desirable Must be able to utilize analytical 
techniques such as optical microscopy, scan¬ 
ning electron microscopy and X-ray diffraction. 
BS in Ceramics Engineering or Materials Sci¬ 
ence preferred. 

In addition to joining us for our career growth 
opportunities, you can also expect a starting 
salary that compliments your talents, plus a 
generous benefit package that includes relo¬ 
cation expenses to the Land of Enchantment. 

For prompt and confidential consideration, 
submit resume, or brief outline of your expe¬ 
rience in strict confidence to: Personnel, Dept. 
4016-83, MOTOROLA INC., Communications 
Sector, Components Division, Ceramic Pro¬ 
ducts, 4800 Richfield Road, N. E, Albuquerque, 
New Mexico 87113. An Equal Opportunity/ 
Affirmative Action Employer 

M MOTOROLA INC. 
A World Leader in Electronics 
Quality and productivity through employee participation in management 

form a “zero-distortion” amplitude 
demodulator or linear detector. Appli¬ 
cations include a linear-scale RF 
voltmeter that can also demodulate 
the RF instantaneous envelope; AM 
shortwave broadcast modulation 
monitors; AM transmitter modulator 
distortion-cancellation feedback; signal 
generator linear levelling loop detector, 
making possible low-distortion AM at 
the RF output; precision AM de¬ 
modulators that do not require in¬ 
put tuning anywhere to 1 GHz, thus 
eliminating asymmetric distortion 
caused by RF frequency-selective net¬ 
works; swept-frequency test instru¬ 
ments; spectrum analyzers; radar 
AGO, STC, etc.; plus applications 
as a modulator-only for low-distor¬ 
tion requirements. The carrier fre¬ 
quencies that can be demodulated 
by the 2A in the demod mode range 
from 10 kHz to 1 GHz. The 2A is 
encased in a 4.95” long by 2” by 0.6 
inch epoxy potted module with pins 

I for printed circuit mounting. The unit 
I price is $405.00 in moderate quantities. 
A modulator-only version will be avail-

I able in the future, as will a 10 MHz 
to 18 GHz linear detector model. 

i The 2A is totally self-contained for 
detection applications above a 10 MHz 
carrier frequency, except for a re¬ 
quired external trimpot to null the servo 
loop offset. Circuitry on-board the 
module includes a 10 MHz quartz 
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oscillator (with access via pins), in¬ 
ternal frequency-compensation of servo 
loop for carrier frequencies above 10 
MHz (lower carrier frequencies are 
accommodated by adding external 
compensating capacitances with a pro¬ 
portionate reduction in baseband band¬ 
width), a “zero-distortion” AM modula¬ 
tor, two matched specially-designed 
detector diodes (with access via pins) 
with internal broadband matching 
networks, and 50 ohm input termina¬ 
tion. T-TECH Co., Hudson, MA 01749, 
INFO/CARD #138. 

RF Power Amplifier 
Trilectric Inc., announces a new RF 

power amplifier for repeater applica¬ 
tions, designated the A-6100UR. The 
A-6100UR produces 70-100 watts out¬ 
put power when driven with 2-6 watts 
input. Operating in the 450-512 MHz 

frequency spectrum, the A6100UR 
utilizes an advanced stripline design 
which allows operation within a 20 
MHz bandwidth with no degredation 
in power output. The A6100UR fea¬ 

tures a sealed aluminum alloy case 
construction for reduction of RFI. 
Mounted on a 19”X10” rack mount 
heatsink, the A-6100UR is capable of 
operating at a continuous duty cycle 
without the need for a cooling fan. 
Standard RF connectors are SO-239 
with optional N-Connectors. Trilectric 
Inc., Las Vegas, NV 89103, INFO/ 
CARD #137. 

Low Rho Isofilters 
Design Engineers can now, with our 

Low Rho Isofilters, isolate the load 
from the source; eliminate multiple 
reflections; and decrease loss and 
lower VSWR. Most microwave filters 
are reflective — therefore, have very 
high VSWR; not so with the Low Rho 
Isofilters. Essentially, nothing is re¬ 
flected; up to 15-23 dB of isolation, 
VSWR <1.5 to <1.25:1 — no multiple 
reflections. The load is virtually isola¬ 
ted from the source, no pulling of 
the source. Cir-Q-Tel, Inc., Kensington, 
MD 20895, INFO/CARD #136. 

Low-Cost Fiber Optics System 
A new and unique series of fiber 

optic components, designed to accele¬ 
rate the utilization of fiber-optics 
technology in the high volume (in¬ 
dustrial and automotive) marketplace, 

Going The Distance 
In a broad spectrum of 

instrumentation, receiver 
and transmitter applications 

HI-POWER RF 
The MPA series are versatile 
broadband system building 
blocks suitable for amplifier, 
oscillator, and modulator 

functions: 
MPA-101 
1-512 MHZ 
100 mw 

MPA-201 
1-500 MHZ 
300 mW 

MPA-202 
T 200 MHZ 
1 W 

AMPLIFIERS, TRANSMITTERS. 
POWER GENERATORS 

10-10,000 WATTS! — 2-500 MHz Frequency Range! 

HENRY RADIO 
HAS THE PRODUCT YOU NEED. 

(It we don’t have it, we’ll make it.) 

