














































































































































































New Products 

NEW SBCs. A powerful microcomputer 
card (QCB-9) based on the 6809 8 bit 
microprocessor. Includes the following 
on-board features : Floppy Disc Con­
troller, RS-232C Serial Communica­
tion Interface, two eight bit parallel 
ports, up to 24K bytes of EPROM 
space, or 6 K bytes of RAM , flexible 
1/0 port addressing, S-100 Bus struc­
ture, on board power regulation. Logi­
cal Devices Inc., 1525 NE 26th St. , Ft . 
Lauderdale, FL 33305. Circle 233 

NEW I/O PROCESSOR. This new I/O 
Processor (Model IOP) provides multi­
processor capability for Cromemco's 
S-100 bus, microcomputer systems. 
The new IOP is a true single-card com­
puter with a fast Z-80A µP, l 6K bytes 
of RAM and up to 32K bytes of 
PROM . The IOP can be used either 
alone or with other IOP cards as a 
satellite processor on the S-100 bus. 
The IOP can also be used to interface 
the S-100 bus processor and a set of 
peripherals . These peripherals arc con­
trolled over a new bus, called the C bus, 
which operates independently of the 
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S-100 bus. Devices such asCromemco's 
QUADART serial 1/0 card can be inter­
faced through the C-bus connector on 
the top edge of the IOP card . The 
Model IOP card is available assembled 
and tested for $695 . Cromemco, Inc., 
280 Bernardo Ave., Mountain View , 
CA 94043 . Circle 212 

SWITCHER 500-V /200-V HEXFETs 
provide designers of switchers destined 
for Europe (210-220V line input). The 
450-V devices offer designers of 
switching supplies an extra voltage 
margin over 400V devices for use in 
equipment subject to noisier electrical 
environments. International Rectifier, 
233 Kansas St., El Segundo, CA 90245. 

Circle 215 

1.6 MBYTE OPTION FOR THIS 
MICRO. GNAT Computers is offering 
1.6 MB of on-board disk storage for its 
SYSTEM 10 microcomputer. This ex­
tended storage is achieved through ad­
dition of a double tracking feature to 
its double-sided , double-density, 5 I /4 
inch disk drives. Other features : a Z80 
µP ; 65KB RAM ; OMA controller ; in­
terrupt controller and three serial 1/0 
channels. The system can be optionally 
configured with an AM95 l l or AM-
9512 arithmetic processor, Real Time 
Clock and IEEE 488 GPIB interface. 
The OEM quantity 12 price of System 
10 with the 1.6 MB option is $5 770. 
Delivery is stock to 60 days. GNAT 

· Computers Inc., 7895 Convoy Ct., 
Bldg. 6 , San Diego, CA 92111 . 

Circle 228 

MULTI-FUNCTION LSI MODEM. This 
multi capability modem can commu­
nicate on a variety of networks . It can 
operate at various baud rates (0 to 
1 200 characters per second) and func­
tional modes. These modems are im­
plemented with custom LSI chips into 
a single 2 1/4

11 

X 2 3/4" module with 
full communications capability. The 
modular modems, used for building 
block applications , can be mounted di­
rectly on printed circuit boards or to 
any flat surface within most computers 
or terminals. Seven functional modules 
that offer complete LSI based receiver 
and transmitter functions are available. 
Novation Inc., 18664 Oxnard St. , Tar­
zana , CA 91356 . Circle 206 

ADVERTISEMENT 



WHEN IT COMES TO PURING IT ALLON DISPl.Al 
THE ORION-60/54 srANDSALONE. 

_____ ,t(i 

l\.1agnavox mmbines the superior 
display and mntrol feattrres of the 
plasma-panel-based Orion-60 ter­
minals with the }XMfilttl S4 l\1icro­
C.omputer System 

The result is a stand alone 
graphics system that allows you 
the freedom to develop a wide 
variety of graphics application and 
development prograrrn-while 
maintaining mmplete mntrol 
over program storage, program 
generated data, library routines 
and other facilities. 

The Orion-60 displayterminal 
offers full graphics with floppy­
disc storage, as ~l as optional 

rear-
projection ftmc-
tions. It lets you create 
your own displays and enter data 
by simply touching the screen with 
your finger. So you can program 
your own character sets and gen­
erate vectors of any length to 
absolute ax:>rdinates. And because 
the Orion-60 is plasma-based, 
you'll get bright, high-mntrast 
unages free of jitter or distortion. 

