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Lufthansa ready to fly its Boeing 707's 
with domestic throttle-control system 
Analog computer keeps steady hand on the throttle, holds preset speed 

within two knots, shifts to special program when flaps go down 

When the airline Deutsche Luft­
hansa announced last month that it 
would install automatic throttle­
control systems on all its Boeing 
707 jets it hardly seemed news. 
Simple throttle control systems 
were used on military aircraft even 
before World War II, . and lateiy 
they've been turning up on large 
passenger aircraft as well. Britain's 
Trident jets have them, for ex­
ample, and so do Douglas DC-9's. 

But there was more to the an­
nouncement than there seemed to 
be. Instead of buying U.S.-made 
avionics as it usually does, the Ger­
man airline settled on a domestic 
design. Because it couldn't get 
what it wanted elsewhere, Luft­
hansa teamed up with Bodensee­
werk Geraetetechnik GmbH to de­
velop a system that can control 
speed closely and yet not keep the 
throttle fluttering. The Bodensee­
werk system keeps speed within 2 
knots of the preset value in turbu­
lent weather and within 0.5 knot 
when the flying' s smooth. At the 
same time throttle activity-hard to 
express quantitatively-is about 
one-fourth that for planes fitted 
with other ±2-knot control sys­
tems, Bodenseewerk maintains. 

But that's not all. The system 
features a landing flap program 
that handles speed control during 
aircraft descent and landing. In ad­
dition to tl1at, it has what is termed 
a threshold-speed program that be­
comes effective when the airspeed 
drops below the preset value. 

Certified. Lufthansa has flight­
tested the prototype systems for 
more than 4,000 hours. Now that 
the Luftfahrt-Bundesamt, a Ger­
man government agency roughly 
equivalent to the U.S. Federal Avi-
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ation Administration, has approved 
tlrn system, the airline has awarded 
Bodenseewerk a contract for $650,-
000 worth of throttle control sys­
tems. This firm, a subsidiary of the 
Perkin-Elmer Corp. started serial 
production last month. The con­
troller will be installed on each of 
Lufthansa's 21 Boeing 707' s. The 
system, called FVR 02, costs about 
$22,000. 

The conh·oller is built around an 
analog computer whose basic input 
is a signal from a comparison cir­
cuit in the airspeed indicator. The 
signal represents the difference be­
tween the actual airspeed and the 
airspeed that t11e pilot selects and 
sets on tl1e system's conh·ol panel. 

In addition to conventional cir­
c11ih·y, tl1e computer has an acceler­
ometer that senses any velocity 
changes picked up by the airspeed 
tube. By combining this with pitch 
angle data from tl1e aircraft's ver­
tical gyro, the accelerometer pro­
duces an output tl1at keeps the 
throttle system from reacting to 
small decelerations-those caused 
by wind gusts, for example. It can 
also sense changes in gravity as 
small as 0.18 G. 

Flappable. In a filter network 
tliat is also par.t of the computer, 
the outputs from tl1e accelerometer 
and from the airspeed indicator are 
added. The sum is then amplified 
and becomes the control signal for 
the tl1rottle-lever servo motor. It 
positions the plane's four throttle 
levers to maintain the selected air­
speed. 

The landing flap program be­
comes effective as soon as the air­
speed drops because the landing 
gear has been lowered or the land­
ing flaps extended. The system au-

tomatically takes care of speed ad­
justments that the pilo.t would 
normally execute which his throt­
tles during landing. 

Prior to a descent, the pilot sets 
a counter on the control panel to 
the aircraft's landing speed. Land­
ing flap position information com­
ing from sensors is fed to the con­
trol panel, which determines the 
speed that matches the flap posi­
tion. This speed is then fed to the 
airspeed indicator where it is com­
pared with ,the actual speed. The 
indicator's output is then processed 
as before. 

Keeping up. The system's thresh­
old-speed program comes into play 
when the aircraft velocity drops 2 

No hands. Control panel of automatic 
throttle for Boeing 707 mounts just 
forward of throttles themselves. 
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mots or more below the value 
that's set on the control panel. Such 
speed drops can occur as a result 
of head-on winds that last for 
longer periods than do short gusts. 

ormally, such conditions are 
counteracted by appropriate throt­
tle movements by the pilot. The 
new controller, however, reacts by 
automatically going into the accel­
eration control mode. 