APPLICATIONS: 

NMR, Nuclear Magnetic Resonance 
PLASMA Generation 
MEDICAL Applictions 
NUCLEAR Magnetic Imaging 
COMMUNICATIONS Applications 

The new, dynamic 

HENRY RADIO 
2050 S. Bundy Drive, Los Angeles, CA 90025 
TOLL FREE 1-800-421-6631 • In California call (213) 820 1234 

Wide dynamic range • Usable 
for broadband or narrow 
band applications • uniform 

gain with frequency-
internally matched to 50 it • 

Cascadable -Cold 
metalization 

POWER WITH A PURPOSE 
10060 Bubb Road, Cupertino, CA 95014 

(408) 996-8522 TWX (910) 338-2172 
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W THE FIELD 
REPLACEABLE 

i has been introduced by Motorola. 
The series — a GaAs infrared emitter 
and a variety of four different de¬ 
tector configurations, when used with 
a 1000 micron core plastic cable, 
represents a matched system that 
offers significant advances to the 
current state of the art in each of 
three categories: Performance, As¬ 

CONNECTION 
FOR HERMETICALLY SEALED NIC'S 
• 16 quality models for 
sealed, modular MIC use. 
• In 2 or 4 hole mounts • Any 
quantity, any size run. 
• Accepts leads from .011 to 
.021”. • Designs available 
for special bead sizes. 
• Freq Range: DC to 18GHz/18 
to 24GHz. • VSWR (Max): 
1.05 + .005 fGHz/1.05 + 
.OlOfGHz. • Insert ion Loss 
(Max): 03dB x VfGHz. 
• Captivation (Center): 61b. <• 
min. Axial force. * 

Flanged SMA 
Plugs & Jacks 

with 50Q 

Write for details and specs. 

APPLIED ENGINEERING PRODUCTS 
1475 Whalley Ave., P.O. Box A O, Amity Station, New Haven, CT 06525 
(203) 387-5282 TWX 71 0 485 1173 
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sembly Simplicity, and Price. Capi¬ 
talizing on a recently installed and 
highly advanced GaAs facility, Mo¬ 
torola has developed a new emitter 
chip with an electrical bandwidth of 
20 MHz at a wavelength of 820 nm. 
This wavelength represents an excel¬ 
lent match in the propagation char¬ 
acteristics of GaAs, silicon and plastic 
fiber, thus assuring maximum signal 

' transmission. It makes the system 
. useful over distances from 10 to 40 

meters, depending on the type of de-
I tector employed. The detectors in-

For a power resistor that 
stays non-X up to vhf, 
there’s only one choice. 
The Carborundum® Type SP. Only 
Carborundum has a ceramic power re¬ 
sistor that behaves like a pure resis¬ 
tance rather than an inductor and/or 
capacitor. It operates from low audio 
frequencies up into the vhf range. 
Each unit is a solid body of resistive 
material. No windings, no film. Ideal 
for frequency-sensitive rf applications 
like feedback loops. 
And it gives you extremely high 

power density, with great surge-
handling capability because it's solid. 
Our Type 234SP, for example, is 

about the size of a 2-watt carbon comp, 
but dissipates a full 10 watts in 40°C 
ambient air. Moreover, it can consis¬ 
tently absorb surges of over 10X rated 
power for several seconds and come 
back for more with very little △ R. 
Forced-air-cooled, water-cooled or 

immersed in oil, it will handle even 
greater power overloads. 
Other Carborundum Type SP resis¬ 

tors— including high-power, water-
cooled configurations—are rated from 
2.5 to 1000 watts. For further details, 
call or write E. B. |Woody) Hausler at 
(716) 278-2143. 

The Carborundum Company 
Electric Products Division 
P.O. Box 339 
Niagara Falls, New York 14302 

CARBORUNDUM 
A Sohio Company 
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elude a very high gain photodarling¬ 
ton, a somewhat lower-priced photo¬ 
transistor and a very fast PIN photo¬ 
diode. Used in conjunction with the 
matched emitter, these detectors have 
a specified minimum response of 6 
mA/pW, 100 pA/pW and 0.15 ^M^\N 
respectively, at a distance of one 

meter. In addition, a Schmitt trigger 
photodetector will soon be avail¬ 
able. Thus, the system can be tailored 
to a wide variety of applications through 
the choice of the appropriate detector. 
It is estimated that utilization of these 
components will result in a cost savings 
of approximately 75% of previously 

POWER 
RESISTOR 

RF BRIDGES 

Fixed or Variable 
Directivity (balance) 40 or 

50 dB options. 

1-900 MHz RF 
Instruments 

• RF Amplifiers 
• RF Analyzers 
• RF Comparators 
• RF Switches 
• Hybrid Divider/Combiners 
• RF Detectors 
• Impedance Transformers 
• Precision Terminations 
• Precision DC Block 
• Filters 
• Available 50 or 75 Ohms 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O. Box 21652, Phoenix, Arizona 85036, U.S.A. Telephone (602) 254-1570 

INFO/CARD45 
In high power microstrip 
resistors and terminations 

Up to 300 w capability • 50 and 
100 ß resistance values • High 

temperature brazed 
package-no soft solder 
interfacing • Microstrip 

construction offers VSWR of 
1.25:1 up to 4 GHz with no 
resonant loops "Thin-film, 

high stability resistor • State-
of-the-art thermal design • 
100% tested and guaranteed 

to specification 

POWER WITH A PURPOSE 
10060 Bubb Road, Cupertino, CA 95014 

(408) 996-8522 TWX (910) 338-2172 
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AMPLIFIERS, 5MHz-lGHz w g» 

available components with similar 
performance capabilities. Component 
prices are as follows: MFOE71, 820 
nm Infrared Emitter $1.55, MFOD71, 
PIN Diode Detector $1.15, MFOD72, 
Transistor Detector $1.05, MFOD73, 
Darlington Detector $1.15. Prototype 
quantities of all devices except the 
Schmitt trigger are available at this 
time with full production quantities 
slated for availability in early 1984. 
Motorola Semiconductor Products Inc., 
Phoenix, AZ 85036, INFO/CARD #135. 

Series 
Freq 
Range 
(MHz) 

Typ. 
Gain 
(dB) 

Noise 
Figure 
Range 
(dBm) 

^Wwer 
Output 
Range 
(dBm) 

VSWR Input 
Power Package 

Style In Out 
Vdc Ima 

GA 
Single-
Stage 

kHz-400 13 4.5-6.0 5-15 2.0 2.0 + 15 
typ-

17-70 
(range) 

TO- 12 

MHT 
Single-or 

Multi-Stage 
5-1000 14 2.5-7.0 -2 to 

+23 
2.0 2.0 + 15 

typ. 
10-105 
(range) 

TO-8 

GHT 
Single-or 

Multi-Stage 
5-400 13 4.0-7.0 5-15 2.0 2.0 + 15 

typ. 
17-70 
(range) 

TO-8 

MHD 
Multi-
Stage 

1-500 21 2.5-65 5-20 1.6 
(typ) 

1.6 
(typ) 

+ 15 
typ. 