The S4 l\1icro-C.omputer has 
system software with development 

Circle 53 on Reader Inquiry Card 

-

capabilities that are as 
good or better than thooe 

fotmd in many larger mm­
puter systems. 

Feattrres include 
CP /M* 8080 system utilities, 

R>rtran with 32K RAM, and a 
full range of graphic utility rou­

tines including wmdow, 7,00m, 
sub-image rmvement androtatim. 

The Orion-60/S4. 
fur a dermnstration, call or 

write Tyler Hunt at l\1amlawx 
Display Systems, 2131 South 
C.ohseum .Boulevard, rot Wctyne, 
Indiana 46803, (219) 482-4411. 

•.1:nmooJ 
0 CP/M is a trademarltof Dtgital Rtseardt. 

I 



NEW FROM 

Diqi1Al POWER 

DU50 DUb5 

A NEW pRod ucl liNE l liAl is pliysicAlly ANd EIEc micAlly 
coM pAliblE wi l li l liE Boscli rnl OL'70 ANd 0Lb'7 srniEs. 

• Low CosT 
• RdiAblE 
• FAST Ddivrny 

GET lli E NEW DiGi Powrn CAlAIOG 
Willi OUR full pRod UCl liNE. 

DiGiTAl PowER CoRp., 686 Eur Cislt RoAd, SAN JoSE, CA 9~ 112 
(408) 288-~600 TWX: 910-JJ8-0H9 

Circle 54 on Reader Inquiry Card 

THE LOW COST EPROM COPIER . .. 

.. ~ -
• • • • • • • • 

OUR MODEL 7818 is self-contained and 
ruggedly built for production line use. low cost 
personality plugs allow you to copy a wide variety 
of EPROMs. Operation of the 7818 COPIER is 
extremely simple and it will copy both single or 
3-supply EPROMs. In it ial blank and final pro­
gramming are verified and indicated for each unit 
by LEDs. Up to 8 units can be copied per cycle. 
The price is only $1 ,375. 

SMR Electronics Inc. 
P.O. Box 275 
Sharon , MA 02067 
617-784-2918 

Circle 55 on Reader Inquiry Card 
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New Products 

MODCOMP INTRODUCES PASCAL - Modular Computer 
Systems, Inc. (MODCOMP) has added PASCAL to its stand­
ard offering of high level software products. MODCOMP/ 
PASCAL is designed to meet the latest proposed Interna­
tional Standards Organization (ISO) standard . Fully inte­
grated with MODCOMP's MAX IV software family it 
takes complete advantage of the powerful CLASSIC 
architecture. The compiler and the optimized code pro­
du ced by the compiler are sharable by many users simul­
taneously in developing and testing MODCOMP /PASCAL 
programs. Available 30 days ARO . Single use licensing 
agreement fee is $35 00 per computer . The package includes 
complete documentation (User and Reference Manuals) and 
six-month warranty . MODCOMP Inc. , P.O. Box 6099, 1650 
West McNab Rd. , Ft. Lauderadatle , FL. 33310 Circle 281 

CATALOG OF STANDARD LINE CONNECTORS. Cannon 
Electric has a new 1980-81 catalog of standard line con­
nectors used in commercial, industrial, military and aero­
space markets. The 233-page catalog features 225 black-and­
white photographs, 25 0 drawings and 13 cutaways of 20 
different connector lines. lpcluded in the new catalog are 
connector applications, contact arrangements, electrical and 
mechanical data , materials and finishes , dimensions, perfor­
mance test results and cross-reference guides . ITT Cannon 
Electric, 666 E. Dyer Rd. , Santa Ana , CA 927 02. 

C ircle 220 

INTELLIGENT MODEMS . These new modems offer greatly 
increased capabilit ies compared with ordinary " dumb" 
modems. The 1030 Series combines low error rate modem 
with an automatic calling unit (ACU) and custom BIZ-080 
microcomputer into a compact FCC-registered unit with 
au to-answer, au to-dial and auto-repeat dial features . The 
key to this enhanced performance is BIZCOMP's Code­
Multiplexed Design which allows Intelligent Modem control 
using the same terminal as that for data communication. 
The top-of-the-line 1031 adds command-selectable dial 
pulse or tone dialing, and self-test for ensuring full func­
tionality . Availability is stock to six weeks . Prices: Model 
1030 - $395 ; Model 1031 - $495 . Discounts available . 
BIZCOMP Corp., P.O. Box 7498 , Menlo Park , CA 94025 . 