In that mode, a boost voltage 
stored in the computer is fed-to­
gether with the input from the filter 
-to the computer's amplifier. Its 
output then drives the servo motor 
to advance the throttle levers until 
the aircraft's increasing accelera­
tion gives the accelerometer an out­
put that cancels the boost voltage. 
Then, the system switches from the 
acceleration control mode back into 
the speed control mode. 

The computer is made up of 
plug-in circuit boards with solid 
state components. Some of the 
components are hybrid integrated 
circuits. The computer has a self­
check feature that localizes com­
ponent failures. 

Playing the field 
Circuit designers may soon have a 
new kind of device to work with-a 
semiconductor whose depletion 
layer is magnetically induced and 
is controlled by the field-effect. 

Changes in the field-effect field 
change the current-voltage charac­
teristic curves of the device so that 
it's suitable for use as a rectifier, a 
control amplifier, or oscillator. 

In particular, the new component 
could supplement, or even replace, 
field plates, "Sony diodes," [Elec­
tronics, May 15, 1967, p. 233 and 
Apr. 15, 1968, p. 246] and like com­
ponents that are sensitive to mag­
netic-fields. 

With the new device, better con­
trol of the magnetic barrier effect 
can be achieved. For one thing, 
control occurs without power dissi­
pation. For another, any light or 
other radiation that might hit the 
semiconductor surfaces doesn't af­
fect the conh·ol. 

Ekkehard Preuss, a scientist at 
Siemens AG's research laboratories 
at Erlangen, will report on the new 
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component at the Semiconductor 
Device Research meeting, spon­
sored by the German section of 
the IEEE, to be held at Munich next 
week. 

Mylar. The basic material used 
in the device is an indium-antimo­
nide ch~p about 50 microns thick. 
Either one or both surfaces of the 
chip are covered with a 4-micron 
mylar film which acts as the dielec­
tric. 

The process involves three fields: 
a magnetic field, required for set­
ting up the depletion layer; an elec­
tric field, required for getting cur­
rent to flow in the first place; and, 
finally, the field-effect field which, 
when controlled, influences the 1-V 
curves. 

A magnetic field of about 10 kilo­
gauss produces the depletion layer. 
That field, which is oriented so that 
its lines are transverse to the di­
rection of current flow through the 
device, acts to reduce the charge 
carriers-an effect caused by the re­
combination of holes and electrons 
on surfaces that are parallel to the 
magnetic field. 

With an electric field of about 10 
volts/ cm applied across the chip, 
the depletion layer alters the 1-V 
curve. The amount of deformation, 
or nonlinearity, is a function of the 
magnetic field strength. 

Varying. The depletion layer, and 
thus the current-voltage character­
istic, is further influenced by vary­
ing the device's recombination ve­
locity at its surfaces. This, in turn, 
is accomplished by controlling the 
the field-effect which is set up by 
applying a voltage across the di­
electric. 

Changing the field-effect field in 
steps generates a family of current­
voltage characteristic curves that 
deviate from a straight line accord­
ing to the polarity and strength of 
the field. For example, a field of 
-9 X 105 volts/ cm sets up a nearly 
straight 1-V characteristic curve, 
similar to that across a resistor. As 
the negative field strength is re­
duced, the curve gradually deforms 
into a back-characteristic curve, 
one that is typical for a p-n junc­
tion. The deformation becomes 
more pronounced as the field's po­
larity is made positive and as its 
strength is increased. 

Great Britain 

On the ball 
To the human eye the surface of 
a newly produced ball bearing may 
appear perfectly round and free of 
irregularities. But a microscope will 
show that production may have left 
surface marks and scratches that 
could damage both the bearing and 
the machine in which it is assem­
bled. 

As ball-bearing production tech­
niques improve, it's becoming nec­
essary to spot those irregularities 
with testing equipment more sensi­
tive than the microscope. So the 
Hoffmann Manufacturing Co. of 
Chelmsford has built an electronic 
tester, about the size of an office 
desk, that measures irregularities 
on bearing balls ranging in diam­
eter from 1/s to 1 inch. 

Big picture. The traditional mi­
croscope tester detects irregularities 
only by section, and its sensitivity 
is limited. Hoffman's "Assessor" 
scans the ball's complete surface 
and electronically records a report 
of total irregularity. Ultimately, 
this helps produce better balls and 
much quieter machines, says Hoff­
mann. 