50-115 
(range) 

4-pin 
DIP 

High Gain Microwave 
Power Transistor 
The 80143, a high gain, Class A, 

one-watt driver for general purpose 
broadband amplifiers, has been into-
duced by Acrian, Inc. The 80143 

Aydin Ä Vector 
P.O. Box 328, Newtown, PA 18940 • TEL 215-968-4271 TWX 510-667-2320 
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If We Don’t Already Have 
The RF Filter You Need... 

We’ll Build It, Fast . 
Catalog RF 82 shows diplexers and bandpass, band reject and 

low pass/high pass filters currently being used by many manufac¬ 
turers of transceivers and other VHF UHF equipments 

But if you need a one-of-a-kind special and you can't afford to 
wait, we've still got you covered—well design and build exactly 
what you need for your system, and we ll work around the clock to 
deliver it when you need it 

Call us and talk to the RF engineer who will design your 
special filter He'll give you a prompt, on-line analysis of your 
specifications, and he'll quote price and delivery time Before you 
hang up. you'll know what you need, when you'll have it and how 
much it will cost—all with just one phone call1

Once you've placed an order, our unique QRC (quick reaction 
capability) begins to work for you QRC combines the efficiency of 
computer-aided design with our dedicated model shop and test 
labs to ensure that your filter will be what you need when you need 
it 

When you need a special filter designed exactly to your 
specifications, and you need it now. call MFC! 

míC^OWâVE ríLüc^ COrilPûOY ¡nc. 

315-437-3953 
TWX 710-541-0493 

6743 Kinne St.. East Syracuse. NY 13057 
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offers users three major advantages: 
high gain, high frequency cutoff and 
low cost. Acrian guarantees the power 
gain and output of the 80143 for 9 dB 
at 2.3 GHz. In addition to having 
high gain linear power, “the 80143 
is designed for ruggedness, with¬ 
standing infinite VSWR loads.” The 
80143 is available immediately. In 
quantities of 500, the price is $27. 
Acrian, Inc., Cupertino, CA 95014, 
INFO/CARD #134. 

and growing family of standard digital 
and analog modules allows the user 
to tailor the system configuration 
quickly and economically for a clean, 
quality “total” system. The new test 
head fixture for the Series I has been 
completely modularized as well, per¬ 
mitting test engineering to put the 
test drivers closer to the (JUT rather 
than running long cabling which causes 
system response, crosstalk and noise 

Modular Measurement System 
Because of the growing diversity 

and complexity of both analog and 
digital testing throughout the indus¬ 
try, Autek Systems Corporation has 
introduced a totally new measure¬ 
ment system that can be easily 
“customized” for a user to carry out 
digital, analog, RF and hybrid testing. 
Called the Series I Modular Measure¬ 
ment System, the system features 
plug-in modularity, which permits pro¬ 
grammable interaction between digital, 
analog, coaxial and power test mo¬ 
dules. Programming is accomplished 
through a specially designed 16-bit 
microcomputer controller which fea¬ 
tures a user-friendly higher-level lan¬ 
guage; graphics capabilities and a 
menu-driven test executive. A large 

ENGINEER 

PRODUCT MANAGER 
RFI/EMI 

Come join a growing progressive firm 
where you will have complete respon¬ 
sibilities for testing, development, ap¬ 
plications & marketing of our current 
& future shielding products. A BSEE 
with RFI/EMI experience is required. 

We provide an excellent salary & bene¬ 
fits package, together with a working 
environment most conducive to both 
personal & professional growth. 

For immediate consideration, send re¬ 
sume including salary history to our 
Personnel Manager. 

INSTRUMENT SPECIALTIES 
BOXA 

DELAWARE WATER GAP, PA 18327 
Equal Opportunity Employer 

900 
MHz 
CELLULAR 

JOHNSON 
■kjhñso&i 

in Cellular Radio Base Stations 

55 Watt 860-900 MHZ 25 Volt 
NPN Power Transistor 

9BSE55 

Gold thin-film metalization-
proven highest MTTF • 

Surface passivation-extends 
life • Eutectic die attach-

reduces junction 
temperature and extends 

MTTF -Low thermal 
resistance packages* 
Diffused ballasting for 

improved ruggedness • 100% 
tested and guaranteed to 

meet performance 
specifications. 

Johnson delivers coaxial connectors 
when you want them. 

For RF applications of 8 GHz and 
below, Johnson delivers coaxial 
connectors to your specifications. 

Our miniature connectors replace 
SMAs in non-military applications for 
one-third less cost. We also can 
customize connectors to meet your 
design criteria. Our network of more 
than 250 distributors helps fulfill your 

prototyping needs, and delivers 
standard product promptly. 

Write for your free catalog, or call 
1-507-835-6307. Telex: 290-470. 
TWX: 910-565-2161. 

r.f. design 
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POWER WITH A PURPOSE 
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flat pack 
mixers 

(+7 dBm LO) 

problems. Utilizing this approach, the 
user can have up to 300 active 
pins at TTL speeds. For multi-logic 
applications the user can have 128 
active pins in a single fixture con¬ 
figuration or 256 active pins in a 
double fixture configuration. Autek 
Systems Corporation, Santa Clara, CA, 
95051, INFO/CARD #133. 

EMI/RFI Filters 
And Capacitors 
These miniature feed-thrus and 

filters prevent spurious signals from 

entering or leaving a chassis, com¬ 
partment or equipment. Effective fil¬ 
tering from less than 1 MHz through 
10 GHz. Unique ceramic technology 
and ferrite beads offer a high degree 
of miniaturization coupled with volu¬ 
metric efficiency. Mounting bushings 

5 to 1000 MHz 
only $1495 (624) 

TARGETING TOSHIBA'S 
LOW COST UHF 

TRANSISTORS & DIODES 

IN STOCK. ..IMMEDIATE DELIVERY 

• pin-for-pin replacement 
of competitive models 

• MIL-M-28837/1 A performance* 
• extra-rugged construction 

• hermetically-sealed 

• every unit thermal shock tested, 
5 cycles, -54°Cto +100°C 

• low conversion loss, 6.2dB 

• hi isolation, 40dB 

• 1 year guarantee 
•units are not QPL listed 

TOSHIBA'S low cost 
transistors and diodes are 
becoming the number 1 sol¬ 
ution to high volume re¬ 
quirements at UHF. 