C ircle 219 

NEW APPLICATION NOTES FOR LOGIC ANALYZER . 
Four free new application notes describe uses of the Bioma­
tion K 100-D logic analyzer. Two of the brochures show use 
of the K 100-D logic analyzer to trace program flow on the 
Z-80 and 8085 µP s. One brochure shows use of a HP Model 
7245A prin ter to extract status parameters and to obtain 
hard copy of stored data in memory output. The fourth 
describes extension of the trigger capability of the K 100-D 
using the 10-TC. Gould Inc. Biomation Operation, 4600 
Old Ironsides Dr. , Santa Clara, CA 95050. C ircle 221 

POWERFUL SINGLE-BOARD MICROCOMPUTER SYS­
TEM is suitable for small-scale industrial automation tasks. 
In add ition to the central processor and a real-time clock , 
the new 2 10 D SBC offers programmable serial and parallel 
interfaces for I/O transfers, 12 interrupt inputs for real­
t ime applications and memory space up to 20 KB CMOS­
RAM and EPROM . The memory can be expanded to 64KB 
by means of various expansion modules. A single module 
can contain up to 8KB CMOS-RAM and 32KB of EPROM 
or up to 4KB CMOS-RAM and 16KB or EPROM . Siemens 
Corp. , Mr. Martin Weitzner , 186 Wood Ave., S., Iselin , NJ 
08830 . C ircle 2 22 
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Channels ID One Logic Analyzer 
Our LAM 4850 is the only logic analyzer that won't force 
you to buy, borrow or add-on to expand your analyzing capa­
bility to 96 channels. The power is already there. The flexi­
bility is there. With a new channel expansion probe, the 
world's first 48-channel logic analyzer can be easily extended 
to an unrivaled 96 channels. 

Plus multi-level clocking flexibility. 
With three individual memory blocks of 16 channels by 1000 
bits, the LAM 4850 allows simultaneous sampling with up to 
three separate clocks. This gives you a bus demultiplexing 
capability to independently monitor addresses and data. You 
can also disassemble program execution of a microprocessor 
into mnemonic code with this high performance instrument. 

Plus sequential trigger power 
The LAM 4850 has a 4 level nested recognition capability 
easily programmed through a separate menu. This feature 
simplifies debugging a faulty piece of software among several 
nested routines. And the LAM 4850 has the unique Dolch 

trigger trace monitor that gives you a real time read out of 
the completed routines. 
Plus many other features: 
• 1000 bits of recording and reference memory per channel 
• Clock rate to 50 MHz 
• With 96 channels-500 bits of recording and reference 

memory and 10 MHz clock rate 
• Separate menus to set trace, trigger and compare 

parameters 
• 5 ns glich catching 

Binary, hex, octal, ASCII, and timing display 
• Programmability via GPIB and RS-232 interfaces 

Disassemblers and personality probes for all popular 
microprocessors 

Plus sales and service nationwide. 
For more information, contact your nearest representative or 
our manufacturing facility. Dolch Logic Instruments, Inc., 
2180 Bering Drive, San Jose, CA 95131. (800) 538-7506. 
Inside Calif.: (408) 946-6044. TWX 910 338 3023. 

ttm D DLCH 
LOGIC INSTRUMENTS 

REPRESENTATIVES 1 Austrbi 02236/866JIO, Bel1lum 022192451-53, Denmuk 02804200, Finland 08090520311. France 069302~. Germany 0893190 1-1 . Gre.t Brll•ln 07.34694944, Greece 0218219470, Holl.nd 0405JJ725 , 

1.,..el 0.3453151, Italy 024158746, Norw•y 02356110, S.-1• 05221JJ99. Sweden 08879490, Swilzerland 013632 188. EHt Europe -U.K. 093252121. Slna•poN: 0637944. Soutll Alrica 01227739 
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Digital Imaging 

continued from p . 71 

image processing system more than is implied by time com­
parisons. This is only a sampling of sophisticated image 
processing algorithms recently implemented on this repre­
sentative image display-computer. In addition to a basic 
library of functions, we now have hardware implementa­
tions of spatial FFTs , contouring, dynamic pseudocolora­
tion, and a multicolored , generalized version of the mathe­
matical game of LIFE . Under development are automatic 
map digitization , stereo photo interpretation, watershed 
mapping, and a variety of other functions applicable to non­
destructive testing, medical imaging and printing indus­
try . Hardware available today is clearly ahead of the appli­
cation software. Few, if any, generic image processing prob­
lems appear to be presently insoluble in the available image 
display-computers . However , our experience has shown that 
some algorithms, which at first seem impossible, can be re­
formulated to make their implementation in hardware 
straightforward. While host-computer-software approaches 
generally perform the entire algorithm on each pixel before 
considering the next pixel , the hardware approach in an 
image display-computer generally involves a stepwise com­
pletion of the algorithm. 