The ball is held in a 90° vee gage 
by three sapphire inserts. The sty­
lus of a very sensitive displacement 
pickup contacts the ball. The ball 
is then rotated 2.7 times per second 
by a vacuum drive attached to a 
rod which is coupled to an electric 
motor and variable-speed gear 
drive. As the ball rotates, an elec­
tric signal, varying in amplitude 
and frequency, is produced by the 
pickup to measure the running 
qualities of the ball. 

The signal from the pickup-a 
differential h·ansformer-is 1 volt 
for 1 microinch of stylus movement. 
This signal is amplified, passed 
through four bandpass filters, and 
divided into four contiguous fre­
quency bands spanning 1.5 octaves 
apiece. Each band can be related 
to the various stages of production. 

Banding together. The actual 
coverage of each band is: 

• Two to six irregularities per 
revolution (IPR) on 5.4 hertz to 16 
hz, measuring initial shaping stage 
of production. 
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• Six to 18 IPR on 16 hz to 48.5 
hz, measuring grinding stage. 

• Eighteen to 54 IPR on 48.5 hz 
to 146 hz, measuring large 
scratches acquired during handling 
stage. 

• Fifty-four to 162 IPR on 146 hz 
to 437 hz, measuring fine scratches. 

Outputs from the frequency fil­
ters are displayed on four meters, 
which indicate the average diam­
eter change in microinches of the 
ball in each of the frequency bands. 

A typical set of readings from a 
good quality %-inch ball would be: 
1 ,uinch in the 2-to-6 IPR band; 0.3 
,uinch in the 6-to-18 IPR band; 0.25 
,uinch in the 54-to-162 IPR band. 

Results of the tests are also dis­
played on cathode-ray tubes. The 
irregularities, shown as concentric 
circles, are magnified a maximum 
of 250,000 times. 

Japan 

Beating the beat 
The scene on the screen should 
start to get better for ground-floor 
television viewers in Japan by early 
April. Then, at least 10 Japanese 
companies will be selling low-cost 
branching units to tie sets into com­
mon antenna systems. 

The branching unit is built 
around a pair of ferrite circulators, 
which make it hard for a set's local 
oscillator to feed spurious radiation 
back into the antenna line. At the 
26.75-megahertz intermediate fre­
quency used in Japan, the local os­
cillator output gets within the fre­
quency band of channels 8 to 12 
when the set is tuned to channels 
4 to 8. 

Some European televiewers have 
a similar interference problem. In 
the U.S., however, where the i-f is 
40 Mhz, there's no problem in the 
vhf band, but there could be one in 
uhf and in community-antenna tel­
evision systems. 

So far, directional couplers have 
been used to prevent spurious ra­
diation, but they've performed in­
adequately especially for color sets, 
where beat lines are particularly 
annoying. Much of the trouble with 
couplers comes from the high 
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Broadband. A single series-resonant 
circuit (the inductance capacitance 
combination connected to ground) 
gives the circulator a broad band of 
high reve.rse attenuation and at the 
same time makes possible a circuit 
layout that lets low vhf signals 
(shown dotted) go through. 

standing-wave ratio of ordinary 
common-antenna systems. The swr 
cuts the normal 25-decibel reverse 
attenuation of the coupler to 10 db 
or even 6 db. For really good pro­
tection against interference, a cou­
pling system should have about 50 
db reverse attenuation. 

Looking forward. And in the for­
ward direction-from the antenna 
into the set-the coupler has a 
drawback. There's attenuation each 
time the common antenna line is 
tapped; in a five-story dwelling, for 
example, the tv set of a family on 
the ground floor can get a signal 
that's 10 db down compared to the 
signal picked up by the top-floor 
tenants. 

With the circulator, the coupling 
loss is just about constant all along 
the line. Better still, the reverse at­
tenuation is higher than 50 db for 
the upper vhf channels, where 
there's an interference problem. 