All popular packages are 
available; TO-92, SOT 23, 
SOT 89, stripline. Diodes 
are available in SOT 23, 

TARGET MATCOM 
for HIGH 
PERFORMANCE 
DISTRIBUTION 

Knowledgeable applica¬ 
tions assistance and 
prompt delivery of proven 
components have made 

LMX-1 13 SPECIFICATIONS 

FREQUENCY RANGE. (MHz) 
LO, RF 5-1000 
IF DC- 1000 

CONVERSION LOSS, dB 
one octave from band edge 
total range 
ISOLATION, dB 
5-50 MHz LO-RF 

LO-IF 

50-500 MHz LO-RF 
LO-IF 

500-1000 MHz LO-RF 
LO-IF 

TYP MAX 
6.2 7.0 
7.0 8.0 
TYP. MIN 
50 45 
45 40 
40 30 
35 25 
30 20 
25 17 

SIGNAL 1dB Compression Level OdBm min 

finding new ways ... 
setting higher standards 

C3 Mini-Circuits 
A Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 

2625E. 14th St B'klyn, N.Y. 11235(212)769-0200 

INFO/CARD 52 C91-3REV ORIG 

plastic in-line and DO-35. Diode quads 
are in four-lead stripline packages. 

Matcom the choice of oem manufacturers 
around the world since 1981. 

TOSHIBA transistors meet all the 
needs of the UHF designer with dual-gate 
GaAs FETS, bipolars with FT up to 9 GHz 
and MOSFETS. 

Hyperabrupt varactor diodes, PIN 
diodes, and Schottky diodes are available 
for use as tuning diodes, switches, at¬ 
tenuators and mixers. 
Power transistors too! Power transis-

We think its time you get the same 
precision you design into your products 
from the distributor you work with. 
Matcom can help you learn more about 
Toshibas low cost devices for your 
applications. 

Make Matcom Your Source. 

Matcom, !nr 
tors up to 200w at 30 MHz and 40w at 
470 MHz, are available, together with 

450 San Antonio Road • Palo Alto, 
California 94306 • (415) 493-6127 
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This narrow 
strip... 

are available with screw sizes from 
#4 to 1/4” and hex sizes from 5/32” to 
1/2”. All are silver plated and include 
hardware. Proprietary resin formula¬ 
tion protects capacitor elements from 
the environment. Spectrum Control, 
Inc., Erie, PA, INFO/CARD #131. 

Silicon Transistor Offers Low 
Cost Alternative to GaAs FETS 

Silicon transistors with a line width 
of only 0.8 /urn and an operating 
range of up to 6 GHz are available 
from Microwave Semiconductor Corpora¬ 
tion. The devices offer a low cost 
alternative to gallium arsenide com¬ 
ponents within the 4 GHz range. The 
rated noise figure for the MSC BFQ 
77 is 2.8 dB at 4 Ghz (8 dB associated 
gain). The CEREC package is suitable 
for mounting on all types of printed 
circuit boards. Microwave Semicon¬ 
ductor Corporation, Somerset, NJ 
08873, INFO/CARD #132. 

Active Filter Module 
Sabor Corporation, Torrance, CA, 

has introduced a broad range, voltage 
tunable, active filter module de¬ 
signated VCF 40, will find wide usage 
in laboratories, testing applications, 

and OEM devices. Sabor reports the 
Model VCF (voltage controlled fre¬ 
quency) Filter Module is a low fre¬ 
quency active filter packaged in a 
small case. The center frequency of 
the filter can be tuned in direct pro¬ 
portion to an applied voltage. As the 
Q factor is adjustable, characteristics 
such as flatness, phase linearity and 
staggering can easily be adjusted by 
the user. With 4 external capacitors, 
the desired frequency range can be 
selected. The operating voltage is 
±15 volts, and the module can be 
board mounted with other components. 
The VCF can be used as a low-pass, 
high-pass or band-pass filter, or a mix 
of these. Very fine adjustment of fre¬ 
quency is possible and the filter 
can be changed to provide up to 24 dB/ 
octave slope. Cutoff frequency (or 
center frequency of band-pass) can 
be shifted 1000:1 by voltage tuning 
within a selected range. Maximum 
frequency is 50 kHz and signal fre¬ 
quency range is DC(LP) to 200 kHz (HP). 
Sabor Corporation, Torrance, CA 90503, 
INFO/CARD #130. 

Automatic Dual-Sensor 
Power Meter 
Combining two power sensors with 

the new HP 438A microprocessor-

based power meter from Hewlett-
Packard Company provides more than 
just two channels of RF and micro¬ 
wave power measurement. The user 
can compute the ratios A/B or B/A to 
display gain, gain compression or 
attenuation in dB or percent. Or, by 
using a dual coupler, the user can 

measure and compute the power dif¬ 
ferences A-B or B-A to get the net 
power absorbed by a mismatched load. 
With a dual coupler and using the 
ratio mode, the HP 438A will indicate 
return loss in dB or power-reflection 
coefficient in percent. The HP 438A 
is optimized for ATE system applica¬ 
tions, starting with its compact front 

r.f. design 59 



tiny 
power 

splitters 
2woy0° 

panel (89 x 213mm; 3.5 x 8.4 in.). 
For high-speed applications it can take 
up to 20 measurements per second. 
At slower measurement speeds, ad¬ 
justable filtering provides up to 0.001-dB 
resolution over most of its power 
range, important in applications re¬ 
quiring measurement of small power 
changes. The HP 438A is $4,900. Option 
002, rear panel connectors and os¬ 
cillator, is $325. Sensor prices range 
from the HP 8482A (100 kHz to 4.2 GHz) 
at $580 to the high-power HP 8481 B 
(to + 44 dBm) at $1 ,402. Hewlett-Pack¬ 
ard Company, Palo Alto, CA 94303, 
INFO/CARD #129. 