The challenge in the next decade will be to overtake and 
fully utilize the capabilities of these new devices. Fortun­
ately, hardware developments have curiously assisted new 
software development because as devices become more 
powerful, they also become cheaper. Their power has also 
reduced the need for expensive hosts. These two factors 
alone are leading to an expanding market. • 

Keyboards 

continued from p. 64 

Mechanical features 
Lowering keyboard cost through mechanical design con­
siderations includes decreasing the number of keys by using 
the µC (whether on or off the keyboard) to increase the 
functions of keys or combinations of keys. Electronic 
alternative-action and shift -lock keys with LED indicators 
eliminate expensive switches and increase keyboard relia­
bility. If the keyboard has a mounting frame, reducing the 
number of bends helps. Minimizing the size and complexity 
of the printed circuit board, allowing the use of acceptable 
material substitutes for G 1 OFR4, and using single-sided 
boards can also significantly reduce costs. Gold-plated card­
edge connectors are definitely out, with flat cable and pin 
headers common. 

Standardizing key layouts is becoming an important 
factor as keyboard manufacturers become automated and 
as single-piece keyboard modules are used to reduce cost. 

Manufacturing capability 
The two most critical factors in keyboard production are 
plastic molding capability (especially key tops) and ability 
to meet demand. Control over molding keytops and neces­
sary tooling support is important in providing lower costs, 
quality and delivery . Key tops will remain the most persist­
ant problem in the keyboard industry. Few manufacturers 
have enough experience or sufficient facilities to efficiently 
produce the number of shapes, sizes, legends and color 
combinations. It may all change by 1983. • 
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Microcomputer Software 

continued from p. 66 

capable, more sophisticated, and larger. Intel 's RMX/86 , 
for example, occupies 90 bytes in its full configuration!). 
(4) Increased concern with company-level policy on soft­
ware development and reliability. 

Some problems ahead 

As for the future, here are trouble spots .... 
1) The µP/"µC manufacturers have now borrowed almost all 
the languages , operating systems, and other stock-in-trade 
available from the world of larger computers. If they make 
further advances, they must do their own research, sponsor 
work in universities , or combine forces with mini and main­
frame manufacturers. Perhaps the combined Intel-Xerox­
DEC Ethernet communications effort will lead to coopera­
tive work on software. 
2) µC development systems remain characterized by low­
quality, inadequate software. Few high-level languages are 
available, software tools are inconsistent as well as difficult 
to use, and too few tools are available to aid in debugging, 
documentation and maintenance. 
3) The level of expertise among manufacturers varies great­
ly. While some talk about multitasking, concurrency, ex­
portation, access rights, and hierarchical memory protec­
tion; - others are still discussing macroassemblers, small 
variations in instruction sets and minor coding problems! 
The level of expertise among users shows a similar varia­
tion. The trend toward rapid obsolescence of devices, pro ­
grams, methods training, engineers and even companies 
shows no signs of stopping. • 

Printers and Teleprinters 

continued from p . 53 

Mannesmann Tally and Prin tronix are primary OEM 
sources for shuttle matrix products. H-P and IBM an­
nounced products in the 200-600 !pm range. Okidata , Phil­
lips and others have offerings of other impact matrix line 
printer products . The list is short and the market continues 
in a normal OEM mode . 

Page printers 
Non-impact matrix is dominated by electrophotographic 
products. Performance ranges from 10 to 200+ pages/ 
min . Current products are polarized with "super printers", 
such at the Xerox 9700, IBM 3800 and Honeywell page 
printer, over 100 pages/min. and priced above $ 250 ,000 at 
one end of the spectrum. The intelligent copier/printers 
(ICP's) are at the low end - from 10 to 50 ppm currently 
and priced from $15 ,000 to $75 ,000. These ICP's, such as 
the IBM 6670, Wang 41 F and Canon LBP products, are 
typically copier based and subject to similar service require­
ments. Advantages are speed , print quality and graphics 
capability. Disadvantages are single copy and high 
maintenance. 