Nihon Hoso Kyokai (NHK), the 
Japan Broadcasting Corp., devel­
oped the circulator. It's made up of 
a mesh of conductors sandwiched 
between a pair of ferrite cores that 
are sheathed with a pair of copper 
plates. To broadband the circula­
tor, a series LC circuit is connected 
between one of the copper plates 
and ground. Without the broad­
band element, there would be a 
high forward attenuation for the 
lower half of the uhf band and for 
the f-m radio band. And, of course, 
there's a magnet to set up the mag­
netic field that is necessary for a 
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Traffic circle. Low cost branching unit 
for common tv antenna systems is built 
around a pair of small circulators like 
this one. Conductor mesh is printed on 
substrate with plated-through holes to 
handle crossovers. 

ferrite circulator. 
In print. In its early circulators, 

NHK actually interwove the connec­
tors to obtain the mesh. The units 
that are going into the production 
have printed connections with 
plated-through holes in the sub­
strate to get the equivalent of a 
mesh at low cost. The ferrite cores 
used in the circulators are 10 milli­
meters in diameter; an assembled 
circulator measures about 12 by 13 
by 15 mm. 

A complete branching unit is 
formed by mating a pair of circula­
tors to a balun and a coupling 
.h·ansformer. The balun, which 
matches the unbalanced 75-ohm 
circulator to the balanced 300-ohm 
tv input, is made up of ferrite slabs 
and a copper plate rather than the 
conventional ferrite core with 
windings on it. The coupling trans­
former .too, was specially designed. 
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It is simply a ferrite core with three 
turns of a five-wire bundle on il. 

The whole unit, 1 HK says, can be 
produced to sell for about $3.50 
initially and much less than that 
later on when the companies mak­
ing it reach mass production. 

Countdown 
After as many false starts and hesi­
tations as a nervous rookie might 
make trying to get under a high pop 
Hy on a windy day, the Hayakawa 
Electric Co. has settled on a design 
for its LSI miniature calculator. 

Hayakawa will have a prototype 
to show at the annual convention 
and exhibition of the Institute of 
Electrical and Electronics Engi­
neers in Ne'vv York next week. Sales 
are tentatively scheduled to start 
in August. 

The calculator is 9.8 by 5.3 by 2.7 
inches; it weighs just a little more 
than 3 pounds. It can add, subtract, 
multiply, divide, and then display 
up to eight digits . But there's a 
decimal-point callback that stores 
the point position out to 16 digits 
during calculations. That way, the 
point ends up in the right place 
when the answer is rounded off to 
eight significant figures. 

For its display tubes, Hayakawa 
made its already small Digih·on 
even smaller-0.35-inch in diameter. 
For its LSI logic packages, the 
Japanese company will turn to Au­
tonetics first for the circuit pack­
ages themselves and later for the 
know-how to build them [Electron­
ics, Feb. 17, p. 215]. 

Quartet. Although its experimen­
tal version of the small LSI calcu­
lator had 11 metal-oxide-semicon­
ductor packages, Autonetics and 
Hayakawa have managed to pack 
all the logic in four MOS packages, 
which average 780 elements each. 
Along with the LSI packages there 
are two MOS integrated circuits­
a clock generator and a display 
driver. 

Design of the LSI packages was 
eased by Hayakawa's decision to 
adopt four-phase logic. This tech­
nique speeds up MOS switching 
and cuts the drain on the power 
supply down to the point where 
the resistance of the MOS transis­
tors in the LSI isn't a determining 
factor [Electronics, Feb. 17, p. 107]. 
So the transistors can be small. 

Just as important, they can all be 
the same size, which makes com­
puter-aided-circuit design much 
easier. The four-phase logic design 
developed by Hayakawa was the 

springboard that enabled Auto­
netics to work out circuits with a 
packing density of 85 to 90 ele­
ments per square millimeter. Haya­
kawa' s experimental calculators 
had IC's with something like 15 
elements p er square mm. 

Division. The logic tasks are split 
up among the four packages. The 
first, called the NRD 2256, handles 
the display and numerical read-in 
functions. Decimal-point control is 
taken care of by the second cir­
cuit, the DC 2266. The third, AU 
2276, handles digital addition and 
register input control. The fourth, 
the AC 2266, rides herd on the arith­
metic and provides the registers. 