3-1/2 Digit Micro-Ohmmeter 

High accuracy measurements of 
low resistance values ranging from 
0.00002 ohm (20 micro-ohms) to 200 
ohms are easily made with resolu¬ 
tions down to 1 micro-ohm, by the 
new Ballantine 3205A Digital Micro¬ 
Ohmmeter. The Ballantine 3205A is a 
3-1/2 digit instrument employing the 
proven 4-wire measurement method to 
cancel lead resistance errors inherent 
in less sophisticated 2-wire systems. 
Stability achieved in the 3205A cir¬ 
cuitry allows quick, precise measure¬ 
ments to be made without the need 

1 to 400 MHz 
only $1395 (M4) 

IN STOCK. .. IMMEDIATE DELIVERY 

Bell 
didn't need 
Modpak . 
But modern electronics involves more than a transmitter, 
a receiver, and a wire. 

• tiny. ..only 0.23 x 0.5 x 0.25 in. 

• can be mounted upright 
or as a flat pack 

• low insertion loss, 0.8dB (typ.) 

• hi isolation, 25dB (typ.) 

• hermetically-sealed 

• excellent phase/amplitude 
balance 

• 1 year guarantee 

TSC-2-1 SPECIFICATIONS 

FREQUENCY (MHz) 1-400 

Your vulnerable RF circuit needs the 
protection only Modpak can give: a 
sturdy, RFI-shielded enclosure, user-
designed with a choice of four inter¬ 
changeable connectors and more than 
30 standard off-the-shelf sizes or cus¬ 
tom-fabricated in virtually any size. 
Top and bottom covers are easily re¬ 
moved for access to both sides of your 
PC board. All this at an affordable low 
price! 

INSERTION LOSS, dB TYP 
(above 3 dB) 

1-10 MHz 0.25 
10-200 MHz 0.4 

200-400 MHz 0.8 

ISOLATION, dB 25 

AMPLITUDE UNBAL. 0.2 

PHASE UNBAL. 2° 

IMPEDANCE 50 ohms 

finding new ways ... 
setting higher standards 
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Modpak 

Find out why 
you need Modpak, 
send for our 
complete catalog. 

Adams " ■ Russell 
MODPAK DIVISION 

80 Cambridge St., Burlington, MA 01803 
(617) 273-3330 
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...or this 
narrower 
strip... 

for time consuming and painstaking 
adjustments, commonly necessary 
when conventional resistance bridge 
techniques are used to measure low 
resistance values. The resistance under 
test is connected to the unit's con¬ 
stant current source by one pair of 
leads, and a second set is used to 
measure the voltage drop across the 
resistance inside the connection points 
of the current leads. This 4-wire 

3-1/16”H x 10-3/4”D and weighs only 
6 pounds. Price is $795, and the 
BCD Option 01 adds $125. Delivery 
is 30 days after receipt of order. 
Ballantine Laboratories, Inc., Booton, 
NJ 07005, INFO/CARD #128. 

New Literature 

configuration eliminates the kinds of 
errors normally introduced in con¬ 
ventional 2-wire methods, where in¬ 
herently the resistance of the test 
leads are included in the measure¬ 
ment. No corrections or adjustments 
to cancel extraneous lead resistance 
are necessary with the 3205A, the 
value read is precisely and only that 
of the resistance tested. For con¬ 
venience in measurement applications, 
the 3205A is provided with a 4-wire 
set of Kelvin leads as a standard 
supplied accessory. The 3205A is in 
a multimeter-sized case, 8-3/4”W x 

Capacitor Catalog 
A new 40-page Disc and High Voltage 

ceramic capacitor catalog is now 
available from Murata Erie North 
America, Inc. This new catalog, #58-05, 
provides complete technical informa¬ 
tion on the company's line of low 
voltage, temperature compensating, 
rectangular plate and medium to Hi 
K ceramic capacitors as well as safety 
recognized disc and high voltage 
ceramic capacitors. Also included are 
detailed specifications on taped and 
reeled disc capacitors for use with 
automatic insertion equipment. Murata 
Erie North America, Inc., Marietta, GA 
30067, INFO/CARD #127. 

RF Products Catalog 
Watkins-Johnson Limited, located 

in Windsor, England, has released a 
new catalog covering its line of RF 

distribution products, electronic sys¬ 
tems and antennas. Included in the 
catalog are descriptions and specifica¬ 
tions of the company’s antennas, 
dielectric masts, rotators, antenna 
systems, multicouplers, switching 
matrices, HF amplifiers and receiving 
systems. In addition, the 32-page 
document describes Watkins-Johnson 
Limited's capabilities in product de¬ 
sign, repair and maintenance, post¬ 
design services and quality assurance. 
Watkins-Johnson Company, Communi¬ 
cations Department, Palo Alto, CA 
94304, INFO/CARD #126. 

Distributor’s Catalog 
Microwave Distributors Company 

has produced a miniature handy ref¬ 
erence catalog showing many of the 
products distributed by Microwave 
Distributors Company. The catalog 
stresses the quick delivery aspect of 
the company and sets forth what items 
are available from stock and the 
ability of the company to cross¬ 
reference competitor's products to 
those which are available off the shelf. 
The products stocked, in depth, by 
Microwave Distributors Company are 
manufactured by Solitron/Microwave, 
Applied Engineering Products (AEP), 
Amphenol, Kings Electronics, KDI 
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electronic 
attenuator/ 
switches 

Pyrofilm, HH Smith, Insulated Wire, 
MIDISCO, and Aertech. Microwave 
Distributors Company, Commack, NY 
11725, INFO/CARD #125. 