Expect emerging technologies such as magnetographics, 
large array ink jets and perhaps, eventually, impact matrix 
arrays. Several participants, including the Japanese copier 
manufacturers, should stimulate improvements in cost and 
maintainability. Expect more mid-range offerings by 1983 .• 



Designers' Notebook 
Programmable Gain Changing Provisions 
Only after it has been determined that a single, optimum 
gain setting does not satisfactorily resolve any and all inputs 
within the resolution of the given system should program­
mable gain be considered. Not only is it expensive to incor­
porate software programmable gain into a DAS , but it 
almost always ends up becoming the greatest single source 
of errors within the system. 

In a fixed-gain , high-input impedance differential ampli­
fier (Fig A) , the actual differential amplifier is made up of 
two LF156s for input buffers and one LF157 to produce a 
better CMRR (common mode rejection ratio) for the dif­
ferential stage . Since a CMRR of 80 dB needs a better than 
0 .005% ratio matching of the gain resistors , a potentio­
meter is used to fine-tune the CMRR at low frequencies . 
The high frequency CMRR depends entirely on the op 
amp selected for the differential stage; the LF 157 provides 
an excellent high frequency response of 90 dB at I kHz. 

Because it is difficult to maintain a high degree of com­
mon mode rejection, the programmable gain feature should 
not be placed within the differential amplifier stage itself; 
rather it should be placed in a separate stage following the 
differential amplifier (Fig B). This particular programmable 
gain circuit employs a CD405 l CMOS analog multiplexer as 
a two-to-four line decoder with appropriate FET drive to 
switch between feedback resistors and to program the gain 
in any one of four values . 

The problems associated with a circuit of this type are 
rather obvious . First, as previously noted, one offset adjust­
ment for the entire DAS would be advantageous. Not only 
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does the programmable gain stage require offset adjust­
ment , but the offset of the gain op amp and the offset of 
the differential stage must be nulled out to prevent the off­
set error of the system , up to this point , from becoming a 
function of the programmed gain. 

Probably the biggest disadvantage in using a program­
mable gain stage is the initial calibration required. Besides 
the two offset adjustments, four gain adjustments must be 
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B 
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Fig A Differential amplifier with CMMR fine adjustment provides 
fixed gain high impedance input. 

carefully made by selecting FETs and feedback resistors. 
The calibration of this gain stage is not only troublesome, 
but very time consuming and not very appealing for high­
volume production. 
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RGF4 

RGF3 

20k SEL 

RGF1 

Sk SEL 

+lS ....... GAIN STAGE 
OFFSET ADJUST ~ANALOGGND 

.DIGITAL GND 

Fig B Software programmable gain differential amplifier produces four gains of 1, 2, 4 and SX . 
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MOS RAMs 

continued from p . 36 

The designer should be aware of a dual JEDEC pinout 
standard for 32-k and 64-k EPROMs, which suggests a 
functional controversy among several manufacturers. One 
manufacturer includes an on-chip output enable function, 
while another manufacturer requires an external chip select 
buffer. The designer can sidestep this controversy by 
including a chip select buffer , which allows either device to 
be used with simple board jumpering. At least one manu­
facturer is planning to offer 32-k and 64-k devices with 
both pinouts to solve the designer's second sourcing 
problems in yet another way. 

Future developments 
Several other significant developments are 1ikely to emerge 
in the next five years. At least one manufacturer is building 
an EPROM with the conventional NMOS memory array, 
but with CMOS peripheral circuitry. This approach will 
produce devices that use less power and provide better 
noise immunity . First of these devices , in a 2-kX8 con­
figuration, is being sampled now with production scheduled 
for early next year. 

The other significant development expected over the 
next five years is the EEPROM. Currently , several manu­
facturers have announced devices with a 2-kX8 configura­
tion and are either sampling or are about to go into pro­
duction with them. Other manufacturers are planning 
similar devices which should be in the marketplace within a 
year. • 

Floppy Disk Drives 

continued from p . 46 

1982 . When closed loop positioners can be produced cost­
effectively , track densities beyond 96-tpi and storage capac­
ities of 2-Mbytes or more will become realistic. 