The logic 11alf of the computer­
the four LSI packages and the two 
MOS IC's-has a circuit board to it­
self; so does the display half of the 
machine with its eight tiny indi­
cator tubes and their drive circuits. 
The display tubes draw some 
power-15 milliamps at 55 volts for 
the anodes and 60 ma at 8 volts for 
the filaments-and they are con­
trolled by three hybrid circuit mod­
ules, each with six two-transistor 
circuits. The tubes are operated in 
the time-division mode that Haya­
kawa pioneered for small electronic 
calculators. [Electronics, March 20, 
1967, p. 241]. 

Building blocks. Hayakawa's LSI calculator carries all its logic circuits and display circuits on two small printed 
circuit boards. Large.r board takes care of the four MOS LSI packages plus an IC clock and an IC display driver. 

Smaller board has the display tubes and their hybrid drive packages. Undersides of boards have only wiring on them. 
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Inc. 

SESCOSEM 14E 
Signetics Corp. Sub. 

Corning Glass Works 113 
Cunningham & Walsh Inc. 

o Silec Electronique 39E 
Publicite Y Ch. Lambert 

D Sogie 36E 
Etude5 et Creatinos Pub l icita rie 

Solartron Electronics Group Ltd. 197-198 
o Solartron Electronics Group Ltd. 3E 

T.P. Brown Ltd. 
o Solartron Electronics Group Ltd. 

Digital Instrumentation 7E 
T.B. Browne Inc. 

o Solartron Electronics Group Ltd. 
Hybrids . 5E 
T.B. Browne Inc. 

• Sorensen Operation Raytheon Company 7 5 
Urrutia & Hayes Inc. 

Spectrum Control Inc. 174 
Altman-Hall Associat es 

o S.P. Elettronica 12E, 13E 
Studio Serqio Rosata 

Sprague Electric Company, The 34 
Harry P. Bridge Company 

•Superior Electric Co, 47 
K.C. Shenton Company 

Sweet's Industrial Information 
Systems 68, 69 
J.J. Lane Inc. 

Sylvania Electric Products Inc., 
Parts Division 5 
Doyle Dane Bernbach Inc. 

Sylvania Electric Products Inc., 
Electronic Components Group 37 t o 44 
Doyle, Dane, Bernbach Inc. 
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SERVICE MASTER 

HANDIEST 
HANDFUL 

of service tools 

23 essential tools at your fingertips in this light· 
weight (only 2JA lbs.), compact, easy-to-carry, 
roll -up kit. Contains long nose plier, diagonal 
plier, adjustable wrench, regular and stubby 
plastic handles with these interchangeable 
blades: 9 regular and 3 stubby nutdriver, 2 
slotted and 1 Phillips screwdriver, 2 reamer, 1 
extension. Eyelets in plastic-coated canvas case 
permit wall hanging. New elastic loop secures 
roll, eliminates need for tying. 

many optional accessories: 
Junior and Tee handles .. . Additional nutdriver, 
Phillips & slotted screwdriver, and extension 
blade sizes ... Allen hex type, Bristol multiple 
spline, Frearson, Scrulox, and clutch head blades 
. .. Awl/Scriber ... Chuck adaptors to use blades 
in spiral ratchet drivers. 

WRITE FOR CATALOG 166 

XCELITE, INC., 130 Bank St., Orchard Park, N. Y. 14127 
In Canada contact Charles W. Pointon, Ltd. 
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Tateisi Electronics Co. Ltd. 20, 21 
Dai-lchi International Inc. 

o Technique et Produits 35E 
Ste de Publicite de Films et de 
Documentaries 

•Tektronix Inc. 123, 124 
Dawson, Turner & Jenkins Inc. 

Tempress Research 
Company Inc. 3rd Cover 
Hal Lawrence Inc. 

a Texas Instruments Incorporated, 
Components Group 46, 66 
Don L. Baxter, Div. of Albert Frank· 
Guenther Law Inc. 

TRW Systems Group 175 
Fuller & Smith & Ross Inc. 

• o Transformer Electronics Co. GE 
Dacey Wolff & Weir 

• Trygon Electronics Inc. 137 
Kameny Associates Inc. 

Tyco Laboratories Inc. 
Instruments Division 49 
Kenyon & Eckharat Inc. Adv. 

United Aircraft Electronic 
Componerits 144 
Cunningham & Walsh inc. Advertising 

United Systems Corporation 170 
Advertising & Merchandising Inc. 