Electron Tubes And 
Semiconductors Catalog 

Richardson Electronics Ltd. offers 
its newest 24-page catalog listing its 
extremely broad line of over 12,000 
different part numbers of electron 
tubes and power semiconductors. 
These parts are listed by type and 
price and are available on a guar¬ 

anteed 24-hour order fulfillment basis, 
from Richardson’s $15,000,000 inven¬ 
tory. Richardson Electronics, Ltd., 
Franklin Park, IL 60131, please circle 
INFO/CARD #124. 

Electrical Mechanical 
Switches Catalog 
M/A-COM, Inc. now has available 

its long-awaited electrical mechanical 
switch catalog. These switches, avail¬ 
able with manual or remote opera¬ 
tion, also offer a wide variety of 
connectors and actuation. M/A-COM’s 

1 to 200 MHz 
only $2895 =2-. 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

“Our Coaxial Switching 
Systems are 

Computer Compatible'.' 

it 

• miniature 0.4 x 0.8 x 0.4 in. 

• hi on/off ratio, 50 dB 

• low insertion loss, 1.5 dB 

• hi-reliability , HTRB diodes 

• low distortion, +40 dBm 
intercept point 

• NSN 5985-01-067-3035 

PAS-3 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
INPUT 1-200 
CONTROL DC-0.05 
INSERTION LOSS, dB TYP. MAX. 
one octave from band edge 1.4 2.0 
total range 1.6 2.5 
ISOLATION. dB TYP. MIN. 
1-10 MHz IN-OUT 65 50 

IN-CON 35 25 
10-100 MHz IN-OUT 45 35 

IN-CON 25 15 
100-200 MHz IN-OUT 35 25 

IN-CON 20 10 

IMPEDANCE 50 ohms 

For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM. 

Another Reason Why MATRIX is 
the Leader in Coax Switching Systems. 

MATRIX programmable switching 
systems are designed to operate directly 
off your minicomputer or microprocessor 
16-bir parallel output. 

Usino reliable, hermetically sealed 
reed relays, a computer-controlled 
MATRIX switching system can handle any 
format. Apply your control input to your 
MATRIX and rhe system will route your 
signal to as many points as you wish — 
and In one millisecond! 

MATRIX systems con be controlled 
manually os well. And now, with our new 
IEEE-466 Interface, any MATRIX switching 
system can be tied into the general 
purpose interface bus. 

So when o coaxial or audio switching 
requirement comes up, be sure to contact 
MATRIX first. Most likely, we've got rhe 
solution sitting on our shelf. 

Phone or write for details. 

finding new ways. .. 
setting higher standards 

C^Mini-Circuits 
A Division of Scientific Components Corporation 

Worlds largest manufacturer of Double Balanced Mixers 
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MATRIX 
SYSTEMS CORPORATION 
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(213) 992-6776 -TWX 910-494-4975 

INFO/CARD 57 January/February 



...or these 
even 
narrower 
strips... 

electrical mechanical switches are 
lightweight and compact, making 
them an excellent choice where these 
parameters are a design consideration. 
They also afford the user exceptionally 
fast switching times and are avail¬ 
able with pressurization upon re¬ 
quest. M/A-COM Waveguide Products, 
Inc., Burlington, MA 01803, please 
circle INFO/CARD #123. 

Synergy Master Catalog 
Synergy Microwave Corporation has 

just issued a Master Catalog cover¬ 
ing its line of phase shifters, power 
dividers, mixers, modulators, trans¬ 
formers and multipliers. Included in 
this 44-page catalog is a section on 
Double-Balanced Mixers covering de¬ 
scriptions of: Dynamic Range, Har¬ 
monic Intermodulation, Two-Tone Inter-
mulation, Conversion Loss and Noise 
Figure, Isolation, 1 dB Compression 
Point, 1 dB Desensitization Point 
and Return Loss/VSWR. A section is 
also devoted to Power Dividers/Com-
biners which includes descriptions of: 
Insertion Loss, Amplitude Balance, 
Phase Balance, Isolation, Internal 
Power Dissipation plus explanations 
of the device types available from 
In Phase N-Way Dividers to 180° 
Hybrids to 90° (Quadrature) Hybrids. 

The catalog gives features, guaranteed 
specifications, performance curves 
and outline specifications for each 
product line. Synergy Microwave, Fair-
field, NJ 07006, INFO/CARD #122. 

Communications Catalog 
RF GAIN of Rockville Centre, NY, 

has just published the First Edition 
of their new “Communications Catalog/ 
Cross Reference Guide”. This first 
edition features expanded cross-
references for Motorola, GE, Johnson, 
RCA/Tactec, Regency, Wilson, Quin-
tron, Aerotron and NEW cross-
references for Standard and Repco. 
Also included are the Japanese tran¬ 
sistors for Midland, Force, Yeasu, 
Icom, etc. Richardson Electronics, 
Ltd., Rockville Centre, NY 11570, 
INFO/CARD #121. 

Tools Catalog 
The brand new Catalog 83-36S from 

OK Industries, Inc., features 145 
pages of tools and equipment for 
electronics and telecommunications 
manufacturing, field service and labs, 
as well as schools and hobbyists. 
The large full-color, glossy catalog is 
divided into 9 sections covering a 
complete line of wire-wrapping tools, 

testing and troubleshooting tools, 
wire and cable, assembly products 
and aids of various types, and in¬ 
cluding N/C wire wrapping machines 
and support systems. The catalog 
also features a unique product line 
of low cost tools and products 
especially for educational and home 
use. Full of technical and product 
information, it is available upon re¬ 
quest from OK Industries, Inc., Bronx, 
NY 10475, INFO/CARD #120. 

Leader Instruments’ Catalog 
Leader Instruments Corporation has 

announced the availability of their 
completely new test and measure¬ 
ment instrument catalog, with twenty-
five new product introductions. Re¬ 
leased in August, the catalog con¬ 
tains eighty pages, and represents 
the most attractive product presenta¬ 
tion in the most comprehensive for¬ 
mat in the history of the company. 
Leader Instruments Corporation, Haup¬ 
pauge, NY 11788, INFO/CARD #118. 

Antenna Range Position And 
Control Systems Catalog 
This 20-page catalog features a com¬ 

plete line of antenna positioning and 
control products manufactured by 
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THE 
MISSING 
LINK 
If high rel crystals and filters 
are the weak links in your 
space, military, and com¬ 
mercial systems, you’ve been 
missing out on SCP. 