Before we reach higher storage capacities, we need media 
that can keep pace with drive technology. This sets the 
stage for introduction of the true 5-Mbyte drive. While some 
high capacity drives currently exist, the lack of compatibil­
ity in media , form , fit and function between these units 
and industry standards makes wide acceptance unlikely . 

5 .25-in. drives will find increasing application in WP 
and intelligent terminals where small size counts; these 
drive designs will become even more compact. Lowering 
power consumption by a projected 25 to 30% will result in 
smaller , quieter cooling fans, helping to minimize drive size. 

1981 's floppies will use more µPs to provide more in tel­
gent drives. Intelligent on-board controllers will unload the 
CPU by providing local file management systems. 

Will thin film technology help reach higher recording 
densities? Yes. But, thin film in Floppies will probably ap­
pear after 1981. 

What about smaller (2 .5 to 3 in.) disks? They are too 
costly to develop and manufacture to be candidates for 
future production . Bubble memory may be used where 
the smaller disks would otherwise be useful, especially 
since offices of the future would be the most likely area 
for using smaller disks . This application requires a mini­
mum of 1-Mbyte of storage, which is not now feasible on 
smaller disks. • 
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Sales Offices 
NEW ENGLAND STATES: 
Jeffrey C. Hoopes. National Sales Manager (617) 232-5470 
1050 Commonwealth Avenue. Boston. MA 02215 

MID-ATLANTIC STATES 
Herb Bloom (516) 799-3870 
125 Spring St.. Massapequa. NY 11 758 

MIDWEST: 
Mark R. Wenh (312) 991-1074 
730 Nonh Hicks. Palatine . IL 60067 

NORTHWESTERN STATES: 
Neal W. Manning. Western Sales Manager (408) 268-5649 
6628 Tam O 'Shanter Drive. San Jose . CA 95120 

SOUTHWESTERN STATES: 
Lindy Dolan . John H. Clemens (213) 981-3300, 
15910 Vt:nlura Blvd .. Encino. CA 9 1436 

JAPAN: 
K. Yanagihara (03) 350-0272 
Int'! Busi ness Corp . . 10- 10 Shinjuku 3-chome. Shinjuku. Tokyo 
160 Cab le Address: Yanacour Tokyo 



GET A CLEAR HONEST IMAGE THE HITACHI WAY! 
Computer data and graphic 

displays never looked better, 
brighter, sharper. 

New Hitachi high resolution 
in-line RGB color monitors utilize 
wide video bandwidth and a 
0.31 mm spacing between triad 
pairs. The result? A trio-dot 
density twice that of conventional 
monitors! 
Look at these advanced features 

Adjustment-free convergence, 
single PCB configuration, video 
amplifier bandwidth from 50 Hz 
to 25 MHz. Flexible frequencies 
range from 15 to 18 KHz horizontal 
and 50 to 60 Hz vertical. Monitors 

provide high contrast and bright­
ness from black matrix and 85% 
light transmission tubes. Can any 
other maker match these 
advantages? 
Variety of Screens 

You can select from a wide 

choice of screens to meet your 
specific application needs: Normal 
phosphor; long persistence 
phosphor to virtually eliminate 
flickering , or medium resolution 
versions for most ambient 
light situations. 
Unsurpassed performance 

Long time convergence stability 
is assured due to self convergent 
in-line guns and single PCB 
reliability. Operator controls 
include power on/off, degauss, 
brightness, contrast. 

Call or write for more 
information . 

@Hitachi America, Ltd. 100 California Street, San Francisco, Calif. 94111 Tel : (415) 981-7871 

Crown Electronics, Tualat in, OR (503) 638-7561 ; Ouadrep, Inc., San Jose, CA (408) 946-4000; Bestronics, Inc., Culver City, CA (213) 870-9191 , 
Irvine , CA (714) 979-9910, San Diego, CA (714) 452-5500; Comstrand , Inc., Minneapolis, MN (612) 788-9234; Sumer, Inc., Rolling Meadows, IL 
(312) 991-8500, Brookfield , WI (414) 784-6641 ; Bear Marketing, Richfield , OH (216) 659-3131 ; Robert Electronic Sales, Pasadena, MD (301 ) 
255-7204, Lansdale, PA (215) 855-3962 , Richmond , VA (804) 276-3979 ; Technology Sales, Inc., Lexington , MA (617) 862-1306. 
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