University Laboratories Inc. 127 
West Associates 

• Vactec Incorporated 128 
Coleman & Associates Advertising 

Wang Laboratories 129 
Impact Advertising Inc. 

o Watkins Johnson Company llE 
Williams C. Estler Public Relations 

w~~~ lM 
Chapman, McQuiston, Michetti 
Advertising 

•White Instruments Inc. 178 
Wilson & Associates, The Art Studio, 
Div. of Graphic Studios 

Wiremold Company The 171 
Charles Brunelle Company 

Xcelite Inc. 206 
Harold Warner Advertising Inc. 

Zippertubing Company 
Edward S. Kellogg Company 

Classified & Employment Advertising 
F.J. Eberle, Manager 
212-971-2557 

172 

EMPLOYMENT OPPORTUNITIES . . . 194-196 
Westinghouse . . . . . . . . . . . . . . . . . . . . . . 194 

EQUIPMENT 
(Used or Surplus New) 
For Sale 

Fishman, P. Co. . . . . . . . . . . . . . . . . . . . . . 194 
Gadgeteers Surplus Electronics Inc. . . . . 194 
Jorg, Otto . . . . . . . . . . . . . . . . . . . . . 194 
Radio Research Instrument Co. . 194 

• For more information on complete product 
line see advertisement in the latest Elec­
tronics Buyer's Gulde 

o Advertisers in Electronics International 
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Promotion Manager 
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McGraw-Hill Building, Copley Square 
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500 Fitth Avenue 
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This high quality device selling for $6.10 has these standard specifications: 
Zener Voltage (V2 ): 9.4 Volts :t::2% 
Maximum Dynamic Impedance (Z2): 15 Ohms 
Maximum Voltage Change Over Temperature Range 

(~V, over -55°C to +185°CJ: 115 mV 
Average Temperature Coefficient: .005% /°C 
It will be sent to you free attached to card on which all critical parameters of your 
device have been recorded for you. 

Operation Action Form 
In what project w_ill this device be used? _______ _ 

If this is a production project what quantity of Zener Reference 
Elements do you anticipate using? _________ _ 

Name: _____________ Position: ____ _ 

Company: ____________ M/S: _____ _ 

Street: ___________________ _ 

City: __________ state: _____ Zip~---

Phone: ________ Ext: __ _ 

_ n.
1 

COMPONENTS. INC. 

~ SEMCOR DIVISION 

3540 W. OSBORN RO. / PHOENIX, ARIZONA 85019 

PHONE 602·272-7671 / TWX 910-951-1381 
Visit us at IEEE: Booths 4J 16-18 

Circle 207 on reader service card 207 
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100 p.V peak-to-peak '41i11m11,m1~· 
to 50MHz 
Flashing overcurrem indicator (Model 2020) 
Continuously adjustable current limiter 
100 p.v regulation 
0.001 %1°C temperature coefficient AC 

ON 

WRITE FOR DETAILED SPECIFICATIONS 
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[pd I p D w E R D E s I G N s • I N c . 
FOB WESTBURY. NY 

3381 JUNIPERO SERRA • PALO ALTO. CALIFORNIA 1 1700 SHAMES ORIVE • WESTBURY. N . Y 

4115-321•8111 TWX1 810•373-12151 1518 EDgewood 3-8200 TWX: 1510·222·6!561 
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At .0008" dia., Craftsmanship is paramount 

LEAD-BONDING CAPILLARY TUBES OF TUNGSTEN CAR- bonding of leads to semiconductors has brought important 
BIDE, with bore sizes as small as .0008", are made possible savings in time, tools, and materials to the nation's leading 
by Tempress' unique ability to machine and polish ultra- semiconductor manufacturers. Equally fine craftsmanship 
hard materials in microdimensions. This has brought a new is applied to the Tempress line of diamond scribers, lead­
efficiency to semiconductor manufacturing. Bonding tips bonding wedges, diamond lapping points, and other minia-

"e held ;, '"'"' by • m•goetk 'Y'lem, pe<m;tt;og I *' I '"'° •em;oo"d"cto• m'""fa""';og tool•. 
instant replacement, even while heated. Heated shank TEMPRESS 
maintains constant tube temperature from o• to 
350°C. This unique system for thermal compression Tern press Resea rch Co., 980 Unive rsi ty Ave., Los Gatos, CA 95030 

Circle 901 on reader service card 