Our ruggedized (Swept 
Quartz; high G’s; shock; and 
h.f. vibration to 3000 Hz) 
problem solvers tough it out 
for you. 
Monolithics, time delays, and 
matched filter sets (smallest 
in the industry) from 1-200 
MHz. Quality and Inspection 
to MIL-I-45208. 

When you need high rel and 
tight specs in small pack¬ 
ages, call us. 

We’re the missing link you’re 
looking for. 

Never the weak one. 

Orbit Advanced Technologies, Ltd., 
Netanya, Israel. Included are single 
and multiple axis positioners up to 
300,000 ft-lbs. Flam & Russell, Inc., 
Horsham, PA, INFO/CARD #115. 

Crystal/Oscillator Catalog 
Featuring AT-cut quartz crystals 

from 5 MHz to 150 MHz and crystal 
oscillators from virtually DC to 1 GHz 
for commercial and military applica¬ 
tions. Oscillators are available in 
temperature compensated (TCXO), 
ovenized (OCXO), and voltage con¬ 
trolled (VCXO) designs. These pro¬ 
ducts are for use in communica¬ 
tions equipment with an emphasis 
on Microwave applications for crystals 
and high reliability military applica¬ 
tions for oscillators. Cinox Corpora¬ 
tion, Cincinnati, OH 45232, please 
circle INFO/CARD #119. 

TaNFilm® Chip Carrier Resistor 
Networks Data Sheet 
The Resistive Products Division of 

TRW offers product specifications for 
its recently introduced chip carrier 
resistor networks in a new data sheet. 
The new bulletin includes performance 
data, ordering information, test infor¬ 

mation as well as ratings and specifi¬ 
cations. Each data sheet includes a 
photograph and outline drawings pro¬ 
viding dimensional information. Sche¬ 
matic diagrams are also provided. 
TRW Electronic Components Group, 
Corpus Christi, TX 78411, please 
circle INFO/CARD #111. 

High Reliability Power 
Supplies Catalog 
An 8-page, 4-color catalog describ¬ 

ing “Design-As-You-Order” miniaturized 
switching power supplies is now avail¬ 
able from Arnold Magnetics Corpora¬ 
tion. The unique Arnold System allows 
the user to select from pre-engineered 
AC or DC input modules with 1 to 
10 DC output modules — up to 
400 watts — to meet “custom” power 
supply requirements. The completed 
ultra reliable power supplies are 
furnished in encapsulated, miniaturized 
packages and meet MIL-STD-810C, 
MIL-E-5400 and MIL-E-16400. The new 
Catalog provides electrical and environ¬ 
mental specifications for more than 
50 standard sub-modules. It includes 
a convenient “work sheet” that guides 
the user through the designing and 
ordering procedure. To simplify the 
process a completed example has 

Give us .24 
Cubic Inch 

And we ll take miles off your oscillator 
design problems. .. and put the crystal 
in the same package! International's 
new MTE oscillators are packaged in a 
standard 14 pin DIP for design 
convenience. A complete oscillator 
and our FM-1 crystal are included in a 
package measuring 630"x.5”x 86” 
excluding pins. Convenient top trimmer 
access hole. Frequencies from 7 MHz 
to 60 MHz are available now. 

64 

Specifications: 

DC Input 
RF Output 
Output Impedance 
Freq. Stability 
Temp Range 

+9V de @ 10ma max. 
+5 DBm 
50 Ohms 

.002 to .0002%* 
— 30°C to +60°C 

Sokol 
Crystal Products, Inc. 
Where the Impossible Becomes the Ordinary 
121 Water St.. Box 249, Mineral Point, Wl 53565 
Phone 608-987-3363, Telex 467581 

'Depending on crystal supplied 

International Crystal Manufacturing Company, Inc. 
10 N. Lee, P.O. Box 26330, Oklahoma City. OK 73126 
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...can solve your 
interference 
control problems! 
Are you involved with FCC Class A and/or Class B Computing Devices— 
or any other equipment requiring shielding? Instrument Specialties’ new, 
patented* beryllium copper Sticky-Fingers® shielding strips can help you 
solve your problems! 

They offer the attenuation you need, of course. And to attach, you need only 
peel off the self-adhesive backing strip and press into place. It’s there to stay! 

What’s more, unlike other shielding strips, Sticky-Fingers will not take a set 
which would reduce performance after you felt it was satisfactory. Sticky-
Fingers can't absorb moisture, are not affected by air, ozone solvents, 
UV light, or radiation. They can't burn, support combustion, outgas; they 
can’t stretch or tear, flake or break into small conductive particles to short 
out electronics. 

For more information, write today to Dept. RF-7. 

INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 

Specialists in beryllium copper since 1938 info/card 61 

been worked out and presented in an 
“easy to follow” format. Also, a 
table of “Options” is provided and 
mechancial data is illustrated. Arnold 
Magnetics Corporation, Culver City, 
CA 90230, INFO/CARD #1 13. 

Interference Control 
A 16-page manual and catalog, 

“Guide to Interference Control Using 
Beryllium Cooper”, has been issued 
by Instrument Specialties Company, 
Inc. This is the first time the prob¬ 
lems of controlling electromagnetic 
interference have been compiled into 
one concise source. Sections in¬ 
clude a technical discussion on de¬ 
sign considerations and the technology 
involved in developing effective shield¬ 
ing, as well as presentation of 
formulas needed to calculate shield¬ 
ing effectiveness. In addition, the 
new manual illustrates and provides 
technical data on beryllium copper 
shielding strips, springs and rings 
for electromagnetic compatibility. Also 
included are important specifications 
on the new assemblies for ground¬ 
ing of high voltage static discharge 
with discrete points of contact. In¬ 
strument Specialties Co. Inc., Dela¬ 
ware Water Gap, PA 18327, please 
circle INFO/CARD #117. 
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New Books 

Radio Communications Receivers 

By Cornell Dren tea 
A Comprehensive Guide to Radio Receiver Design and 

Technology — This text is a sourcebook that covers the 
broad subject of radio receivers. It brings the history of 
receiver evolution, technical facts which have developed 
present radio technology, present and future trends in 
receiver design from system through packaging. 
The book combines history, theory, application and con¬ 

struction details to make it a valuable reference on receiver 
design. 

Available from TAB BOOKS Inc., Blue Ridge Summit, PA 
17214, 288 pages, $19.95 hardbound, $13.95 paperback, 
1982. 

Transient Analysis Aided by Network Theorems 

By Dr. Harry E. Stockman 
This book is described by the author as "The Engineer’s 

approach to Transient Analysis” or as "A text dedicated to 
the time domain with its faithful servant, the D Operator." 
It contains simple ways of working transient problems in 
the time domain and s-domain, in the latter via Laplace’s 
transform. Guidance is offered by means of “Data Panels” 
giving essential solution techniques by simple time saving 
procedures. A brief history with milestones of the develop¬ 
ment of operational and transform calculus is presented. 

Available from Sercolab, P.O. Box 78, Arlington, MA 
02174, 180 pages $12 plus $1.30 shipping, abroad add 10%. 

QUALITY 
FREQUENCY 
CONTROL 

HYBRID SOURCES 
With Integral Bandpass Filter 

CINOX offers a complete line of precision coldweld 
crystals for all UHF and VHF two way communication 
applications. 

Available frequencies range from 5.0 MHz to 
200.0 MHz. Standard frequency vs. temperature 
stabiity is ±.OOO5°/o from -10°C to +60°C. Precision 
crystals are available, however, which can be 
temperature compensated to stability to ±.OOOO5°/o. 
Typical crystal aging is within ±1ppm per year under 
normal ambient conditions. 

CINOX precision coldweld crystals are ideal for the 
tight environmental requirements needed in cellular 
radios. The precise frequency control will provide 
optimum performance of your UHF or VHF repeater. 
Ruggedized mounts are available for the best in 
reliability for your portable products. 

For further information please contact CINOX for an 
up-to-date product catalog or call to discuss your 
application with a crystal sales engineer. 

• OCXO’s 
• TCXO’a 
• VCXO’s 
• PRECISION CRYSTALS 
• CHANNEL CRYSTALS 

CINOX CORPORATION 
4914 GRAY RO., CINCINNATI, OH 45232 
PHONE 513/542-5555 TWX 810-461-2749 

Model VSC & VSU 
• 1-750 MHz 
• 35 mA @ +15-32V 
• 2.22” X 1.3” X 0.5” 

Model USC & USU 
• 750 MHz -4 GHz 
• 150 mA @+1 5-32V 
• 2.22” X 1.3” X 0.8” 

Stability: 
VSC & USC: ±.0005% +10°C to +45°C 
VSU & USU: ±.002% -25°C to +85°C 

RF Power Output: +10 dbm min. Harmonics: > -50 dbc 
Delivery: 45-60 days 

MANUFACTURERS OF MICROWAVE PRODUCTS 
19529 Business Center Drive, Northridge, CA 91324 

(213) 993-1662 

INFO/CARD62 
INFO/CARD63 



Teledyne Microwave Delivers 

95% of ferrite deliveries on time or sooner. 
The finest system design is useless if even 
one component is missing. That is why 
Teledyne Microwave is committed to 
delivering our isolators and circulators 
on time. 

In the past 6 months, for instance, we've 
shipped 95% of our ferrite devices on time 
or ahead of schedule (and we re working 
harder than ever to make it 100%). These 
on-time deliveries included not only our 
popular broadband isolators and circulators 
(many of which we keep in stock), but also 
special ferrites designed to solve specific 
customer needs. 

We take your needs seriously. With over 
2000 documented isolator and circulator 
designs— including special mounting, 
multiport, high power, miniature package 
sizes, and every conceivable connector 
option—we re ready to customize a ferrite 
for your special needs. And we ll deliver 
on time* 

Whether it's timely delivery or special 
requirements, our specialty is meeting your 
needs. Send us your requirements, or better 
yet, call us and we ll talk about it. 

’Or sooner. 

W TELEDYNE MICROWAVE 
"Pride in Performance Mountain View, CA 94043 

Phone: (415)968-2211 
TWX: 910-379-6939 

Teledyne Microwave. Manufacturers of: Isolators/Circulators, Coaxial Switches. Filters. VCOs. Subsystems. Send for our catalog. 
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incredible! 

1 watt 0.7 to 4.2 GHz amplifiers...only $895 

Now is the time to rethink your design decisions— 
if you require up to 1 watt output for low-distortion intermodulation 
testing ... broadband isolation ... flat gain over wide bandwidth—or if you 
need much higher output level from your signal/sweep generator 
or frequency synthesizer — you can now specify Mini-Circuits' 
new ZHL-42 power amplifier ... for only $895. 

Using ultra-linear Class A design, this state-of-the-art four-stage 
amplifier provides 30dB gain, flat ( ± I.OdB) over the 700 to 4200 MHz 
range, is unconditionally stable, includes overvoltage protection, and can 
be connected to any load impedance without amplifier damage or- oscillation. 
One week delivery .,. and, of course, one-year guarantee. 

finding new ways ... 
setting higher standards 

£□ Mini-Circuits 
■ ■ ■ ■ a Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn, New York 11235 (212)934-4500 

Domestic and International Telex 125460 International Telex 620156 

ZHL-42 SPECIFICATIONS 

Frequency. 
Gain. 
Gain Flatness. 
Power Out @ IdB CP. ... 
VSWRIn/Out. 
Noise Figure. 
Supply. 
Third Order Intercept. .. 
Second Order intercept 
Size.................. 

. 7 to 4.2 GHz 

. 30dBMin. 

. itOdB 

.. + 29dBm Min. 

. 2.0:1 Max. 

. 7.5dB 
+ 15V (a 690mA 
... 38 dBm Min. 
.48 dBm Min. 

7" X 3/4" X 2Wh 

now. 
jva/laöte 

computer-automated 
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